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ARTIFICIAL INTELLIGENCE IN THE GAMING INDUSTRY: THE HUMAN COMPUTER 

Kevin A.Vaughan II and Adel L. Ali 
University of Southern Mississippi 

ABSTRACT 
The evolution of mankind has slowly extinguished the animalistic tendencies engrained in every one of us. The 
tendencies that were once cherished and called upon every day are now buried within our present day compositions. 
The feel of wind ripping through ones hair, and the rough ground tearing at one's feet in the pursuit ofa wandering 
elk for a weeks worth of food, is replaced with the feeling of a cold steering wheel and the scent of stale air passing 
through the crack of the window on the way to the local McDonalds. So in our comparatively mundane lives, how 
do we feed our inherent desire for adventure and conquest? Some find comfort in dangerous career paths such as 
racecar driving, police and fire officers, and our armed forces. Careers such as these may well be where some of the 
general population attempts to fill this unconscious, but ever present void. Where as a larger portion grasp at various 
fonns of entertainment to provide an escape from everyday repetition. The movie industry has long since provided a 
means of quenching this craving. However, a more interactive competitor has steadily arisen among the giants to 
provide a medium for the years of suppressed human nature. So how has the relatively new gaming industry come 
close to rivaling centuries of culture and entertainment? For one, it presents a virtual world in which the user is 
implanted and set free. It presents dangers, passions, quests, and adventure for a host of suppressed wants and 
needs. So what makes a game sell in today's ever-changing market? In regards to on-going sales trends, game 
design is basically driven around the enhancement of graphics and story-line cinematic. With the steady increase in 
graphic hardware, this path of development has not yet reached its peak. However, gamers are starting to look for 
more than the simple eye candy. The average gamers' age is steadily increasing, and developers are trying to retain 
their audience. These trends have led designers to look for other avenues to distinguish their games from those of 
competitors. One such avenue is Artificial Intelligence. In this paper, many general aspects of artificial intelligence 
in current game design will be explained and elaborated on with examples. 

INTRODUCTION 
The gaming industry currently presents a vast and expanding opportunity for anyone interested in creating video 
games. It is a competitive field that is saturated with the best of all areas in computer development. Programmers, 
developers, art conceptualists, designers, and others are hand selected by game and project coordinators. On a daily 
basis, the number of young people dreaming of their involvement in the world of game creation increases. As an 
industry rivaling even the film industry, it can afford to be selective in its choices. Just as a movie is only as good as 
its creative components (story, director, actors, etc.), a game is only as good as its creation team. So what goals do 
developers set for their development teams? What makes a game sell in today' s ever-changing market? With 
regard to on-going sales trends, game design is driven around the enhancement of graphics and story-line 
cinematics, components gamers are generally looking for. With the steady increase in graphic hardware, this path of 
development has not yet reached its peak. However, gamers are starting to look for more than eye candy. The 
average gamer's age is steadily increasing, and developers are trying to retain their audience. These trends have led 
designers to look for other avenues to distinguish their games from those of competitors. One such avenue is 
Artificial Intelligence. This paper will attempt to explore numerous general aspects of artificial intelligence in 
current game design. 

Al AND THE HUMAN BRAIN 
First, how does artificial intelligence compares to billions of years of human evolution? In order to understand how 
artificial intelligence works, it is important to understand the basics our own intellectual system. According to 
Webster's Dictionary, artificial is defined as humanly contrived, often on a natural model. Intelligence is defined as 
the ability to learn or understand or to deal with new or trying situations and Artificial intelligence as the capability 
of a machine to imitate intelligent human behavior. With this in mind, let us look at a very basic explanation of how 
the human brain works. The human brain is an incredibly intricate and complicated part of the human anatomy. If 
we were to compare the human body to a computer, the brain would be the central processing unit, with all system 
regulations and commands handled there. There are two basic types of responses generated by the brain. The first 
is the cognitive response. This is a response created by what we coin as "thinking about it." For example, ifl reach 
to pick up a glass of water, I am generally picturing my hand grasping the glass and lifting it from the table. This is 
a result of a cognitive response from the brain. On the other hand, there are autonomic responses, such as breathing. 
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Though an actual behavior by definition, it is not one requiring an overt cognitive process. It is rather, autonomic. 
What would happen if we simply forgot to breathe? That situation is a bit more serious than forgetting to wash the 
dishes. Both responses are an intricate part of the "message passing" process of the brain. In order for the brain to 
communicate to other areas of the body, it must have some type of method for transmitting signals from itself to 
other portions of the body. In a computer system, this task in accomplished with complex bus systems. In the 
human body, an even more complex system is used. This system is called the nervous system. The nervous system 
is composed of billions of cells called neurons. These cells encompass the entire body from head to toe. At the base 
of the brain, a stem of cells called ganglia branch into this diverse network of cells to send and receive signals to and 
from the brain. Most of these neuron processes ultimately reach the largest part of the brain called the cerebral 
cortex. It is thought that in order to accomplish the computing power of the human brain, designers will have to 
develop a computer capable of storing and manipulating over 4 billion gigabytes of memory. This is an incredible 
feat to accomplish. Even once this task has been reached, even larger and more complicated questions will need to 
be answered before we can even remotely understand the ingenious operations of our consciousness. 

As we stumble and triumph through life, we are presented certain situations that alter our paths. How are we able to 
decide and dictate which path to take? In general, we are able to gather information from our environment, and 
distinguish a feasible option. Our brain is constantly bombarded with impulses derived from our sensory nodes. 
These nodes include sight, smell, hearing, touch, and taste. All of these nodes constantly send signals to the brain 
because of stimuli generated in regards to our environment. They help us to be aware of danger, peace, and many 
other conditions of our every day, busy life. These nodes cannot simply be turned off. To realize the importance of 
these nodes, one can try to walk through their house with their eyes closed. It is amazing how much we take for 
granted wttil we are forced to live without. Thus, a question that AI developers have to answer may include, "how 
do I make my AI hear, see, taste, smell, and feel?" In addition, which of these aspects are important in the game we 
are designing. Ifwe are developing a first person shooter, are we going to worry about the smell emanating from the 
adjacent room? At this point, we probably will not. However, that aspect of being able to smell a dead body in the 
next room would dramatically increase player involvement in the game. 

REPRESENTATIONS OF AI IN GAMES 
Artificial intelligence involves an extremely broad range of techniques and ideas. These range from the simplest 
"if' statement to the complex neuro-networks. All of which are designed to simulate some kind of intelligent 
reasoning. There are five main representations of artificial intelligence in the game industry. The first is the 
Symbolic representation. This technique represents the problem and all of its components as symbols. For example, 
ifwe were to design a program that involved animals seen around a typical house, we would represent all of the 
animals using Predicate logic. In predicate logic, a cat would be represented as a mammal by mammal(cat). This 
shows that the cat symbol is included within a grouping of symbols coined as mammals. We could also dictate to 
the system the number of legs each creature has. We could doe this by declaring legs(cat,4) or legs(snake,0). Both 
of these example show that each symbol has a certain number of legs. The main advantage of this representation is 
its simplicity and ease of understanding. The next representation is the Fuzzy logic. This representation is coined 
"fuzzy" for the mere fact that it is vague and imprecise. Basically, general probabilities are used to express truths. 
Instead of having a definite value that must be reached to obtain a desired result, one may use this technique to 
"fuzz" the value so that if it is close in its relative value, the desired result will be accomplished. The main 
disadvantage to this route is its increased difficulty to extract meaningful information. The third representation is 
called implicit representation. This representation was modeled after the composition of human genes and genomes. 
The compression of the human gene is unfathomable to our current data compression rates. The implicit design 
stores information indirectly in a very large compressed fashion. Then, simple algorithms are used to extract 
meaningful information to be utilized by the system and produce the desired output. Our fourth representation is the 
Classical or Deductive representation. This was probably the most widely used technique in the past. In this 
representation, the system is given a certain set of rules, and then deduces what combination of procedures will 
produce the desired result. The obvious problem with this technique is in the creation of the initial set of rules. 
Finally, we have the Statistical representation. In this technique, patterns are extracted from large sets of data to try 
to create a determination by use of inductive reasoning. 

Al VERSES THE HUMAN COUNTERPART 
Artificial intelligence has become increasingly more comparable to its human counter part. The question is, has it 
become its equal? Will it ever reach that plateau? Currently, artificial intelligence has not even come close to the 
cognitive and computational capabilities of the human brain. Why is this? For one thing, we have just scratched the 
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surface in the quest for understanding the complex operations of the brain itself. Billions of neurons send signals 
through synapse after synapse, and chemicals are released to alter or promote connectivity. Millions of variables are 
present to incorporate an unbelievable information passing system. Therefore, what are some of the features that 
humans possess, and that computers cannot obtain? First, humans possess knowledge of their environment, and 
interact with that environment in terms of that knowledge. As we discussed before, a human being is constantly 
bombarded with impulses from the sensory nodes. With each impulse, we make decisions about our actions and 
goals in life. The next advantage is the ability to use teams. How do we train computers to work as a team? How 
do we get multiple computers to collaborate and come up with strategies to improve chances of success? More 
importantly, how do we teach a computer to do something we cannot do ourselves? Another advantage humans 
possess over computers is the ability to hunt. As humans, we are hunters and gathers by nature. It is not something 
that we can explain; it is simply instinct. We are capable of stalking, modifying our steps, taking alternate routes, 
and making complex decisions based on information we have obtained. How do you teach a computer to become 
what has taken millions of years of evolution to create? Finally, we are left with our survival instinct. A simple 
example of this is the Fight or Flight principle. The fight or flight principal has been a part of our lives since the 
beginning of time. When the first cave man came across his first Tyrannosaurus Rex, he was given these two 
options. Will he stay and fight the enormous monster, or will he run for his life. His heart rate accelerates, 
adrenaline begins flowing, and he reacts do to shear energy, not to rational thinking. It is amazing what the body 
can accomplish when it is in this state. Humans become stronger and faster in a desperate attempt for the body to 
retain life. There have been documented cases of desperate mothers lifting automobiles off their children that have 
been pinned beneath the ruble. How can we bottle this into a computer? Can we simply amp the computer 
processor to simulate an adrenal burst. At this time, we cannot. 

MAIN USES FOR Al IN GAMES 
There are many different and diverse uses for artificial intelligence in games. These uses are divided into three main 
categories: Combat-oriented, non-combat oriented and analytical and efficiency oriented Al. First, we will discuss 
the most common of the three, the combat oriented AI. Most games play on the age-old story of good against evil. 
With this foundation, there must be combat in one way or another. Being as competitive as human beings are, these 
are the type of games that sell. Therefore, developers must create an artificial enemy that can think and react as if it 
were human. It must be able to engage the player and simulate some kind of danger being perpetrated on the 
character. This is the most common type of Al in games today. Next, we have the non-combat oriented AI. This 
fonn of artificial intelligence is designed to assist the player in the general flow of the game. These entities provide 
equipment, knowledge about were to precede next, and general information to assist the user in the game itself. At 
the current level, this type of Al is very under developed. Characters are limited to a basic set of questions it can 
answer, and a general set of actions it can perform. In the near future, non-combatant Al is deemed able to answer 
an unlimited number of questions, and actually create its own goals and plans. Finally, we look at the Analytical 
and Efficiency oriented AI. The Analytical AI gathers input from the user, and interacts with it accordingly. An 
example of this is the use of"Amped music" when the player begins a battle, or scary music when the player is 
about to encounter a monster. Efficiency oriented AI deals with the ability of the AI to utilize all CPU resources 
efficiently. An example of this is in the displaying of secret areas. In general, players are more concerned about 
getting through a level alive, rather than where the secret areas are. Therefore, the efficiency AI would not load the 
secret areas until the player actually attempts to access one. This creates a more efficient use of the CPU's 
resources. 

FUTURE USES FOR Al IN GAMES 
Many gamers ask the question, "Why will we need Artificial intelligence in the near future? With the increasingly 
fast internet connections, human beings can play all aspects of the game." There are a many reasons why artificial 
intelligence will always be a fundamental part of game design. The first reason is the lower level positions. No one, 
in his or her right mind, is going to want to be the lonely janitor in the Jefferson County Middle school: comes 
equipped with broom and mop bucket ... Yeah. Therefore, artificial intelligence will control the actions of the 
characters that do not have a high play value, and yet play an important role in the realism of the game. Next are the 
upper-level positions. There will always be a need for a higher power to govern over the players. If one player 
becomes too powerful, then the game-play value of the other players may decrease. Therefore, a higher power is 
need to regulate the power distribution of the game. The final reason is the developer's ultimate need for control. 
Similar to a director and his movie, a developer wants the player to follow his design in order to create a story and 
flow of the game. Developers use Al to manipulate the gamer's actions to create a migration from one aspect of the 
story to the next. 

3 
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FINITE ST ATE MACHINES 
Most gamers are familiar with the first person shooter genre. From the first appearance of Doom and Castle 
Wolfenstien to the current Quakes and Doom Ill, gamers have been enthralled in the constant quest to kill all and 
save earth. On of the most well known games of this genre is Id's Quake Ill Arena. This game created a state of the 
art game engine, known as (QA3), which is still being used today. The basic goal of this game is to move through 
various levels and acquire power-ups such as weapons, armor, and first-aide boxes. The players also fire their 
weapons in an attempt to injure and kill their opponents. The first player to rack up the specified number of kills is 
the winner. The artificial intelligence agent in this game is called a "bot." Each bot reacts to the player's actions 
and its own life characteristics. This is all done with a technique called a Finite State Machine (FSM). In its 
simplest fonn, a FSM models the behavior of an Al agent according to a limited number of defined modes and 
conditions set by the developer. There are two basic types of state machines, the detenninistic and non-deterministic 
models. The deterministic type is created to enable one input to create one corresponding output. On the other 
hand, the non-deterministic model can incorporate a random number generator to simulate randomness in the output 
generated by a state or an input. 

There are four main components in a Finite State machine. The first is the actual state itself. The state is the actual 
state of being the agent is currently in. Second is the state transaction. This is the movement of an agent from one 
state to another due to some internal or external input. Third are the rules and conditions that must be met for a state 
transaction to be initiated. The final component is the input events. These events are created internally by the game 
engine or externally from the user. They trigger rules and lead to state transactions. So what is the difference 
between an action and a state? A state may contain one or more actions that are used with-in a certain mode. An 
action, on the other hand, is an activity that accomplishes some kind of task. Some examples of state-action 
relationships are as follows: 

• A move Unit() action may be used by the evade Enemy state and the attack Enemy() state. 
o If an AI agent is going to evade an enemy, or pursue that enemy, it is going to need to 

change its position relative to the enemy. 
• The evade Enemy() state may include many actions including some evaluations, movement 

directives, and some actions which can change the entities own state. 
o If enemy is cornered, the enemy may change his state from evade Enemy() to attack 

Enemy(); 
As we can see, different states can be associated with multiple actions. Actions can dictate state changes, and even 
other actions. All of these relationships help to simulate reasoning and decision making capabilities of the AI agent. 
Let us now look at a FSM. Notice its similarities to the traditional flow chart diagram. 

Example ofa FSM: Shows the various states and transactions of the Shamble Monster (Brownlee) 

Spawn s1a1e 

Qle State 

Shambler 
Monster 

Missie Mock 

In the example above, a basic FSM for the quake II shambler monster is shown. Being that all FSM entities must 
have an initial state, the shambler begins at its Spawning state. Once it has finished spawning, it moves to the idle 
state. It remains in this state until either it is killed or it recognizes its target. If it is killed, then it goes into the Die 
state. If it recognizes the target, then it is introduced to a new state of attack. In this state, the monster has a variety 
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of options and actions. One, it can lose the target, in which case he would return to idle state and wait for the target 
return. On the other hand, he can attack the target using melee or missile actions. The distance the monster is from 
the target detennines which of these actions it will utilize. If the me lee attack is chosen, the a random number 
generator detennines whether the monster will attack using his left hand, right hand, or a smash with both hands. 
This is an example of a non-detenninistic feature. If the monster loses all of it~ health, then it wit I move into the die 
state and relinquish all of its resources to the system. 

So what makes this technique so appealing to developers? For one thing, it is very simple to understand. Since it is 
similar to a flowchart, developers can usually detennine what input will cause what state transaction and so on. It is 
also very quick to design and has proven itself over many years. It has very low processor overhead, and is easily 
translated into code. So why don't all games use this technique? Well, for one thing, it is very predictable. In 
addition, if systems become too large, the FSM becomes very complex and runs the risk of creating "spaghetti 
code." Finally, it is a very rigid system. So let us now look at a more complex FSM representation. Look at how 
the dog monster and the AI walk monster interact with one another in Quake II. Notice how much more 
complicated the system gets with the addition of one entity. 

Example ofFSM•Relationship of two Monsters in Quake II 

sio-i---~ 

--
A:eff'IOVe ,IJ ,,.,,,,_.., ..... ·········•·········r-------, 

oag ... 

BEGIN TO SEE HOW COMPLEX THE LARGER SYSTEMS CAN BE (BROWNLEE) 

ANOTHER FIRST PERSON SHOOTER 
Another game in the First Person Shooter genre is The Return to Castle Wolfenstien. This game is a sequel to one of 
the pioneers of FPS, simply entitled Castle Wolfenstien. It is another example of a Finite State Machine, and uses 
the same game engine as the quake III Arena. The reason I wanted to discuss this game, in addition to the Quake III 
arena, is that it is slightly different in the aspect of Artificial Intelligence. It is a good example of what developers 
are currently doing with AI in game design. 

As we stated before, Return to Castle Wolfenstien (RCW) was based on the Quake III Area Engine. Therefore, it 
has an already comprehensive navigation system as well as a fully developed Area Awareness System (AAS). J.P. 
van Waveren designed this system for his Gladiator Quake 2 bot. What the AAS does is create a pre-processing 
phase in which extracts adjacency information from id's BSP structure. The BSP is the Binary Space Partitioning 
system that is responsible for location approximation, sorted rendering, and collision detecting in two and three
dimensional environments. Therefore, a static representation of the level is created and tweaked for dynamic 
features such as doors. This enables the system to be completely aware of all entities within the level. Inputs can be 
dictated to various Al agents according to the player's path and specific decisions. The agent's movements and 
paths are then dictated to any other point by using hierarchical routing. The Al agents in this game are quite 
impressive in comparison to other FPS. For one thing, the agents seem quite cautious of their lives. When I run into 
a room, guns blazing, the AI does not just stand there and let me shoot them. They run, hide, pull alarms, and even 
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slide onto a knee out from behind a door. This is impressive. Therefore, how about we look at the functions that 
cause some of these results. This is a procedure to dictate if the soldier needs to take cover: 

• Int Al Cast Wants To Take Cover (cast_state_t •cs, boolean attacking); 

This procedure looks at what state the agent is currently in, and ifhe is being attacked. lfhe is being attacked, and is 
currently in an idle state, then a state transaction will occur and the agent will begin to look for cover. Therefore, 
how does it know if it has found cover or not? first, it does a simple check to see if by kneeing down, it can find 
cover. If not, it uses this procedure. 

• Boo! AICast_Get Take Cover Pos (cast_state_t •cs, int enemyNum, vec3_t enemyPos); 

This procedure obtains the current state, the number of enemies, and the vector to the enemy's position. Therefore, 
if the agent does not have vector from his position to the player, then they have successfully found cover, and a true 
value will be returned. 

So what are some of the problems related to the Al in this game? First, the AAS is unable to deal with crowded 
dynamic environments where the entities are not enemies. An example of this is when multiple, non•hostile, agents 
are in a room together. They tend to be grouped together in the doorways and other stationary objects. They have 
no idea on how to interact with one another as a team. If it were a hostile in the door, the objective would be to 
simply destroy and then proceed on. This showed a total lack of"sqaud tactics." Next, the AAS did not check to 
see if there was enough room for complete animations to be accomplished. There where couples of instances of 
gamers witnessing soldiers run in through a door and then do a roll into the wall. If the AAS simply checked to see 
if there was sufficient room for the complete animation, this would not have been an issue. The following procedure 
is what seemed to be the culprit of this problem. 

• Procedure: char *AICast_BattleDiveStart (cast_state_t •cs, vec3_t vec); 

This procedure receives the current state of the agent, and what direction to do the roll, but does not accept any kind 
of distance values to be compared with required distance for the animation. 

So what are some of the other Artificial Intelligent extras that are included in this game? Well, for one thing, RCW 
contains group or sound awareness. This enables other soldiers to come to a specific area if gun shoots are fired or 
an alarm is set off. Context Music switching creates a dynamic mood adjustment for the player as he traverses 
through each level. As stated before, this feature dictates what background music to play according to the different 
situations in the game. Finally, it utilizes the selective unit placement technique. This feature places enemy units 
according to how the player is playing the game. If the player were to replay the game, the agent placements would 
most likely be different. This enhances the game-play value of the game and reduces mundane level memorization. 

MACHINE LEARNING 
Until now, we have looked at how artificial intelligence works according to a set of rules and function pointers 
developers present it. Now, we are going to briefly look at different techniques that developers use to actually teach 
an Al agent how to interact in certain situations. Then we will look at a game that actually utilizes one of these 
techniques. So why has machine learning become an increasingly popular technique used in game design today? 
One reason is the increasing complexity of current games. Another is the consumers' ongoing need for bigger and 
better. Conventional methods of Al are becoming boring and predictable. Gamers are getting better and better, and 
developers are faced with the ultimate challenge of making a computer more human. Here are some of the concepts 
used in Machine Leaming. First, we have the complex Neural Networks that where designed to simulate the human 
brain and its neurons. The neural network goes through a series of training sessions in which it learns what various 
outputs are related to various inputs. It then is utilized as a type of artificial brain. The success of this method 
depends on how well the network is able to generalize its input. Most likely, the network will not come across the 
same input while it is executing as it did when it was training. Therefore, it is important to be able to generalize its 
input in order to get appropriate outputs. The next method is Inductive Programming. This method receives the 
results of a program, and then attempts to write a definition of that program according to the results presented to it. 
The success of this method relies heavily on the number of example results it has in memory, and how complex the 
function is. The Decision Tree Leaming is another method used today. This method allows for the learning of 
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opm1ons. I will discuss this more in detail when we discuss the game Black and White. When the tree is given a set 
of examples, and the result is correct, then the tree is not altered. However, if the result is not correct, then the tree 
is altered until the correct solution is produced. Next, we have Data Mining. Data mining, very similar to the 
process used in database queries. Useful rules are extracted from large sets of data. When trends are observed, their 
causes need to be identified, and a rule expressing their relationship needs to be established. Finally, we have the 
Bayesian Networks. This method models the relationship between variables. It is a basic type of Conditional 
Dependence. The state of one variable may depend on the state of many others. 

In order for a machine to learn, we must have a learning agent. Just as if a teacher cannot teach to an empty 
classroom, developers must have a learning agent to mold into their artificial being. So what are the elements of a 
learning agent? Well, first we have the actual learning agent itself. This aspect modifies an agent's behavior and 
creates improvements. The performance element chooses external actions based on information it has gathered 
about its environment. The Curiosity element ensures that an agent does not merely confine itself to a previously 
observed action. For example, ifwe designed a combat game of"capture the flag", the learning agent may find that 
by hiding behind a tree, it avoids being harmed. Ifwe simply had the learning agent, then the agent may be content 
to hide behind the tree the entire duration of the game. However, the curiosity element initiates and begins to look 
for alternatives that may increase the status of the agent. Such a move would be determining if another tree is closer 
to the flag. The final element is the Performance Analysis. This element judges the performance of the agent 
against some suitable performance measurements. It then determines if a better solution could be made the next 
time a similar situation arises. 

So what are some of the problems associated with machine learning? How about teaching it to be dumb. For 
instance, what ifwe trained it by watching how we play the game. This can be a very dangerous process. Even the 
developers themselves are not always the greatest of players, and we all make mistakes. Therefore, we are teaching 
the agent to Mimic Stupidity. In this case, the agent usually needs to be reset and retrained. Over fitting is another 
problem. Over fitting is when an agent is trained during one portion of a game, and then expected to operate 
equally in a different portion of the game. The likelihood of both portions of the game being identical is very slim. 
Therefore, the agent is learning trends that are not acceptable in other portions of the game. An example of this is 
training an agent in level One ofa game. In this training period, it learns that 95% of the time it is able to avoid 
harm by jumping to the left once it enters a room. When the agent begins level Two, it arrives at the same situation 
and jumps straight into a wall. This causes hours of entertainment for players. Another issue is Local Optimality. 
This is caused by the learning of a parameter based on the dependency of a previous action. It is important to be 
dependant on current actions instead of those that may have happened in different situations. Finally, the agent may 
become set in its past behavior and does not attempt to improve. This is called Set Behavior. All of these issues 
plague developers in their attempt to create a sound machine learning system. 

An example ofa game that utilizes the technique of machine learning is Lionhead Studio's Black and White. It was 
released in 2001 and created a wide spread interest in artificial intelligence in the game industry. It was the first 
well-publicized game to actually create a being that can be taught and molded to the user's preference. Black and 
White transports the player into a fantasy world in which they play the role of a god. Each god is given a creature to 
do its biddings. The player can raise the creature to be either good or evil, hence the name Black and White. The 
creature is the learning agent in this game. Developers had several goals for the agents in this game. First, they 
wanted the agent to be Psychologically Plausible. The agent's state was to be determined by environmental and user 
based stimuli. When comparing the learning process of this agent, one would say it to be similar to child imitation. 
If it sees the user destroy a village, agent may become destructive, thus copying the user. This creates a plausible 
entity. Developers also wanted to create Malleable Agents. The player should be able to teach the creatures right 
and wrong. The creatures should also be able to learn by example and mimicking. Once again, this is similar to 
teaching children. They also wanted to create a lovable creature. They wanted the user to actually bond with its 
creation. The agent obtains a basic "user brain" by looking at the users actions and finding the goals of these 
actions, thus creating a small user profile. Ultimately, the creature's main goals are to help the master, play with the 
master, and desire for the master's attention. 

So how is all of this accomplished? It uses Dynamically Building Decision Trees. As we discussed before, this 
technique allows for the storage of opinions. It dynamically creates different nodes of a tree according to system 
and player feedback. If the feedback is new data, then a new node is added to the tree according to its feedback 
level. If the feedback is positive, then the tree is not altered. However, if the tree is negative, the tree will be 
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altered in a way to produce the appropriate solution. The following is an example of the crearure's actions and the 
feedback from the user. 

l-'ri1·111llv 10\\'11 wc;il dcf,·11•<1· tri!w Celtic 

l-:1w111,· to\\'11. weak ddense tribe Celtic 

Friend Iv town strnn!.' ddense. tribe Norse 

l-"111:rn,· town strm,., ,k1c11,c. tri!w Norse 

1-'ricndlv town medium defrnse. trihc (irt~ek 

1-:nemv l011'11. 111edi11111 dl'frn.,e. tribe (,reek 

Frn:1m· town. 111edi11111 drlensc. tribe /\;tee 
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Now, let us look at an example of what a decision tree looks like. 

Flguro 2 
IExampto Oa-ctslon Troo: 
Should WO doYOIOf' (l now 
ptoducl 01 consolldale>? ;:sec.cc,:· 

£1 0011 

i:3.CCC 

~10,000 

Decision making tree: basic storage of opinions- (BSP for Dummies) 

When we look at the decision making tree, we can establish how each opinion is ranked. For instance, if we wanted 
to detennine if a feedback of0.2 for rapid development was a good, moderate, or poor feedback, we could traverse 
the tree and see that 0.2 is moderate in rapid development. This creates an important tool for the Al agent to utilize 
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in its decision making process. So how autonomic do developers want their agents? Developers of Black and 
White made that decision easily. They decided to make the agent complete autonomic at the beginning of the game. 
Just as a child does anything and everything that it gets the urge to do, so shall the creature. As the game progresses, 
the creature learns from punishment or endorsement from the player. Soon the creature becomes a useful 
companion through its use the dynamically created decision tree. 

CONCLUSION 
With the increasing popularity of the game industry, and the teeth-gritting quest to be on top, developers are 
searching for new ways to make their games rise above the others. With the constant drive for increased graphics 
steadily supporting the game design structure, gamers are looking for other avenues of game play that not only 
stimulates them visually, but also mentally. The field of Artificial Intelligence in the game industry is just beginning 
to take off. Gigantic areas of improvement remain untouched. As the game industry moves into the future, the 
graphics will begin to become limited, and the AI will distinguish one game from another. 
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A VISUALIZATION APPROACH TO PREDICT THE SECONDARY STRUCTURE 
OF PROTEIN MODELING 

Yi Mu, Peter Butko and Adel Ali 
Univerisity of Southern Mississippi 

ABSTRACT 
This project models the elements of the secondary structure of protein and constructs an interface to let the user fold 
the secondary structure of protein by using these elements. The goal of this project is help the chemists to predict the 
secondary structure of proteins at the supraatomic level. 

INTRODUCTION 
Proteins are hierarchically structured polymers of amino acids called polypeptide chains. The primary structure is a 
linear sequence of the amino-acid residues in the polypeptide chain. Secondary-structure elements result from the 
interaction between the amino-acid residues located close to each other in the primary structure. The most common 
elements of secondary structure are the alpha helix, the beta strand, and less-ordered loops connecting them. The 
tertiary structure comprises the complete knowledge of the coordinates of all the atoms in the protein. The tertiary 
structure of the protein, also called the 3-D structure, is a result of physico-chemical interactions between the 
secondary-structure elements. 

Detennine the 3-D structure from the primary structure is the Holy Grail of protein modeling, but to calculate 
interactions between the thousands of atoms in a moderately sized protein principally and computationally very 
difficult. In this project, we tackle the problem by assuming that during protein folding or conformation change, 
secondary-structural elements remain intact, only their mutual 3-D arrangement changes. This assumption makes the 
computation much more tractable: now we only have to calculate physico-chemical interactions between a few 
supraatomic elements of secondary structure. 

The initial stage of the project has the aim of writing software just for visualization of the secondary-structure 
elements, first in isolation, then in groups. In the second stage we will complement the visualization software with 
the computation of the inter-element interactions, first in the vacuum, later in continuous aqueous media, and finally 
in discontinuous media, i.e., at interfaces. 

This project models the elements of the secondary structure of protein and constructs an interface to let the user fold 
the secondary structure of protein by using these elements. The secondary structure of protein consists of several 
repeating pattern: ahelix, pstrand and the loop connecting these elements. There is a lot of software (Swiss-PDB, 
Molview, GOPENMOL, MOLDEN ... ) available to visualize the known structure protein and even predict the 
structure of the protein at the atomic level. This project is different from these previous works: 1) the detail 
structural information (atomic coordinates) is not available; 2) the protein prediction is on the secondary-structure 
level so the biochemists can manipulate the whole secondary-structure elements (helices, strands), instead of 
individual structure atoms. In this way, the work of biochemists can be reduced significantly. This project relies on 
the fact that when a protein structure is solved, it often turns out to be very similar to the one that was previously 
known. If one is willing to accept complete and embarrassing failure in the rare case of a completely novel structure, 
one should be able to make progress by searching a library of known protein folds and finding the one which is most 
appropriate for a protein sequence whose structure is unknown and fold the unknown protein in the similar way as 
the known one. The long-term goal of this project is to predict the folding of the protein under different 
environments. 

This paper will describe the initial approaches we took to implement this project, including details of how we 
modeled the elements, implementation of various graphical primitive, which are used to render the elements, and 
discussion of how we solved some of the problems we encountered during implementation. Finally, we discuss 
some potential future work on this project. 

to 



Proceedings of the 2003 IEMS Conference 

MODELING 
Modeling the a-helix 
The ahelix is a cylindrical structure that forms when a polypeptides chain twists into a right-hand coiled springlike 
confonnation. There are 3.6 amino acids (0.54nm) per tum of the helix. 

This project models the a-helix as a solid simplistically cylinder, with a chain of squares wrapped through the 
cylinder like a spiral. Every single square represents one amino acid and is colored according to the polar/charge 
properties of the amino acid. An arbitrary color code has been adopted: red: polar and positive charge, blue: polar 
and negative charge, green: polar and nocharge, yellow: nonpolar. In this way, biochemists can easily tell whether a 
given protein is hydrophobic or hydrophilic by its color. Every single square is fuzzy away from the center to 
indicate that the force/energy fades away from the center. 

It is difficult to use OpenGL built-in function to draw the cylinder because the built- in function draws the cylinder 
once and it is not easy to color the selected area of the cylinder. To fix this problem, we implemented our own 
generalized cylinder rendering code. 

In a simple, idealized cylinder, there are (conceptually) two circles at either end of a straight-line segment. The 
center of each circle is at an endpoint of the line segment, and there is an infinite set of infinitesimally small 
polygons connecting corresponding points on each of the two circles. For this project, 36 polygons are used to 
render the surface of the cylinder. Every pair of vertexes has higher y value than the previous ones. Every ten 
polygons make up a square that represent one amino acid, which is colored according to the above color scheme. 
The border of the square is colored white. In this way, we can not only differentiate one amino acid from the others 
but also get a fuzzy effect because white color interpolated with the color of Amino Acid. As a result, we obtain an 
extended cylinder that consists of3.6 squares, which represents 3.6 amino acids. The extended cylinder looks more 
like a spiral than a cylinder (As shown in Figure I a). So far, we obtain one tum of helix, In order to represent the 
complete structure of helix; the same techni ue is used on top of the previous tum and so on. (Fi ure lb, le) 

Figure I. The construction of a-helix 
a) Cylinder sketch b) straight a-helix c) a-helix rotate around arbitrary axis 

Modeling the Bstrand 
Pstrand is a fully extended planar structure with an arrow at one end, which indicates the direction of the Pstrand. 
The j3strand can be thought of as a chain of squares, which extends and twists itself like a ribbon. Every single 
square represents one amino acid. We started off trying to use the 2-D evaluator provided by OpenGL to define the 
spline surface. In general, splines are tools that provide a much broader approach to creating smooth approximation 
across a line segment (l-D interpolation) or a rectangular domain (2-D interpolation). Although this approach can 
render a bended surface easily, many problems tum out and made us stop to find other approaches. These problems 
include: 

• The 2 D evaluator needs to maintain control points in a 2 D array. If we tried to twist the surface 
dynamically, the calculation proved to be a fonnidable problem. 

• By using the evaluator, we could not get the infonnation about the vertexes of every polygon across 
the rectangle. As a result, first, we could not calculate the normal of the surface, although OpenGL 
provides auto normal for the evaluated surface, the lighting do not come out very well in our case. 
Second, it is difficult to try to add thickness to a ribbon without the infonnation of its vertex. 
Eventually, we found out a ribbon-modeling algorithm, which proved to be very suitable for our 
approach ( 1 ). 
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Ribbons 
A ribbon is built out of a curve p(u)=(x(u),y(u),z(u)) in 30. lntuitively, the ribbon can be thought ofas a long 
rectangle of width (W) that is bent and twisted. At each point of the curve p(u), a twist angle a{u} is specified. The 
ribbon is a surface given by the fonnula: 
q(u, v) • (x(u)+v cos(a(u),y(u)+v sin(a(u)),z(u)) 

The parameter u varies from 0 to n-1, where n is the number of control points, and v varies in the range -W/2 to 
W/2. The original curve is a line along the center of the ribbon. If the twist angle is zero for all u, then the ribbon is 
parallel to the X-Z plane or X-Y plane, depending on how the control points have been defined. 

Implementing Ribbons 
We specified the spine using the perspective view looking at the XY plane. The ribbon was specified using cubic B
splines. n control points Po .... Pn-l is specified, and for each point the twist angle ai, i=0 ... n-1. n is the number of 
amino acid plus I. The distance between two control points is the width of the square. The angles were initialized as 
zero. Thus, a ribbon is represented by two arrays: an array of control points for the spine and an array of twist angles 
of the same size. 
To render the ribbon, an approximation with quads was computed in the following way. First, Subdivide the spine 
curve using the following algorithms: 
B-spline subdivision rules: 
I) Even rules: In the new sequence of points, the points with even number are the old points with updated positions. 
P2?+1 .. l/8(Pi./ + 6P/ +P;+i') 
2) Odd rules: In the new sequence the points with odd number is a newly inserted point. 

' I P2,. r • 1/8(4P/+ 4Pi+n 
The result, after k subdivision steps, is an array of2k(n-l)+l points where n is the number of control points. The 
same subdivision rules can be used to compute the array of twist angles. Once both arrays are computed, a number 
Mis chosen as the number of polygons across the ribbon. 
Finally, we render the quads approximating the ribbon. The total number of quads is (N-l)M, where N i(n-1). 
The vertices of quad (i, j) are 
(x,k + (W *j/M-l)cos a,k., y;k + (W *j/M-1 )sin a;k, -z/) 
(x,k + (W *(j+ 1)/M-l )cos a,k,, y,k+ (W •(j+ I )/M-l)sin a;k, z.k) 
(x,.,} + (W *(j+J)/M-J)cos a,+/·, y,+i"+ (W *(j+ l)/M-l)sin a,+i", Z;+/) 
(x, ... / + (W *j/M-l)cos a,+1\ Y,+/+ (W *j/M-l)sin a.+1k, Z.+1k) 
where i is in the range 0 ... N-2, and j is in the range 0 ... M-1. 
At this point, we need to render the ribbon in solid 3D. The method is simple: we rendered two ribbons, one as front 
side, the other as backside. During the rendering, we connected the border vertexes of these two ribbons. As a result, 
we got a solid ribbon in 3D. 

Arrow Modeling 
At the end of every f3strand, there is an arrow indicating the direction of the f3strand. The direction can be obtained 
by calculating the reflection points ofB-spline and the arrow can be drawn accordingly. The following formula is 
for the reflection point calculation: 

Pa+! = 2 P0 -Pn·l (n=N, n-l=N-2k) 

Coloring the j3 - strand 
During the renderinf of the ribbon, we keep on checking the position of the ribbon, i.e. the value ofi. For every 2k 
quads, ifi module 2 equals zero, the color is set as white, else the color is set according to the color scheme we had 
made. As a result, we obtain a chain of color squares fuzzy away from center, which represents the f3strand with 
individual amino acid (see Figure 2). 

Twisting f3 strand 
The strand can be manipulated by the mouse. When the mouse clicks on the surface of the strand and drags it to 
some direction, the control point near the clicked point will be updated to the new position according to the 
movement of the mouse. All the points and angles along the strand will be recalculated to reflect this transition. (See 
Figure 2) 
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Figure 2. J3 -Strand 

Loop Modeling 
Loop is the structure that connects two elements of the protein. The loops can be simply modeled as thick curve. 
After a few experiments, we decided to model the loop using cubic Bezier curve due to the simplicity of its 
implementation. Given four control points, the OpenGL 1-D evaluator can evaluate a smooth curve, which is ideal 
to loop modeling. In order to connect two elements, we need to locate the connected points, which is the tail of the 
current element and the head of the previous element. The tail ofan element is from where the element is drawn, the 
head of an element is to where the drawing of the element is finished. The tricky part of the loop modeling is how to 
trace the connected points dynamically during a series of rotations and translations. The solution is keeping on 
calculating the current matrix of every elements during translation and (or) rotation. By applying this matrix to the 
old points P (the position of points before rotation and translation), the position of new points P'(the position of 
points after rotation and translation) can be obtained(3). 

Selecting, Moving and Rotating the Elements of the Protejn 
We used OpenGL built-in function to do the selection. First, the elements are named when we rendered them, so if 
any part of one of the element is clicked, a hit will be created, the hit has the same value as the name of the element, 
which will tell which element has been selected. This naming scheme is very helpful for protein folding, because 
protein usually consisted of dozens of elements, the user needs to know which element he is manipulating. 

Lighting and Shading 
Lighting and shading adds more reality to images. For this project, lighting and shading are also very helpful to the 
biochemists in analyzing the folding of a protein. 

Flat shading is the easiest way to calculate the shading, the shading calculation needs to be carried only once for 
each polygon. This method is used to shade the l3strand, because the polygons are small, the shading turns out to be 
very smooth. 

If we applied the same shading scheme to the helix, the stripes, known as Mach bands, can be seen along the edges. 
The reason is that the quads used to approximate the surface are too large to use flat lighting. More satisfactory 
results were obtained with a complicated shading method - the interpolative shading (3). 

Folding the Secondary Structure of a Protein 
Given the Amino-Acid sequence of a protein, with secondary segment assigned, we can predict the protein's 
structure as shown in Figure 3. 
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Figure 3. The predicted secondary structure ofCYTA (An unknown structured protein} 

FUTURE WORK 
This project is the first step in attaining the intended purpose: modeling the elements of protein's secondary structure 
and using these elements to fold the structure of the protein. 

However, it would be nice if there were a more complete mathematical model ofl}strand behavior. For example, if 
certain part of a !}strand is dragged, the other part should move just like a lifelike strand. It is not trivial to simulate 
this movement without a much more fundamental physical model for the behavior ofhe strand. 
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EVALUATING THE MACHINE LEARNING OF SUPPORT VECTOR MACHINE: 
A DNA MICROARRA Y ANALYSIS CASE STUDY 

Yufang Wang and Adel Ali 
University of Southern Mississippi 

ABSTRACT 
Support Vector Machine (SVM) is currently a very active research area within machine learning. As a supervised 
learning method, SVM is widely studied in many application fields. Among these SVM application fields, DNA 
microarray data analysis is one example. SVM has been studied as one of classification approaches in DNA 
microarray data analysis. Besides SVM, there are other machine learning classification approaches have been 
studied in DNA microarray data analysis, such as Fisher's linear discriminant, Parzen windows, decision tree, 
Artificial Neural Network (ANN), etc. This article compare SVM with those studied machine learning methods and 
evaluates the advantages and limitations ofSVM. SVM has solid theoretical foundations and has intrinsic control of 
machine capacity that combats over•fitting. It is robust in high dimensional data analysis. It has fast convergence. 
SVM has no local minimum and uses sparse support vector representation that improves SVM computational 
efficiency. By solving a quadratic problem, SVM guaranteed to find the global minimum. SVM chooses only few 
parameters. But because how to properly choose kernel function is a key to SVM, it is the biggest limitation ofSVM 
because there is not any best guidance on how to select proper kernel function. Although SVM has been reported 
that it has remarkably robust performance with respect to sparse and noisy data, SVM still faces the challenge that 
its produced decision function may be badly contorted because some noise samples have been considered as support 
vectors. 

INTRODUCTION 
Machine learning is a sub.field of Artificial Intelligent (Al) that deals with the study of computer algorithms that 
could be improved automatically based on their experience. Support Vector Machine (SVM) is currently a very 
active research area within machine learning. SVM is supervised learning. It is widely studied in many application 
areas [I, 2]. For the pattern recognition case, SVMs have been used for handwritten recognition, object recognition, 
speaker identification, face detection, automatic target recognition and text categorization. For the regression 
estimation case, SVMs have been compared on benchmark time series prediction tests, the Boston housing problem, 
and on the PET operator inversion problem. SVMs have also been used in medical diagnosis and bioinfonnatic area, 
such as Microarray data analysis, protein localization, protein secondary structure prediction and protein superfamily 
prediction, etc. 

History of the support vector machine is ambiguous [3]: it is difficult to name one single paper that introduced the 
concept. The fundamental theory of linear classifiers, which also includes support vector machines, dates back to the 
I 930's while the paper by Rosenblatt in 1956 introduced the perceptron of which the support vector machines are 
one very special case. Linear large margin classifiers, which are the simplest fonn of the support vector machines, 
have also been invented in l960's by several people in various fields of research, and similar ideas are presented in 
many articles. Generalization of linear large margin classifiers to the nonlinear case was introduced in 1992 by 
Vapnik etc, which is the first paper that presents the current support vector machine methodology. However, it was 
in 1995 with Vladimir Vapnik's book: the nature of statistical learning theory that Support vector machine began to 
stir up attentions. 

Originally, SVM is a family of machine learning algorithm for classification of objects into two classes. In order to 
perfonn classification, SVM tries to find a hyperplane with maximum margin for separable data. This hyperplane is 
determined by support vectors. When two classes could not be separated in input space, SVM maps two classes 
from object space to a feature space, in which a kernel function makes sure there is an available hyperplane. Now 
SVM is also developed for multiclass classification. In this article, we introduce the current research status of SVM 
applied in DNA microarray data analysis, and then we compare SVM with other supervised learning classification 
methods used in DNA microarray data analysis. 
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ONE EXAMPLE OF SVM APPLICATIONS: DNA MICRO ARRAY DA TA ANALYSIS 
The advent of DNA microarray technology provides biologists with the ability to measure the expression levels of 
thousands of genes in a single experiment. Initial experiments suggest that genes of similar function yield similar 
expression patterns in microarray hybridiz.ation experiments. As data from such experiments accumulates, it will be 
essential to have accurate means for extracting its biological significance and assigning functions to genes. In this 
section, we introduce some current researches ofSVMs that have been done in this field. 

SVMs, as applied in this field, are used for two-class classification [4-9). Four kinds of SVMs have been studied, 
that is, I, 2, 3 degrees polynomial kernel SVMs and Gaussian radial basis function kernel SVM. The perfonnances 
ofSVMs also have been compared with other machine learning methods, like Fisher's linear discriminant, Parzen 
windows and decision trees. SVM for microarray data analysis also has been combined with SVM for phylogenetic 
profile to improve gene function prediction. 

The complete SVM method begins with choosing a kernel, and tunes the factor (e.g. error weight) to achieve the 
best perfonnance on a chosen kind of cross-validation test using the full dataset. Then classifies the unknown 
sample. 

The built SVMs disclosed that (1) diagnosis - classification of tissue samples ( e.g., type of cancer) - seems possible 
from microarray data. But it still requires larger-scale systematic experiments to be conducted. (2) Gene selection -
find genes potentially responsible for the classification - has several successful cases. (3) Some unannotated genes 
were predicted to be certain class members. (4) SVMs outperfonned Fisher's linear discriminant, Parzen windows 
and decision trees. 

COMPARE SVM WITH OTHER SUPERVISED LEARNING CLASSIFICTION METHODS 
Besides SVMs, some other supervised machine learning methods also have been applied in DNA microarray data 
analysis to perfonn classification, such as Fisher's linear discriminant, Parzen windows, decision trees and Artificial 
Neural Network (ANN). In this section, we compare SVMs with these methods. 

Fisher's Linear Discriminant 
Fisher's linear discriminant [7] was introduced by Fisher in 1936. It is a linear classification method. It projects 
high-dimensional data onto a line and performs classification in this one-dimensional space. The projection 
maximizes the distance between the means of the two classes while minimizing the variance within each class. 
Compared to Fisher linear discriminant, SVMs make fewer assumptions on the underlying distributions of the 
classes. Therefore, when using SVMs, as the number of feature points used for classification grows, the data 
becomes more separable and the accuracy improves. 

Parzen Windows 
Supervised learning classification methods can be categorized as two approaches: parametric procedure or non
parametric procedure. In the case of a parametric procedure [ I 0), the probability distribution type of target classes is 
defined in advance, that is it requires training phase. With a non-parametric procedure, on the other h.-id, training 
phase is not required. Non-parametric classifiers use the entire training set of examples to perfonn classification 
without any prior knowledge. Therefore, a non-parametric method can process various classes that have different 
probabilistic statistical natures simultaneously and easily. But because a non-parametric method must store the entire 
training set in the computer memory and because its speed of computation is proportional to the training set size, in 
general, a non-parametric method has slower test phase than a parametric method and requires more storage 
memories. SVMs are parametric methods 

Unlike SVMs, the Parzen windows method [7, 11] is a non-parametric procedure that produces an estimate of a 
probability density function (pdf) by superposition of a number of windows and replica of a function (often the 
Gaussian). The Parzen windows classifier takes a classification decision after calculating the probability density 
function of each class using the given training examples. The calculation of the pdf is perfonned with the following 
algorithm: add up the values of the d-dimensional Gaussians, evaluated at each training example, and scale the sum 
to produce the estimated probability density. As a non-parametric procedure, unlike SVMs, the Parzen windows 
does not require training phase; but its test phase is quite slower and require more memory storage. In addition, 
infinitely the perfonnance of Parzen windows classifiers can be guaranteed by asymptotical convergence, but for 
finite sample sizes no guarantees on the performance of the Parzen windows classifiers exist. 
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Decision Tree 
A decision tree [7, 12) is a tree structure, usually binary tree structure. A decision tree has a root with each internal 
node denotes a test (a simple classifier) on an attribute, each branch represents an outcome of the test and the leaf 
nodes denote the classes. The outputs of the tests at the nodes determine a unique path from the root to a leaf of the 
decision tree. This path is named as the evaluation path. Decision trees are generally learned by means of a top down 
growth procedure: I) initialize the decision tree as a root node and store all the training samples there. 2) Select the 
next node in the tree which contains differently classified training examples (initially, this is just the root node). 3) 
Consider all possible decision branches that might be added to this node. 4) Select the decision branch that divides 
the training samples into maximally uniform groups. 5) Add this decision branch to the node and allocate the 
training samples to the new subnodes according to their value of the tested attribute. 6) Repeat from 2) until all 
nodes contain uniformly classified samples. 7) Replace each leaf node with the appropriate class. 

Decision trees are generally preferred over other non-parametric techniques because of its efficiency of training and 
evaluation, its ability to generate understandable knowledge structures, and provision of a clear indication of which 
attributes are most important for prediction or classification. However, decision trees are error-prone when the 
number of training examples per class is small; growing a decision tree is a moderate to high computations cost; 
without further transformation of the input data, decision trees are not very suitable for learning tasks involving 
sequential data such as time series. 

Supervised Learning Kinds of Neural Network 
Artificial neural network (ANN) [13, 14) is a non-parametric method and a major competitor ofSVM from the field 
of machine learning. ANNs are collections of mathematical models that emulate some of the observed properties of 
biological nervous systems and draw on the analogies of adaptive biological learning. Although ANNs have been 
around since the late I 950's, it wasn't until the mid-l 980's that algorithms became sophisticated enough for general 
applications. The advantage of ANNs lies in their resilience against distortions in the input data and their capability 
of learning. They are often good at solving problems that are too complex for conventional technologies (e.g., 
problems that do not have an algorithmic solution or for which an algorithmic solution is too complex to be found). 
However, ANNs have some main problems. Such as, (I) convergence of gradient based methods is rather slow; (2) 
choosing a problem-adequate topology of an ANN is a very difficult task. It is much more difficult than deciding 
which kernel function to use in a SVM. (3) ANNs are black box methods, they lack an interpretation of the weights 
achieved in the optimization process and the solution is not unique, because quite different weights and weight 
patterns can lead to the same prediction outcome. But a given SVM will always deterministically converge to the 
same solution for a given data set, regardless of the initial conditions. (4) An ANN may have many local minima. 
Standard optimization techniques guarantee convergence to one of them. We don't know the quality of the obtained 
solution, because we don't know the distance to the global minimum. 

Advantages and Limitations ofSVMs 
The main advantages ofSVM are as the following: 

• It has been reported good performance in many real-world applications; 
• It has solid theoretical foundations; 
• It has the intrinsic control of machine capacity that combats over-fitting; the capacity of the machine is 

the ability of the machine to learn any training set without error. 
• It has the capability to approximate complex classification functions; 
• It has fast convergence; SVM has no local minimum and it uses sparse support vector representation, 

which improve SVM computational efficiency; 
• It is robust in high dimensional data analysis; 
• It has remarkably robust performance with respect to sparse and noisy data; 
• It is not black box; SVMs are transparent method and can be analyzed mathematically. 
• By solving a quadratic problem, SVM guaranteed to find the global minimum. 
• Only few parameters are to be chosen. For example, once the kernel is chosen, we only have to adjust 

two parameters: first, the width of radial basis function kernel or the degree of polynomial kernels; and 
second, the error weight C. 

17 



Proceedings of the 2003 IEMS Conference 

However, SVM has some limitations, such as: 
• If a proper kernel can be found is the most key factor for building SVM. However, there is still no any 

best guidance on how to select a kernel function. Therefore, properly choosing kernel function is a 
biggest limitation for SVM. 

• The final discriminant function of SVM only depends on support vectors. Thus the decision function 
obtained by SVM may be badly contorted if samples are polluted by noise and outliers, and some of 
these specific samples are unfortunately considered as support vectors, which is often true in the 
practical applications. 

• The training phase is still a big problem when training dataset is very large. 

CONCLUSION 
SVM boasts an extremely well developed theory and has many advantages, which makes SVM a very attractive 
classification method. It is necessary to go on applying SVM in different areas. Meanwhile, how to choose kernel 
functions will be a very critical issue for SVM method. 
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INTELLIGENT TUTORING SYSTEMS: AN ASSESSMENT STUDY 

Pramod Chaitanya Paritala and Adel Ali 
University of Southern Mississippi 

ABSTRACT 
Intelligent Tutoring Systems provide individualized tutoring or instructions to its users. It has been proved that 
Intelligent Tutoring Systems (ITS) are highly effective in increasing the students' perfonnance and motivation. An 
Expert system is the heart of the ITS model. The expert system embeds sufficient knowledge of a particular topic to 
provide answers to the questions. They not only give the exact final results but also provide correct answers in each 
of the smaller intermediate reasoning steps. The expert system thus allows the ITS to demonstrate a correct way of 
solving the problem. This paper attempts to provide an overview of the structure of the ITS. We then provide a brief 
summary of the ITS success and its limitations. We also provide a brief overview about Micro-Tutoring, which 
provides richer feedback when tasks are authentic and skills are embedded, Tutor control of learning, which reflects 
an implicit belief that a competent tutor is usually in a better position to make decisions for students. We also 
discuss about the current trends in the application of AI in education and the importance of ITS in this sense. Finally 
we compare ITS's with different Intelligent Leaming Environments (ILEs). 

INTRODUCTION 
Artificial Intelligence (Al) is not only one of the most advanced and complex area of interest in today's world, but it 
is also one of the most unique. For nearly the past half-century, the field of AI has been of use, or of potential use, to 
nearly every field of study existent. Al is generally associated with computer science, but it has many important 
links with other fields. Computers have been used in education for over 20 years. The potential applications of 
artificial intelligence are abundant. Computer-based training (CBT) and computer aided instruction (CAI) were the 
first such systems deployed as an attempt to teach using computers. In these kinds of systems the learner did not get 
any individualized attention. In order to provide individualized attention to the student ITSs have been developed. 

Intelligent Tutoring Svstems 
Tutoring is a type of instructional dialogue, which presents material to the student, asks questions to the student, and 
provides feedback and remedial material when appropriate. Intelligent Tutoring System (ITS) attempts to capture a 
method of teaching and learning exemplified by a one-on-one human tutoring interaction. Drill-and-practice version 
of one-to-one tutoring allows learning to be highly individualized and consistently yields better outcome by offering 
considerable flexibility in presentation of material and a greater ability to respond to the idiosyncratic needs of the 
student. This system achieves their "intelligence" by representing pedagogical decisions about how to teach as well 
as information about the teamer. 

A tutor is the one who suggests and advises, leaving the control of the learning situation essentially in the hands of 
the student himself. Thus, the role of an ITS program is to react only after the student has erred on the way to 
solving the problem at hand. The reaction of the program is to be diagnostic, such that it analyses the pattern of the 
student regarding solutions or solution strategies that will put the student back on track. Although there are different 
type of ITS systems most of them have same characteristic structure. The following figure provides a view of a 
generic ITS. 

COMPONENTS OF ITS 
Intelligent tutoring systems may outwardly appear to be monolithic systems, but for the purposes of 
conceptualization and design, it is often easier to think about them as consisting of several interdependent 
components. Researchers observe that ITSes are composed of four major components: the student module, the 
pedagogical module, the expert module, and the communication module. The Figure below provides a view of the 
interactions between these modules. 
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Student Module 
The student module stores infonnation that is specific to each individual learner. At a minimum, such a model tracks 
how well a student is perfonning on the material being taught. A possible addition to this is to also record 
misconceptions. Since the purpose of the student model is to provide data for the pedagogical module of the system, 
all of the information gathered should be able to be used by the tutor. 

Pedagogical Module 
This component provides a model of the teaching process. For example, the pedagogical module controls 
infonnation about when to review, when to present a new topic, and which topic to present. As mentioned earlier, 
the student model is used as input to this component, so the pedagogical decisions reflect the differing needs of each 
student. 

Communications Module 
Interactions with the learner, including the dialogue and the screen layouts, are controlled by this component. How 
should the material be presented to the student in the most effective way? This component has not been researched 
as much as the others, but there has been some promising work in this area. 

Expert Module 
This component contains information the tutor is teaching, and is the most important since without it, there would be 
nothing to teach the student. Generally, it requires significant knowledge engineering to represent a domain so that 
other parts of the tutor can access it. One related research issue is how to represent knowledge so that it easily scales 
up to larger domains. 

The expert module must contain the infonnation being taught to the learner. However, it is more than just a 
representation of the data; it is a model of how someone skilled in a particular domain represents the knowledge. 
Most commonly, this takes the form of a runnable expert module, i.e. one that is capable of solving problems in the 
domain. By using an expert module, the tutor can compare the learner's solution to the expert's solution, pinpointing 
the places where the learner had difficulties. 
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SUCCESSES OF ITS 
The ability to measure the success of an Al application depends on how one defines intelligence and artificial 
intelligence. As the definitions continue to evolve, it becomes even more difficult to measure the success. Most 
ITSes are still being used on a very small scale, and only a few have been tested widely. Successful ITS have been 
mainly restricted to areas of mathematics and science, where it is both easier to build ITS and easier to measure 
learning outcome improvements. By adopting one-on-one tutoring. its have aspired to implement a very familiar, 
well-understood, and accepted method of teaching and learning. At the same time most ITS have aimed at equally 
familiar learning goals or outcomes. These typically comprise procedural skills, like algebra symbol manipulation, 
that are part of traditional school curricula. Such outcomes are relatively easily measured by the uniform tests that 
are used in most school curricula. Consequently, it is relatively straightforward to determine the success or failure of 
ITS in objective and broadly accepted ways. On the other hand, to the extent that ITS or any technology, attempts to 
target more novel learning outcomes, it becomes both more difficult to measure success, and more demanding to 
implement the technology in traditional classroom settings. 

Reasons for ITS Successes 
The ability of an ITS, for example, to finely tune instruction may be less important than the fact that it permits 
teachers to spend more time with slower students or that is increases student motivation. Second, a given ITS, or any 
other demonstration system, has limited value if not tied to some general observations or principles. Any system, 
viewed as software product, is likely to have a brief life span and will directly impact few learners. However, 
principles of learning, validated through demonstration systems, add to the enduring knowledge of learning and 
teaching that can guide the construction of new generations of systems. 

Micro-Tutoring 
When learners accomplish a task they use their skills along with external tools to generate reasoning and visible 
performance. Although learning can happen with nominal feedback, generally richer feedback yields more accurate 
diagnosis of errors, thus faster learning. The need for rich feedback is especially important when tasks are authentic 
and skills are embedded. Because so many skills may be used in the process of generating an answer or step, it may 
be difficult for students to locate their errors among many acceptable actions. 

Tutor Control of Learning 
In most cases, the ITS selects the next task or problem, decides when the students needs support and feedback in 
problem solving, and determines the nature of the information the students receive. Students may tailor information, 
for example they may request more detailed explanations. The principle of high tutor control reflects an implicit 
belief that a competent tutor is usually in a better position to make decisions about what experiences and information 
students need to learn effectively than the students themselves. 

LIMITATIONS OF ITS 
To effectively teach to a student, the ITS must adapt to the student's current understanding. The ITSes judges the 
student's knowledge by their present performance. From this information, the ITS detennines the level of realism 
and the content and frequency of verbal feedback. This current performance view of tutoring ignores historical, trait, 
and state attributes of the student that would be useful in teaching to her. Student traits are slowly changing 
attributes such as personality or preferred learning style. Fatigue is an excellent example of a current student state 
that can be easily viewed by a manual instructor than an ITS. 

Ifwe consider a ITS for grammar tutoring, the system displays the correct answer without any explanation of the 
student's mistake. For vocabulary exercises, the student is referred to the corresponding page in the textbook, which 
displays the word in question in a word list. In addition to the pedagogical limitations, the student has to consult the 
textbook which is an unnecessary inconvenience given the potential of the tutoring system. 

Today there are few Intelligent Tutoring Systems available that can teach outside a specialized domain. In the 90's, 
the hardware limitations of speed, memory capacity and cost are reducing, but the software still needs to be 
streamlined. We need to build tools that enable rapid prototyping of tutoring systems over a range of domains. 

ITSes are generally limited to teaching relatively well defined, algorithmic skills that they could be programmed to 
fully understand. This excludes many interesting areas of mathematics for which expert systems cannot yet be built. 
In addition, ITSes are generally limited to teaching through didactic instruction. This excludes learning by 
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construction, or through inquiry an alternate model ofleaming that is poorly understood, yet increasingly regarded 
as important. 

A satisfactory integration of the system's diagnostic process with the learner's learning process has yet to be 
achieved. It demands a more valid psychological model of learning (as well as domain representation) than we are 
currently able to provide. 

Research must go into ever more detail in order to meet the requirements of an ITS: analogies, explanations, and 
transfer must be examined, the effectiveness of the kind of examples introduced into the learning process has to be 
studied in detail, e.g. whether it is sufficient to give one or two examples, etc. Next, one would have to research how 
the relevant factors can be combined and in what way they depend on context. 

CURRENT TRENDS IN ITS 
With the rise of Virtual Reality, the Internet, and mobile technologies and the shifts in educational focus from 
teaching to learning and from solitary to collaborative work, it's easy to regard Artificial Intelligence in Education, 
in general, and Intelligent Tutoring Systems, in particular, as a technology that has had its day. The issues of 
modeling the student, the domain or the interaction are still very much to the fore, and we can learn much from the 
development of ITSes. 

Despite the changes in technology and in educational focus there is still an ongoing desire for educational and 
training systems to tailor their interactions to suit the individual learner or group of learners: for example, by being 
able to deal appropriately with a wider range of background knowledge and abilities; by helpfully limiting the scope 
for the learner to tailor the system; by being better able to help learners reflect productively on the experience they 
have had or are about to have; by being able to select and operate effectively over a wider range of problems within 
the domain of interest; by being able to monitor collaborative interchanges and intervene where necessary; or, most 
tellingly, by being able to react sensibly to learners when the task they are engaged on is inherently complex and 
involves many coordinated steps or stages at different levels of granularity. Individualizing instruction in an 
effective manner is the important aspect of ITS work and it is taken as a sensible educational goal. 

While many early ITS focused mainly on simple topics in high school mathematics, recently ITS have been 
developed for more advanced topics in mathematics and science. ITS have also grown beyond mathematics and 
other more formal subjects to include topic in history, language and social science. 

Some researches are attempting to improve the performance of ITS by keeping the same underlying ITS and 
exploring better, more "user-friendly", graphical user interface (GUls). Similar communication between student and 
tutor, higher bandwidth dialogue, and visual explanations that are easy to understand as well as entertaining, may 
enhance learning outcomes substantially. ITS have arisen from AI and cognitive science, and so they have focused 
primarily on the importance of teachers' knowledge of subjects and students in crafting systems. 

In addition to extending ITS to new subjects, ITS have also been enriched along several dimensions, improving the 
way their expert systems reason, how they developed and use students models as well as how they fashion tutorial 
interventions. Now several ITSes are capable of tutorial planning. These plans take several factors into account in 
generating feedback, in some cases including the students' past history of successes and errors. Planning is also 
beginning to play several other roles in ITS. 

New Methods of Learning and Teaching 
As ITS have tackled new subjects and extended their capabilities in different ways, they have come to share less 
with the generic ITS sketched in figure 1, and with one another. Some systems attempt to extend subject 
understanding through new representations and expert systems, while others attempt to exploit effective interfaces to 
overcome shallowness in knowledge and to weaken the assumption that an ITS must be virtually omnipotent. 
Nevertheless, ITSes generally share a common view. They embody a one-on-one tutoring method of learning, 
underpinned by principles of high tutor control, impasse-driven coaching that is individualized to students needs as 
the tutor sees them, and rich, ftne-grained, immediate feedback. 
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COMPARING ITS AND INTELLIGENT LEARNING ENVIRONMENTS (ILEs) 
The tenn · Intelligent Leaming Environment' (ILE) refers to a category of educational software in which the learner 
is 'put' into a problem-solving situation. A learning environment is quite different from traditional courseware based 
on a sequence of questions, answers and feedback. The best-known example of a learning environment is a flight 
simulator: the learner does not answer questions about how to pilot an aircraft; he learns how to behave like a "real" 
pilot in a rich flying context. Experience with learning environments showed that those systems gain efficiency if 
the learners are not left on their own by providing some assistance. This assistance may be provided by a hwnan 
tutor or by some system components. The implementation of these agents is based on artificial intelligence 
techniques. 

Depending on our perspective, it is hard to judge the successes ofILEs and Microworlds with respect to ITSes. How 
we judge them depends on the outcomes we value in student learning and whether the important learning goals have 
been reached or not. ILEs enjoy modest success in so far as they offer at least anecdotal evidence supporting some 
of the broad claims for inquiry-based learning methods in the literature. IL Es that empower students to create their 
own mathematics can help them acquire traditional subject-specific knowledge. Microworlds and ILEs may help 
students acquire deeper understanding of concepts or at least an understanding that is different from that typically 
communicated in texts. Rich exploratory environments may expose students to unanticipated concepts, like limits. In 
addition, students using ILEs may improve some inquiry skills or related met cognitive skills that they rarely have a 
chance to practice in more teacher-controlled curricula. 

It is important to account for the successes Microworlds and ILEs enjoy or the successes they may have in the future 
for the same reasons ITS should be subjected to such analysis. Each microworld is no more enduring than an ITS. Its 
enduring contributions lie in the general principles it suggests, confinns, and disconfinns. However, several 
challenges face any assessments of the reasons for ILEs real and potential successes. As just discussed, there is little 
data from which to generalize, and the data that is available is uncertain at best. Clear consensus has yet to emerge 
about what students are learning or should be learning, so it may be premature to speculate in any detail on why 
ILEs and microworlds enhance that learning. 

FUTURE ROLE OF Al IN EDUCATION 

Increasing Diversity of Applications of Al in Education 
For the application of artificial intelligence to education instead of having two points of view, it is more accurate 
today to see the fields as continuum, with omniscient, tutor-controlled ITS on one end, and completely student
controlled ILEs on the other. The continuum represents a verity of different ways of dealing with the problems and 
weaknesses of the two opposing approaches. 

At the ITS end of the continuum, one major problem is that thoroughgoing intelligent tutor must be highly 
knowledgeable about the subject it tutors. For every problem it poses to the student, or every request for information 
and help from the students, the systems are expected to know the "right" answer. This demand for omniscience 
limits ITS to tutoring subjects for which we have relatively complete cognitive task analyses, including not only an 
understanding of the competence of the "ideal" student, but also the misunderstandings of the novice. 

At the ILE end of the continuum, a central technical problem is the challenge of large search spaces. Implicitly or 
explicitly, most ILEs provide guidance in one from or another. For example, in polygons and graph theory, menus of 
object properties-area, number-of-sides and perimeter, for example-will encourage students to examine 
relationships between these variables, and will discourage investigation of other variables or ideas not mentioned at 
all. By reducing the set of variables explicitly mentioned in the menus, the microworlds can easily control the" of 
the students" search space. 

Expanding methods of teaching and goals for learning 
In general, there are many creative approaches to develop flexible mixed-program systems. A central future concern 
of Al application will be to create mixed program systems that define and implement a wide range of methods of 
learning and teaching. In addition to drill-and-practice and inquiry, there are many other ways to learn. Some new 
methods are just beginning to be examined in the educational technology literature. 
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Case-based Learning: In case-based learning systems students acquire expertise by accessing cases from a rich 
library of past experiences. 

Learning through coaxing and reflection: ITS take the position that good-on-one coaching demands deep 
knowledge of both the subject and student. 

Simulation-based learning: perhaps the most effective training device yet developed is the flight simulator. It 
provides large amounts of inexpensive time-on-task to perfect skills that are too costly, slow, and dangerous to 
acquire using real aircraft. 

Visualization: Tools for visualization exploit the computer's ability to render complex patterns succinctly in 
graphical representations. 

Collaboration: Computer-based technologies for collaboration are providing new cooperative methods for work and 
learning. Application of AI in education typically support of individual learning. 

Greater understanding of human learning is being incorporated in ITSes. Merging information technologies may 
allow for communication of more and more facts. But the communication is still constrained by limits in natural 
language processing and knowledge representation. 

Promising development in the intelligent agent technology is providing new ways to address some of the issues of 
education missing from current educational technology. A software agent is an encapsulated computer system that is 
situated in some environment and that is capable of flexible, autonomous action in that environment in order to meet 
its design objectives. Agents may play a role in many aspects of ILEs. The rush to move teaching and learning 
on line makes the use of agents in computing a stronger partner and a tool for expansion. 

Educational Trends 
ITSes are no longer the dominant force in the application of technology to education. Progressively changing 
modeling techniques for ITS components are reflective of changes that are taking place in education. ITS 
development yielded a different view of Al. AI is primarily concerned with encoding knowledge and information. 
Many of today's ITSes are just ways to determine if some the teaching strategy is correct. The environment where 
learning takes place today is now recognized as one way to create the social environments of learning. 

CONCLUSION 
I find no reason to believe that AI in education will happen quickly or with out careful planning. In the short term, 
technologies resembling many ITS that aim at well-defined learning goals and that can be moved onto classrooms 
with a minimum of disturbance will provide the most statistically significant improvements in student outcomes. In 
general, implementation tasks must develop new curricula, assessment methods and instruments, teaching practices 
and professional standards, and teacher's education. These tasks cannot all be effectively done by any single group 
of researches. Rather, I believe that scaling up new technologies like ILEs will require will require a division of 
labor, different verity of policy options are worth examining, including larger group based projects that include 
expertise in software development as well as teacher training and other key stakeholder groups, separate projects 
that work together synergistically using new networking technologies, and incentives that bring high-tech companies 
into better cooperation with educational technology research and classroom practice. 

We tried to demonstrate how AI, and information technologies in general, are beginning to expand the available 
methods of learning and teaching in at least two ways. First, they may rejuvenate venerable learning and teaching 
methods like apprenticeship and one-on-one tutoring. Second, the same technologies that are into traditional 
teaching techniques also can provide a foundation for completely new methods of acquiring knowledge. 
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VISUALIZATION OF ELECTROPHORETIC DEPOSITION OF CHAIN MACROMOLECULES 

Arun Kumar Rajendran and Adel Ali 
University of Southern Mississippi 

INTRODUCTION 
The dataset visualized in this project was developed in the research to study the growth processes and the 
characteristics of growing surfaces. Research in this topic is done to develop new technologies in biological systems 
and in industries such as semiconductor, coatings and thin films. Continuous research has to be done in this area to 
figure out the optimum conditions to make the desired polymer compound. If the dataset is visualized it helps the 
scientists in understanding the phenomenon occurring and tells them if there are any errors. It tells the scientist if the 
models are behaving in the expected manner. Visualization ofa large time-varying dataset takes lot oftime, so an 
attempt to parallelize the visualization was made. This experiment resulted in learning valuable insights in 
visualizing large time-varying datasets. 

The first section deals with the preprocessing done to the data to implement the various features. The next section 
describes the various steps done to visualize the model on a desktop using OpenGL and C++. The third section 
describes the steps involved in visualizing the data in the CAVE (CAVE Automatic Virtual Environment). The next 
section talks about parallel algorithm techniques and the parallel algorithm implemented, the last section is the 
conclusion where the results are described and recommendations for future are made. 

PREPROCESSING THE DATA 
The dataset file had the x-coordinate, y-coordinate and z-coordinate of the molecules for different time frames. The 
data was time-varying, i.e., the number of molecules for each time-frame was not constant, and it increased as time 
increased. This made the rendering challenging and interesting. Because of this, the data has to be preprocessed, and 
relevant information had to be stored separately in a different file to implement different features. First the dataset 
which were in ASCII were changed to Binary fonnat to reduce the disk space occupied by the dataset file and also 
enable faster Input/Output operations, as 1/0 becomes crucial in this case as data has to be read from the disk for 
each time frame. 

Initially the number of molecules in each time frame was processed from the dataset and was stored as a separate 
file. This was useful when reading the data for each time frame. When new features were added to the project, the 
need for pre-processing of the data arose, more pre-processing was done, and the result was stored in different files, 
which were used to implement the different features for visualization. To draw boxes around each molecule chain, 
the minimum and maximum value of the x, y, z coordinates are needed for each chain. This was calculated by 
processing the data and the minimum and maximum values of the coordinates were stored for each chain for each 
time frame. To implement the forward and rewind feature the offsets, i.e., number of bytes, that has to be skipped, 
was calculated by preprocessing the data and was stored in a separate file. 

VISUALIZATION USING OPENGL 
OpenGL is a software interface to graphics hardware. It consists of many distinct commands to specify the objects 
and operations needed to produce interactive 3D applications. 

First the settings required for the visualization was defined in the init() function. Two light sources were initialized, 
one at the front of the model and the other one behind the model. This was required, as lights were required from the 
front and the back as the model rotated. 

GLfloat light_position0[) = {25.0, 15.0, 65.0, 0.0} 
g!Lightfv (GL_LIGHT0, GL_POSITION, light_position0) 
GLfloat light_position 1 [] • {25.0, I 5.0, -65.0, 0.0} 
glLightfv (GL_LIGHTl, GL_ POSITION, light_positionl) 

Then ambient, specular and diffuse lights were defined to make the model look better. Then the depth test was 
enabled to hide the hidden surfaces. Perspective projection was used to give the model a realistic appearance. 
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Since the dataset was polymer chains starting from the top of the model and gradually falling and depositing on the 
substrate, it was realized that if the user could rotate the model and observe what is going on, it could be really 
useful. The rotation feature was added to the model, so the user could toggle between the rotation and non-rotation 
mode using the menu. When the user enables the rotation option the whole model starts rotating and user can also 
vary the speed of rotation using the keyboard keys. This allowed the user to observe interesting phenomenon from 
the data. As the model rotated the user could observe how the polymer chains aligned themselves and deposited on 
the substrate. When the model was rotating the user could change from line mode to sphere mode and vice versa. 
This allowed the user to observe the orientation of the chains when the model was rotating and also could see the 
model in a faster manner as the rendering using lines required less polygons resulting in less time to render. Also the 
user could pause the data and observe an interesting point of the dataset when it is rotating and stop the rotation at a 
particular position. 

In the display() function first the Depth buffer and Color buffer were cleared by the command; 
glClear (GL_ COLOR_BUFFER_BIT I GL_DEPTH_BUFFER_BIT) 

Then the model was rotated along the Y-axis by translating it to the origin and doing the rotation and translating it 
back to its original point. 

g1Translatef(20,50,20) 
glRotatef(angle,0, 1,0) 
glTranslatef(-20,-50,-20) 

The rotation angle was controlled by the user through keyboard input. In the display() function according to the 
user's input either lines were drawn the represent the chains or spheres were drawn. The module drawing the sphere 
rendered the sphere at the origin and translated it to the required point in 3D space. 

glTranslatef (xpos, ypos, zpos); 
glutSolidSphere (0.7,10,10); 

The above commands were called to render each sphere. This operation was repeated for each time frame. Since 
each time frame has different number of spheres to be drawn, the number of spheres for each frame was stored in an 
array, read from the preprocessing results. 

Figure I 

Since the dataset was large it took lot of time for the visualization to progress and if the polygon count were reduced 
the visualization will progress faster. So the chains were visualized using lines instead of spheres. The user can 
toggle between lines and spheres. When the lines option is enabled, the visualization progresses faster as the number 
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of polygons displayed very less compared to the spheres. Using lines to visualize the chains gave some interesting 
visual results. And the user could observe how the chains oriented themselves as the dataset progresses. The dataset 
had the chain number for each molecule along with its x, y, and z coordinate values. This chain number gave the 
information of what molecules to connect together and what not to connect. 

Drawing the molecules using lines was more difficult as only molecules in the same chain should be connected and 
since a chain can be present at the two ends of the boundary due to the boundary conditions. The chain number of 
each molecule in the dataset and the z-value of two consecutive spheres were compared to solve these problems. 
Line strips were used to render the molecule chain as lines. Figure 2 shows the model rendered using lines to join 
the polymer chains. 

Navigation through the model was allowed using the keyboard. Depending on the key the user pressed, the model 
was translated to give the navigation effect. The user could also rewind and pause the data. This was achieved by not 
reading new data for pausing and for rewind; the file pointer to the input data file was moved to the previous time 
frame. The user could interact with the program using a menu. 

Figure 2 

The rendering could also be saved to a file by capturing the pixels from the frame buffer and storing it to a file. The 
frame buffer was captured using the following command. 

glReadPixels(0,0, W,H,(GLenum)GL _RGB,GL_ UNSIGNED_ BYTE,FBUFFER) 

The pixels for each time frame could be saved as a series of PPM files and an mpeg file was created using 
ppmtompeg utility. Alternatively, all the captured pixels were stored serially in a single file and played back using a 
separate OpenGL module. 

The current time frame was displayed as a text at the bottom of the window to give the user an idea the progress 
made in reading the data. This feature was also useful when the data was paused, as the displayed time remained 
constant. 

The dataset had a specific boundary condition and a box was added to represent this boundary condition. The box 
was blended with the model so that it gave a pleasing effect. Figure 1 shows the polymer chains inside the blending 
box. This gave the user a realistic view of the model inside the boundary. At this point the need for allowing the user 
to navigate through the model was realized. So a navigation system was added to the model. This allows the user to 
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navigate in the model using the keyboard, so that the user can look at a particular portion of the model more closely. 
Also the user can zoom out of the model and observe the phenomenon from a position where it gives more insight. 

VISUALIZING IN THE CA VE 
CA VE is a virtual environment, in which objects are drawn separately for the two eyes, to give stereoscopic effect. 
Migrating the program the code from desktop to the CA VE was the next step. The main steps required were to 
remove the glut library calls used in the OpenGL version of the program used to initialize the windows, viewports 
and projection matrix, as the CA VE takes care of these automatically. Also navigation is taken care automatically by 
the CA VE, the navigation is done using a Wand and stereo effect is created using stereo glasses. The CA VE 
generates two images, one for the left eye and other for the right eye and the glasses and the tracking system 
synchronize and produce the stereo effect. Navigation in the CA VE is more elegant and interesting with the wand. 
When the data is being visualized, the user can use the wand to navigate into the model and see the chains more 
clearly. Figure 3 shows the visualization of the model in the CAVE. 

Figure 3 

Most of the options implemented in the desktop version were implemented in the CAVE version too. To implement 
the features a menu developed in C++ was used. The user can pause the visualization and observe the molecules 
more closely. The stereo effect gives the visualization a pleasing effect. The user also has the option of rewinding 
the dataset and stop at a particular point. Using the menu the user can change the mode to line mode so that all the 
chains are rendered as lines. The important aspect of migrating the code to the CA VE is to make sure that the data is 
read in a separate function and called using the 

Caveframefunction, especially in the case of time-varying data like this one as the CA VE calls the display function 
twice for each frame, one for the left eye and the second for the right eye. 
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Figure 4 

Tagging was a feature, which was added to the CA VE version. When the user chooses the Tag option from the 
menu, a 3D pointer is drawn from the wand and the visualization is frozen. The user can select a particular chain 
using the pointer by clicking the button in the pointer. When a chain is selected, drawing a box around the chain 
highlights the chain. Then the user can observe the highlighted chain more clearly. More than one chain can be 
selected at a given time. Also the user can deselect a chain by clicking on a highlighted chain. 

When the user clicks on a chain, the point (x, y, z coordinates) where the user clicked is compared with the center of 
all the molecules in the dataset for the current time-frame, using the distance formula and the selected chain was 
highlighted. 

As the number of molecules increased the number of polygons required to render the spheres increased drastically. 
Therefore instead of drawing a sphere, a polygon was drawn for each sphere and a texture was drawn on the polygon 
and using the Billboard effect pseudo sphere was rendered. The texture had the image of the sphere with a different 
alpha value and the rest of the image had a different alpha value, using the Alpha test only the sphere portion of the 
image was displayed. This saved a lot of rendering time and made the application much more smoother. Figure 4 
shows a polymer chain tagged and highlighted using a box and the 3D pointer. 

PARALLEL RENDERING CONCEPTS AND ALGORITHMS 
There is a lot of active research presently pursued in the field of Parallel Rendering, especially in a cluster 
environment. Parallel rendering approaches include photo realistic rendering--Ray tracing, radiosity and particle 
tracing; Polygon rendering and Volume rendering. 

Domain Decomposition 
In domain decomposition or "data parallelism", data are divided into pieces of approximately the same size and then 
mapped to different processors. Each processor then works only on the portion of the data that is assigned to it. Of 
course, the processes may need to communicate periodically in order to exchange data. 

Data parallelism is useful for processing extremely large datasets. With data parallelism large dataset is partitioned 
into many independent subsets that are processed in parallel. Data parallelism involves modules that are replicated 
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across the processors, which process independent subsets of data. The results of the last data parallel module are 
usually merged to create a single process result. 

Data parallelism provides the advantage of maintaining a single flow of control. A data parallel algorithm consists of 
a sequence of elementary instructions applied to the data: an instruction is initiated only if the previous instruction is 
ended. Single-Program-Multiple-Data (SPMD) follows this model where the code is identical on all processors. 
Structured data can be partitioned into topologically connected sub-blocks. An assumption of the scheme is that the 
data parallel source module, such as a data reader, can provide the requested data. 

Such strategies are commonly employed in finite differencing algorithms where processors can operate 
independently on large portions of data, communicating only the much smaller shared border data at each iteration. 

Functional Decomposition 
The domain decomposition strategy turns out not to be the most efficient algorithm for a parallel program that 
handles large time varying datasets. The performance of the code is then limited by the speed of the slowest process. 
The remaining idle processes do no useful work. In this case, functional decomposition or "task parallelism" makes 
more sense than domain decomposition. In task parallelism, the problem is decomposed into a large number of 
smaller tasks and then, the tasks are assigned to the processors, as they become available. Processors that finish 
quickly are simply assigned more work. 

Task parallelism is implemented in a client-server paradigm. The tasks are allocated to a group of slave processes by 
a master process that may also perform some of the tasks. The client-server paradigm can be implemented at 
virtually any level in a program. 

Measurement of Performance 
A major hurdle in measuring the performance of a parallel rendering system objectively lies in the definition of 
measurement parameters. We need to minimize the idle time of the processors to efficiently utilize their resources. 

There are several ways to minimize idle time within processes, and one example is overlapping communication and 
computation. This involves occupying a process with one or more new tasks while it waits for communication to 
finish so it can proceed on another task. Careful use of non-blocking communication and data unspecific 
computation make this possible. It is very difficult in practice to interleave communication with computation. 

Total execution time is a major concern in parallel programming because it is an essential component for comparing 
and improving all programs. Total execution time consists of the summation of the following three parameters, 
• Computation time, the time spent performing computations on the data .. 
• Idle time, the time a process spends waiting for data from other processors. During this time, the processors do 

no useful work. 
• Communication time, the time it takes for processes to send and receive messages. 

Algorithm Details 
We have modified the task parallel approach to render the movie frames in parallel. Our algorithm utilizes the Client 
server strategy to invoke parallelization. It is also evident from the algorithm that we have taken the Master Initiated 
Subtask (MIS) size scheduling strategy. This implies that, except for the first instance where the master allocates as 
much number of frames as there are processors, the worker is assigned a new sub task as soon as it completes the 
previous one. The motivation here is to minimize the overhead caused by inter-task communication, while 
preserving the highest possible degree of parallelism. 

Algorithm: Parallel Implementation of Rendering Movie Frames 
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ParallelRender () 
Master: 

InitialDistribution () 
ReceiveFrames () 
lf(end of data) 

{ 
While (! all slaves sent frames back) 

ReceiveFrames () 
SendExitMessage () 
Quit() 

} 
Send_More_data_to_Slaves_which_are_done () 

Slave: 
ReceiveData () 

If(! exit_message) 
Render_ and_ Capture_ Frames() 
SendFrametomaster () 

Else 
Quit 

EXPERIMENT AL SET UP 
We implemented the Parallel rendering algorithm on the Wiglaf Beowulf cluster. The experimental test bed may be 
visualized as in the picture. 

-
Fig S. l Model for Parallel Rendering 

Our Algorithm requires a Client-Server set up for implementation. Node O on the cluster was designated as the 
Master processor, while the other processors became the Workers, their primary task being rendering the movie 
frames. The design of our algorithm emphasizes enonnous workload on the Master Processor when compared to the 
Slaves. We also had to taken into account the data locality, which was in the proximity of node 0. This implied that 
disk-reading/writing can occur only through node 0. 

The dataset that we utilized for our experiment involved time-varying deposition of polymer chains on a substrate, 
under varying parameters of temperature, pressure and chain lengths. An off-screen rendering module was 
implemented with OpenGL/Mesa library, which implies that frames need not be explicitly rendered on to the display 
device. The experiment was conducted on 3,5,9 and 17 processors and three sets of each data was recorded and 
averaged. The Master Processor time was taken as a cost of measurement which was then utilized to observe the 
time taken to parallelize with and without the rendering modules. 
Issues in Implementation 
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Message Passing Interface (MPI) is a library of functions to perfonn data communications between processes. The 
widely used flavors ofMPI are MPI-LAM and MPICH library. We had implemented a small version of our program 
on the SGI-Onyx 2 using its underlying MPICH library that is supported by it for its shared memory architecture. 
Though MPI and MPICH are supposed to be portable across various platforms, We found out that certain commands 
are implemented in different ways in both these libraries and they are not truly 'portable'. 

The other major issue in implementation was modifying our serial-rendering program to accommodate off screen 
rendering so that we can parallelize the application. We chose Mesa library for the offscreen rendering module, 
since it was an Open Source Library that implements OpenGL functions on Linux machines. 

RESULTS AND DISCUSSION 
The results are consistent with the algorithmic approach adopted to implement the Parellelization; the Master 
Processor distributes as many frames as there are processors. The Master processor delegates the next available 
frame to those workers who send back the rendered frames. This process continues till the Master exhausts all the 
available data frames. 
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Fig .6. l: A comparison of total time for varying number of processors 

CONCLUSIONS 
The polymer surface deposition model was visualized in the desktop and also in the CA VE. The visualization 
enabled the scientists to gain valuable insights by looking at the visual representation of the data. The simulation 
gives the scientists a tool to analyze the data visually and also a way to easily collaborate with other scientists. 

In future for the visualization to be more useful to the scientists, the preprocessing stage should be integrated with 
the data generation stage, so that less time is spent on the visualization. Also more features should be added to help 
the scientists to understand the phenomenon. 

Parallelization was less efficient than expected because of the communication overhead and the burden on the 
master node. But this can be used as a prototype to use idle PCs for parallel computations. Future research should 
concentrate on using Multi-Level parallelism (MLP) approach, which makes use of the advantages of both MPI and 
OpenMP. 
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EVALUATION OF REMOTE SENSING CAPABILITIES IN WEED DETECTION 
AND MAPPING IN COTTON 

Javed lqbal1, lshtiaq Ali2, Frank D. Whisler, Adel Ali2 

1Mississippi State University and 2The University of Southern Mississippi 

ABSTRACT 
Field studies were conducted in 2002 at Long View Fann located in east-central Mississippi. Two cotton fields, 
Field-104 and Shop Field, were selected for the remote sensing of the biophysical properties of the cotton crop. At 
each field plots were laid out using previous crop nonnalized difference vegetation index (NOVI) into low, medium 
and high categories. The objectives of the study were to detennine the potential of spectral analysis of multispectral 
images and field spectroradiometer data for discriminating momingglory and grasses from cotton canopy. 
Multispectral images were used to derive NOVI temporal pattern analysis to discriminate weeds from cotton canopy 
and feature extraction technique were used to identify and map momingglory on field basis. Images acquired on July 
18, and August 28 show lower NOVI values in the field where weeds were intennixed with cotton plants compared 
to weed-free cotton canopy. Near infrared band (850 nm) of the multispectral imagery and spectroradiometer - 750 
- 1000 run wavelength region showed promising results for discriminating between weed-free cotton canopy and 
cotton canopy with morningglory. Spectral extraction process identified and mapped< 50 % of the weeds present in 
the study area. 

INTRODUCTION 
The potential for using plant reflectance spectra in precision agriculture has been the focus of many researchers. 
Applications investigated include, nutrient management, monitoring yield quantity and quality, and the detection of 
insects and weeds for selective pesticide and herbicide applications. The reflectance spectra of most green leaves are 
remarkably alike due to similarities in chemical composition and leaf structure. Plant pigments such as, chlorophylls 
and carotenoids, have major effects on the reflectance properties of green leaves in the visible wavelengths; whereas 
the reflectance properties in the near-infrared (NIR) are due primarily to differences in leaf structure (Gates et al., 
1965). Absorption by chlorophylls a and b dominate the visible wavelengths for most green plants with features 
occurring at 430 and 670 nm for chlorophylls a and at 460 and 650 run for chlorophyll b. However, these properties 
are not entirely responsible for the reflectance of vegetation canopies in remotely sensed imagery because a 
vegetation canopy is composed of a mosaic of leaves, flowers, stems, and shadows against a soil background. So the 
reflectance properties derived from remote sensing of vegetation are primarily due to reflectance at the canopy level, 
however, the chemical composition of plants can influence these values. 

To differentiate and map different vegetations and insect damage, many different types of remote sensing data and 
image processing techniques has been used in the past. Satellite remote sensing is limited as a tool for monitoring 
detailed within-field variation because of insufficient resolution. However, aerial imagery techniques have been used 
for many years for monitoring the spread of disease across specific crops. Two approaches have typically been used 
for monitoring weed and insect damage in cultivated crops. The first approach is to detect geometric differences 
between the crop and weeds, such as leaf shape or plant structure. The second approach is based on differences in 
spectral reflectance. Since, most of the cultivated crops have a different growth and development pattern than the 
weeds, another approach could be by examining the temporal patterns of vegetation indices throughout the growing 
season. There may also be a difference in location of the crop compared to weeds. 

Insect's pressure was negligible in the study area due to farmer aggressive insecticide application throughout the 
growing season. Therefore, the overall objectives of this study was limited to only identification and mapping of 
different types of weeds using remotely sensed multispectral imagery and field spectroradiometer data. 

MATERIALS AND METHODS 
Field studies were conducted in 2002 at Long View Farm located in east-central Mississippi. Two cotton fields, 
Field-104 and Shop Field, were selected for the remote sensing of the biophysical properties of the cotton crop. At 
each field plots were laid out using previous crop nonnalized difference vegetation index (NDVI) into low, medium 
and high categories. A comprehensive bi-weekly data collection process began at the beginning of each growing 
season, which include the plant mapping, percent defoliation, stand density, insect damage, disease incidence, weed 
severity rating, collection of soil and plant tissue samples for fertility and nematode analysis, and canopy GER 
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reflectance. Multispectral imagery data was acquired throughout the growing season. These data were collected by 
Geo Vantage using a 8-bit real time camera system at a spatial ground resolution of0.5-m. Spectral resolution width 
was 80-nm except near-infrared band which was 100-nm and the four bands were centered at 450 nm (band 
I a BJue), 550 nm (band 2=green), 650 nm (band 3 red), and 850nm (band 4 =NIR). At the end of each growing 
season cotton yield monitor data was collected. A widely used vegetation index is the NOVI. NOVI is an indicator 
of crop biomass production and canopy vigor: 

NDVI = ( N/Ruo- R6so) 
NIR,so. R6so 

To identify particular weed specie, the field was surveyed and high concentrated weed patches locations were 
marked with a GPS system. Two major types of weeds were found in the study area momingglory (/pomea 
lacunosa) and grass specie. 
To map weeds in the fieJd based on differences in spectral reflectance between cotton crop and momingglory and 
the grass specie, two approaches were used: 

I. NOVI maps were generated for July 18 and August 28 imagery to discriminate temporal pattern of crop 
and weed. 

2. A new technique offeature extraction was used in a geographic infonnation system (GIS) environment in 
which a user create a feature model by hand-digitizing locations of the features on multispectral image, and 
the software learn based on the user's model and return features in a shape file that closely resemble the 
features provided. 

The above mentioned simplified approaches were used to discriminate and map momingglory and grass in the 
cotton fields. 

RESULTS AND DISCUSSIONS 
Figure I shows marked (filled red triangle) locations of the momingglory and grass weeds on top of the 
multispectral image taken on July 18, 02. The high concentrated patches of weeds are distinctive as green color as 
compared to the reddish cotton canopy background. To show the difference in growth pattern between weeds and 
cotton canopy NOVI maps were derived from July 18 and August 28 multispectral imagery using those two marked 
areas in the field. The digital number (DN) based NOVI were ranged between 0.09 to 0.27 for July 18 and 0.04 to 
0.24 for August 28 multispectral images. The lowest NOVI values were recorded for areas with dense dominant 
grass stand patch whereas the surrounding healthy cotton canopy has a distinctive light green to dark green color. 
Comparing the two NOVI maps one can notice the distinctive pattern of growth between weeds and cotton crop and 
this behavior can be used as tool for separating the species. 

To show the effectiveness of multispectral image spectra, pixels ON values were extracted which include: marked 
weed (grass and momingglory) areas (Fig. I) of the field, healthy cotton canopy, bare soil, and water. The blue (450 
nm), green (550 run), and red (650 run) were not effective in discriminating between weed-free cotton canopy and 
cotton canopy with weeds either momingglory or stand of grass, while as expected, the same wavelengths showed a 
distinctive pattern over soil and water. The ON values derived from the NIR band (850 run) over cotton canopy 
clearly differed from momingglory, grass, bare soil and water (Fig. 3). The NIR DN values were distinctively higher 
for cotton canopy without any weeds than over morningglory mixed with cotton canopy, or bare soil and water. 
This could be due to the fact the momingglory intermixed with cotton canopy have much less reflectance in the 
chlorophylls-absorption region (550- 650 nm) and much higher reflectance in the NIR region, however, the weeds 
reduced the NIR reflectance. 

Figure 4 shows the comparison of average field spectroradiometry spectra of cotton canopy, cotton canopy with 
Alternaria disease symptoms+ morningglory, soil+debris, and cotton canopy infested with heavy momingglory. 
Cotton canopy infested with either weeds (morningglory and / or grass) or Alternaria disease clearly differed from 
cotton canopy without weeds, which was easily differentiated primarily based on percentage reflectance values 
between 750 nm - 1000 nm wavelength region. The highest percentage reflectance spectra was in the order of 
cotton canopy without any weeds, cotton canopy with medium intensity (rated 3 on the scale from O - 5, whereas 5 
is considered as the highest intensity ofmomingglory intermixed with cotton canopy) of weeds+ A/ternaria disease 
symptoms on cotton leaves, bare soil, and followed by cotton canopy intennixed with heavy intensity (rated 5) of 
momingglory. Alteraria leaf spot caused by alternaria macrospora, a fungus that infect the cotton leaves, brackets 
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and bolls. Cotton is fairly tolerant in the dry weather condition, but under high humidity or rainfall, which was the 
case during 2002 growing season, spores are produced that are windblown or splashed on cotton plants. Red lesions 
appeared where spores have germinated and grown into host tissue (photo 1 ). Figure 4 clearly illustrate the effects of 
severe symptoms of Alternaria disease symptoms, which reduces the spectral reflectance of cotton in the NIR 
region, compared to healthy crop. The above results clearly indicates that momingglory and Alternaria disease 
symptoms on cotton leaves reduced the% reflectance in the NIR band significantly and this behavior of the weeds 
during the month of July can be used as a tool to differentiate different vegetation species in the field. 

To achieve the second objective of this study, feature extraction process was used in the GIS environment in which a 
feature model was created by hand•digitizing locations of the momingglory and grass on multispectral image, and 
the software learned based on the model input and return features in a shape file that closely resemble the features 
provided. This methodology was applied on the July 18 multispectral imagery (Fig. 5). The key point to successfully 
extract the pixels location where weeds are intermixed with cotton canopy is to locate and train the software. The 
resultant map shows the location of momingglory and grass in the I 04-Field and shop-Field. By this methodology 
only< 50% of the weeds were mapped, due to difficulty in locating a pure pixel location ofmomingglory in the 
image. 

Weed Pictures were taken on September 20, 2002 

Figure I. Multispectral Imagery taken on July 18 showing marked area of momingglory and grass. 

NOVI.August, 2S.02 
•0-0.04 
□0.04-0.08 
oo.08-0.12 
00.12-0.16 
00.11-0.2 
. 0.2 •0.24 

Figure 2. NDVI based discrimination between cotton canopy, momingglory + cotton canopy, and grass. 
Fig. 2. Multispectral Imagery taken on July 18 showing marked area of momingglory and grass. 
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Figure.3. Comparison of the digital numbers of blue (450 run), green (550 nm), red (650) and NIR (850) of grass, 
momingglory + cotton canopy , cotton canopy, bare soil, and water. Multispectral Image was taken on July 18 over 
marked area of momingglory and grass in fig. 2. 
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Figure 4. Comparison of average field spectroradiometer spectra of cotton canopy, cotton canopy with Alternaria 
disease symptoms+ momingglory, soil+debris, and cotton canopy infested with heavy momingglory. 
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Figure 5. Feature based discrimination ofmorningglory and grass from cotton canopy using 
multispectral image taken on July 18, 02. 
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MOBILE, AUTONOMOUS ROBOTS: NAVIGATION METHODOLOGIES/SCHEMES 
A REVIEW 

Andrzej J. Gapinski 
Penn State University-Fayette 

ABSTRACT 
Autonomous robots underwent quite revolutionary development in the past two decades. Many factors such as 
robotics paradigm, type of the environment, sensing devices, and control methods affect the selection of the 
navigation methodology and scheme used in robot control. The purpose of this note is to provide a review of 
navigation methods and schemes used in the control of movement of mobile, autonomous robots. 

INTRODUCTION 
Robotics and autonomous robots, in particular, underwent quite dramatic development in the past two decades. 
Researchers and practitioners in many areas such as space exploration, manufacturing, nuclear waste disposal, 
military applications, artificial intelligence, intelligent computing, nano-robotics, etc., devoted much of their efforts 
and attention to develop "smarter" robots for a variety of tasks. Navigation methodology / scheme constitute an 
important element of mobile robot's intelligence and as such attracted, quite understandably, the attention of 
research community. 

Progress in technology, new programming languages, better understanding of how to model and implement robotic 
intelligence, etc., can be listed as detennining factors in the two-decade long development of navigation 
methodologies and schemes used in the control of the movement of autonomous robots. Here, an autonomous robot 
is understood as a robot that is "capable of acquiring infonnation and performing tasks without programmatic 
intervention." 1 

There is already an extensive literature on navigation algorithms / methodologies for mobile, autonomous robots. 
Using various points of views or classification criteria the navigation schemes can be categorized as follows. They 
can be: 

• Deterministic, based on real-time sensing or stochastic in nature to deal with uncertainties of various 
nature, 

• Topological (qualitative) or metric (quantitative), 
• Based on obstacle avoidance or "attraction forces" of free surrounding space, 
• Single-layer or multi-layer of internal structure or architecture, etc. 

Naturally, the navigation methodologies and schemes are chosen, to some extent, to match specific control 
mechanisms (detenninistic, stochastic, fuzzy, neural, etc), sensing devices, and type of environment (water, outer
space, hallways in a building, etc.). 
Navigation algorithms should be viewed as only one component of a robot's intelligence. An intelligent robot is 
understood as "a mechanical creature, which can function autonomously."2 Here, the concepts of an autonomous 
robot and intelligent one are equivalent, though in literature one can encounter the differentiation based on a 
complexity of control algorithm I methodologies. Navigation method / scheme should be viewed in a more general 
setting, in which robot's designed functionalities or paradigm determines the s<::t of tools, such as navigation 
methods, to solve specific problems. In this light, the navigation methods are considered to be a function of robot's 
overall goal. 

Next, a summary of the current information on robotic paradigms (philosophies) is given. The chosen philosophy by 
robot designers influences the selection of control techniques / methodologies, and a navigation scheme in 
particular, for a specific robot realization. 

ROBOTIC PARADIGMS 
In the past two decades there were three dominant paradigms for organizing intelligence in mobile robots: 
hierarchical, reactive, and hybrid 2, see figures 1-4. The hierarchical was the first method, dominant in the 
years of 1967-1990. Under this methodology t:4e robot senses the world, plans the next action, and then acts. Thus 
the Sense, Plan, Act functions appear in a paradigm. After the robot has carried out the Sense-Plan-Act sequence, 
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the sequence is repeated. The paradigm is sequential in nature. In the 1980s, it was realized that hierarchical 
processing has significant shortcomings such as low responsiveness of a robot to the changing environment and 
inability do deal with uncertainty (position, noise, actuators errors, etc.). Thus, the second method, the reactive 
paradigm, evolved to correct the deficiencies in the responsiveness of the hierarchical method. The objective was to 
mimic the animal intelligence or more broadly, biological intelligence, by incorporating animal models of behavior 
to robotic navigation schemes. 

Some confusion appears to exist about terminology: while in robotics/artificial intelligence community "reactive 
behavior" suggests a reflexive one, in ethology (science of animal behavior) "reactive behavior" means a learned 
one. Here, a behavior is understood as "a mapping of sensory inputs to a pattern of motor actions which then are 
used to achieve a task."2 

While the reflexive behaviors are "hardwired response," based on stimulus-response, the reactive behaviors are 
being learned and then, consolidated into an automated response-behavior. During the learning process the reactive 
behavior is modified to the changing environment. Then, the learned response is integrated with control schemes so 
that it can be executed in an automated form, without any prior analysis. 

The reactive model eliminates planning and in essence deprives the robot of a more complex processing involving 
for example, an optimal path calculation, a monitoring of its own behavior, etc. 

The reactive models offer an execution of multiple behaviors by processing information coming from various 
sensory devices concurrently and this feature was advantageous over the hierarchical method, which implements a 
single behavior / process. 

Some may suggest that the chosen paradigm should match the robot's task. On one hand, if a robot is to operate in a 
known environment, easy to model and sense, the preferred choice should be hierarchical paradigm, on the other, 
when environment is unknown or changing, the reactive model should be followed. 

It may come as a surprise but in the early days of intelligent robotics research community resisted the use of animal
type of behavior to model robots. Back then there were attempts to build "better" or more sophisticated models 
without direct modeling of reflexive behaviors based on stimulus-response process. 

Currently, the preferable choice is an integration of the hierarchical and reactive methods, a hybrid deliberative/ 
reactive paradigm2

•
3
, which combines the advantages of the two: responsiveness to changing environment and ability 

to incorporate complex processing. Namely, the robot plans (hierarchical part) the overall strategy and breaks down 
the strategy into subtasks first, and then decides what are the suitable behaviors for each separate task. Then, the 
behaviors are carried out within reactive paradigm. 

Thus, today, the pervasive belief is that hybrid architecture is the best approach to navigation schemes in which 
planning takes place independently from reactive-behavior processing. Furthermore, new programming platforms 
such as object-oriented programming (OOP) languages such as C++ or Java allow modeling various behaviors 
naturally via OOP's classes. Namely, the OOP's programming entities, classes, are best suited to model various 
behaviors through class's methods. In addition, OOP's tools offer flexibility and modularity. 

NAVIGATION METHODOLOGIES/ SCHEMES FOR MOBILE, AUTONOMOUS ROBOTS 
Various navigation schemes for autonomous robots have been reported in robotic literature. In general, as stipulated 
above, navigation scheme is a part of robot's intelligence and as such, is tied with various degrees of attachment to 
specific factors such as, architecture, sensing devices, control method, and type of an environment. Potential field 
methodologies in which the field represents the motor action of behavior were developed in the reahn of the reactive 
paradigm. This approach to navigation was based on a concept of obstacle's repulsive and a target's attractive 
"force." Based on that notion that objects exert forces either positive, of attraction, or negative, of repulsion, which 
forces a robot to move in specific direction, potential field methods were founded. This methodolo,P. was very 
successful in numerous examples ranging from Artificial Potential Field (APF) approach of Khatib , based on 
obstacle avoidance, to adaptive procedures based on Free SJBCe Histogram (FSH), Ibrahim\ which utilizes the free 
space attraction force generated by the surrounding local free-space. A continuous representation of the surrounding 
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space, extendibility from two-dimensions (2D) to three dimensions (3D), ease of implementation, etc. are 
advantages of these methods. 

However, the methods exhibit susceptibility of falling into local minima, which locks the robot into stationary 
position. There are remedies, including heuristics, introduction of random noise, and application ofhannonic 
functions, where potential field is expressed as harmonic function without local minima of zero, 0, which offer a 
solution in such a case.2.3 

There are successful attempts of potential field parameterization that allow modification of the potential field under 
certain conditions. As an example of such parameterization one can consider a selective attraction field, present in a 
"docking maneuver" scheme. Here, the selective attraction field is present, only in a vicinity of a target, to force 
robot to move in a specific way toward a target. In this case a robot has to adapt to changing direction of a local, 
selective, potential field in order to maintain a specific angular position relative to target while docking. 
The topology is used to indicate possible routes or paths for robot to proceed. 

Path selection can be accomplished in a topological (qualitative way) or metric (quantitative) way. While the fonner 
chooses the path based on identified positions of the "landmarks," the latter produces an "optimal" path for the robot 
based on analytical solution. To be more specific, in the topological method, the environment is represented as 
places and connection between places. It contains infonnation about proximity and order without any specific 
"metric." Movement errors do not accumulate globally because navigation is perfonned locally due to "topological 
maps," which are local. The metric method, on other hand, builds a single, "global world" for a robot to navigate 
through. The global map represents spatial structure of a robot's universe. The method is prone to numerous errors 
due to map incorrectness, position errors, and uncertainties of the environment-map match. 
There were successful attempts of integrating of these two methodologies, topological and metric, reported in the 
literature, see Kortenkamp3 for example. 

The literature classifies route representation into two categories: 
• Relational, which gives the robot short, graph-type spatial memory (application: path planning), 
• Associative, which couples sensing with acting (application: retrieve known paths). 

Thus, the navigation schemes may include a "map" or topology, (graph, mosaic), of the environment in the form of 
"configuration space,"2

•
3 which allow a robot to have knowledge about the position of obstacles and itself. This is 

accomplished by detennining the location and orientation of any objects. Notice that the creation of data structure 
may involve multidimensional data, which might be necessary to describe fully the robot's environment. Naturally, 
building such a map or data bank and processing the data real-time does require significant on-board memory and 
processing power of microprocessors. 

The mentioned methods or schemes (potential field methods) do usually require knowledge of goal / destination 
location and incorporate the fact into navigation algorithm itself. This fact limits, to some extent, the applicability of 
such algorithms as in the case of maze navigation / exploration where goal is not known. 
Depending on the environment, the navigation scheme may include a "navigation over the horizon" scheme such as 
in the case of helicopter-robot, 8 which is incorporated into a control algorithm. The control approach, stochastic in 
this case, deals successfully with uncertainties of the environment. 

Thus, the navigation schemes are often indistinguishable elements of the motion control algorithms. In general, 
robot control schemes, which can be deterministic or stochastic in nature, may also include fuzzy logic and neural 
networks depending on application (see references 1-12). In addition, the control algorithms may be adaptive and / 
or may include some type of learning. Again, these algorithms usually require rather large on-board memory and 
processing power of on-board computer. 

CONCLUSION 
Navigation methodology I scheme constitutes an important element of mobile robot's intelligence and as such 
attracted attention of research community. 

This note reviews essential navigation methodologies and schemes encountered in robotic literature and practice in 
the past two decades. It is hoped that this technical note will bring the reader to a better understanding of the past 
and current technologies in the field. 
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DESIGNING AND BUILDING A VECTOR FEATURE DAT ABASE 

Marlin Gendron, Stephanie Edwards and Geary Layne 
Naval Research Laboratory 

ABSTRACT 
:solution imagery can be stored on the computer in digital form as a picture, for example, a digital raster map 
file. These images then can be geo-registered by computing coefficients from points with known latitude and 
de locations. Features such as roads and airports can be extracted by applying imag~processing techniques to 
>-registered raster image. Attributes describing these features and their geographical locations are stored in a 
r feature database". The vector feature database contains many feature types and is considered accurate to a 
nap scale. In a real-time processing system there is a need to input attributes and their locations and 
uently retrieve such feature attributes from the database with minimum processing time. The overall size of 
abase is also a consideration. This paper explores the design and construction of a vector feature database to 
mize the size of the database by reducing the number of attributes while still maintaining an adequate and 
: description of the feature, and 2) enable high-speed input and retrieval of features. Several data structures 
ight be used to construct the database are discussed, including hash tables, binary-trees, quad-trees, and R
Ultimately a quad-tree structure modified to use geographic bitmaps is implemented and evaluated. 

RASTER AND VECTOR DAT ABASES 
come in many forms, such as nautical, aerial, and topographic. Map can be derived from satellite and 
,vater imagery. These maps are usually stored digitally as raster image files or vector databases. Raster maps 
11ply stored in the computer as pixels and usually originate from paper charts scanned into the computer or 
y from satellite or sonar imagery. Vector feature databases (VFDb) exist as independent feature attributes 
s roads, airports, and descriptive text that can be overlaid and combined to form a readable map. Features in a 
exist separately from each other and can be added to or subtracted from the map. Features in raster map 

s can only be pulled out with special feature detection algorithms. These algorithms are often complex and 
ntensive. 

pixels in the raster image or points on a vector feature correspond to points on a surface, such as the Earth, the 
image or vector feature is geo-rectified or geo-registered. Several map files stored together in a structured way 

i map database. Digital raster map databases exist at many different resolutions, or map scales, and define how 
dual map files can be pieced together to fonn complete maps (Lohrenz, 1991 ). 

co-rectifying process occurs by taking control points, at known latitude and longitude points on the Earth, to 
ate coefficients. These coefficients are used to compute new x and y positions in the image. The number of 
)! points and their precision determines the accuracy of the raster map. The geographic extent of the image and 
e in pixel space detennines the map scale of the image (Hager, et al., 1990; Landrum, 1989). 

es I and 2 show grayscale raster map image files that have been georectified. Figure I shows a satellite image 
!picting a highway interchange. Figure 2 shows a georectified file of sidescan sonar imagery with a bright spot 
hadow of a bottom object marked by a detection algorithm. 
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Figure 1 - Geo-Registered Satellite Image (Raster) 
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Figure 2 - Geo-Registered Sonar Image (Raster) 

Figure 3 shows the highway interchange extracted from the satellite imagery and the shadow and bright spot 
extracted from the sonar imagery. Two different feature detection algorithms were used to accomplish the extraction 
and produce the figure. 
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Figure 3 - Examples of Features Extracted From Raster Images 

High-resolution imagery (e.g., one-meter) can cover a large area and contain many image files. The features 
extracted from the imagery can be abundant and difficult to manage. One solution is to store these features in a 
VFDb and provide a fast and efficient means to retrieve them. This paper presents a method for creating a vector 
database of features and populating it with one and two-meter features. The features are stored as a compact two
dimensional representation or picture that reduces the amount of attribute infonnation required to describe the 
object. A method is discussed in detail to query the database and retrieve the features that fall within a geographic 
area of interest (AOI) in the fonn of a polygon similar to that shown in Figure 4 . 
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DATA STRUCTURES 
Various data structures can be considered when building a VFDb, such as hashtables and binary-trees. The hashtable 
maps a hash key to a value in memory without searching through every element to retrieve a desired element. A 
hashing function generates an index number into the element array from a hash key. Collisions occur when two 
different hash keys generate the same index. The first element hashed is stored at the index location, and subsequent 
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elements hashed to the same location are nearby (often just by adding one to the index) and retrieved later in the 
same fashion. 

Tree data structures are naturally efficient at representing hierarchical data. Rroted trees are comprised of a set of 
nodes (vertices) and a set of arcs (edges) that link a parent node to one of its child nodes except the root. Any node 
can be reached by following a unique path of arcs from the root. When vertices are interconnected,the tree is 
considered bi-directional. 

Binary-trees are the simplest kind of trees and each parent node has at most two children. Binary-tree and hashtable 
data structures are only useful for one-dimensional data. Two-dimensional data, like maps and feature data, are 
better managed with data structures like quad-trees and R-trees. A quad-tree is similar to a binary tree, but parent 
nodes have at most four vertices. 

R-trees combine the best features of binary-trees and quad-trees to efficiently store and retrieve two-dimensional data 
(Roussopoulous, Kelly and Vincent, 1995). AR-tree structure is an excellent choice to store the map feature data 
and provide an efficient method to retrieve features inside an AO!, but this paper will present a unique mebod where 
a quad-tree structure is modified to use geographic bitmaps (GB) to store features on a storage device. The resulting 
structure, unlike a classic quad-tree, allows for the storage of features at different resolutions from different data 
sources. It also allows for the quick retrieval of features within an AOI and, at the same time, allows for the creation 
of a binary feature map. 

GEOGRAPHIC BITMAPS 
Bitmaps are two-dimensional binary structures in which bits are turned on (set) or off(cleared)and the row and 
column of each bit gives it a unique position. This concept is extended to construct geographic bitmaps (GB), where 
every bit represents a unique location on the Earth at a given map scale. Set bits denote that data exists (each bit 
represents a specific coordinate on the Earth). Although the GB is defined for the entire world at a given map scale, 
memory is only allocated dynamically when groups of spatially close bits are set. This makes the GB a fast and 
compact data structure (Gendron, et al., 1997). 

For this paper, a VFDb is designed so features are stored in tiled GBs without the need to store the actual map 
images. This greatly reduces the overall size of the database. A variable tiling scheme based on feature resolution is 
defined for feature GBs at each level. The feature GBs can contain more than one feature and some features can 
span more than one GB. Only bits that are part of a specific feature are set. Each feature representation is 
distinguished by its unique central btitude/longitude value. A binary map of the features that fall within an AO( is 
created by logically "ANDING" GBs within the AOL From the binary map, vectors can later be formed from the 
features and related to feature attributes stored separately in che VFDb. 

Vector Feature Database Using Geographical Bitmaps 
The VFDb presented in this paper is created by first modifying a quad-tree data structure to use GBs, thereby 
reducing the search time. The database stores the feature data below one-degree cell directories (in subdirectories) 
on a storage device in a quad-tree hierarchy based on the feature's central latitude and longitude location. For 
example, a feature with the center latitude/longitude value of 10.34 ... degrees latitude and 65.09 ... degrees lmgitude 
would be stored below the I 0N065E directory on disk. 

To quickly determine which degree cell directories exist, a GB of the entire world is created and stored on disk at the 
same level as the cell directories. A set bit in the GB indicates the corresponding one-degree cell directory exists on 
disk. For this paper, only features below 50 degrees latitude and above- 50 degrees latitude are stored in the 
database. The size of the world GB is 100 rows by 360 columns: 

Rows= 50-(-50); Total Latitude 
Columns = 180- (-180); Total Longitude 
Resolution = 1 degree of latitude and longitude per bit 

The subdirectory structure below a one-degree cell directory is a quad-tree structure with five levels (Figure 5). The 
VFDb testing for this paper contains two-meter feature data on level four and one-meter feature data on level five. 
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Figure S- Quad-tree 

To detennine which of the four nodes (subdirectories) that a latitude/longitude point (Y,X) falls within on any given 
level is found by comparing it with the central latitude/longitude point (CY ,CX) of each node at that level, as 
follows: 

Node One: 
Node Two: 
Node Three: 
Node Four: 

x >= ex and Y >= CY 
X >= CX and Y < CY 
x < ex and Y >= CY 
X < ex and Y < CY 

To avoid searching through the entire quad-tree subdirectory structure from node to node to detennine iffeatures are 
available for an AOI, GBs are stored on level one to indicate which one-meter and two-meter features exist inside 
level four and level five subdirectories, respectively. The one-meter GBs are 16 rows by 16 columns found by: 

Rows = 2<level•JJ 

Columns = it•ev•I-I) 

with a maximum of 4 GBs (one for each subdirectory node on level I). 

In terms of latitude and longitude: 

where 

and 

Rows = delta latitude/ latitude resolution 
Columns = delta latitude/ latitude resolution 

delta latitude= 1.0 / 2<1•P level); top level= 1 
delta longitude = 1.0 / i<••P l,vell; top level = t 

Latitude resolution = 1.0 / i<1
m

1
•
1
> 

Longitude resolution = 1.0 / 211"•1
•
1> 
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Each one-meter feature is stored at level five in a GB. The size of the GB is variable, depending on its 
latitude/longitude location. GBs closer to the equator are wider than those further away. The total height and width 
of a node at level five is: 

Total Height= height of level S (in meters)/ latitude resolution; latitude resolution = 1 m 
Total Width = width of level S (in meters)/ longitude resolution; longitude resolution = I m 

The size of the one-meter feature GB on level 5 is found by: 

Bitmap height • Total Height / Number of desired tiles 
Bitmap Width= Total Width f Number of desired tiles 

The height and width in meters is calculated as the great circle distance (WGS-84 datum) of the node. For example, 
a level five directory at the lower left comer of the 00N00OE one-degree cell is 3455.45m high and 3478.73m wide. 
A feature GB in that directory would be 431 bits high by 434 bits wide, if the number of desired tiles is 8. 

Different resolution features are found independently by checking the corresponding GBs at level I. For example 
two-meter feature coverage is indicted by a maximum of 4 (8 by 8 bitmaps) stored at level one for each of the four 
nodes oflevel one. The total height and width ofa node at level four would be 6910.89m by 6910.89m, and would 
contain two-meter feature GB's of the size 431 bits high by 434 bits wide. Note that this is the same size as the one
meter feature GBs, even though the area is twice as large. This is because the resolution of a feature at two-meters is 
exactly half that at one-meter. Figure 6 shows an example of the VFDb. 
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Figure 6 - VFDb Structure 
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QUERYING THE DATABASE 
To query the VFDd and find all on~meter features that fall within the defined AOI (Figure 4), a GB of the MBR 
size at one-meter resolution is created and bits are set that geographically oorrespond to the AOI polygon (Figure 4). 
A software routine capable of draw and filling a polygon inside a GB is used to set the appropriate bits. These 
routines accept the latirude and longirude of the polygon vertices as arguments. 

The degree cells that the MBR falls within are then computed and each of these degree cells is processed one at a 
time. The degree cell GB is read to determine if the degree cells to be processed exist. The on~meter AOI GB is 
logically ANDED with all the on~meter 16 by 16 GBs on level one. For each bit match, the corresponding level 
five directories are read and all feature GB stored there are ANDED with the AOI GB. By repeating this process for 
each set bit and each GB at level one, a feature binary map of one-meter features is formed that span the AO!. Note 
that features may or may not be available for all or some of the AO!. The whole process is repeated to find two 
meter features on level four by first creating a AOI GB with two-meter resolution and ANDING it with 1he 8 by 8 
two-meter GB's on level one. 

The following is pseudo code of the query process to create a binary map for one-meter data: 

AOl_bitmap = Geo_Bitmap_ Create (minlat, maxlat, minion, max Ion, one-meter resolution ... ) 
World_bitmap = Read_ World_Bitmap O 
WHILE (degree_cell = Determine_Degree_Cells(AOl_bitmap)) 

If (Bit_Is_Set (World_bitmap, degree_cell)) 

End 

For (All one-meter GBs at level I of the degree_cell) /* Up to 4 */ 
available_data_bitmap = And_Bitmap (AOl_bitmap, one-meterGB) 
If (Bit_is_Set (available_data_bitmap)) 

Node= Determine_Node O 
Read_Node_Directory (Node) /* At level S */ 
Binary_map = AND_Bitmap (Node_GB, AOl_bitmap) 

End 
End 

End 

ATTRIBUTES 
Each feature in the VFDb has a unique central latitude and longitude value, or simply the center of the MBR. The 
central latitude/longitude value is tied to a separate file that contains attribute. similar to those listed below and is 
dependent on the source map data. 

Examples offeature attributes are as follows: 

Attributes: 
• Feature Number (1, 2, 3 ••. ) 
• Feature Type (Highway, Airport, Sand Ripple, Rock) 
• Bounding Polygon (Vertex Number, Latitude/Longitude ... ) 
• Heading 
• Points within the Feature(#, latitude/longitude location ... ) 

so 
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CONCLUSION 
This paper presents a method for building a vector database that allows quick retrieval of features at many different 
resolutions. A binary feature map is easily constructed from retrieved features within a geographic AOL Using 
powerful feature detection algorithms to build GBs of features and extract attributes is one primary means to 
populate the VFDb. The same algorithms can be modified to detect similar features over an AOI and match these 
features with those stored in the database. 

Further implementation, evaluation and testing of the GB VFDb is currently being done. This includes extending the 
database above and below +l-50 degrees latitude. This extension is possible because the current GB data structure 
supports polar projections. Work also continues on algorithms that will produce feature vectors from the resulting 
binary map of retrieved features. The combination of robust feature det~tion algorithms, both for post and rea~time 
processing, the VFDb, and feature matching algorithms could have many applications, such as supporting navigation 
systems for autonomous vehicles. 
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COMPLEXITY PARADIGM IN THE PROJECT MANAGEMENT DOMAIN 

Timothy Kotnour and Alper Camci 
University of Central Florida 

ABSTRACT 
The dominant paradigm in social and natural sciences for the last couple of hundred years has been the 
mechanistic/reductionistic paradigm ofNewton and Descartes. A key principle within the Newtonian paradigm is 
that in order to understand the whole one must study the parts of it. In classical project engineering, this coincides 
with focusing on a single project, work breakdown structures, critical paths and task management to achieve a 
successful project. But in today's world, the Newtonian paradigm cannot capture the dynamic, ever changing, 
complex nature of project-based organizations, where main goal of the organization is to produce series of 
successful projects. To achieve this goal organizations need to overcome complexities and uncertainties of the 
environment and adapt to these environments. With the increased complexity in technology and society it is natural 
to assume that projects are complex, non-linear endeavors and projects organizations are complex systems where 
long-term forecasting is limited. Complexity paradigm has been emerging as an answer to the limitations of 
Newtonian paradigm and has found acceptance in many different fields. The purpose of this paper is to link the 
complexity paradigm to project management domain. We'll identify a project management framework using 
principles of the complexity paradigm. 

INTRODUCTION 
The dominant paradigm in social and natural sciences for the last couple of hundred years has the mechanistic/ 
reductionistic view based on the teachings of Newton and Descartes (Wheatley, 1999). Due to his dominance of 
scientific world till relativity theory, this paradigm is known as the Newtonian paradigm. The Newtonian paradigm 
views the universe and everything in it as a machine. This mechanistic view leads to the belief that studying the 
parts of the machine is key to understanding the whole (Brown and Eisenhardt, 1998). 

As with other management fields, project engineering practice has been deeply influenced by Newtonian paradigm. 
This paradigm reveals itself best in work breakdown structures, where projects are divided into more manageable 
portions to be completed during projects lifetime and the linear time and cost relationships between these tasks. But 
in practice such linear analysis and planning usually fail at some degree, virtually on all projects. There may be 
many reasons for these failures, such as change in requirements, schedule, personnel, etc. (Singh and Singh 2002). 

In this paper we would like to demonstrate the need for a paradigm shift to achieve the aim of helping project-based 
organization being high-performing organizations, and in order to achieve this aim we need to come up with 
frameworks, processes, and tools to help project-based organizations continuously adapt their environments. In this 
paper our research focus is to answer what we can learn from the "complexity" paradigm to help manage projects. 
Our research objectives are to lay out principles for project management according to complexity paradigm and to 
demonstrate the implications of complexity paradigm for project management tools and practices and for project 
manager knowledge needs. 

EMERGENCE OF COMPLEXITY PARADIGM 
Newtonian paradigm has been immensely successful in creating the development in human society past three 
centuries. But as the world becomes more complex, interconnected and highly volatile space, the reductionist 
Newtonian paradigm fails to understand the whole system for it cannot help focus on the parts of the system. 

The need for a new paradigm emerged as we realized that the number of variables affecting the outcome is huge and 
the relationships between them make it impossible for us to come up with simplified formulas to predict natural or 
social systems (Levy, 2000). Levy (I 994) states that since the business environment is a complex, non linear 
system, then Jong-term planning can not have much benefit to the organizations. 

Peter Senge (1990) classifies complexity into two classes; first one is detail complexity which comes from the many 
variables that affect the system, and the second one is dynamic complexity, which describes situations where cause
effect relationships cannot be defined and where effects of interventions over time are not obvious. Senge 
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(1990)claims that even though detail complexity was treated as the main complexity problem, cognitive limitations 
of human beings force them to take simplifying approaches rather than pursue the further details. But tackling only 
detail complexity makes people to loose track of the whole picture. 

In 1990s academic world has seen a large number of work on different aspects on complexity paradigm. Even 
though there is not a single well accepted complexity theory, main topics of complexity paradigm can be identified 
as nonlinear dynamic systems, chaos theory and complex adaptive systems. Each of these topics are important areas 
of research by themselves but, we believe that, in order to understand the applicability of complexity paradigm to 
project organizations, they have to be studied together. 

·····-·-------------------------♦---------··· · ·-·----------------------------------· ............................ . '.....--------------------------,• ' ' j Complex j 
Chaos Theory Adaptive Systems 

• Sensitivity to 
initial conditions 

• Dissipative 
Structures 

! 
• Attractos l • Autopoiesis 

Cognition i • Fractals l • 
I :=I ========N=o=n=li=n=e=a=r =D=y=n=a=m==ic=S=y=s=te=m==s======~ 

1. .......... ................. ...................................................................................................... -------····---------

• Implications for Project Management 

Figure 1. Three main blocks of complexity paradigm for project management. 

Nonlinear Dynamic Systems 
Starting point of complexity paradigms is the study of nonlinear dynamical systems (Goldstein, 1994). Nonlinear 
dynamic systems are systems that constantly change, but there is no linear relationship between the changes in 
inputs and the changes in the output thus outcomes are unpredictable. (Lewin, 1992). 

The main characteristics of organizational systems are (Millett, 1998); 
• Organizations are comprised of a set of interdependent parts, or sub-systems, that interact with each other 

to form a unified whole that gives the organization its unique identity. "The whole is more than the sum of 
its parts" (von Bertalanffy, 1974), and so a system can be fully understood only by analyzing its parts in the 
context of the whole. 

• Human organizations are normally described as open systems. Alvin Toffler ( 1985) states that only closed 
systems may operate like machines, and these systems are only a small part of the universe. Most biological 
and social systems are open systems, which exchange matter, energy and information with their 
environment and it is not possible to understand them in mechanistic terms (Toffler, 1985). 

• Organizations are regularly described as transforming systems where inputs are converted to desired 
outcomes by processes specifically developed for the conversion or transformation. 

Most important concept in dynamic systems is finding and characterizing the feedback processes in a dynamical 
system because most complex behaviors usually stem from the interactions (feedbacks) between the constituents of 
the systems (Sterman, 2000). There are two kinds of feedback processes, self-correcting (or negative) and self-
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reinforcing (or positive) feedback. Negative feedback opposes change, and tries to hold the system at the original 
situation, where as positive feedback reinforces or amplifies any change in the system (Sterman, 2000). 

The Chaos Theory 
Second building block of complexity paradigm is the chaos theory. Kellett defines chaos theory as "the qualitative 
study of unstable a periodic behavior in deterministic nonlinear dynamical systems" (Kellert, 1993). From this 
definition we can see that, chaos theory builds upon the nonlinear dynamical systems. 

Some of the main characteristics of systems according to chaos theory are; (Levy, 1994, Dooley et.al, 1995) 
• Chaotic system behaviors are highly sensitive to initial conditions and can exhibit unpredictability over 

time. 
• Long term planning is very difficult 
• Chaotic systems do not reach a stable equilibrium Systems that are pushed far-from-equilibrium (at the 

edge of chaos) can self-organize into new structures. 
• Dramatic change can occur unexpectedly 
• Short-term forecasts and predictions of patterns can be made 

The new structures, that a system can self-organize into, are governed by attractors and fractals. Attractors are 
patterns of behavior (order) into which a chaotic system settles into. Chaotic movements of a system form into 
shapes called strange attractors (Wheatley, 1999). The strange attractors attracts the broad range of behaviors into an 
area of order that emerges from the within the randomness of behavior, patterns of behaviors that organize 
themselves within defined boundaries (Kauffman, 1995). There are both order (determinism) and disorder 
(indeterminism) in strange attractors; the characteristics of the boundary and shape of trajectory provide the system 
with order and stability, but the unpredictability of their specific orbits is the source of instability or disorder 
(Wheatley, 1999). In chaotic organizations, organizational configurations are chaotic attractors, such that they 
demonstrate regularities in their macro characteristics , but large differences in their internal processes. (Thietart & 
Forgues, 1995). In project organizations, these attractors can be whole projects, programs, tasks, teams, etc. , where 
we can detect stability by looking at overall characteristic of the system, but internally, it is hard to predict the 
behavior in side the attractor. 

Fractals are patterns found repeatedly at descending scales of subsystems throughout a complex system, such 
subsystems have similar shape that of the whole. Fractal geometry identifies organized patterns of behavior that 
reflect qualitative characteristics, which replicate themselves throughout the system. Social scientists investigating 
the presence of fractals in human systems note that in fractal organizations, similar behaviors and configurations are 
potentially observable at each organizational level (Thietart & Forgues, 1995). 

Complex Adaptive Svstems 
Stacey (1996) defines a complex adaptive system as one whose components, or agents, interacting with each other 
according to set of rules called schemas in order to improve their behavior and thus the behavior of the system 
which they belong to. 

Pascale (l 999) outline for basic principles for complex adaptive systems as follows: 
• For complex adaptive systems stable equilibrium is a sign of death. For this reason, a system may adapt to 

such a far-from-equilibrium state. The systems, which place themselves "at the edge of chaos", are the most 
adaptive and creative (Dooley et.al, 1995). 

• Complex adaptive systems exhibit the capacity of self-organization and emergent complexity. Self 
organization means, without any governing mechanisms, random and independent behavior would settle 
into patterns. Emerging complexity is based on fractals in chaos theory, and it shows how a single event 
can cause infinite number of complex outcomes. Thus, creating not one but many futures. 

• Complex adaptive systems tend to move toward the edge of chaos when provoked by a complex task. 
• Complex adaptive systems are characterized by weak cause-and-effect linkages. So a complex adaptive 

system can not be directed, only be disturbed. 

Organizational complex adaptive systems are learning organizations where the organization gets information and 
resources from the environment in order to survive (Dooley et.al, 1995). 
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Similarly Capra ( 1996) defines three criteria ofa living system as follows; 
• Pattern of organization which is characterized by "Autopoiesis (self making)" is a network of production 

and processes, in which the function of each component is to participate in the production or transfonnation 
of other components in the network (Maturana & Varela, 1980). 

• Structure of a living system is characterized by "Dissipative Structures" which are self-organizing 
processes that uses disorder in order to change (Prigogine, I 996). 

• Life process is characterized "Cognition" which is the activity involved in the self-generation and self
perpetuation of autopoietic networks (Capra, 1996). 

PROJECT MANAGEMENT FRAMEWORK FOR COMPLEXITY PARADIGM 
Project management has become a major management discipline for many organizations in very different industries 
like construction, aerospace and information technology. In today's fast changing technological environment, 
project based organization must define, execute, and evaluate a holistic project strategy that meets today's 
requirements while building capabilities for the future (Kotnour,2000). With the increased complexity in technology 
and society it is natural to assume that projects are complex, non-linear endeavors and projects organizations are 
complex systems where long term forecasting is impossible. Supporting this assumption Standish Group's Johnson 
reports that in 2000 only 28% of all IT application development projects have succeeded (up from 16% in 1994), 
while 23% failed (cancelled) and 49% challenged (due to cost, schedule or specification problems) (Johnson, 2001). 

It is hard to deny the success of project management practice during last half of the 20th century. It has become an 
established management discipline with established governing bodies. But much of the literature on project 
management focuses on managing a single project, whereas the main objective for a project based organization is to 
produce series of successful projects with limited resources and ever shortening time frames. 

The project organization is a non linear, complex dynamical system (Bardyn and Fitzgerald, 1999) .. Managing such 
a system with a reductionist paradigm where focus is on particular projects or tasks rather than the whole systems or 
organizations, prevents the management to achieve the goal of producing series of successful projects. Reductionist 
paradigm also ignore the interactions between projects and other system elements as well as the adaptation and 
learning capabilities of the project organization. 

Complexity paradigm requires a new approach for project management. The main characteristics or this approach 
can be summarized as follows; 

• Project organizations and projects that they undertake are complex, nonlinear systems where chaotic, 
unpredictable behaviors can be experienced. Project organizations should determine the relationships 
within the system and between the subsystems and system elements. Feedback loops should be clearly 
identified and positive feedbacks that may lead to erratic outcomes should be watched closely. 

• In this environment it is essential that communication channels be established and kept open between and 
within the projects and project/program offices. Communication is made up of information exchange and 
noise and, in order to prevent information lost in the noise, a separate, reinforcing channel should be 
established (Bardyn and Fitzgerald, 1999). 

• It is essential to increase the learning capabilities of the project organization to adapt the changes in the 
environment, so projects organizations should be managed as learning organizations and learning within 
projects teams as well as between projects should be encouraged. 

• Complexity paradigm rejects the validity of long range planning. Planning horizons for a project 
organization should be kept short. Instead of long-range plans, project organizations can use future 
scenarios and road.maps, which can be altered periodically. Roadmaps would enable project organizations 
to look into future with a capability of changing their paths. 

Complexity paradigm requires organizations to have a systems perspective. Therefore, projects should be managed 
strategically. Strategic project management is the process by which the organization provides an integrated 
management system and enables the organization to achieve its vision, mission, goals, and objectives. The steps of 
strategic project management include strategic planning, implementation planning, execution, and performance 
evaluation 
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We can integrate these processes through the use of a general description of each step in the process. The plan-do
study-act (PDSA) cycle, an easily understood and widely used model from quality management, is used to integrate 
the different processes: 

• In the "plan" step, the organization detennines the nature of the problem and constructs a plan. The plan 
step produces a plan which is a set of expectations about the set of steps to take and the expected results. 

• In the "do" step, the project team implements the plan. Implementation produces a set of results about the 
expected and unexpected actions taken and associated perfonnance such as cost, schedule, or technical 
performance. From doing, results are used project status and to move the organization forward. 

• In the "study" step, the organizations reflects on the associated plans, and results to determine the good 
and bad instances. Lessons learned (LL) are the outputs of the "study" step. 

• The ''act" step is the closing of the loop to show the decision to continue with or abandon the process of 
improvement. 

Figure 2 shows the application of plan-do-study-act (PDSA) cycle through out the project life cycle. In order to 
adapt to complex and chaotic environment of project management, organizations should keep the intervals between 
cycles short. This will enable the organization to study the emergence of new patterns and establish learning as a 
continuous activity. 

&PLANS) 
ACT DO 

~STUDYt!} 

PtOJCCt 
Life-Cycle 

Figure 2. Plan-Do-Study-Act (PDSA) cycle through out the project life cycle. 

CONCLUSIONS 
The aim of this paper was to present the need for a paradigm shift to in project management domain from 
reductionist Newtonian paradigm to Complexity Paradigm which involves nonlinear dynamic systems and covers 
chaos theory and complex adaptive systems. This approach requires project organizations take a systems approach 
and use new frameworks, processes, and tools in order to continuously adapt their environments. In this paper, we 
explored what we can learn from the "complexity" paradigm to help manage projects and laid out an initial 
framework for project management according to complexity paradigm. This initial framework needs to be further 
defined and operationalized. Following this further definition, specific tools can be researched. The impact of 
different tools on the management process and perfonnance at each level can be understood. From this 
understanding, specific recommendations can be made to managers throughout the organization. 
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A DECISION MAKING MODEL FOR THE SELECTION OF POLYVINYL 
CHLORIDE PIPE CULVERTS 

Mostafa Khattab 
Colorado State University 

ABSTRACT 
Various parameters must be considered in the design ofa buried piping system. To detennine the most suitable pipe 
product(s), the design engineer must consider not only the engineering design criteria, but also criteria related to 
durability and product life; construction and installation operations; safety; and other factors affecting the 
performance of the material selected for a given project. 

The hydraulic design and the structural capacity of the culvert are easily detennined by the project designer based on 
estimated flow from the drainage area and the type of roadway under which the pipe will be placed. Factors that 
affect the perfonnance, life and maintenance/repair cost must be identified for the designer when selecting the 
materials most suitable for the conditions that will be encountered. 

The intent of this paper is to identify the factors that influence the selection of polyvinyl chloride (PVC) pipes under 
various conditions in order to detennine its estimated service life. This paper is the result of a research project that 
was funded by the Nebraska Department of Roads (NOOR). 

INTRODUCTION 
A significant amount of investment is expended every year on pipes for rehabilitation and new development of the 
infrastructure. Pipes are used for culverts and sewer conveyance, among other applications. 

Drainage pipe or culverts are usually considered minor structures, but they are of great importance to adequate 
drainage and the integrity of the highway facility. Although the cost of individual drainage structure is relatively 
small, the total cost of construction for a drainage system constitutes a substantial share of the total cost of the 
highway construction. Similarly, the total cost of maintaining highway hydraulic features is substantial, and pipe 
maintenance accounts for a large share of these costs. Improved traffic service and a material reduction in the total 
cost of highway construction and maintenance can be achieved by judicious choice of design criteria and careful 
attention to the investment for construction and maintenance. 

The intent of this paper is to identify the factors that influence the selection of polyvinyl chloride pipe (PVC) under 
various conditions in order to detennine its estimated service life. The PVC decision model described in this paper 
will determine whether or not a pipe product is acceptable given the design variables, such as pipe diameter, height 
of fill, soil conditions, embedment material, and compaction density. By following the evaluation procedures 
outlined in this paper, the designer will be able to detennine if the pipe is capable of handling the specified design 
parameters. 

Once the pipe is determined to be structurally capable of withstanding the loading conditions with an acceptable 
service life, the designer may review the performance criteria in Part II for a more accurate evaluation of the pipe 
product. The criteria reviewed in Part II includes backfill requirements and installation procedures, fire concerns, 
pipe deflection, joint integrity, hydraulic performance, end treatment, durability, applications, availability of sizes, 
shapes, and fittings, retrofits and extensions, product availability, transportation and handling ease, ease of 
maintenance, and safety concerns. 

A review of the evaluation process is outlined in Figure 1. The process begins by selecting pipe materials that are 
possible alternatives for a project. The workability of each product is then determined by going through the 
structural criteria in Part I. If the material is acceptable, the pipe material is evaluated on the basis of the 
performance criteria in Part II. If the pipe material does not meet the structural qualifications, the design criteria 
may be modified, for example, by selecting a larger pipe diameter, using less cover, increasing the compaction 
density, or changing the embedment material. If the criteria cannot be modified a different pipe material must be 
selected and evaluated. 
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When selecting a pipe product for a specific project, certain factors must be taken into consideration to determine its 
load capacity and estimated service life. If these parameters satisfy the design conditions, the pipe product may be 
considered as a possible alternative. The variables needed to analyze polyvinyl chloride pipe include: embedment 
class, compaction density, design height of fill, geographic location, and design service life. The tables and figures 
in this paper will use this information to evaluate the pipe material and determine its workability. 

Pii:ie Zone Co ndltions Recommended 
Embedment Material % of Proctor Maxim um Heig ht 

Class Oescr IDtion Den sitv Ra nae of Fill Cfeet l 
I Manufactured 95 - 100 50 

Granular Materials 
II Sand and Gravel 90 -100 50 

Soils - Clean 85 40 
80 24 

Ill Mixed - Grain 90 -100 50 
Soils 85 36 

80 14 

IV Fine Grain 85 - 100 32 
Soils 80 12 

V Organic Soils SOIL CLASS NOT RECOMMENDED 
Source: Um-Bell Handbook of PVC Pipe. 

Table 1. Recommended Maxim um Height of Fill 
For Pipe Stiffness 46 lb/in-in 

The embedment class and compaction density are used to determine the recommended maximum height of fill for 
PVC pipe in Table 1. Because the table is applicable only with a minimum pipe stiffness of 46 psi, the pipe 
diameter is not a factor. Maximum fill heights for other stiffness values conforming to ASTM F 794 or AASHTO 
M304 can be obtained from the manufacturer (4). 

By plotting the geographic location of the project on the Nebraska Abrasion Map I and Erodible Soils Map II, it is 
possible to classify the abrasion level of the area. This information is used in Table 2 to determine the estimated 
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service life of the pipe product [40]. Although studies indicate that abrasive wear causes a loss of wall thickness, it 
has not been detennined what effects this action may have on the service life of PVC pipe. Therefore, specific EST 
values could not be reported in Table 2. Refer to the Conclusion on page 62 for more infonnation on abrasion. 

X X 
Ovo11,y, DLorgol!tllffl:Uo D Di1n<1tdPl11111 D RdhogHill, 

X X 
Ovo111y-SuleSlapu ~ Pl...,, D Soruflal!J - Bluft', &: £1uzpmmt, 

MAP I. Nebraska Erodible Soils 
X = Erodible Soils 

Abrasion Level Estimated Service Life (EST) 
Non-Abrasive 50 vears 
Low Abrasion 50 vears 

Moderate Abrasion < 50 years• 
Severe Abrasion < 50 vears• 

•source: Abrasion Resistance of PE and Other Pipes [5]. 

Table 2. Estimated Service Life of PVC Pipe. 
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A flowchart of the material evaluation process is shown in Figure 2. Following the procedure outlined on the PVC 
flowchart and the steps listed below will determine the workability of the material. 

DATA INPUT 
• Design Hoiglll of Fdl 
• Clan ol Embedmont 

l,laterial t---i>( 
• Compaction Density 
• 0.1,gn S.rw:e u, 
• Geog<11pllie Location 

O.tennino 

""';,:'~~ 1----a 
Abruionl,lap 

Delennine EST 
fn,,nTlbie2 

MaxfillH1? 
Design Fil Ht 

NO 

NO 

Use ~rent Criteria or 
.._ ________ --cl Soled• Different Pipe 

ProcaJ<:I 

EST• SOyNrs 1-----------' 
Figure 2. PVC Flowchart 
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Step l 
The following criteria must be defined prior to the material evaluation: 
• Design Height of Fill 
• Class of Embedment Material 
• Standard Proctor Compaction Density(%) 
• Design Service Life (DSL) 
• Geographic Location 

Step2 
Using the embedment class and compaction density (Step I), detennine the recommended maximum height of fill 
from Table 1. 

Compare the maximum height of fill (Table I) with the design height of fill (Step I). 

Maximum Height of Fill ~ Design Height of Fill 

Maximum Height of Fill< Design Height of Fill 

Step3 

Pipe material is acceptable. 
Go to Step 3. 

Pipe material is unacceptable. 
Use different criteria (Step I) 
or select a different pipe 
product. 

If the pipe material is acceptable, go to the Nebraska Erodible Soils Map (Map I). Plot the geographic location of 
the project on the map to detennine the presence of erodible soils. 

If the soil is erodible, go the Nebraska Abrasion Map (Step 4). 

If the soil is not erodible, the estimated service life (EST) of the pipe is 50 years. Go to Step 5. 

Step 4 
Plot the geographic location of the project on the Nebraska Abrasion Map (Map II). Using the abrasion level of the 
soil, detennine the estimated service life (EST) from Table 2. Go to Step 5. 

Step 5 
Compare the estimated service life (EST) with the design service life (DSL). 

EST~DSL 

EST<DSL 

Pipe material is acceptable. See perfonnance criteria in Part 2. 

Pipe material is unacceptable. Use different criteria (Step I) or select a 
different pipe product. 

The following example will illustrate how to perform a material analysis on polyvinyl chloride pipe for specific 
project conditions. 

Example: 

Step 1: Given Design Variables: 

Design Height of Fill "" 50' 
Class I Embedment Material 
95% Standard Proctor Compaction Density 
Design Service life = 50 years 
Geographic Location = Southeastern Custer County 
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Step 1: The recommended mcrcimum height of fill from Table 1 is 50 feet. This value is higher than the design l'alue 
so PVC pipe is acceptable for this project. 
Step 3: According to the erodible soils map, Southeastern Custer County is designated as a Dissected Plains region 
and does contain erodible soils. 
Step 4: The Nebraska Abrasion Map classifies this area as a low abras10n region. Therefore, the estimated service 
life from Table 2 is 50 years. 
Step 5: Because the estimated service life is equal to the design service life, PVC is an acceptable pipe product for 
the project conditions. For a more complete evaluation, performance criteria m may be taken into consideration. 

PERFORMANCE CRITERIA 

Backfill Requirements/Installation 
Proper trenching and backfilling procedures are necessary to ensure a successful pipe installation. Because poor 
workmanship can lead to excessive pipe deflection and grade misalignment, instructions provided by the 
manufacturer must be followed. 

Selection, placement, and compaction of embedment materials will largely depend on the soil classification. In 
order to maintain a deflection limit of 5%, Class I, II and III materials are recommended for bedding, haunching, and 
backfill (6]. 

It should be noted that AASHTO Section 18 allows a maximum cover height of 42 to 53 feet for corrugated PVC 
pipe, depending on the pipe diameter. However, the height of cover recommended by Contech Construction 
Products, Inc. is only 30 feet [6]. Deeper burials increase the load applied to the pipe requiring strict adherence to 
recommended installation procedures. Care should also be taken when placing embedment materials in trenches at 
near zero temperatures. As PVC pipe becomes more brittle in colder temperatures, the pipe product is more 
susceptible to damage during installation (6). 

Fire Concerns 
As with other plastic pipe installations, the flammability of PVC pipe is also a big concern. However, due to its high 
ignition temperature and limited combustibility, PVC is less hazardous than most construction materials with regard 
to fire (7]. 

An independent study conducted by the Florida Department of Transportation supports the claim that PVC is not a 
fire risk. After perfonning field bum tests and state-by-state surveys, the pipe proved to be fire retarding and fire 
resistant when tested according to ASTM standards for combustibility. The study also revealed that there have been 
no reported incidents of fire in PVC pipes installed throughout North America (8]. 

Deflection/Joint Integrity 
Because PVC is a flexible pipe material, the quality of installation directly affects the pipe's deflection under 
loading. Tests performed in Elba, Nebraska were constructed to evaluate the behavior of PVC installed with three 
different bedding conditions - 95% compaction, 85% compaction, and dwnped. After being buried under 15 feet of 
cover for two years, the vertical deflection of the pipe was as follows: 95% compaction - 1.1 %, 85% compaction • 
2.1 %, and dumped - 13.3% (9). 

To determine the structural performance of PVC pipe, Ultra-Rib test samples were subjected to pressures equivalent 
to 100 feet of soil cover. The resulting ring deflection was 2.7% with no evidence of pipe failure. Similar loading 
conditions were also inflicted on Ultra-Rib PVC pipe with purposefully damaged corrugations. No distress was 
detected with a ring deflection of 2.9% ( 10). 

In a study performed by Utah State University, PVC pipe was loaded after being installed under marginal conditions 
to simulate poor installation techniques. The ring deflection was 8. 7% under 24 feet of soil pressure and 31 % at I 00 
feet of cover. There was no evidence of wall buckling or infiltration (11]. 

Hydraulic Performance 
According to a series of laboratory tests performed by the University of Alberta, the average Manning's "n" value 
was found to be 0.009 for 8-, 10-, and 18-inch PVC pipe [12]. However, the values found in laboratory conditions 
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may not accurately reflect actual installed conditions. The recommended design "n" value for highway applications, 
according to Caltrans, is 0.012 for smooth interior plastic pipe (I]. 

End Treatment 
Because PVC pipe is susceptible to damage by ultraviolet radiation, protection is necessary during storage and at 
culvert ends projecting from the soil backfill [I I]. A two-year study found that prolonged exposure to UV rays 
causes discoloration in the pipe's surface and reduces the impact strength. Other properties such as tensile strength 
and modulus of elasticity were not affected [13]. 

Manufacturers recommend that metal flared end sections or head walls be utilized to provide protection from UV 
rays and damage from mowers and other maintenance equipment [3]. 

Durability 
The effects of acidic soil and water are important factors when considering the durability of PVC pipe. Test data 
indicates that prolonged exposure to sulphuric acid under constant deflection has little effect on the short-term 
stiffness of the PVC pipe. Testing was performed on pipe samples held at a continuous deflection of 5% while 
being immersed in a I .ON solution of sulphuric acid for a two year period [ 14). 

A study performed by California State University tested the durability of PVC pipe by passing water of increasing 
pH levels and aggregate through the pipe section for 25,000 cycles. Upon completion of the cycles, the pipe was 
inspected for corrosion, erosion, and mechanical wear. The report concluded that the corrosive environment did not 
affect the invert wear of the PVC pipe [IS]. 

Utah State University published results of tests performed on a 10" diameter PVC pipe buried in Texas. After being 
buried under 10 feet of cover for a period of 15 years, the pipe exhibited no signs of cracks, holes or other defects. 
The pipe reportedly "looked like new" and passed all tests for impact resistance, embrittlement, joint tightness, and 
structural capability [ 16]. 

Application 
According to manufacturer's recommendations, PVC pipe products should be utilized for storm drain applications in 
diameters of 48" and smaller. It is also recommended that PVC plastic pipe be used as collector pipes on roadways 
that are heavily salted [3]. Although there were no studies to confirm these recommendations, PVC has been 
designated for gravity flow, underground storm and sanitary waste systems, and where corrosion resistant piping 
systems are required {19]. 

Retrofit/Extensions 
Standard retrofit applications are transitions made of sleeve adaptors or other mechanical fasteners. For special 
applications, poured concrete transitions, collars, or blocking may be used (3). 

Availability of Sizes, Shapes and Fittings 
The PVC product manufactured by Contech Construction Products, Inc. is available in round configuration only, 
ranging in diameter from 4" to 48". Typical fittings include tees, wyes, T/Ys, bends of various degrees, couplings, 
saddles, gaskets, bell converters, and adapters. Additional products may also be available through the manufacturer 
[17]. 

Product Availability/Delivery Time 
Contech Construction Products, Inc. is currently able to provide plastic pipe materials from following plants located 
in Central United States [3). 

Commerce City, CO 
Enid, OK 
Shakopee, MN 
Wahoo, NE 
Des Moines, IA 
Springfield, IL 

Topeka, KS 
Mitchell, IN 
South Bend, IN 
Walnut Ridge, AR 
Winchester, KY 
Sulphur Springs, TX 
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Transportation and Handling Ease 
PVC's light weight and long lengths are ideal for transporting and installing because there is no need for special 
unloading equipment. In areas of rough terrain the pipe may be transported manually, increasing handling speed and 
savings [ 18J. 

Ease of Maintenance/Future Replacement Problems 
PVC pipe can be repaired by replacing the damaged pipe section with a length of replacement pipe cut to fit. The 
new pipe is connected to the undamaged pipe with couplings and gaskets [6). 

In addition to field repairs, PVC pipe can also be maintained by mechanical cleaning. Due to PVC's resistance to 
abrasion, it can be cleaned safely without thinning the pipe walls. Experiments conducted used standard commercial 
cleaning equipment in wet lines, dry lines, and lines partially filled with sand and gravel. The PVC pipe showed 
only minimal wear. The high resistance to abrasion is attributed to the fact that "the nature and resiliency of PVC 
pipe causes it to gradually erode over a broad area rather than develop the characteristic localized pitting and rapid 
failure of most other piping materials" (13). 

SUMMARY 
In order to provide a complete and accurate selection policy for selecting pipe materials, the design engineer must 
consider not only the engineering design criteria, but also criteria related to durability and product life; construction 
and installation operations; safety; and other factors affecting the performance of the material selected for a given 
project. This paper provided an out line for identifying factors that influence the selection of polyvinyl chloride 
(PVC) pipes under various conditions in order to determine its estimated service life. Further studies on the chloride 
concentration and sulfate content of Nebraska's soil, and the effects of abrasion on culverts should be performed by 
the Nebraska Department of Roads. Information provided by such studies will help to determine the workability 
and estimated service life of pipe products that are exposed to adverse conditions. 
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IDENTIFYING STEPS AND APPROACHES FOR MANAGING KNOWLEDGE IN PROJECTS 

Timothy Kotnour and Rafael Landaeta 
University of Central Florida 

ABSTRACT 
This article identifies ten steps and four approaches for managing knowledge in projects. Knowledge management 
can be broadly defined as the set of processes, tools, and techniques for the most effective and efficient use of 
knowledge. Knowledge management in projects offers an opportunity for multi-project organizations to improve, 
maintain, and create organizational capabilities to generate sustained competitive advantage. The four approaches 
and ten steps for managing knowledge across projects were identified through the literature and by our experience as 
applied researchers. This investigation serves as foundation for further research and development in the effort to 
define the appropriate set of managerial actions required for successful knowledge management in multi-project 
environments. 

INTRODUCTION 
"Studies suggest that firms have become increasingly reliant upon projects to organize the production of complex 
products and systems" (Gann et al, 2000, p. 956). Consequently organizations need to manage the execution of 
several projects concurrently and sequentially (Nobeoka, 1995), which creates a multi-project environment. Pemille 
Eskerod, ( 1996), defines a multi-project organization as the one that executes their tasks in an organizational design 
characterized principally by: (1) The tasks of the finns are done in projects; (2) The projects share a common 
resource pool (also human resources); (3) The projects can be of all kinds (e.g., product development, marketing); 
(4) The authority lies with the project manager; (5) The project team member does not have a superior outside the 
project but refers to the project manager only; and (6) The employees can be assigned to several projects or other 
tasks at the same time. 

A project can be considered to be a series of activities and tasks that: Have a specific objective to be completed 
within certain specifications, have limited resources (e.g., financial resources, human resources), have defined start 
and end dates (Kerzner, 1997), and have technical knowledge needs (Kotnour and Landaeta, 2002). The concept of 
technical knowledge was proposed by Bohn ( 1994) and can be use it in a project environment to conceptualize the 
required knowledge for executing and completing projects. Bohn (1994) defined technical knowledge as the 
understanding of the effects of the input variables on the output variables ofa specific process or system (e.g. 
projects). Knowledge management in projects aims to ensure projects has the right technical knowledge at the right 
time (Kotnour, 1999). Knowledge management in projects can be broadly defined as the set of processes, tools, and 
techniques for the most effective and efficient use of the technical knowledge that is available for projects (Davies, 
2000). In this paper, we focus on the research question, what are the steps and approaches that multi-project 
organizations can use for managing knowledge in projects? In the first section of this work we explain what 
knowledge management in projects is. The last sections focus on identifying the steps and approaches for executing 
knowledge management in projects. This investigation serves as foundation for further research and development in 
the effort to define the appropriate set of managerial actions required for successful knowledge management in 
multi•project environments. 

WHAT IS KNOWLEDGE MANAGEMENT IN PROJECTS? 
The relevance of manage projects' knowledge in multi-project organizations is based on the fact that projects have 
knowledge that can be valuable for other projects throughout the organization (Dixon, 2000). By executing 
knowledge management in projects, multi-project organizations are able to increase its knowledge (i.e., learn) and 
building up capabilities while improving performance and remaining competitive (Kotnour, 2000; Tsai, 200 I). The 
definition of success achieved in knowledge management initiatives varies depending on the goals, strategy, and 
mission of a multi-project organization. From a theoretical stand point, successful knowledge management in 
projects initiatives are those that: (I) Creates organizational change (e.g., create a learning culture, improve 
organizational perfonnance and capabilities); (2) Creates a never ending cycle of knowledge creation and 
knowledge sharing; (3) Increase the satisfaction of the key stakeholders of multi-project organizations (e.g., project 
team members, customers). 
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Fig. 1 provides a basic model ofKMAP. Two sub-processes can be defined in the management of knowledge in 
projects: Pull and Push of projects' knowledge. Project knowledge is pulled when a "Receiver project" gathers 
knowledge from "Sources project". Project knowledge is pushed when a "Source project" disseminates technical 
knowledge. Therefore, the process of gathering knowledge entitles the seeker-project as a "Receiver project", and 
the knowledge provider as a "Source project". Both sub-processes together (i.e., pulling and pushing projects' 
technical knowledge) describe what can be ideally found in multi-project organizations executing knowledge 
management in projects. 

Multi-Project Environment 

Project'• 
knowledge 11 

P111h 

Fig. I . Basic representation of knowledge management in projects. 

Thus, the desired phenomenon is that the receiver project of knowledge becomes a source of project knowledge, 
creating a reciprocity that, if it is well managed, generates a never-ending cycle of knowledge transfer (i.e., pull and 
push), and knowledge creation. 

Projects need three different types of knowledge in order to successfully complete their actions and achieve their 
objectives. The basic knowledge required by a project is technical knowledge. Technical knowledge enables projects 
to execute the project tasks. However, there are times in which problems arise in the execution of a project task and 
a different type of knowledge is required for its completion. There is no project that is exempt of having situations 
that jeopardize the successful accomplishment of the project tasks. The second type of knowledge required by 
projects is the knowledge to solve project tasks' problems. The third type of knowledge required by projects is the 
knowledge that enables the improvement of project tasks. This type of knowledge includes the understanding of how 
to execute knowledge management. 

The management of each of these three types of knowledge in projects has different implications for projects. The 
management of technical knowledge and the management of knowledge to improve project tasks are processes that 
can be planned and accomplished before project tasks executions. However, the management of knowledge to solve 
problems in project tasks caMot be planned and in most cases needs to be executed concurrently with the project 
task. In this paper we are focusing on the managing of technical knowledge in projects. The next sections explain the 
steps and approaches that multi-project organizations can use for managing technical knowledge in projects. 

STEPS FOR MANAGING KNOWLEDGE IN PROJECTS 

The steps for managing knowledge in projects were identified through the literature and by our experience as 
applied researchers. The following are the ten steps we identified: 

l. Receiver project identifies its technical knowledge needs. For an efficient management of knowledge in 
projects, first, projects are required to identify what is the technical knowledge they need. This first step 
refers to an internal assessment of a project's capability (i.e., technical knowledge). 

68 



Proceedings of the 2003 IEMS Conference 

2. Receiver project identifies projects that can provide the technical knowledge needed. After identify the 
technical knowledge needs, a project is able to search the knowledge need throughout the multi-project 
organization's projects. 

3. Receiver project gathers project's technical knowledge from source projects. After a source project has 
been identified, the next step is to transfer the knowledge from the source project to the receiver project. 
Different methods have been identified in the literature that can enable projects to gain knowledge from 
other projects ( e.g., groupware, communities of practice, project journals). 

4. Receiver project assimilates the acquired technical knowledge. This step implies the internalization of the 
acquired technical knowledge in the project team members mind and in the project team processes. The 
assimilation of knowledge implies a change in the project team members capabilities, and consequently, in 
the project capabilities. 

5. Receiver project validates the acquired technical knowledge. Validation of the technical knowledge 
provides to the receiver project confidence that the acquired knowledge will generate the desired results. 
Validation is highly important in some situation (e.g., the receiver project performance is critical for the 
organization performance, there is a lack of trust between the receiver project and the source project, the 
receiver project has a lack of knowledge on the area of the acquired technical knowledge that impede an 
effective evaluation of the goodness of the technical knowledge). 

6. Receiver project creates new technical knowledge. New technical knowledge can be created when projects 
combine different technical knowledge into one original way to execute a project task. 

7. Receiver project applies new created or assimilated technical knowledge. The final purpose of any 
knowledge management in project initiative is to generate a positive change in the performance of a 
project. By applying the assimilated or created technical knowledge, projects are able to successfully 
complete their objective. 

8. Receiver project identifies other projects' technical knowledge. In order to projects being able to provide 
technical knowledge to other projects, first is necessary to identify the technical knowledge need of other 
projects throughout the multi-project organization. By understanding (a) what is the technical knowledge 
needed by other projects, (b) when is the technical knowledge needed by the project, and (c) what is the 
project team members' capacity of understanding the needed technical knowledge, a receiver project is able 
to determine the extent in which technical knowledge can be provided to other projects. 

9. Receiver project identifies knowledge within the project that is needed by other projects. After identified 
the characteristics of the technical knowledge needed, a project can internally assess the degree in which 
the knowledge contained within the project can be beneficial for other projects. 

10. Receiver project bee omes a Source project by disseminating technical knowledge that is needed by other 
projects. After determined the technical knowledge that can benefit other projects, a project can identify 
and execute the proper method for transferring technical knowledge to other projects. 

APPROACHES FOR MANAGING KNOWLEDGE IN PROJECTS 
Multi-project organizations use different approaches to do knowledge management in projects. The approaches 
represent different combinations (i.e., sequences) of the steps for managing knowledge in project. The selection of 
the appropriate approach for executing knowledge management in projects is critical for the performance of the 
project and for the successful implementation of knowledge management. In this investigation we propose four 
different approaches for managing knowledge in projects. Leaders of multi-project organizations can use the four 
approaches for developing customized knowledge management strategies (i.e., strategies that are aligned to the goals 
and objectives of the projects). Following four approaches for managing knowledge in projects will be generally 
described. 

Approach No.I: The receiver project does not validate the knowledge created. 
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This approach is characterized by the creation of new technical knowledge using technical knowledge acquired from 
other projects. R&D projects and Organizational improvement projects can benefit from the use of this approach. 
The sequence of the steps for executing knowledge management in project using this approach is: 

1. Receiver project identifies its technical knowledge needs. 
2. Receiver project identifies projects that can provide the technical knowledge needed. 
3. Receiver project gathers project's technical knowledge from source projects. 
4. Receiver project assimilates the acquired technical knowledge. 
5. Receiver project creates new technical knowledge. 
6. Receiver project applies new created or assimilated technical knowledge. 
7. Receiver project identifies other projects' technical knowledge. 
8. Receiver project identifies knowledge within the project that is needed by other projects. 
9. Receiver project becomes a Source project by disseminating technical knowledge that is needed by other 

projects. 

Approach No.2: The receiver project does not validate the knowledge assimilated. 

This approach is intended to benefit projects with time and resources constraint that need to apply the acquired 
knowledge in a limited time frame. Also, this approach can be used by projects in which the benefit obtained by 
validating the assimilated knowledge can be marginal. The sequence of the steps for executing knowledge 
management in project using this approach is: 

I. Receiver project identifies its technical knowledge needs. 
2. Receiver project identifies projects that can provide the technical knowledge needed. 
3. Receiver project gathers project's technical knowledge from source projects. 
4. Receiver project assimilates the acquired technical knowledge. 
5. Receiver project applies new created or assimilated technical knowledge. 
6. Receiver project identifies other projects' technical knowledge. 
7. Receiver project identifies knowledge within the project that is needed by other projects. 
8. Receiver project becomes a Source project by disseminating technical knowledge that is needed by other 

projects. 

Approach No. 3: The receiver project validates the knowledge assimilated. 

The objective of this approach is to provide to the receiver project confidence that the acquired technical knowledge 
will delivery the expected results before its application. This approach can benefit: Organizational development 
projects, projects operating in new areas of knowledge, and projects with a lack of understanding in the area of the 
acquired technical knowledge. The sequence of the steps for executing knowledge management in project using this 

approach is: 

I. Receiver project identifies its technical knowledge needs. 
2. Receiver project identifies projects that can provide the technical knowledge needed. 
3. Receiver project gathers project's technical knowledge from source projects. 
4. Receiver project assimilates the acquired technical knowledge. 
5. Receiver project validates the acquired technical knowledge. 
6. Receiver project applies new created or assimilated technical knowledge. 
7. Receiver project identifies other projects' technical knowledge. 
8. Receiver project identifies knowledge within the project that is needed by other projects. 
9. Receiver project becomes a Source project by disseminating technical knowledge that is needed by other 

projects. 

Approach No.4: The receiver project validates the created knowledge. 
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The application of new technical knowledge brings risks into the project execution. In order to reduce these risks, 
projects needs to evaluate the new knowledge before its implementation. Method for evaluating knowledge before 
its implementation includes simulation and experts' consultation. Also, multi-project organizations might have 
standards of operations that regulate the implementation of new technical knowledge. Compliance to certain norms 
and rules can constraint the application of new technological knowledge. Due to the experimental nature of the 
creation of new knowledge, this method can be beneficial for R&D projects and for exploratory organizational 
development projects. The sequence of the steps for executing knowledge management in project using this 
approach is: 

I. Receiver project identifies its technical knowledge needs. 
2. Receiver project identifies projects that can provide the technical knowledge needed. 
3. Receiver project gathers project's technical knowledge from source projects. 
4. Receiver project assimilates the acquired technical knowledge. 
5. Receiver project creates new technical knowledge. 
6. Receiver project validates the acquired technical knowledge. 
7. Receiver project applies new created or assimilated technical knowledge. 
8. Receiver project identifies other projects' technical knowledge. 
9. Receiver project identifies knowledge within the project that is needed by other projects. 
10. Receiver project bee omes a Source project by disseminating technical knowledge that is needed by other 

projects. 

In order to offer a better representation of the basics of the four approaches, a taxonomy of the approaches for 
managing knowledge in projects is represented in Fig. 2. The figure represents in each quadrant the number of the 
approach that corresponds to the specific project needs (e.g., validation of knowledge). Executing an approach that 
creates knowledge when the goals or priorities ofa project do not require new knowledge leads to an inefficient use 
of projects' resource. In the other hand, the use of knowledge management approaches that do not create new 
knowledge in projects in which the creation and development ofnew knowledge is critical.jeopardize the usefulness 
of knowledge management initiatives. 

Knowledge Management in Projects: 
Four Approaches 

-
Yes 3 4 

Validate 

No 2 I I 

-No Yes 

Create New 

Fig. 2 Taxonomy of the approaches for managing knowledge in projects 

The validation of assimilated and created knowledge is always important in knowledge management initiatives. 
Validation provides projects the confidence that the implementation of the new knowledge will delivery the desired 
results. However, there are certain projects' conditions in which executing a validation process can bring marginal 
benefits to a project. An example of these conditions are projects that have a good knowledge base on the acquired 
technical knowledge area that enables them to validate quickly the acquired knowledge; when the source project is a 
recognized expert in the area in which is providing knowledge. Hence, for a better use of the project resources, the 
validation of acquired knowledge under these conditions will not be recommended. 
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CONCLUSION 
The execution of knowledge management in projects can provide benefits for multi-project organizations. However, 
due to the complicated nature of multi-project environment, knowledge management in projects needs to be careful 
managed in order to created positive results. Successful knowledge management in projects initiatives are those that 
creates organizational change, creates a never ending cycle of knowledge creation and knowledge sharing, and 
increase the satisfaction of the key stakeholders of multi-project organizations The identification of effective 
approaches for managing knowledge in projects is critical for the success of knowledge management in projects 
initiatives. The knowledge provided in this investigation can enable leaders of multi-project organizations to 
understand further the basics of the knowledge management in projects. Nonetheless, this investigation is limited. 
Additional research needs to clarify the critical success factors for each approach. The steps and approaches 
identified in this investigation serves as foundation for further research and development in the effort to define the 
appropriate set of managerial actions for successful knowledge management in projects. 
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ABSTRACT 
This paper describes and illustrates a new set of performance measures, called robustness measures, for use in 
evaluating schedule perfonnance for stochastic resource constrained projects (SRCP). The current measures of 
schedule performance for the SRCP do not reflect how well a schedule perfonns when disturbances occur, such as 
the unexpected occurrence of a stochastic task. The measures developed in this research can help to quantify the 
impact of changes to an initial schedule in terms of schedule duration and the ordering of the tasks. These measures 
can then be used to assess alternative scheduling approaches in the presence of stochastic tasks. 

The specific focus of this paper is on the stochastic task insertion (STI) problem where tasks of detenn inistic 
duration occur stochastically. In an STI problem, some of the tasks in the project will or will not occur with a 
known probability. If a project manager knows that such "stochastically occurring" tasks exist, he or she may 
choose to either include them or not include them in the initial project schedule. The initial schedule would then be 
adjusted using a defined control policy to accommodate the stochastically occurring tasks as soon as the project 
manager knows for sure that the tasks will or will not occur. 

INTRODUCTION 
It is the project manager's responsibility to schedule a network in a manner that would optimize a specific objective 
such as minimizing project duration. The resource constrained project scheduling problem (RCPSP) is a more 
realistic view of the scheduling problem since it takes into consideration the fact that resources are limited and time 
parameters are uncertain. For the RCPSP, the manager has to schedule the tasks taking into account both resource 
and precedence constraints. 

The RCPSP can be categorized as either deterministic or stochastic depending on the nature of the task data. When 
the task data (such as duration, cost, or resources) are random variables, the project-scheduling problem is stochastic 
(tenned SRCP). Including the stochastic nature of the tasks is more representative of reality. In project scheduling 
problems, the actual duration of activities may be uncertain and the actual occurrence of an activity may also be 
unknown prior to the start of the schedule. The focus of this paper is on the stochastic resource constrained 
scheduling problem in the case where tasks with a detenninistic duration may occur stochastically. This problem is 
identified as the stochastic task insertion (STI) problem. The paper introduces new robustness measures used to 
characterize the effect on the schedule when stochastic disruptions occur. The computation of the measures is 
illustrated with two alternative scheduling approaches. 

TRADITIONAL SRCP PERFORMANCE MEASURES 
Several performance measures have been introduced in the literature for the resource constrained project scheduling 
problem with the purpose of maximizing or minimizing some objective function. The most commonly used 
measure for the SRCP is minimizing the expected project duration. Analytical, approximation and simulation 
methods have been used to determine the cumulative distribution function of project duration. The existing 
literature often presents the "solution" to the stochastic project scheduling problem as the distribution of the project 
duration (Badiru, 1984, 1991a, 1991b; Birge and Maddox, 1995; Fernandez, 1995; Fernandez, Armacost, and Pet
Edwards 1997, 1998a, 1998b; Golenko-Ginzburg and Gonik, 1997; Hapke, Jaszkiewicz, and Slowinski, I 994; 
Nkasu, 1991; Ramat, Lente, and Slimane, 1996; Tavares, 1990; and Tsai and Gemmill, 1998). 

Another performance measure for the stochastic resource constrained project scheduling problem has the objective 
of minimizing the expected cost or maximizing the net present value. Bey, Doersch, and Patterson (1981) discussed 
the necessity of evaluating the net present value of a project. In their paper they demonstrate how the effective 
timing of cash outlays and receipts can increase project profitability. Project scheduling techniques can be used to 
minimize expected cost or maximize net present value. 
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The preceding performance measures are the ones used most commonly in the literature. Other potential measures 
have also been introduced. One such measure is the risk of missing a critical deadline. Moo Young (1995) used this 
measure to evaluate various scheduling heuristics. Other potential measures are the variance or semi-variance of an 
outcome (project duration, resource utilization or cost), probability of exceedence, and the plh percentile of an 
outcome (Pet-Armacost and Armacost, 1999, Pet-Armacost, Armacost, and Selim, 1999). 

Traditional measures ( e.g., schedule duration and cost) have focused on the characteristics of the planned schedule. 
However, the focus of this research is on the "flexibility" of a schedule to changes such as the stochastic occurrence 
of a task. A review of the existing literature led to the conclusion that measures for schedule robustness were not 
available for the stochastic resource constrained project scheduling problem, and in particular the SRCP with 
stochastic task insertions. The robustness measures that have been developed for job shop scheduling presented in 
the following section provided some insight into the development of robustness measures for the SRCP. 

SCHEDULE ROBUSTNESS FOR THE JOB SHOP SCHEDULING PROBLEM 
Schedule robustness has been studied for the job shop scheduling problem. Some of the researchers in this area 
include Daniels and Kouvelis, 1995; Gutierrez, Kouvelis, and Kurawarwala, 1996; Gutierrez and Paul, 2001; and 
Leon, Wu, and Storer, 1994. Leon, Wu, and Storer (1994) introduced robustness measures and a robust scheduling 
approach for the job shop scheduling problem. The authors defined a robust schedule as one that is insensitive to 
unexpected disturbances on the shop floor. Their definition of robustness consists of two parts: post-disturbance 
makespan and post-disturbance makespan variability. 

A schedule is an overall plan with the purpose of maximizing performance. It is necessary to generate the schedule 
in advance to achieve coordinated system activity planning. However, the random nature of job shop conditions 
requires that the schedule be updated constantly and hence the need for robust schedules. The authors defined a 
robust schedule as one where "the performance of the schedule remains high in the presence of disruptions" (Leon, 
Wu, and Storer, pp. 32, 1994). They introduced a performance measure to evaluate the performance of the original 
schedule after the schedule has been executed. Since disturbances are stochastically occurring, the performance 
measure is actually a random variable when the schedule is constructed. This performance measure is affected by 
two factors in their study. The first is the initial "off-line" schedule and the second is the control policy that is used 
by the project manager in response to a disturbance. For a given control policy, the initial schedule is considered to 
be robust if it maintains a high performance level despite disruptions in terms of makespan as well as the expected 
delay in project duration (Leon, Wu, and Storer, 1994). 

In another study on robust scheduling, robustness was defined as the "determination of a schedule whose 
performance, relative to the corresponding optimal perfonnance, is relatively insensitive to the potential realizations 
of the task parameters" (Daniels and Kouvelis, pp. 364, I 995). This is because when significant uncertain 
processing times exist, a schedule that might be optimal with respect to a scheduling model will actually result in 
very bad performance in terms of the actual processing times. 

Classical stochastic and deterministic solution methods do not accommodate some factors found in scheduling 
environments. As an example, distributions that characterize the uncertainty in job attributes may not be known or 
may be imprecise. Therefore in order to apply a solution method, the uncertainty may have to be either completely 
or partially ignored (Daniels and Kouvelis, 1995). Schedule performance is usually evaluated after the completion 
of the project and thus the initial decisions made based on uncertain information are evaluated on the basis that all 
the information had been known initially. Decision makers may want to compare the perfonnance of a schedule to 
the optimal performance that would have been achieved if all information had been available before the schedule 
was generated (i.e., a perfect knowledge schedule). 

This is similar to the approach used by Daniels and Kouvelis ( 1995). According to their research, scheduling 
decisions are usually made based on uncertain information but are evaluated "as if alt the relevant job attributes had 
been known in advance of scheduling." Therefore a decision maker is concerned with a schedule's performance 
compared to the actual realization of the schedule as well as comparing the actual performance with the optimal 
performance based on perfect or prior knowledge. Comparing actual performance to optimal performance may 
result in reducing uncertainty and using resources more efficiently (Daniels and Kouvelis, I 995). 
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Recently, schedule robustness to variability was studied by Gutierrez and Paul, (200 I). The purpose of the paper 
was to examine the impact of activity variability on project completion time at two different stages of a project: 
early in the project and later. The study concluded that for projects in which there is a dominant critical path, it is 
beneficial to invest more resources to reduce activity variability earlier in the project rather than later in the project. 

INTRODUCTION TO NEW SRCP ROBUSTNESS MEASURES 
Changes in task duration or the unexpected need to include an additional task can disrupt the planned schedule and 
can affect the duration of the project, the start times of specific tasks, and the sequence in which the tasks need to be 
performed. The performance measures developed in this research evaluate the sensitivity of the initial schedule 
when disruptions such as the occurrence or non-occurrence of the stochastic tasks happen. In other words the 
performance measures were designed to assess a schedule's robustness to changes in terms of such factors as 
duration and the ordering of the tasks. 

Two categories of"robustness measures" have been developed: duration-related measures and re-sequencing 
measures. These measures help to quantify the impact on an initial base schedule when a change (such as the 
stochastic occurrence or non-occurrence of a task) occurs in terms of the project duration and the sequence of the 
tasks. The computation of the robustness measures requires the development ofan initial schedule (termed the base 
schedule) which is used in project planning and management, the summary of the list of tasks and the actual start 
and end times after the work has been performed (modified base schedule), and an optimized version of the 
modified base schedule (called a perfect knowledge schedule). 

To develop new robustness measures, an approach similar to the one used by Leon, Wu, and Storer (1994) for the 
job shop problem is applied to the SRCP. A base schedule is generated and when a disruption occurs, a control 
policy is used to adjust the schedule to accommodate the disruption. In the SRCP with STI, the disruptions are the 
occurrences or non-occurrences of the stochastic tasks. 

A project manager is faced with the task of how to schedule the tasks in a project network and what to do when a 
task must be inserted or eliminated. In the absence of knowledge of which stochastic tasks will occur, an optimistic 
or pessimistic approach may be taken to create a base schedule. An optimistic schedule is one where there is an 
assumption that none of the stochastic tasks will occur and thus the project manager does not incorporate them into 
the planned (base) schedule. Instead, if a stochastic task occurs, the project manager may employ a "right-shift" 
policy where the task is inserted into the schedule. This refers to shifting the scheduled tasks in the network to the 
right to fit the stochastic task that occurred and still maintain resource and precedence feasibility. 

On the other hand, a more conservative project manager may take an opposing approach where all the stochastic 
tasks are included in the initial (base) schedule. However, one or more of the stochastic tasks may not actually 
occur and therefore a "left-shift" policy can be used. This refers to compressing the schedule to exclude the 
stochastic tasks that did not occur by eliminating them from the schedule, as soon as it is known that they did not 
occur, and moving the rest of the tasks to the left still maintaining the resource and precedence relationships. Both 
the right-shift and left-shift policies have been used in this research. The actual processes involved in applying both 
the "right-shift" and "left-shift" policies are described in detail in a later section. 

SCHEDULES USED TO DEFINE THE ROBUSTNESS MEASURES 
There are three types of schedules used in defining the robustness measures. They are the base schedule, the 
modified base schedule, and the perfect knowledge schedule. In defining these schedules, it is assumed that all of 
the planned detenninistic project tasks are known with the task durations and precedence relations, and that all of the 
stochastic tasks are also known including the deterministic duration, where in the network the task will occur, and 
the probability of occurrence at that location. 

Base Schedule 
The base schedule is the starting schedule that a scheduler may use to manage a project. Two types of base 
schedules were examined in this research; one in which all the stochastic tasks were included and one where none of 
the stochastic tasks were included. These initial schedules are on the extreme ends of how a scheduler may schedule 
the stochastically occurring tasks and represent two scheduling approaches: a pessimistic approach and an 
optimistic approach. 
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Modified Base Schedule 
The modified base schedule is the base schedule that has been adjusted by applying some control policy to deal with 
disruptions. Since it is a modified version of the initial schedule it is referred to as the modified base. The 
disruptions for the SRCP with stochastically occurring tasks are the occurrences of some or all of the stochastically 
occurring tasks. 

Two scheduling approaches were examined in this research, and thus there was a control policy for each to adjust 
the base schedule. With the pessimistic approach, the project scheduler includes all the stochastic tasks in the 
schedule and when a scheduled stochastic task does not occur, it is eliminated using a "left-shift" control policy. 
With the second scheduling method, none of the stochastic tasks is included and when a stochastic task occurs, it is 
inserted into the schedule using a "right-shift" control policy. 

Perfect Knowledge Schedule 
The third type of schedule is the perfect knowledge schedule, which is the schedule that would have been derived if 
the project scheduler had "perfect knowledge" prior to the scheduling. Perfect knowledge means that the project 
scheduler knows before the start of the projects which of the stochastic tasks are to occur and therefore, would 
schedule the planned tasks and the stochastically occurring tasks from the start. The robustness measures are 
described in the next section. 

DURATION-RELATED ROBUSTNESS MEASURES 
Two types of duration-related measures were developed in this research as measures of schedule robustness. The 
first measure compares the project duration of a modified base schedule with the project duration of the perfect 
knowledge schedule. The basis for this type of measure was to detennine the effect on duration when a project 
manager schedules the tasks in a project based on either the pessimistic, or optimistic approach, coupled with the 
right and left shift policies, in comparison to the project duration that would have resulted if the project manager had 
perfect knowledge prior to generating the project schedule. 

The second type of duration-related robustness measure compares the project duration of the modified base schedule 
with the original base schedule. Its purpose is to detennine the difference in the project duration when either 
scheduling all or none of the stochastic tasks and the resulting modified base when the stochastic tasks either did not 
occur or did occur. It measures the effect (increase or reduction of project duration) resulting from either inserting 
or removing tasks from a schedule. The two types of measures are described in detail in the following section. 

Robustness Measure I (Modified Base to Perfect Knowledge) 
In this measure, the project duration value of the modified base schedule is compared to that of the optimal schedule 
based on having perfect knowledge as to which stochastic activities were to occur and is measured as a percent 
change in duration. This measure examines the difference in project duration that results from starting with an 
initial schedule and adjusting the schedule as disruptions occur versus the project manager's schedule based on 
perfect knowledge. It is a measure of how well the base schedule (coupled with the control policy) actually 
perfonns compared to the optimal perfect knowledge schedule. A value of zero would indicate that the method used 
to develop the initial schedule coupled with the control policy used when disruptions occur results in the lowest 
possible duration schedule. 

Robustness measure I is computed as: 
I00*l(D- d)I / d 
where D is the project duration of the modified base schedule 

dis the project duration of the perfect knowledge schedule 

Robustness Measure 2 (Modified Base to Base) 
This duration-related measure involves the comparison of the project duration value of the base schedule to that of 
the modified base schedule. Basically this is a measure of how much change has to be made to the base schedule to 
accommodate the stochastic tasks. It demonstrates the impact on project duration when the project scheduler starts 
with a base schedule and then applies a control policy to adjust the schedule when a stochastic activity either occurs 
or does not occur. It is measured as the absolute value of the percent change in duration. 
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Robustness measure 2 is computed as: 
10o•t<D -D)l / D 
where D is the project duration of the modified base schedule 

Dis the project duration of the base schedule 

RE-SEQUENCING-RELATED ROBUSTNESS MEASURES 
Rescheduling or re-sequencing may present difficulties to a project manager, as resource and precedence constraints 
have to be taken into account. A project manager would have to make arrangements to bring in the resources at 
different times and in a different order or quantity than originally planned, which may be more difficult to 
accomplish. The primary objective of the re-sequencing measures is to detennine the effect of the stochastic 
activities on the ordering of the tasks in the schedule. 

The purpose of these robustness measures is to evaluate whether the tasks would be scheduled in a different 
sequence from the perfect knowledge schedule or if the tasks are basically scheduled in the same sequence with only 
a shift in start time depending on resource availability. In all of these measures the perfect knowledge schedules are 
compared to the modified base schedules. The perfonnance of the modified based schedule is compared to the 
optimal schedule derived from having known which tasks would occur. 

Four re-sequencing measures have been identified as re-sequencing robustness measures. They are: changed task 
start time, additional predecessors, changed predecessors and both additional and changed predecessors. A 
description of each is provided below. 

Robustness Measure 3 (Changed Task Start Time} 
This measure involves counting the number of tasks that were started at a different time period in the modified base 
schedule compared to the perfect knowledge schedule. The task start times of the tasks in the perfect knowledge 
schedule are compared to the start times in the modified base schedule. The measure is a count of the number of 
tasks that had a start time in the modified base schedule that is different from the start time in the perfect knowledge 
schedule. 

Measures 4, 5, and 6 follow a very similar approach that will be described first followed by a specific description for 
each measure. In each of these measures, each task is examined one at a time. For each task, the list of preceding 
tasks for the modified base schedule is compared to the list of preceding tasks for the perfect knowledge schedule. 
To conduct this comparison, the perfect knowledge schedule and modified base schedule are detennined. Then a list 
is compiled for each task in each schedule of all the tasks that preceded that task. In other words any task that has 
been scheduled before the task being examined was included in the list for the given schedule. However, for a task 
to be considered to be a preceding task of another task it had to start and end before that other task in the given 
schedule. 

Robustness Measure 4 {Changed Preceding Tasks) 
The second re-sequencing measure is a count of the total number of tasks with changed preceding tasks. "Changed 
preceding tasks" refers to a change in the list of preceding tasks for the modified base schedule when compared to 
list of preceding tasks for the perfect knowledge schedule. Only tasks that had certain preceding tasks in the perfect 
knowledge schedule, but not in the modified base schedules were included in the count. 

Robustness Measure 5 (Additional Preceding Tasks} 
In this measure the lists of preceding tasks are compared to detennine if a task in the modified base schedule had 
"additional preceding tasks" compared to the perfect knowledge schedule. "Additional preceding tasks" refers to a 
task having more preceding tasks in the modified base schedule than in the perfect knowledge schedule. If a task 
had at least one additional task and no changed preceding tasks, then it was considered to have additional preceding 
tasks. The total number of tasks that had additional preceding tasks in the modified base was counted. 

Robustness Measure 6 (Additional and Changed Preceding Tasks} 
The last re-sequencing measure that was defined is a combination of both robustness measures 4 and 5. In this 
measure, the preceding tasks of each task in the perfect knowledge schedule were compared to the preceding tasks 
of each task in the modified base schedule. The objective was to determine the total number of tasks for which at 
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least one preceding task in the perfect knowledge schedule was no longer a preceding task in the modified base and 
• the task had at least one new preceding task. 

In summary, two duration-related and four re-sequencing robustness measures were developed as part of the 
research. In other research, Selim (2002) has used these measures to further examine the effects of problem 
characteristics and scheduling methods for the stochastic task insertion problem. The remainder of this paper 
illustrates the computation of the robustness measures. 

SCHEDULING METHODS 
Two types of scheduling methods are used. Each method utilizes a different control policy to deal with the STI 
problem. In the first scheduling method all of the stochastic tasks are included in the base schedule. This is referred 
to as the pessimistic schedule. With this scheduling method, which includes all the stochastic tasks, a left-shift 
control policy is used to adjust the base schedule when a stochastic task does not occur. A left-shift control policy 
involves shifting the tasks to the left when stochastic tasks that had been planned for do not occur. This process is 
described in detail below. 

The second method has a different perspective. None of the stochastic tasks are included in the base schedule. This 
is termed the optimistic schedule. The stochastic tasks are inserted into the optimistic schedule as they occur using a 
right-shift control policy. When a stochastic task occurs, it is inserted into the base schedule by shifting the 
scheduled tasks to the right. The process is described in more detail in this section. 

In this paper, the two scheduling approaches are applied to a network as an illustration of the computation of the 
robustness measures. The network was generated using RanGen, a network generator developed by Demulemeester, 
Vanhoucke, and Herroelen (2001). The network was generated with high resource (RF and RC values) and high 
network levels (OS and CI values). Also, there are two resource types. The duration, resource requirements and the 
end times for each task for each type of schedule is included in Table 1. 

Pessimistic Method 
Compressing the pessimistic schedule is necessary when a project manager takes the approach of scheduling all of 
the stochastic and planned tasks. In this scheduling method, all of the stochastic tasks are included in the schedule 
(pessimistic schedule). However, not all of the stochastic tasks occur and therefore, some have to be eliminated. 
With this type of policy the tasks that succeeded the eliminated task are shifted to the left. The schedule is shifted to 
the left while maintaining the precedence and resource constraints and the sequence of the pessimistic schedule. 
The steps are outlined below: 

I. Start with the pessimistic schedule and create a Gantt chart. 
2. Remove the stochastic tasks that do not occur from the Gantt chart representing the pessimistic schedule. 
3. Starting from time period I, determine which of the tasks that do occur can be started earlier, that is, shifted 

to the left, while keeping track of the precedence and resource constraints. The sequence of tasks in the 
pessimistic schedule should be maintained as much as possible. 

4. The schedule sequence can be altered only if there are resources available to schedule a task different from 
the immediate successor of the stochastic task. For example, suppose that tasks 3 and 4 succeed task 2. 
However, task 2 does not occur and has to be eliminated. Tasks 3 and 4 can now be scheduled. Suppose in 
the initial (base) schedule task 3 is scheduled before task 4. When task 2 does not occur, task 4 can be re
scheduled before task 3 only due to resource availability as Jong as task 3 is not a precedence constraint for 
task 4. 

5. The list of successors (see Table I) was used to determine the earliest point at which an activity can be 
started if one or more of its predecessors have been eliminated. 

6. If two tasks start at the same time period and they can both be shifted to the left in the compressed 
pessimistic schedule, start with the task with the lower sequence number. 

In the network used as an example, the four stochastic tasks that did not occur are tasks 24, 17, 26 and 28. For this 
particular network, the stochastic tasks are scheduled in the pessimistic schedule in the following order: 17, 24, 26 
and 28, all occurring in the latter part of the network. In the pessimistic schedule task 17 starts at time period 77. 
When it does not occur its successor is started. In this case task 19 succeeds task 17 and thus is started at time 
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period 77. The schedule sequence is maintained as well as the precedence and resource constraints. The end times 
for the optimal schedule, the pessimistic schedule, and the modified pessimistic schedules are included in Table I. 

Optimistic Method 
The second scheduling approach is to not schedule any of the stochastic tasks, also known as an optimistic 
scheduling method. The optimistic schedule is one in which the project manager does not schedule any of the 
stochastic tasks; only the planned tasks are scheduled. However, some of the stochastic tasks do occur and therefore 
need to be inserted into the schedule. When a stochastic task occurs it is inserted into the optimistic (base) schedule 
by using a right-shift control policy. 

In this type of policy the tasks that are successors to the stochastic task that occurs are shifted to the right so that the 
stochastic task that occurs can be completed first. A right-shift policy is used where the schedule is shifted to the 
"right" to fit a stochastic task in the schedule, without violating the resource and precedence constraints. The 
schedule is evaluated at each time period and if a stochastic activity occurs at a certain time period it is inserted into 
the schedule as soon as resources are available and the precedence relations are not violated. The steps are outlined 
below: 

I. Start with the optimistic schedule and create a Gantt chart. 
2. Detennine which of the stochastic tasks occur and the sequence of their insertion in the optimistic schedule. 

The insertion sequence is detennined by the sequence of tasks in the list of successors. The order of 
insertion is as follows: 

a. The stochastic task should be inserted as early as possible after the predecessor activity is finished 
without violating the resource and precedence constraints. The list of successors is used to 
detennine the earliest point at which an activity can be started 

b. The sequence of the tasks in the optimistic schedule should be maintained. 
3. If two tasks can be inserted at the same time period, start with the task with the lower sequence number. 

For the same network used in the previous example, the optimistic schedule does not include any of the stochastic 
tasks. The stochastic tasks that do occur are tasks 9, 7, 11 and 8 and have to be inserted into the optimistic schedule. 
The stochastic tasks were assumed to occur immediately after their predecessors. For example, activity 7 occurs 
after 3 and 4 and thus is inserted into the schedule once 3 and 4 are completed, 8 occurs after 3 and 5, and 9 occurs 
after 4 and 5. The first time period at which any of these stochastic tasks could have been inserted was time period 
17 and either task 7, 8 or 9 could have been inserted. Therefore to break the tie, they are inserted in the sequence 
detennined by their task number starting from the lowest. In order to enable their insertion, the tasks succeeding 
task 4 are shifted to the right. Then tasks 7, 8 and 9 are inserted. The end times for the optimal schedule, the 
optimistic schedule and the modified optimistic schedules are included in Table I. 

CALCULATION OF THE ROBUSTNESS MEASURES 
In this section, the robustness measures are computed for the example discussed previously. For the duration related 
measures the project duration of each type of schedule is recorded and then the two duration related measures are 
computed as illustrated in Table 2. Robustness measure 1 computes the change in project duration of the modified 
base schedule to that of the perfect knowledge schedule. Robustness measure 2 computes the change in project 
duration of the modified base schedule to that of the base schedule. 
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Table 1. Network used in example and the end times for each activity in each type of schedule 

Number of activities 32 
Number of resource types 2 
Number of units of resource I IO 
Number of units of resource 2 IO 

End Times 

Activity Duration Resource I Resource 2 
No. of 

Successois 
Perfect Compress Exapnd 

successors Knowledge Pessimistic Optimistic 
I 0 0 0 2 2 .s 0 0 0 
2 s 0 0 3 643 5 s s 
3 7 0 4 4 13 9 8 7 12 12 12 
4 .s s 6 3 13 9 7 10 IO 16 
5 I s 7 3 13 9 8 I I I 

6 6 9 .s 3 1311 10 16 16 II 

7 9 10 9 2 11 10 38 38 25 
8 3 10 7 2 11 10 29 29 28 
9 10 8 10 2 14 11 26 26 38 
10 6 0 8 3 I.S 14 12 54 S4 S4 
II IO 8 8 2 15 12 48 48 48 
12 8 0 0 3 18 17 16 62 62 62 
13 s 10 0 3 18 16 IS S3 S3 53 
14 6 0 7 4 24 19 18 17 60 60 66 
15 6 6 7 3 24 20 19 66 66 60 
16 I 6 10 3 24 21 19 67 76 76 
17 6 10 7 2 22 20 
18 9 7 10 3 23 22 21 76 75 75 
19 3 9 s 2 23 22 81 79 81 
20 2 0 9 2 23 21 78 81 78 
21 8 0 0 3 27 26 25 86 89 86 
22 3 10 0 3 27 26 25 86 82 86 
23 2 6 9 3 3127 26 83 84 83 
24 10 10 8 2 2625 
25 3 6 7 3 31 30 28 94 92 94 
26 10 0 8 2 30 28 
27 5 6 8 I 28 91 IOI 91 
28 9 5 s I 29 
29 5 0 10 I 32 99 106 99 
30 2 10 0 I 32 96 94 96 
31 4 0 6 I 32 103 96 103 
32 0 0 0 0 103 106 103 

As for the re•sequencing measures, the perfect knowledge and the modified base schedules are compared. The task 
sequence in each of these schedules is examined to determine how many activities had a change in start time, had 
changed preceding tasks, additional tasks, or both changed and preceding tasks in the modified base schedule when 
compared to the perfect knowledge schedule. In Table 3, the activities with a change in task start time (robustness 
measure 3), changed preceding activities (robustness measure 4), additional preceding activities (robustness measure 
5), and both additional and changed preceding activities (robustness measure 6) are listed, as well as the count. 

Table 2. Values of Robustness Measures 1 and 2 

Project duration Duration M e■sures 
Perfect knowledge 103 Robustness I Pessimistic I 3% 

Pessimistic 136 Measurer !Optimistic I 0% 

0111imist1c 65 
Compressed pessimistic 106 Robustness IPessimJStic I 22¾ 

Expanded optimistic 103 Mcasurtl l0pum1s11c I S8% 
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Table 3. Values of Robustness Measures 3 through 6 

Resequencini Measures Ac:tivties Total 
Robustness Compressed pessimistic 18, 16, 19, 20, 22, 23, 21, 25, 30, 31, 27, 29 12 

Measure3 Expanded optimistic 4, 6, 7, 8, 9, 15, 14, 18, 16 9 

Robustness Compressed pessimistic 18,22,25,31, 19,30 6 
Measure4 Expanded optimistic 6, 7, IS, 18 4 

Robustness Compressed pessimistic 16, 20, 23, 21, 27, 29 6 
Measure 5 Expanded optimistic 4, 9, 8, 14, 16 5 

Robustness Compressed pessimistic 0 
Measure 6 Expanded optimistic 0 

CONCLUSIONS 
The main contribution of this research is the development and demonstration of a new set of performance measures 
that focuses on a schedule's flexibility to disruptions rather than the characteristics of the planned schedule. Similar 
performance measures had been studied in the job shop scheduling literature but not for the stochastic resource 
constrained project scheduling problem. A project manager can use the new measures developed as part of this 
research to evaluate a schedule's robustness, which may provide insight into future schedule planning. To compute 
the measures, a project manager would need the original (base schedule), the actual start and completion times of the 
tasks (modified base schedule), and the optimized version of the latter schedule (perfect knowledge schedule. It 
should be noted that the robustness of a schedule can only be computed after a project has been completed. 

The multiple SRCP robustness measures defined and illustrated in this research provide an initial means of assessing 
the effects of alternative scheduling methods for projects that involve stochastically occurring tasks. The multiple 
measures address different interests that a project manager would likely have: project duration and task sequence. 
The latter is particularly important because of the need to reschedule resources. 

The developed measures of robusmess can be used by researchers to test new algorithms for the SRCP where the 
goal of the algorithm is to both develop a base schedule that is insensitive to changes and a control policy that leads 
to near optimal results. In this research, two types of scheduling approaches were examined by developing an initial 
schedule and then applying a control policy to adjust the schedule when disruptions occurred. In addition, the new 
robustness measures can be used to evaluate the performance of the scheduling approach and the effect of network 
characteristics on the schedule performance. Selim (2002) has used these measures to further examine the effects of 
problem characteristics and scheduling methods for the stochastic task insertion problem. 
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A SYSTEMATIC METHOD FOR CRITICAL CHAIN PROJECT MANAGEMENT WITH 
STOCHASTIC ACTIVITY TIMES 

Jerry L. Davis, Jr., Paul M. Stanfield 
North Carolina Agricultural and Technical State University 

ABSTRACT 
One of the more recent trends in project management is the Theory of Constraints inspired Critical Chain 
scheduling. This method is often presented as more of a philosophical approach to project management. Its value is 
often exhorted by citing shortcomings in an oversimplified view of traditional network-based project scheduling. 
One more scientific contribution of the critical chain approach is the emphasis on the role of resource constraints on 
the true critical path 

In this paper, a systematic method to scheduling projects considering the role of resource constraints and resulting 
critical chain is shown. The method allows the extension of such common concepts as critical and slack resources 
as well as activities. Both single server resource pools and multiple server resource pools are considered. 

In addition, the paper demonstrates a method of dealing with stochastic activity times through the use of simulation. 
This approach determines critical indices and slack distributions for activities and resources. A specific application 
in remanufacturing, military depot operations is described in some detail. The application allows project activity 
durations to be skewed, high in variance and correlated. 

BACKGROUND 
Problem Statement 
Traditionally remanufacturing companies that service complex products tend to manage each returned unit as an 
individual project. This approach is driven by the similarity of flows to project management network charts and 
higher levels at duration uncertainty. Because of this there is a tendency to apply project management techniques to 
these complex products. At present, no systematic method exist for scheduling these operations. Developing such a 
method could help organizations justify and model realistic projects. A systematic approach in conjunction with 
simulation could further aid organizations in evaluating the probabilistic behavior. 

The intent of this paper is to show research that combines methods of project management (such as critical path 
method), and critical chain (Theory of Constraint) techniques that a systematic approach can be developed for the 
purposes of modeling remanufacturing processes. 

Remanufactu ring 
Remanufacturing is defined as "a process where worn-out products are restored to like-new condition". It is the 
most thorough form of product reuse, where product repair (returning product to functional condition), product 
recovery (recovering product parts that may be reused), and product recycling (returning product to raw materials 
state) are decreasingly thorough forms of reuse. Remanufacturing has been performed for many years on high value 
items where the economic justification is clear. Department of Defense Depots' remanufacture of aircraft, seacraft, 
and artillery serves as an example. Those historically involved in remanufacturing have recognized the added 
complexity when compared to traditional manufacturing: increased uncertainty in core supply, process routings, 
operation necessity and duration, and replacement part needs; and a two way distribution system requiring return 
and disassembly of products (reverse logistics). The added complexity and relatively small size of the 
remanufacturing industry caused little effort to be made in developing a scientific basis for remanufacturing supply 
chain operation. Most remanufacturers based their business on a set of best practices developed over time. 

The recent focus on sustainable growth has led to a boom in the remanufacturing industry. Sustainable growth aims 
to achieve current economic growth without diminishing future available resources [Ferr 2000b]. Sustainable 
growth and development has been recognized as a key research and education area in engineering [Gibn 1999]. By 
1998, the U.S. remanufacturing industry included over 73,000 firms employing over 350,000 people with sales 
exceeding $53 billion per year [Lund 1998]. Remanufacturers produced 46 product categories ranging from aircraft 
to copiers to tires to cameras and the potential has been established for 40 additional product categories. 
Remanufacturing growth, along with information technology integration and application of technological 
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innovations, is recognized as a prevalent manufacturing system trend in the 2111 century [Coat 2000). The following 
forces drive remanufacturing growth: 
Economic benefit is being recognized at an increasing level. Remanufactured products cost 40 - 65% less to 

produce [Gins 2001). Remanufacturing firms have an average profit margin of20% [Nasr 1998]. The 
energy savings associated with remanufacturing is estimated as equal to 16 million barrels of crude oil each 
year [Gins 200 I). Remanufacturing results in large-scale waste reduction, decreasing costs associated with 
landfills and pollution control [EPA 1997). 

Customer support continues to expand for companies to include more of the product life cycle, including end of life 
management. The ability to remanufacture the product gives the customer additional service options and 
the offering company a competitive market advantage. 

Market recognition of companies that are environmentally conscious leads to increased demand for that company's 
products by environmentally conscious consumers. 

Public policy direction in the United States as well as internationally continues to transfer responsibility for product 
environmental impact to the source company. European regulations force product disposal responsibility 
onto manufacturers. Current landfill regulations in the U.S. compel domestic manufacturers to consider the 
same product disposal issues. Manufacturers are legally restricted from keeping others from 
remanufacturing their products.[Horm 1999). 

Strategic management drives companies to adapt to this higher level of environmental awareness and sustainability 
as a necessity for long-tenn growth. This emphasis is well documented in management literature [Seng 
200 I, Gins 2001). 

Yet remanufacturing has several challenges that limit its growth. These challenges include: 
Operational issues which are mentioned above. The two primary issues include the process of recovering and 

disassembling the products (reverse logistics) and higher levels of uncertainty in product return rate, 
product condition, process routing, operation necessity and duration, replacement part needs, capacity 
requirements, and demand [Guid 1999). 

Product feasibility for remanufacturing dictates a high level of part standardization and interchangeability and the 
ability to economically disassemble the product. 

Economic feasibility for remanufacturing requires that the product components retain high value. Much of the value 
added to the product during its manufacture must still exist at the end of life. Products that require 
substantial reconstruction or have low market value do not tend to exhibit economic benefit from 
remanufacturing. Original product manufacturers may seek to discourage remanufacturing in order to 
promote sales of original product. 

Technical stability in product composition facilitates remanufacturing due to a decreased effort, capability, and 
inventory required for version management. 

Safety issues influence remanufacturing when remanufactured products have, or are perceived to have, a lower level 
of quality than original products. 

Market awareness for remanufactured product availability must be attained in a way that does not jeopardize the 
original product supply chain. 

In a time where economic growth and environment protection constantly appear in competition, remanufacturing 
presents perhaps the strongest solution, protecting the environment in a way that continues to meet consumer 
demand. As companies look for innovative means to improve their supply chain and adapt to growing levels of 
environmental responsibility, remanufacturing will become an increasingly attractive option. Despite its many 
advantages, the decision to remanufacture is fundamentally economic. Instituting a remanufacturing system affects 
product design, production, distribution and marketing. Product design must address the product feasibility, 
technical stability, economic feasibility, and safety issues [Ferr 2001). Production and distribution must address the 
operational and economic feasibility issues. Marketing must take advantage of the customer support and market 
recognition advantages and address the market awareness issue. Recent research reveals that there exists a huge 
need in terms ofremanufacturing system optimization, evaluation, and control tools; as well as analytic and practical 
research [Nasr, 1997, Guid 2000]. The lack of such tools and methods is cited as a major impediment to entry into 
the remanufacturing industry. A critical need to increase the feasibility of the industry is the improvement of 
remanufacturing scheduling. 
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Remanufacturing Scheduling 
A small body of research addresses remanufacturing scheduling. Fundamental research often uses Markov Chain 
[Laan 1997, Inde 2001] or other dynamic programming [Grav 2000, Rich 2000, lnde 2001, Kies 2002, Teun 2002] 
formulations. These solutions may point to strong operational policies, but are not directly applicable to real 
problems. The methods do not consider the intricacies of the remanufacturing operations. Often computer 
simulation is used to evaluate policies in a real environment [Guid 1997, Kang 1998, Kies 2002, Teun 2002b]. A 
mixed integer program was used to determine a reverse logistics system structure. A commonality among all these 
approaches is the required use of the computer as the solution tool. These approaches also point towards a solution 
approach similar to that advocated by Hicks [Hick 1999]. 

A second issue is the modeling of the system parameters. Systems parameters were modeled as fixed, Beta [Guid 
1996]; exponential/Markovian [Guid 1997, Laan 1997 Inde 2001], with correlation [Laan 1997], Coxian-2 [ Laan 
1997], and general uncorrelated [Kang 1998]. From these models and the general observations about 
remanufacturing, several issues regarding system parameters must be represented. Consider the case of the 
operation time. Operation times tend to have a variety of shapes and exhibit much skewness, thus representative 
distributions must be flexible. Secondly, operation times from the same product tend to have high correlation, so 
covariance structure must be recognized. Finally, operations may not be necessary, resulting in an operation time of 
0, requiring modeling by mixed distributions. 

Traditional Project Management 
Traditional project management is achieved through use of network charts. Activity on Arc and Activity on Node 
are two network representations useful for identifying critical task. Typically the Activity on Arc is used with PERT 
(Program Evaluation Review Technique), which is used when task durations are modeled as stochastic. The 
Activity on Node technique is used with CPM (Critical Path Method), which is generally used when model task 
durations are deterministic. 

The Activity on Node technique, or CPM, evaluates a network diagram that is constructed by linking the task 
together by order of precedence restraints (see figure I). Each task is represented as a node that displays the 
following characteristics for the given task times; Early Start (ES), Early Finish (EF), Late Start(LS), Late 
Finish(LF), and Duration (see figure 2). This method has several steps that determine a project's critical path, those 
tasks which must be completed without effecting the overall project due date. These steps are as follows: 

Figure 1: Sample Project Network Diagram 

D 1 r.r j 

LS • ..., _ _ '.::__j •-""' 

Figure 2: CPM Network Node 

I. Represent activities as nodes with assigned durations. 
2. Align nodes based on order of precedence from start to finish. 
3. Perform a "forward pass" first 
4. Perform a "backward pass" second 
5. Calculated the slack (total, free, and interfering) 
6. Identifying all critical tasks and determine the project critical path 

Traditional Project Management vs. Theory of Constraints 
Some remanufacturing facilities use project management techniques to manage their schedules. A technique that 
could be applied is known as Critical Chain scheduling, which is proposedly the product of applying the theory of 
constraints to project management. Critical chain scheduling takes into account the human behavior of 
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unconsciously and consciously adding in extra time buffer when it comes to assigning and evaluating the many 
individual tasks that combine to make a project. This is achieved by aggregating all of the safety time built into task 
at the end of the project into one large project buffer, as well as resource buffers and feeder buffers. 

Critical chain scheduling is similar to that of the traditional project scheduling primarily because both methods 
manage an amount of uncertainty to complete the project on a specific due date, as well as establishes these early 
start and early finish dates, by employing the use of precedence relationships. 
Steyn discusses in both of his articles that although there are similarities between critical chain scheduling and 
traditional project management scheduling techniques, such as the CPM method, there are many differences as well 
[Steyn 2000, Steyn 2002]. The concept of the critical path, which are those task ofa project must be completed 
without effecting the projects end date, associated with traditional project management methods does not take into 
account resource availability although much of the project management software available does allow for some sort 
ofresource management. While critical chain scheduling takes into consideration a task completion time though 
precedence, but by also placing those tasks which are restrained by the same resource are scheduled in a series 
fashion. Although both critical path and critical chain use precedence relationships, critical chain utilizes both 
resource limitations and availability to calculated expected due project completion, locating and identifying all 
buffers spaces and times, while ensuring that resources are not loaded beyond there capacity by perfonning level 
loading procedures. Critical chain scheduling utilizes the theory of constraints five steps to help manage and 
evaluate projects [Rand 2002]: 
1. Identify the constraint. 
2. Exploit the constraint. 
3. Subordinate the non-constraints to the decisions of exploiting the constraint. 
4. Elevate the constraints. 
5. Repeat and determine if new constraint is present. 
Locating the critical chain is the first step of identifying the constraints; they are synonymous. In doing so it makes 
it clear which task are those which need to be completed without obstruction or delay to keep the project on 
schedule, thereby subordinating non-critical task to those of the critical chain. It is then possible to schedule task in 
a way that best utilize the resources at hand thereby elevating an overall performance. 

SYSTEMATIC APPROACH METHOD 
The remanufacturing industry tends to treat each unit to be remanufactured as an individual project. These multiple 
projects may be committed to the same or various due dates, but they will require use of the same limited number of 
resources. Typically deterministic times are used to help schedule or track the flow of task, but in reality there is a 
high degree of variability from project to project, and their corresponding tasks. An approach must be constructed 
that systematically models the remanufacturing process of product disassembly and then reassembly while 
accounting for stochastic times and distributions. 

Graphical Representation 
The approach has been developed so that it may be executed manually (aided graphically) or automatically (aided by 
computer). The equations developed to help facilitate the graphical representation will contribute to a computational 
procedural approach to complete the critical chain process. The process that the systematic approach requires is a 
critical chain based extension to the CPM process, which was outlined previously in the section on traditional 
project management. The difference however is resource constraints must be introduced into the network diagram. 
This and so allows the model to move beyond identifying the critical path to detect the critical chain. 
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This is accomplished in the same fashion as traditional project management by following the existing steps: 
l. Representation of Node on Diagram 
The network-diagramming node, previously shown in figure 2, has to be expanded to include the resource R, for 
activity i, along with the earliest resource start time (ER1) and late resource finish time (LR,). Figure 3 displays the 
result of this node evolution. 

ES. F.F, 

-~2 ER . ., .... 
LR 1~ ••. 

LS, 
R, LF, 

Figure J: Expanded CPM Network Node 

2. Align Nodes based on Precedence chart 
Nodes are subject to their immediate predecessors (all immediately connected tasks that must be completed before 
reaching this node which succeeds them) and immediate successors (task that can not begin until the completion of 
all the immediately connected tasks which precede it). For the CPM process these are identified as follows: 

S,(n) • ,Ill activity in successor set f or task i 
P,(n) • ,Ill activity in predecessor set for task i 

As an example, consider the project represented in Table I. This table depicts the duration, precedence constraints, 
and resource constraints for all the activities. A simple project example of the precedence chart and its diagram can 
be seen in both Table land Figure 4, respectively. 

Table 1: Sample Pro_ject Precedence/Resource Table 

i\ctivit\' Duration 1'1cccdcncc Resource 

A 4 - Sortinl! 
B 7 A Rollers 
C 3 A Shears 
D 3 C Rollers 
E 4 B,D Bundle 

r~ \ El' 
( :\ II rr u r. II 
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S.-irtul~ l.f Noll<t I.I' lliMIII• LT 
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.. .!!.... l'R 
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l,'I 
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l.S, - [.t' 

Figure 4: Sample Project Network with Expanded Nodes 

Forward and Backward Passes 
The third and fourth steps to the indentification of the critical chain require the performance of the forward and 
backward passes. Performances of throughout the length of the project indicates the tasks: 
• Early Start lime: The earliest possible moment that task can begin. 
• Early Resource time: The earliest possible moment that the required resource is available. 
• Early Finish time: Earliest possible moment that the task can expect completion. 
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• Late Start time: The latest possible moment that task can begin before effecting downstream tasks and 
associated slacks. 

• Late Resource time: Latest possible moment that the required resource can expect completion without effecting 
down stream tasks and associated slacks. 

• Late Finish time: Latest possible moment that the task can expect completion without effecting down stream 
tasks and associated slacks. 

The system type, be it push or pull, determines which pass type to perform first. Push Systems are represented by 
performing the forward pass first, and backward pass second, and vice versa for pull systems. 

Forward Pass First 
The example presented in this paper represents that ofa push system. Performing the forward pass first helps the 
push system to focus on the best way to schedule tasks based on resource availability. Performing the forward pass 
first means to start work as soon as the predecessor is complete, and a resource is available. 

3. Perform "Forward Pass" First 
Now that the nodes are aligned according to precedence, the early start (ES;) and early finish (EF1) variables can be 
calculated on an activity when performing a forward pass; however it must be noted that unlike the CPM process an 
activity can only start now if both the precedence is complete and resource is available (the early resource start time 
is defined by the function ER1). 

ES,• max.EA 
'rlk t P, 

Where P, is the predecessor set for activity i. 

ER; ~ maxEFx 
'd.r,il, 

Where Lj is the set of activities already assigned to resource j in forward pass. A dotted line is drawn to from the 

activity generating the maximum EF... This line represents the resource precedent constraint. 

EF, = max [ES, , ER;} + D, 

Where D1 is the duration time for activity i. 

For the simple project example referred to figure 5, the ordered resource set at the end of the forward pass would be, 
Ls.,,1rng {A},Lshw, -{CJ, Lro11m ={B,D}, Lsultdl• ={£}. 

Figure S: Example "Forward Pass" First 

For activity "D" the early start is determined by ES0 = max EA = [C(7)] = 7 . The early resource start is 
"rlhPo 

determined by ER0 • max EFx = [B(J /)]=I I. The early finish time is determined by EF0 = max [ES0 , ER0 ] 
"rlxeSi, ,~, 

+ Do ., max [7, I I J + 3 = I I + 3 = I 4. The difference between the earliest project finish time and actual due date is 
the critical chain project buffer. 
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4. Perform "Backward Pass" Second 
Perfonning a backward pass indicates the task late finish and late start times, along with the late resource finish 
times. The method can effectively model this process by deriving the following equations: 

LF, - minLSk 
'rlkES. 

Where S; is the successor set for activity i. 

LR,= min LS, 
xe.L1 and ES,>ES1 

Where Lj is the set of activities already assigned to resource j in backward pass. 
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Figure 6: Network after backward pass 

For example of Activity "C" in figure 6, the late finish is determined to be LFc = min LSk = {D(l /)] = I/. The 
'ltkESc 

late resource finish time is determined to be LRc = min LSx - [End(7)] = 7. The last start time is 
xe/..JuJturs(11) a,,J £Ss >£Si 

detennined to be LSc = min {LFc . LRc] - De = min { 7, I/] - 3 = 7-3 = 4. 

Backward Pass First 
Pull systems stipulate that work is not begun until a customer need or due date has been established. This due date 
becomes the project due date. This date allows for the backward pass to be perfonned first. Perfonning the 
backward pass first shows the latest possible time that a task can be started before it impacts the critical chain and 
project completion date. The equations necessary to calculate ES, ER,. EF. LS~ LR, and LF, for each node are the 
same as those presented in the forward pass first section. 
Backward pass first: When perfonning the backward pass, tasks are not allowed to start until a time when the 

expected completion and resource times met that of tasks successors. 
Forward pass second: Perfonning the forward pass second demonstrates the amount of buffer time available from 

time Oto the last possible moment of time to start the project without being delayed, as well as those 
resources which are to be best utilized are identified. 

Task Slack 
Those tasks that have no slack are defined as critical tasks because any amount of delay that occurs within these 
activities affects the beginning and ending of every other downstream activity. As such it is critical to identify these 
tasks, since these activities will reflect the true progress and status of the project. The ability for a task to have 
slack, simply means it has a limited amount of flexibility built in where it can be delayed without ultimately 
delaying the overall project deadline. Task slack maybe categorized as being either free or interfering. Free slack is 
the amount of flexibility that activity has without affecting its immediate successors and other down stream 
activities; while interfering slack is any amount of this available slack when used could effect its immediate 
successors, buffers and possible even the project's completion date. Task slack can easily be converted to critical 
chain feeder buffers. 
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S. Calculate Task Slack: 
Task Slack (TS;) is defined by the following function: 

TS; =LS,-MAX [ES, , ERJ) = Min [LF1., LR;]. - EF1 

For the simple example of this section, refer to Table 2 where the total slack from the activities from Figure 6 are 
calculated and critical task marked. 

Table 2: Identifying critical task by calculating total slack 

0 = 11-Max 11,7 X 
0 = 14 - Max 14,0 X 

6. Highlight Critical Task to Identify Critical Chain: 
For the simple project example, refer to Figure 7, the critical chain is shown to be activities "A", "B", "D", and "E". 
We also learn that activity "C" has four units of slack available for a feeder buffer between this non-critical task and 
the critical task "D". 

II 

Figure 7: Critical Chain Identified 

Resource Slack 
Resource slack can be shown and analyzed by means of representing the resource in a Gantt chart. When a task 
begins to use a resource, the resource is scheduled and shown as being busy. Critical tasks are shaded to shows the 
index which will require the use of that resource, and therefore cannot be moved. Resource slack is then visually 
seen as the resource idle time between tasks. The resource is deemed critical at times when task appear scheduled 
back to back (see figure 8). Resource slack can easily be converted to critical chain resource buffers. 
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Q) 
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Figure 8: Resource Gantt Chart 
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FUTURE RESEARCH 
In practice, organizations use deterministic times to model and analyze their critical chains, however this is not a 
true and natural representation ofremanufacturing operations. Future research will analyze the impact of the 
inaccurate representation. Remanufacturing systems will be simulated with the ability to represent skewed, 
correlated and mixed distributions. The types of resource constraints will be expanded to consider: 
• Multiple resource pools where only a single resource is required per task (an extension of the current model) 

and 
• Multiple resource pools where multiple resources may be required per task, requiring the adjustment of the 

resource allocation representation from a Gantt Chart to a two dimensional loading chart. 

Simulation 
The simulation will be constructed, conducted and observed from the task standpoint of single resource or multiple 
resource availability. While considering the single and multiple resource pools, models for stochastic task durations 
will also be considering the following task conditions of correlation or independence between tasks. The 
information gained from the simulation of these models can help to better identify those tasks that are truly critical 
to a particular project. This would be accomplished by developing an observed criticality index accurately 
portraying the tasks distribution levels, and determine the impact of accurate operation time modeling. 

Criticality Index 
Simulations allow numerous runs of projects, allowing for a more accurate representation of the distributions 
associated with the task. As the model times of the distribution and duration change, so does the criticality of a task. 
A criticality index be can be calculated to show from the observed data the probability that a task is critical. Small 
fluctuations in either the task or resource availabilities can cause the critical chain to constantly change. However, 
between these multiple and seeming every changing critical chains, those tasks and resources with higher criticality 
index are ultimately the ones on which to focus. 

Distributions 
In addition to the criticality index, distributions for the project completion time/project buffer, task slack/feeder 
buffer, and resource slack/resource buffer can be estimated. Such distributions, when appropriately communicated, 
lead to better decisions considering the impact of risk. 

CONCLUSION 
The work presented in this paper presents a systematic approach method to identifying the critical chain for project 
management. Geared towards the remanufacturing industry, work done to date on this method included modifying 
traditional project management and critical chain management techniques to systematically track and represent task 
and resource requirements simultaneously. The use of simulation was discussed as means to help further future 
research, because the systematic approach methods lends itself to be easily manipulated by computational methods. 
Simulations would have the acquired ability to identify those tasks that are truly critical, and the flexibility to 
accurately model the true distributions. 
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CONSTRUCTION EDUCATION IN A NEW ERA 

James Folkestad and Mostafa Khattab 
Colorado State University 

INTRODUCTION 
Infonnation technology is changing the way that we conduct business and furthennore is the mechanism that is 
transfonning the past industrial economy into a knowledge-based workplace. This transformation is apparent in the 
turbulent nature of today's business environment. Reengineering and rightsizing have been rampant as employers 
and workers struggle to redefine what their core business entails. This includes how they add value, improve 
productivity, and profit. As workers retool in response to this change, they are seeking new skills and education that 
can help them cope and be productive in this new economy. 

Peter Drucker, has espoused for years that we are now entering a post-capitalist society in which the current worker 
will be replaced by knowledge workers and service workers. What exactly is a service or knowledge worker? How 
do films that employ them prosper and expand? Furthennore, if service and knowledge workers are what we truly 
need then how does this development impact higher education? This paper will discuss issues related to the 
advancement in information technology and the need for a direction change in higher education. This includes a 
strategic plan that will redirect our educational organizations to capitalize on the new knowledge economy. This 
may include redirecting how we describe and market our programs so that they are attractive to a new breed of 
knowledge worker. Construction education and the construction industry will be the target of this paper to provide 
an example of the critical need for a new strategic direction. 

THE THIRD WA VE 
In the United States we have witnessed three economic waves. Economic activity in the first wave was dominated 
by agriculture, where the majority of the population was employed in farming. The industrial revolution brought the 
second economic wave and a period of dislocation and change as people moved into the cities to learn new 
vocations and to live. Workers in the U.S. are experiencing similar uncertainties and fears as we move into the third 
economic wave, which has become know as the knowledge or service economy. 

The current economy is dominated by knowledge and service organizations. Knowledge and service occupations 
make up 74 percent of U.S. jobs and provide 77 percent of the added value. The third wave economy has been 
growing rapidly since the I 960s when the service sectors of our economy has grown at 25 percent and the 
remanding industries including manufacturing, agriculture, mining and construction have expanded at a sluggish I .5 
percent (Hope, 1997). 

In the third wave economy, the intellect of the people or the information that they have acquired is the primary 
resource. How this infonnation is deployed will be critical as companies strive to transition their operation toward 
service. AEC fums that focus on controlling bytes such as digitizing construction documents instead of atoms, 
paper based CAD drawings for example will be moving the company into the knowledge or service economy. 
Changing business processes to include more electronic docwnentation and processes will allow for quicker 
response times and allow for company expansion. 

Taking this one step further, in construction the percentage of production activities are going down or being 
outsourced as service activities such as design, marketing and customer support are rising. In fact, many 
construction companies see their future profitability coming from services such as design build, and view some 
business areas as simply not profitable. It is sometimes difficult for individuals to understand new realties and to 
figure out where future prosperity will come from, however, higher education needs to take a look at its programs 
and refocus and redefine them to take advantage of the opportunity associated with the knowledge economy. 

THE FUTURE OF CONSTRUCTION EDUCATION 
The Marketing Services Department of McGraw-Hill's Construction Information Group conducted a survey to 
identify future trends for the construction industry and education. More than 240 construction fums participated in 
the survey. In general the findings of this survey indicate that information technology and knowledge work will be 
of primary importance and a top area for growth for AEC firms over the next I 5-20 years (NCIEF, 1995). 
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Figure l points out that nearly six out of ten respondents indicated that research and development in the area of 
infonnation technology would alter the way AEC finns conduct operations in the next 15-20 years. Furthennore, 
both integrated project management and environmental issues ranked as important future areas for growth. 

In addition, 37 percent of the respondents indicated advanced infonnation technologies as their first choice for 
helping AEC finns conduct business in the future. And, the most important required skill for architects, engineers, 
and consnuctors 15-20 years from now is the ability to integrate information (NCIEF, 1995). 

I st Choice 2no Choice 3'° Choice Not Selected 

Information Technolo2Y 58.8% 13.2% 10.3% 17.7% 

Integrated Project Management 4.4% 26.5% 10.3% 68.1% 

High Performance & Other New 
Materials 19.1% 17.7% 27.9% 35.5% 

Environmental Innovations 10.3% 14.7% 17.7% 57.3% 

Material Recycling 4.4% 5.9% 13.2% 76.5% 

Specialized EQuipment 2.9% 20.6% 20.6% 55.9% 
Figure 1. Areas R & D will alter in the future (NCJEF, 1995). 

These findings indicated that the future of AEC work will revolve around knowledge and the manipulation of 
infonnation. The future of consnuction will belong to the knowledge worker. This represents a large opportunity 
for university programs like CSU's construction management to align itself to take advantage of these educational 
needs and markets. 

KNOWLEDGE-BASED STUDENTS 
The service and knowledge economy has arrived and with it the rules of economic exchange are being altered. This 
can be witnessed as knowledge workers acting alone are impacting mega corporations, with their thoughts and ideas, 
causing them to react to their directive. Radical hackers and insurgents are the new research and development arm 
of industry. "In fact, the big guys eat stan-ups for breakfast to fuel their insatiable need for new ideas. Many find it 
cheaper to buy the innovation they desire. In every industry, the edges are now driving the center" (Tarlow and 
Tarlow p. 19, 2002). 

This new knowledge economy is more than just a new economic driver; it is a new creative and vibrant place to 
work. The best students are attracted to knowledge jobs, because they are creative in nature and exciting. 
Furthermore, using networks and infonnation technology, knowledge workers have an avenue to get their ideas 
implemented. This digital generation is no longer content with waiting; they are no longer interested in "holding 
on" until they have "put in their time" with a company to get their ideas heard. Today, in the knowledge economy 
they are finding ways to not only get their ideas recognized; they are impacting corporate direction. 

We have witnessed this new breed of worker at Colorado State University (CSU). In fact, when we were promoting 
an academic program based on these ideas a student by the name of Ben Clark approached us letting us know that he 
is one of these digital workers. Ben Clark, a communication major, is currently attempting to achieve his goal to be 
the youngest American to climb Mount Everest. He is not independently wealth, nor does he receive financial 
assistance from his parents. He works with satellite-based Web broadcasting to get his ideas into the marketplace. 
He is broadcasting his journey to those that are interested, and Ben Clark has attracted a lot of interest. Several large 
corporations sponsor his climbs, he has a lecture circuit, and stories have been written and broadcast about him on 
the local nightly news, in the local newspapers and on the CSU homepage. 

However, not many at the university understand this new breed of worker. Ben Clark does not fit the standard 
framework of what a worker should be. In fact, he was so disillusioned with his current academic program of study 
that he was considering dropping out of school. He actually had disagreements with one of his professors on how to 
publish and work. We need to understand this new digital student. Furthermore, we need to use this understanding 
to attract these highly motivated individuals to ensure that the construction industry continues to get the brightest 
students available. To miss out on this opportunity is a significant threat to the future of the industry. 
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THE EDUCATION GAP - ARE WE MISSING OUT? 
Faculty members need to understand and respond to this new digital student. As faculty members get relatively 
older it often becomes more difficult for them to relate to their students who do not understand similar points of 
reference. As the pace of change and the rapid advancement in technology move ever more quickly, this generation 
gap becomes even more apparent. Students that are entering the university today have grown up in a digital world. 
Soon students will be entering the universities that have never known the world without the Internet. They will not 
understand the world of film-based photography, they are digital by nature. Furthermore, they will not need to 
readjust their thinking to work with wide area networks of information and people, these systems will simply be 
something that they use, similar to how we are accustomed to using the telephone. 

We are witnessing the rise ofa new generation of students/workers that are described not so much by their age as 
by their way they see and interact with the world. They are operating within the digital world, using the freedom of 
networking and communication, to carve their own direction and to make a difference. 

Construction Management - Image 
At Colorado State University we do not have a shortage of construction management students; we are attracting all 
that we can serve. We have restricted the program and are turning students away based on their grade point average 
(GPA). Furthermore, CSU's construction management program is one of the largest such programs in the country. 
Currently we have close to 650 majors and the program continues to grow. 

The construction management program is attractive to students because after graduation they are almost guaranteed 
employment. During their tenure at CSU they typically experience two professional internships, which give them 
valuable work experience. The students that graduate from the program can add value to their company 
immediately after being hired. Most of the students leave the university with multiple job offers from several 
different fortune 500 firms. 

The issue at CSU is not the quantity of students interested in the program it is the quality of the students that are 
being attracted. Currently we require that students enter the program with a 2.3 GPA. As we know this is not stellar 
academic performance, however, we continue to have a large sum of students wavering around the 2.3 GPA and 
being denied access based on their inability to make this grade. A large number of students that enter our 
construction management program enter the program after having attempted another major first. For example, we 
get internal transfer students from both the College of Business and the College of Engineering. They are typically 
leaving those programs to enter our program after they have failed to meet their entrance requirements, which are as 
high as 3.0. 

So why don't students enter the construction management program first? Why isn't construction management their 
first choice? We believe it is image. Our industrial partners agree that the current image of the construction 
profession does not "speak" to young people. Colorado organizations like the American General Contractors (AGC) 
are working to improve the image of the construction industry at the high school level. Lee Bloom the director of 
education and training for the Colorado AGC has been working with the Denver public schools and their career 
development councilors to understand the image of the profession and the apparent disconnect with students. After 
reading a study that was conducted by the National Construction and Maintenance Image Steering Committee, Lee 
set out to verify their findings. She was able to confirm, according to the students she talked with, that the two main 
reasons for not entering the construction field were safety and environmental (land is being destroyed by urban 
sprawl). These two reasons are interesting and speak to several issues. 

First, jobsite safety is one of the primary concerns facing managers in the construction industry. Findings from 
surveys and research conclude that the construction industry is the most accident-prone industry in the country. A 
Business Roundtable report estimates that accidents cost the construction industry over $9 billion annually and the 
National Safety Council reports construction employees incur 19.46% of all deaths and 10.5% of all accidents even 
though they account for only 5.6% of the total labor force in the U.S. 

Although risk mitigation is something that the industry needs to address, risks are primarily associated with a small 
portion of construction jobs. However, most people associate the construction profession with the hardhat and 
heavy equipment and subsequently "high risk." It is no surprise that safety is one of their top reasons for wanting to 
avoid the profession. As a group we have not gone to great lengths to promote the diversity of jobs in our 
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profession, and we have not done much to correct this hardhat and heavy equipment image. At CSU, for example, 
the most highly visible classes on campus, the ones that students see as they walk across the campus, are surveying 
and materials. In surveying students walk around the campus with hardhats, stand in ditches and hold equipment. 
In the basic materials class, students labor over cement mixers, wearing hardhats and holding shovels. 

Furthennore, in our classrooms, faculty are often reluctant to adopt new technologies. At CSU we have not adopted 
new infonnation technologies such as 4D Computer Aided Design (CAD) or Internet based project management. In 
order to "speak to" and attract the new digital student we must change how we operate. In an article written on the 
crisis in civil engineering, Nehdi agrees "we can no longer only cling to techniques of the past, but must introduce 
and support a wide range of technological advancements that will fundamentally change the way we do things in 
civil engineering. Only then can we expect the hardhat down in the ditch image to change" (2002, p.132). 

Furthennore, young people are concerned about environmental issue and they want to make a difference. Growing 
up in a digital world they understand the power of connections; they have grown up using chat rooms and have 
spawned their ideas among their peers. This way of thinking is fundamentally different. These digital children are 
highly motivated and driven to make a difference in the world that they live within. Furthennore, many of the 
motivated ones are making this difference now. 

For example, John Mlade is a graduate student a CSU. He has a passion for the environment and ecology. He is not 
just studying at CSU to earn his degree - he is using digital technology and knowledge to promote his ideas. His 
electronic newsletter (Bio-inspire) reaches close to 500 people and covers issues related to biomimicry or mimicking 
nature in design. Tarlow and Tarlow wrote about these new knowledge workers in their book Digital Aboriginal. 
This new generation is, "forging new business scenarios based on their insatiable creative spirit. They are driving 
new values in the workplace from their relentless commitment to reshape the future with greater meaning" (2002, 
p.ix). 

Faculty within CSU's Construction Management program, and programs like it, need to develop a plan that 
addresses the new economic drivers, speaks to these new digital students, and attracts highly motivated knowledge 
workers to their programs. The growth of the construction profession and other professions like it depend on 
attracting these highly qualified students. The construction profession needs to reinvent its image from the hardhat 
in the ditch to one of a digital knowledge worker who is focused on making a difference. 

CONNECTING TO THE DIGIT AL STUDENT 
As we experience turbulent economic times and our industrial-based economy transitions to one of knowledge, 
production and service, education needs to reinvent itself. CSU's construction management faculty are beginning to 
identify many opportunities that can be leveraged to realign its program with the knowledge economy. The key is 
being able to align programmatic strengths with these opportunities and then to generate goals that will drive the 
program in that direction. 

As has been presented, the construction management profession is on the brink of a boom in infonnation technology 
that will translate into productivity gains. This is an opportunity that must be exploited. First construction 
management programs, such as CSU's, needs to start educating students in this area. Educators need to become the 
leaders in such infonnation technologies as 4D CAD and web-based project administration. 

As higher education programs begin to establish such strategic goals they need to focus on marketing their new 
program direction. It is not enough to implement these new technologies within existing classes. We need to 
promote these knowledge-based courses through exposure, making them visible across our campus. When freshman 
have a class in the CM building they need to see the knowledge projects that students are developing. They need to 
see knowledge-based careers - ones that change the image from the hardhat and the shovel to eomputers and 
creativity. 

Furthennore, green-building, design-build and biomimicry are all attractive to students interested in careers that 
provide them an opportunity to make a difference. The market for these specializations appears to be growing. In 
addition, at CSU we have the Center for the Built Environment that specializes in green-building and the designed 
world. The alignment of these strengths and opportunities provide us with a clear direction and real opening to build 
a reputation and image based on concepts that attract active and driven students. Building knowledge/service-
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oriented programs is only the beginning. A marketing plan that connects the new program to this new breed of 
knowledge worker is what will improve student quality and ultimately strengthen the profession. 
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Naval Research Laboratory 

INTRODUCTION 
The U.S. Navy has identified the need for an accurate, user-friendly navigation device to guide amphibious craft 
drivers. The standard navigation equipment in these craft has proven inadequate. Problems associated with the 
current navigation processes include, but are not limited to, low visibility, complex task management, and cramped 
internal space. 

A moving map system provides the user with an accurate and visual depiction of the operating environment. This 
enhances both the driver's and the navigator's situational awareness, which is required for critical decision-making 
and operational safety. The Naval Research Laboratory (NRL) has been developing and testing moving-map 
devices hosted on commercial hardware and software in an effort to demonstrate such a navigation system on a 
variety of platfonns. This system would provide helpful information to the craft operator, including determining 
position, displaying position, aiding in controlling position, and displaying waypoints. 

BACKGROUND 
The Amphibious Assault Vehicle (AAV) (Figure I) is equipped with few navigational aids, and the crew has limited 
visibility from inside the vehicle. The crew chief uses a periscope - or intermittently pops the hatch - for improved 
visibility. The driver has limited visibility through small windows, which are often obscured by sea spray, so the 
driver must rely heavily on the crew chief for direction. In some cases, the crew chief is issued a Precision 
Lightweight GPS Receiver (PLGR), which displays vehicle location as latitude and longitude coordinates on a small 
handheld device, but the PLGR is not available on all AA Vs, and many crew chiefs (including several who 
participated in our demonstrations) are unfamiliar with its operation. Many crews do not even have a compass. 
Some AA Vs may be equipped with a thermal imaging display in the future, but this has not been installed in any 
vehicles to date. The United States military has recognized the threat posed by mines on land and in the sea, and has 
taken many steps to address that threat. "Both historical precedent and the nature of today's asymmetric threats 
indicate that [the seasJ will be mined, making mine countermeasures capabilities (MCM) a critical element of our 
operational requirements." (Johnson/Jones, 2000) 

Figure I - AA Vs on the Beach at Camp Pendleton 
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APPROACH 
The baseline mode of AAV operations chosen for this study called for the crew chief to use a hand-held PLGR and 
relay positional information to the driver, who then made course corrections. For our comparison case, the driver 
could view the moving-map display directly, and the PLGR was not used. Differential Global Positioning System 
(DGPS) positions and starting I ending timestamps were recorded by the NRL-MM system computer along the 
tracks traversed during demonstration runs. Informal interviews with crewmembers were conducted before and after 
each run to obtain crew feedback, address concerns and answer questions. 

NRL MOVING MAP SYSTEM 
The NRL Moving Map navigation system integrates relatively low cost, commercial off-the-shelf (COTS) DGPS 
hardware with government off-the-shelf (GOTS) moving-map software. Table I lists system hardware and software 
components. The system includes a DGPS antenna and receiver capable of establishing exact position within 5-
meter accuracy. DGPS data is processed by a high performance, ruggedized, water-resistant computer running the 
Falcon View program, a component of the Portable Flight Planning System (PFPS) software suite. The system can 
be loaded with a full range of military standard format charts from the National Imagery and Mapping Agency 
(NIMA), the National Oceanic and Atmospheric Administration (NOAA), and various conversion chart imports 
(such as geo-rectified GEOTIFF formats) of other non-military standard commercial products. Overlays (e.g., lane 
geometry) can be used to enhance situational awareness. Figures 2 and 3 show an example of a complete lane and a 
zoomed-in view that the driver might use, respectively. 

a e . omponen T bl I C ts fNRL M 0 OVlnl! M S t ap ,ys em 
Hardware Components Software Components 

Arswnaut comouter Windows 2000 Ooerating System 
Furuno DGPS receiver (GP-36) Falcon View (PFPS) 

Furuno DGPS antenna Headin2 Sensor lnte2ration Software 
I Nauticomp display - I 0.4" 

Furuno Ma211etic Heading Sensor (PG-1000) 

Figure 2 - Lane Geometry Figure 3 - Zoomed-In View 

The computer, DGPS receiver, and heading sensor are all located in the aft of the vehicle. The computer is 
contained in a water-resistant case (figure 4), and secured to the starboard side troop bench. This configuration is 
for a prototype installation, as the system location is not currently reasonable for actual military operations. The 
display is attached to the driver hatch, with an adjustable mounting. The DGPS antenna is located just forward of 
center on the outside of the vehicle. Figure 5 shows all of the major hardware components. Figure 6 shows the 
driver's display, with the AAV driver hatch open. Figure 7 shows the display as it appears during actual operation. 
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Figure 4 - System Location 
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Figure S - Hardware Components 
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Figure 6 - Display (Open Hatch) Figure 7 - Display (Closed Hatch) 

DEMONSTRATIONS 
NRL has demonstrated the moving map system on AA Vs several times in Camp Pendleton, CA, and Gulfport, MS. 
In addition to the AAV, NRL has also demonstrated this system on the Navy's Landing Craft Utility (LCU) and 
Landing Craft Air Cushion (LCAC). The main concern of this paper, however, is the AAV demonstrations. 

The first AA V demonstration took place in May 2002, in Gulfport, MS, with the cooperation of the 3rd Platoon, 
Company A, 4111 Assault Amphibian Battalion Reserve Unit. Preliminary data from these tests, collected by both 
NRL and the Navy Coastal Systems Station (CSS), suggested that the moving map supports improved lane 
navigation performance, compared with the use of a PLGR. Crew feedback was also very positive: AA V 
crewmembers reported that the moving-map system was easy to operate with minimal training and very effective in 
helping operators keep the vehicle within the lane. As one operator put it, "This is a step in the right direction!" 
(Lohrenz, et al., 2003) 

A following demonstration at Fleet Battle Experiment-Juliet, Camp Pendleton, CA (July 2002) elicited many 
insightful comments and suggestions for improvements. Several crewmembers mentioned that when the vehicle 
was stationary, the map display rotated, causing driver disorientation and annoyance. When the vehicle is 
stationary, the DGPS can not calculate heading, so it will emit random "guesses," frequently causing a radical 
change in the perceived orientation. After raising these concerns, NRL was funded by the Office of Naval Research 
(ONR) to integrate a magnetic heading sensor into the system, effectively stabilizing the map display. 

The heading sensor integration was tested in Gulfport in October 2002, and again in Camp Pendleton in November 
2002. These demonstrations proved the effectiveness of adding the heading sensor to the system. The drivers 
reported that they had a better awareness of the vehicle's orientation, without having to raise the hatch and visually 
locate their position relative to the beach. 

Final tests and demonstrations of the moving map system took place on AA V platfonns during the Transparent 
Hunter 2003 (TH03) exercise in January 2003 at Camp Pendleton. 

PRELIMINARY RES UL TS 
Data was collected from each of the demonstrations, and results were calculated using cross-track error (CTE). CTE 
is calculated as the perpendicular distance between the planned route and the actual track (recorded as a series of 
latitude and longitude points obtained from the DGPS receiver): 

CTE, = ABS [(Y E-Y 5)(X2M)(Y2M)(Xp•Xs) - (XE-Xs)(X2M)(Y2M)(Y p· Y 5)] / 

SQRT [ (X2M(Xe-Xs))2 + (Y2M(YE-Ys)) 2
] 

Where (Xp,Yp) = longitude (X) and latitude (Y) of the DGPS point along the actual track, 
(Xs, Y s) = longitude and latitude of the starting point of the planned route segment, 
(Xe, YE) = longitude and latitude of the ending point of the planned route segment, 
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X2M = constant to convert longitude into meters (for the average latitude of the course), 
Y2M = constant to convert latitude into meters (which is independent oflongitude). 

The CTE for the entire track is calculated as the average of the CTEp's for all points recorded along the track. The 
track is broken into turns and straight sections, and average CTE values are calculated separately for each section, 
for comparison purposes. The minimum lane width required by a vehicle can be approximated in terms of the CTE: 
(µere+ 2oCTE) accounts for 95% of the variability of the track. Therefore, the tops of the error bars in figure 8 
provide a reasonable estimate of the minimum required lane width for the AAV platforms used in this study 
(Lohrenz, et al., 2003}. 

Figure 8 - Sample Data Results 

Figures 9 through 11 show examples of different AA V runs from each demonstration location. The difference 
between navigating using the PLGR and using the moving map is clear. 
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Figure 9 - July 2002 
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User feedback indicates that the drivers were extremely satisfied with the use of the moving map display. Based on 
preliminary findings, it was clear that without the moving map system, the driver's visibility was so limited that it 
was difficult to remain in a predetermined lane. This was the case even when the drivers were receiving direction 
vectors based on the military PLGR. When using the moving map display (which was physically located 6 inches 
away from the driver's face) the driver was able to remain very close to the center of the navigation lane. The 
navigation lanes were intentionally not set to be perpendicular to the beach but instead, oriented at an angle that 
would make it very difficult to use visual references to maintain accurate navigation. One promising comment 
noted, "This was the most accurate set of beach landings the drivers had done." 

From the data accumulated to date, NRL has shown that it may be possible to reduce the width of cleared lanes 
through mined areas. However, it has also been suggested that the moving map system be used to navigate around 
known mines and/or mined areas. By using a moving map system in this fashion, it may be possible to completely 
eliminate the need to clear the mines at all, leaving only the need to locate them. This has the potential to save time, 
money, and possibly the lives of those involved. 
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INTEGRATED PORTFOLIO SELECTION PROCEDURE INCORPORATING MULTI-CRITERIA 
DECISION MAKING TECHNIQUES AND ALTERNATIVE MEASURES OF RISK 

E. Ertugrul Karsak, S. Sebnem Ahiska 
Galatasaray University 

ABSTRACT 
The use of variance as a measure of risk in portfolio optimization has been widely criticized since investors' 
perception of risk is not, in general, symmetric around the expected return and the degree of risk aversion varies 
among investors. The downside risk concept has been gaining popularity among investors whose concern is to 
minimize the risk of obtaining a return below a target return rather than to minimize the variance. One of the popular 
downside risk measures is the semivariance, which measures the risk of obtaining a return below the portfolio' s 
expected return. This paper presents a comparative analysis of the mean-variance and the downside risk 
optimization approach using semivariance as a measure of risk, via an empirical example where the problem of 
portfolio selection with the stocks quoted in Istanbul Stock Exchange (ISE) is considered. An integrated two-phase 
approach consisting of a preselection procedure employing two multi-criteria decision making techniques, namely 
AHP and TOPSIS, and a portfolio optimization model is proposed. Then, the performance of efficient portfolios 
constructed using variance and semivariance as measures of risk is analyzed, and the effectiveness of the 
preselection procedure is illustrated. Further, a nonparametric test is employed to reveal if a significant difference 
exists between the composition of the efficient portfolios of the mean-variance optimization and the semivariance 
optimization. 

INTRODUCTION 
Portfolio optimization, as defined by Sing and Ong [l], is a process which determines the most favorable 
combination of assets such that the portfolio is stochastically dominant with a minimum risk at all levels of expected 
return. There exist a number of optimization models that can determine the most efficient mix of asset portfolios. 
One of the most well-known and widely used of these models is Markowitz's mean-variance optimization model, 
which is basically a quadratic programming formulation using variance as a measure of risk. However, this model 
has been widely criticized for having two serious limitations [I, 2, 3). First, the use of variance as a risk measure is 
inadequate when asset returns are skewed, i.e. asymmetrically distributed, and a number of studies indicate that most 
risky assets do not have a symmetrical bell-shaped distribution. Asymmetrical return distributions render the 
variance a deficient measure of risk since it penalizes the return dispersions above the expected return that are 
considered as desirable for a rational investor as well as the undesirable return dispersions below the expected 
return. Second, the degree ofrisk aversion, which differs among investors, is ignored in the mean-variance 
optimization model. In order for an optimization model to be appropriate for an individual investor, it should be 
tailored so as to reflect her specific level of risk aversion (3). Investor risk aversion can be incorporated into the 
portfolio optimization model by defining the risk as the likelihood of asset return going below a prMpecified target 
return that represents the degree of the investor risk aversion. Such a risk concept is named downside risk, which has 
been considered as a more robust measure of risk overcoming both limitations of the variance. First, it focuses only 
on the deviation below a pre-specified target rate of return and as it involves only the left-hand tail of the 
distribution, in contrast to the variance, it is an appropriate risk measure for asset returns having an asymmetrical 
distribution. Second, the optimization model considering the downside risk as a risk measure does not overlook the 
investor risk aversion since downside risk approach enables the investor to specify a target return rate, which reflects 
her risk attitude. 

In a number of studies, it is indicated that a downside risk measure that focuses on the return dispersions below the 
expected return, or below a target return, may be a more appropriate risk measure than the variance. In theory, 
applications of the downside risk optimization approach should result in portfolios that are equally or more attractive 
in terms of their return/downside risk ratio than those constructed using the mean-variance optimization approach. 
Sing and Ong (1) and Sivitanides [2) address the issue of comparing the downside risk and mean-variance models 
with respect to generating less risky portfolios at a given expected return, and they conclude that portfolios 
generated by a downside risk optimization model are more efficient in terms of risk-return than those generated by 
the classical mean-variance model. However, Cheng and Wolverton [4] criticize these two studies by demonstrating 
via an empirical analysis the logical pitfalls encountered when comparing downside risk and mean-variance models 
based on one's risk measure. It is trivial that downside risk efficient portfolios are more risky in terms of standard 
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:viation or less risky in tenns of downside risk, whereas mean-variance efficient portfolios are more risky in tenns 
f downside risk or less risky in tenns of standard deviation. Cheng and Wolverton [4] state that as each model 
1inimizes its own risk measure, it is viewed as inferior when judged from the other model's risk perspective, and 
ms, a fair comparison of downside risk and mean-variance models requires a common risk measure. Since a 
ommon risk measure is not yet available, another measure such as average return or tenninal wealth across a 
ariety of investment horizons can be considered for a fair comparisoo. Cheng [5] proposes a bootstrap simulation to 
etennine the model which constructs ex-post portfolios that are likely to yield higher ex-ante returns, and finds out 
,at downside risk efficient portfolio return distributions tend to have smaller left tails and larger median returns 
nan those of mean-variance efficient portfolios. Grootveld and Hallerbach [6] approach the problem from a 
lifferent perspective. Rather than examining which model produces better portfolios, they address the question of 
vhether there is a significant difference between the efficient portfolios of mean-variance model and those of the 
lownside risk models using root mean squared dispersion index (RMSDI) to measure the difference between 
lortfolios' composition. 

Konno and Yamazaki [7] propose the mean absolute deviation as an alternative risk measure to variance stating that 
it leads to a linear programming model in contrast to a quadratic programming model, resulting in less 
computational burden. Furthermore, they state that the optimal portfolios constructed by both models are similar to 
each other. Feiring et al. [3] present a comparative analysis of Markowitz mean-variance model and the downside 
risk model in the Hong Kong stock market. A comprehensive review of the history of modem portfolio theory from 
1950 to 1997 and guiding discussion regarding its future is presented in [8]. 

The objective of this paper is twofold. It analyzes both the effect of a preselection among stocks, which is 
accomplished by employing multi-criteria decision making techniques, and the outcomes of the use of different risk 
measures in the portfolio optimization models in tenns of portfolio performance. Fundamentally, two portfolio 
selection models are considered: the classical mean-variance model and the downside risk optimization model using 
semivariance as a measure of risk. The mean-variance model is a mathematical programming model that considers 
the variance of return, i.e. both upward and downside deviations from the expected return, as a risk measure and 
aims its minimization. The second model is an optimization model that considers the downside deviation from the 
portfolio's expected return as a measure ofrisk and seeks its minimization. 

First, a preselection procedure that aims to incorporate the financial perfonnance of the companies into the portfolio 
selection process via the two multi-criteria decision making techniques, namely analytic hierarchy process (AHP) 
and technique for order preference by similarity to ideal solution (TOPS IS), is employed. As a result of the 
preselection procedure, a reduced set of companies which financially outperform their peers in the respective 
industry is obtained. Next, the mean-variance model is applied respectively to all stocks and to the reduced set of 
stocks obtained using the preselection procedure, and the effectiveness of the preselection procedure is inquired. 
Then, the semivariance optimization model is applied to the reduced set of stocks. Following that, the comparative 
performance analysis of the efficient portfolios obtained by two portfolio selection models is presented, and the 
effectiveness of the variance and semivariance as a risk measure is investigated. Finally, the differences in portfolio 
composition of semivariance and mean-variance optimization models are analyzed. 

The paper is organized as follows. The next section presents the portfolio selection decision methodology. The 
mean-variance and the semivariance optimization models are introduced in sections 3 and 4, respectively. In section 
5, the multi-criteria decision aids employed in the preselection procedure are briefly presented. In the subsequent 
section, a comparative performance analysis of all constructed portfolios is presented, and concluding remarks are 
denoted in section 7. 

DECISION METHODOLOGY 
The portfolio selection problem is composed of three main stages [6]: 
i. The collection of the relevant data such as the asset price, and the estimation of the relevant parameters 

such as the asset return and the covariance between asset's returns. 
ii. The determination of the efficient frontier where the efficient portfolios that have the lowest risk for a given 

expected return lie. The efficient frontier is often delineated by a mathematical programming model that 
has the objective of minimizing the risk subject to the constraints on portfolio's expected return and on 
asset weight composition. 
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iii. The selection of the appropriate portfolio for an individual investor among efficient portfolios depending 
on her specific preferences. 

The aim of this paper is to compare the performance of two portfolio optimization models rather than to select the 
appropriate portfolio for a specific investor. Therefore, the third step of the portfolio selection problem described 
above will be neglected. In this study, the stocks quoted in Istanbul Stock Exchange (ISE) are considered for 
portfolio construction. ISE appears as a well-established stock market increasingly attracting the attention of 
international investors, who are willing to invest in emerging markets. Since its reorganization in January 1986, ISE 
has grown rapidly as an alternative investment medium. The market capitalization of listed shares has shown a 
remarkable increase from $0.9 billion at the end of 1986 to $69.5 billion as of 2000. 121 stocks that belong to twelve 
sectors in ISE are included in this study. The years 1998 and 1999 are selected as the estimation period, and the first 
half of year 2000 is determined as the holding period. The weekly closing prices of the stocks are used in calculating 
the weekly returns. The weekly Treasury bill rate in the first half of 2000, which is 0.8%, is considered as the risk
free investment rate. 

This study analyzes the performance of the portfolios constructed by an integrated use of a preselection procedure 
and a portfolio optimization model in order to test the effectiveness of both the proposed preselection procedure and 
semivariance compared to variance as a measure of risk. Five portfolios are generated for each optimization model 
by varying the portfolio's minimum required rate of return. The portfolios are estimated based on historical weekly 
returns in 1998 and I 999, and then they are assumed to be held for six months in 2000. Their performance in the 
holding period is determined according to their Sharpe indexes calculated in that period. Sharpe index of ISE I 00 
index, which is considered as a benchmark, is also computed for comparison purposes. 

The steps pursued in our study can be summarized as follows: 
i. A preselection procedure employing AHP and TOPSIS as multi•criteria decision tools is used in order to 

obtain a reduced set of stocks considering the key financial performance criteria. 
ii. By using the classical mean•variance optimization model, efficient portfolios with and without preselection 

are estimated. Next, their performance in the first halfof2000 is determined using the Sharpe index, and 
thus, the use of the preselection procedure is investigated. 

iii. The semivariance optimization model is constructed for the reduced set of stocks obtained after applying 
the preselection procedure, and by assigning different values to the minimum required portfolio return 
parameter ( p ), an efficient frontier is delineated. 

iv. The performance of the portfolios obtained by each optimization model is compared to the performance of 
ISE I 00 index to test the use of mathematical models in portfolio selection in an emerging market. 

v. The semivariance efficient portfolios are compared to the mean-variance efficient portfolios with respect to 
Sharpe index values to analyze the differences in their performance, and a nonparametric test, namely 
Wilcoxon signed rank test, is applied to reveal if a significant difference exists in their composition. 

THE CLASSICAL MEAN•VARIANCE OPTIMIZATION MODEL 
The mean-variance optimization model developed by Harry Markowitz in the early 1950s [9], known also as the 
traditional Markowitz model, is based on the modem portfolio theory which involves maximization of the expected 
return holding constant the variance or minimization of the variance holding constant the expected return. It sets 
forth a mean-variance efficient frontier where portfolios that are convex combinations of risky assets having the 
lowest variance at a minimum portfolio return lie. In this model, the variance is considered as the portfolio's risk 
measure. The Markowitz model is fonnulated as follows: 

n n 
min z= L, L X;XJ(J/J 

i=lj=I 
st 

n 
L X;'; ';? p 

i=l 
(1) 
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n 
LX1 =l 

i=l 

x1 ~o, i = I, 2, . .. , n 

where x, is the proportion of the stock i in the portfolio, u IJ is the covariance between the rate of return of stock 

i and that of stock j , r; is the average rate of return of stock i over all periods, p is the minimum required rate of 
return of the portfolio, and n is the number of stocks that are to be evaluated. 

The objective of this model is to minimize the variance. In the constraint set, there exists a constraint assuring that 
the efficient portfolio has a minimum expected return p, and another constraint assuring that the sum of the 
proportions equals to unity, i.e. the total amount of money invested in stocks equals exactly to the budget. In this 
study, we assign the return parameter p five values ranging from 1.6% to 2.4% with step size of 0.2%, and obtain 
five efficient portfolios, respectively. 

THE SEMIV ARIANCE OPTIMIZATION MODEL 
The downside risk approach is not a new concept as it was introduced in 1952 with Roy's "safety first" rule that 
measures the probability of outcomes falling below a target return l 1 OJ. Akin to the "safety first" rule, the downside 
risk is defined as the mean squared deviation of return below a target return. Therefore, it is a better risk measure for 
investors who are more sensitive to return dispersions below some target return compared to the likelihood of the 
portfolio return going above the target return. 

The generalized concept of downside risk is called lower partial moment (LPM). Equation (2) gives the n-order 
LPMas 

T 
LPM n(r,r1 )= f(r-r1 )" dF(r1), (2) 

-00 

where r is the target return, r1 is the return of asset i, dF(r,) is the probability density function of return on asset 
i, and n is the order of moment that describes an investor's preference ofretum dispersion below the target return. 
The common classes of LPM are the probability of loss ( n = 0), the target shortfall ( n = 1 ), the target semi variance 
( n • 2), and the target skewness ( n = 3) [I]. By changing the parameters n and r, it is possible to create several 
downside risk measures. For a fair comparison to the variance, in this study, LPM with n = 2 will be considered as 
the downside risk. From equation (2), it can be concluded that downside risk measure increases as the magnitude 
and the likelihood of the deviation below the target return increase whereas variance increases also as the magnitude 
and the likelihood of the deviation above the target return increase, which appears absurd to a rational investor who 
would not tend to penalize the deviations above the target return. 

When modified by the introduction of downside risk measures, Markowitz's mean-variance model leads to 
downside risk optimization models. The downside risk optimization model involves essentially the selection of an 
efficient portfolio such that the lower partial moment, i.e. the likelihood of the portfolio return (r P) falling below 

the target rate of return, is minimized [11}. All the constraints of the Markowitz's mean-variance model are kept in 
the downside risk optimization model while their objective functions consider different risk measures to be 
minimized. A downside risk portfolio selection model is illustrated below. 

T D 2 

minz= :E _J_ 

J=IT-1 

st 
n 

Di-VJ =r- L x;rij , J= I,2, ... ,T 
i = I 
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n 
Lx,r; ~P 

i = 1 
n 
LX; =1 

i = I 
x,,Di,Ui ~0, ;c 1,2, ... ,n;j= 1,2, ... , T 

(3) 

where Di is the return dispersion below the target rate of return, U i is the return dispersion above the target rate of 

return, T is the number of periods, x; is the proportion of stock i in the portfolio, n is the number of stocks to be 

evaluated, rii is the rate ofretum of stock i in periodj, r, is the average rate of return of stock i over all periods, r 

is the target rate ofretum, and p is the minimum required rate of return of the portfolio. 

It is possible to define several downside risk measures, and thus several downside risk models, by changing the 
value of the target return, r. In this paper, the portfolio's expected return will be assigned to the target return, which 
yields to the semi variance optimization model. r = expected rate of return is a desirable measure for an investor 
who wants to minimize the semivariance of her investment, that is the downside deviation from the expected rate of 
return. 

n 
For the semivariance optimization model, T is not known beforehand, and has to be fonnulated as L x;r, . Hence, 

i = I 
the deviation of the portfolio's rate ofretum from the expected rate of return in periodj can be fonnulated as 
follows: 

n n n n 
rx,r, - L X;r'I = L (r, -rij)xi = L aijx/, j = 1,2, .... r 

i=l i=l i=I i=I 
(4) 

where aiJ represents the deviation of the stock i ' s rate ofretum from its average in periodj. By using the deviation 

formulation obtained above, the semivariance optimization model can be fonnulated as follows: 

T D 2 

min z = I - 1
-

i =l T-t 

st 
n 

Di -Ui = L aiJx, , j=l,2, ... ,T 
i = l 

n 
Ix,r, ~ p (5) 

i = I 
n 
LX; =I 

i=l 
x1,Di,U1 ~0 i = I, 2, ... , n ; j = l, 2, ... , T 

In this paper, using semi variance optimization model, a number of efficient portfolios are constructed by varying the 
minimum required expected return parameter, p. 

PRESELECTION PROCEDURE 
Fundamental analysis involves an economic analysis of a company to assess its economic prospects. Fundamental 
analysis investigates the earnings, cash flow, profitability, and debt burden of a company. In order to detennine 
whether fundamental analysis is of use in detecting the best stocks, a preselection procedure that leads to a reduced 
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set of stocks is employed, and then, by taking into consideration this reduced set, portfolio optimization models are 
used to determine the efficient portfolios. 

The preselection procedure is performed separately for each sector and the three stocks that have the best financial 
perfonnance in each sector according to the predetennined criteria are detected. Since twelve sectors are considered 
in this study, a shortlist including 36 stocks is obtained after applying the preselection procedure. 

In the preselection phase, two groups of financial ratios, i.e. for the banking sector and for industries other than the 
banking sector, each comprising nine financial ratios are taken into account. The preselection procedure is composed 
of two steps. In the first step, AHP is used to calculate the importance weights of the criteria, which are the key 
financial ratios. In the second step, by using the importance weights determined via AHP, TOPSIS is employed to 
determine the performance ranking of the companies in the respective sector. 

AHP 
AHP (analytic hierarchy process) is a multi-criteria decision making technique developed by Saaty [ 12). It is based 
on ratio scales and pairwise comparisons. The success of its use rests with the ability of the decision maker to 
express his preferences within a formed hierarchic structure. This hierarchic structure can take several related fonns, 
all of which descend from an overall objective down to criteria and subcriteria, and finally, down to alternatives. A 
relative ratio scale of measurement is derived from pairwise comparisons of the elements in a level of the hierarchy 
with respect to an element of the preceding level. In AHP, the relative importance values are determined using 
pairwise comparisons with a scale of l to 9, where a score of I indicates equal importance between the two elements 
and 9 represents the extreme importance of one element compared to the other one. The values in between signify 
varying degrees of importance between these two extremes. The relations ai; = 1/aJJ, where a9 denotes the 
importance of the i th element compared to thej th element, and a;,= I are preserved in the pairwise comparison 
matrix to improve the consistency of the judgments. 

In this study, return on assets (ROA), non-interest revenues/non-interest expenses (NIR/NIE), liquid assets-to-debt 
ratio (LAID), shareholders' equity/loans (SEIL), shareholders' equity/total assets (SEif A), return on equity (ROE), 
nonperfonning loans/total loans (NPL/TL), PIE ratio (PIE) and market-to-book ratio (MY/BY) are defined as criteria 
for the banking sector while return on assets (ROA), current ratio (CR), acid-test ratio (ATR), net profit growth 
(NPG), return on equity (ROE), short-term liabilities/total liabilities (STL/TL), debt-to-equity ratio (DIE), PIE ratio 
(PIE) and market-to-book ratio (MV/BY) are considered as criteria for companies excluding banks. The respective 
pairwise comparison matrices are constructed with the aid of industry experts to detennine the importance weights 
of criteria. For both pairwise comparison matrices, the inconsistency ratio is computed as 0.03, which is 
considerably lower than the maximum allowable inconsistency ratio of 0. 1. The pairwise comparison matrix and 
importance weights of the criteria for the banking sector, and the pairwise comparison matrix and importance 
weights of the criteria for companies excluding banks are illustrated in Table I and Table 2, respectively. 

Table J. Pairwise comearison matrix and imeortance weights of the criteria for the banking sector 
Importance 

Banking Sector ROA NIR/NIE LAID SE;/L SEffA ROE NPL/TL PIE MV/BV weight 
ROA I 1/3 l/3 112 117 1/5 1/5 1/9 '/4 0.022 
NIR/NIE 3 2 3 1/5 113 1/3 1/5 ½ 0.057 
LAID 3 1/2 2 1/5 113 1/3 1/5 ½ 0.045 
SEIL 2 113 1/2 1/5 114 1/3 1/7 1/3 0.032 
SE/fA 7 5 5 5 l 2 3 1/2 4 0.221 
ROE 5 3 3 4 1/2 I 2 1/3 3 0.141 
NPL/fL 5 3 3 3 1/3 1/2 l/4 2 0.104 
PIE 9 5 5 7 2 3 4 I 5 0.306 
MV/BY 4 2 2 3 1/4 113 1/2 1/5 0.072 
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Table 2. Pairwise comearison matrix and im~rtance weights of the criteria for comeanies excluding banks 
Companies Importance 
excluding banks ROA CR ATR NPG ROE STLffL DIE PIE MV/BV weight 
ROA 1 3 1/2 1 1/5 1/5 1/3 1/7 1/3 0.037 
CR 1/3 I 1/3 1/2 115 1/7 l/3 l/9 1/5 0.022 
ATR 2 3 1 2 1/4 114 1 115 1/3 0.056 
NPG 1 2 1/2 l/4 115 1/2 117 1/3 0.036 

ROE s 5 4 4 1 1/2 3 1/3 2 0.152 
STL/TL 5 7 4 5 2 4 1/2 3 0.212 

DIE 3 3 1 2 1/3 1/4 1 1/5 ½ 0.063 

PIE 7 9 5 7 3 2 5 5 0.322 

MV/BV 3 5 3 3 1/2 1/3 2 1/5 0.100 

TOPSIS 
TOPSIS is a widely accepted multi-criteria decision making technique due to its sound logic, simultaneous 
consideration of the ideal and the anti-ideal solutions, and easily programmable computation procedure [13]. 
TOPSIS is based on the intuitive principle that the preferred alternative should have the shortest distance from the 
ideal solution and the farthest distance from the anti-ideal solution {14). 

The traditional TOPSIS approach uses the Euclidean nonn to nonnalize the original attribute values, and the 
Euclidean distance to calculate each alternative's distance from the ideal and anti-ideal solutions. The ideal solution 
is named as the one having the best attribute values attainable, and the anti-ideal solution is detennined as the one 
possessing the worst attribute values attainable. The relative closeness (proximity) of each alternative to the ideal 
solution is calculated based on its distances from both the ideal and anti-ideal solutions at the same time. The 
preference of the alternatives is detennined by ranking the calculated closeness measures in a descending order. The 
fundamental steps ofTOPSIS are summarized as follows: 

i. Normalization of the data: The vector normalization is used for computing the nonnalized data riJ as 

riJ =J[i, i=l,2, ... ,m;J=l,2, ... ,n 
m 2 
I: xiJ 

i = 1 
where x,J denotes the performance rating of the i th alternative with respect to the j th criterion. 

(6) 

ii. Calculation of the weighted normalized data: The weighted normalized data viJ is calculated as follows: 

vy =w1 rif, i=l,2, ... ,m;J=l,2, ... ,n 

where w is the weight of the j th criterion. 
J 

(7) 

• iii. Oetennination of the ideal and anti-ideal solutions: The ideal solution ( A ) and the anti-ideal solution 

( A-) are defined in terms of the weighted nonnalized values as 

A' •{ (":ax v, If e J), (m;"' v, Ii e J '), ; = 1,2, . .• m} 

={ v1• ,J=l,2, .. . ,n} 
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[ •{(~in v, IJ e J),("'j'x v, IJ e J'), I• 1,2, ... m j 
= { v1_ ,j = 1,2, ... ,n} 

where J is the set of benefit criteria and J' is the set of cost criteria. A benefit criterion is defined as one 
of which the preference increases as its value increases (e.g., return on assets). By contrast, a cost criterion 
is defined as one of which the preference decreases as its value increases (e.g., debt-to-equity ratio). 

1v. Calculation of distance measures: The distance between alternatives can be measured by then-dimensional 
Euclidean distance. The distance of each alternative from the ideal solution is then given by 

, i = I, 2, ... , m (8) 

Similarly, the distance from the anti-ideal solution is denoted as 

n 2 L (v
11 

-v
1
_) 

j = I 
,i=I, 2, ... ,m (9) 

v. Calculation of the closeness (proximity) to ideal solution: 

v-:-
C;= ' ,i=l,2, ... ,m 

v,· + v; (10) 

where C; denotes closeness of the i th alternative to the ideal solution. Note that O S C, :;; I , where C, - 0 

when A1 = A- and C, = I when A;= A•. 

vi. Detennination of the preference order: Rank the alternatives according to C, in descending order. 

In this study, TOPSIS is used to evaluate the financial perfonnance of the companies listed in ISE. TOPSIS is used 
for each sector separately employing the importance weights of the financial ratios calculated via AHP, and the three 
stocks having the best financial perfonnance in each sector are determined. As twelve sectors are considered in this 
study, a shortlist comprising 36 stocks is obtained after applying the preselection procedure. 

COMPARATIVE PERFORMANCE EVALUATION OF THE PORTFOLIOS 
In this study, performance of the portfolios in the first six month-period of2000 is evaluated by employing Sharpe 
index as a perfonnance measure. Sharpe index is the most widely used performance measure that derives from 
modem investment theory [15). It takes into account the risk and the excess return of the portfolio that is to be 
evaluated. Excess return is the average rate of return of the portfolio in excess ofa risk-free rate ofreturn such as 90-
day Treasury bill rate. As an investor can obtain a risk-free rate of return without taking any risk, it is not rational 
for her to invest in a risky investment if it will not yield a return greater than the risk-free rate of return. Therefore, 
excess return per risk is a better measure than average return per risk in the performance evaluation of the risky 
investment. 

Sharpe index, which is one of the excess return per risk measures where the risk is defined as the standard deviation, 
is presented as follows: 

( 11) 

where S1 is the Sharpe index of portfolio i , r, is the average rate of return of portfolio i, r I is the risk-free rate 

of return and a; is the standard deviation of the rate of return of portfolio i. 
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This study considers the weekly short-term Treasury bill rate in the first six month-period of 2000, which is equal to 
0.8%, as the risk-free rate of return. Then, the Sharpe indexes of all the portfolios obtained by considering variance 
and semivariance as measures of risk are calculated, and compared to each other and to the Sharpe index of ISE 100 
index. Finally, conclusions are derived on the performance of both portfolio optimization models. 

First, the mean-variance optimization model is applied to 121 stocks with p ranging from 1.6% to 2.4% with step 

size of0.2%, and five efficient portfolios are obtained. The Sharpe index values that indicate the performance of 
these portfolios in the first six month-period of 2000 are given in Table 3. 

Table 3. The performance in the first half of2000 of the efficient portfolios generated by the classical mean-variance 
model without preselection 

p 
0.016 
O.ot8 
0.020 
0.022 
0.024 

Rate of return Variance Standard deviation 
0.008545 0.006273 0.079201 
0.008203 0.005714 0.075591 
0.007328 0.005090 0.071345 
0.006095 0.004580 0.067674 
0.005088 0.004474 0.066889 

Sharpe index 
0.006882 
0.002686 
-0.009414 
-0.028147 
-0.043529 

Second, the preselection procedure presented in section 5 is employed. 36 stocks that are obtained after applying the 
preselection procedure are considered, and a set of portfolios is determined by using the mean-variance model. The 
Sharpe index values of these portfolios in the first six-month period of2000 are shown in Table 4. When we 
compare the results presented in Table 3 and Table 4, we observe that Sharpe index values in Table 4 are higher then 
those in Table 3. Thus, the integrated use of the preselection procedure and the mean-variance model leads to 
portfolios of higher performance. 

Table 4. The performance in the first half of2000 of the efficient portfolios generated by the classical mean-variance 
model after preselection 

p Rate of return Variance Standard deviation Sharpe index 
0.016 0.010580 0.010572 0.102821 0.025092 
0.018 0.010747 0.010074 0.100367 0.027371 
0.020 0.010818 0.009561 0.097781 0.028820 
0.022 0.009614 0.008006 0.089475 0.018043 
0.024 0.008671 0.006736 0.082072 0.008175 

After applying the preselection procedure, we have calculated the efficient frontier for the semivariance model, as 
well as for the mean-variance model. The efficient frontier is composed of five efficient portfolios possessing the 
minimum risk at a given minimum required return of 1.6%, 1.8%, 2.0%, 2.2%, and 2.4%, respectively. The Sharpe 
index values of the semivariance efficient portfolios are given in Table 5. 

Table 5. The performance in the first half of 2000 of the efficient portfolios generated by the semi variance model 
after preselection 

p 
0.016 
0.018 
0.020 
0.022 
0.024 

Rate of return 
0.015041 
0.014970 
0.014982 
0.013677 
0.012390 

Variance Standard deviation 
0.015895 0.126074 
0.014665 0.121 JOO 
0.012852 
0.010743 
0.008865 

0.113368 
0.103648 
0.094156 

Sharpe index 
0.055850 
0.057556 
0.061589 
0.054775 
0.046621 

When we compare Sharpe index values of the efficient portfolios obtained after applying the preselection procedure 
and conducting either mean-variance optimization (Table 4) or semivariance optimization model (Table 5) to that of 
ISE 100 index, which is calculated as -0.1274 for the first half of 2000, we observe that all of them outperfonn ISE 
100 index. Consequently, we can conclude that the use of mathematical models in portfolio selection proves to be 
helpful for investors in an emerging market. 
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Then we compare the results in Table 4 to the ones in Table 5, and observe that Sharpe index values in Table 5 are 
higher than those in Table 4. Therefore, we may conclude that semivariance optimization model produces efficient 
portfolios of higher perfonnance compared to the mean-variance optimization model, that is, semi variance can be 
considered as a better measure of risk compared to variance in our case. Finally, the difference between portfolio 
composition of the mean-variance model and that of the semi variance model for each p is analyzed by two-tailed 
Wilcoxon signed rank test [16], where the null and alternative hypotheses are stated as follows: 

H0: There is no significant difference between the composition of the efficient portfolios constructed by the 
mean-variance model and the semivariance model. 

H.: There is a significant difference between the composition of the efficient portfolios constructed by the 
mean-variance model and the semivariance model. 

Tis the test statistic that equals to the minimum of T. and T., which are the sum of the ranks of the positive 
differences and the sum of the ranks of the negative differences, respectively. The rejection region is T :S T0 where 
To is the benchmark value tabulated for each value of n, which is the total number of positive and negative 
differences, and the significance level a , which is taken as 0.05 in our analysis. 

Table 6. Wilcoxon signed rank test results for a = 0.05 
n T~ T.. T r. 

0.016 IS 76 44 44 25 
0.018 15 73 47 47 25 
0.020 14 53 52 52 21 
0.022 14 49 56 49 21 
0.024 13 45 46 45 17 

Wilcoxon signed rank test is applied to each pair of portfolios constructed by varying the minimum required return 
parameter, p, from 1.6% to 2.4% with a step size of 0.2% and the results obtained are summarized in Table 6. As we 
can observe in Table 6, T > T0 for all p values considered, i.e. Ho is not rejected for any pair of portfolios. Therefore, 
we may state that mean-variance model and semivariance model yield portfolios possessing similar compositions. 

CONCLUDING REMARKS 
This paper proposes integrated use of multi-criteria decision making techniques and semi variance as a measure of 
risk in portfolio selection in an emerging market. A comparative performance analysis of portfolios constructed 
using variance and semi variance as measures of risk is presented throughout the paper. The basic conclusions 
reached can be summarized as follows: 

First, all the efficient portfolios obtained by the mean-variance and the semivariance optimization models using the 
historical data of 1998 and 1999 outperfonn ISE I 00 index in the test period, i.e. first six month-period of 2000. 
Therefore, the use of mathematical models in portfolio selection proves to be useful in an emerging market, and 
thus, is highly recommended for investors. Second, when portfolio selection models are applied to a reduced set of 
stocks determined after implementing a preselection procedure consisting of the multi-criteria decision making 
techniques, namely AHP and TOPSIS, that consider key fmancial ratios as criteria, efficient portfolios of better 
performance are obtained compared to the case without preselection. Consequently, fundamental analysis may be 
useful to investors in an emerging market. Further, although efficient portfolios obtained by the semivariance 
optimization model do not significantly differ from those produced by the mean-variance model in terms of their 
composition, they yield a better performance. Hence, semivariance may be considered as a better risk measure 
compared to variance in our case. 

Finally, we may conclude that the integrated use of a preselection procedure, which consists of multi-criteria 
decision making techniques that take into consideration key financial ratios as criteria, with an optimization model 
employing semi variance as a measure of risk leads to efficient portfolios of higher performance. 
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AN EXPERT SYSTEM OF JEFF BEZOS' KNOWLEDGE: CHAIRMAN OF AMAZON.COM 

Robert L. Mullen 
Southern Connecticut State University 

ABSRACT 
This paper describes building an expert system to advise dot.com entrepreneurs with knowledge from an expert-
Jeff Bezos. Mr. Bezos is well-known for the success of his business, AMAZON.COM. This study demonstrates 
how public infonnation on Mr. Bezos can be used to build an expert system of his knowledge. 

INTRODUCTION 
Expert Systems have exploded in last decade of the 2(11' century to provide advice and assistance in various areas of 
managerial support. One area where these systems are applied is to capture the knowledge of a recognized expert so 
that managers can access that knowledge easily. This paper describes the devebpment of such an expert system 
applied to the knowledge of JeffBezos as an example of how such systems could be built. 

The idea is to tap the mind of the expert such that a less expertise person can solve problems nonnally handled by 
the expert without the expert having to be present. In the 1990s and early 21st century 2000s with the focus on 
downsizing and need to cut costs in all area, managers of large corporations have turned to expert systems to provide 
advise when the cost of hiring an expert (comultant) or access to a previous expert employee who has been 
downsized is gone. The recent interest in knowledge management has caused a renewed interest in expert systems as 
a means to manage knowledge for easier and wider distribution. 

This paper addresses the area of advising corporation managers on the use of Internet technology with knowledge 
from an expert in technology and business management- Jeff Bezos. Mr. Bezos is well-known for founding 
AMAZON.COM. He is an excellent choice as an example ofhow the application of expert system technology can 
be used to spread knowledge from an expert to others with less expertise. It might be appropriate information for the 
Web. The main source for obtaining his business philosophy was the book titled "AMAZCN.COM" by Robert 
Spector published by Harper Collins Publishers in the year 2000. 

NATURE OF THE STUDY 
This study involves the continued experimentation of appropriate areas for Expert System technology. Over the past 
five years, the writer has worked on various examples of expert systems to provide some hands-on examples for 
students in an MIS course with that title. The first attempt was to capture the expertise of a fellow faculty member 
who teaches in the field of law. We focused the system on bankrupt(¥ law (chapter 7 vs. chapter 11). The second 
attempt was to build an expert system of the knowledge of Peter Drucker. Other examples of management experts for 
whom the writer has developed expert systems include: Jack Welch, Lou Gerstner, the late Dave Thanas, Bill Gates, 
and Alan Greenspan. This paper focuses on building an expert system that would capture the knowledge of Jeff 
Bezos. 

RESULTS OF THE STUDY 
The first step in the study is to determine how to collect the specific knowledge from the expert i1Yolved. Figure 1 
describes the components of any expert system such that the reader can understand what is going to be involved. 
Figure 2 outlines the specifics areas of knowledge that JeffBezos has addressed in some form that has become 
public record so that the expert system developer could have some idea of the nature of the task at hand. 
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FIGURE 1 
Components ofan Expert Systems 

Dialog Screen 
Knowledge Base 
Inference Engine 

Presentation 

FIGURE2 
Outline of Knowledge Categories of Jeff Bezos' Work 

LEADERSHIP 
• If you have financial backing, do not be concerned with shorttenn profits. 
• Do not be afraid to take risks. 

MANAGEMENT 
• To compete today in business, you must get "big" fast. 
• Always brace for competition and be ready to "strike back". 

BUSINESS STRATEGY 
• Work to build an enduring global franchise. 
• Strive to make your business scalable for eventual cost savings and profit. 

TECHNOLOGY INNOVATIONS 
• Must innovate to be successful in business today. 
• Need to "think outside the box". 
• Always think "NEW''. 
• Hire people with creative new ideas. 

The second step is to organize the knowledge summarized in Figure 2 into statements of the form "if ... then .... " in 
order to build the knowledge base. The third step will be to design the appropriate dialog with a manager to 
understand the manager's situation which may benefit from some guidance from Jeff Bezos. The system supplies the 
advice of JeffBezos. 

FIGURE3 
Step Two - Developing the Expert System Knowledge Base 

If .......................... Then .. ... . ....... .... ... . 

If an organization lacks new ideas and willingness to change, then you as a technology innovator must provide it. 

If you have no new ideas, then you must hire people who do have new ideas. 
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FIGURE4 
Dialog of the Expert System 

Have you attempted to generate at least one significant new idea to the organiz.ation in the past six months'? 
Y_ Nl 

Do you believe your organiz.ation has a willingness to change? YJ_N_ 

Have you hired people recently into your organiz.ation which you believe to be brighter than you? 
Y Nx 

The last step is to describe the process of transforming the knowledge collected from the expert system into a 
meaningful presentation to the manager seeking advise. Figure 5 represents the initial design of that presentation. 

FIGURES 
The Presentation from the Expert System 

Based upon the description you provided of the problem in your firm, Jeff Bezos would have reached the following 
conclusions: 
You must assume your expected role as leader and generate some new ideas for the business or hire someone 
to do that for you. 
Verify the following facts before proceeding with this recommendation: 
Have you considered alternative of .................... . . 

CONCLUSIONS 
This paper describes the development of an expert system applied to capture the knowledge of a well-known expert. 
It has uncovered new issues associate with this intended use of expert system technology. 
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THE GLOBALIZATION OF E-COMMERCE: A SURVEY OF THE USE OF GLOBAL ORIENTED 
COMPONENTS IN E-COMMERCE WEB SITES 

Fred K. Augustine, Jr., Theodore J. Surynt and Nancy S. Surynt 
Stetson University 

INTRODUCTION 
Over the past several years it has become apparent that the Internet and the World Wide Web are at the forefront of 
a wave of change in terms of the way that we work, communicate, and do business. The rapidly maturing business 
model which utilizes information technology (specifically those technologies that underlie the Internet and the 
World Wide Web) to support the conduct of business activity is described by the terms electronic commerce (E
Commerce) and E-Business. The importance of this business model can be illustrated by the constant growth in 
terms of dollars and transactions even set against the backdrop of a stock market "correction" and an economic 
downturn. The potential of E-Commerce has been widely discussed, some estimates placing the total potential dollar 
value of the Internet economy in the 6 billion dollar range by 2005. This aggregate estimate includes a large 
component generated by business-to-consumer (82C) and business-to-business (82B) E-commerce (some estimates 
for the value of82B transactions-- by 2003 -- alone are in the 7-8 trillion dollar range). When viewed in the context 
of Business as a whole, E-Commerce still represents a relatively small percentage of the total dollar value of revenue 
generated. For example, Forrester Research estimates that on-line retail spending will reach $184.5 billion in 2004. 
As impressive at this amount may be it still represents only 7% of all retail spending (Kothari, Madison, and Witliff, 
2001). It is, however, estimated that by 2006, 20% of all B2B sales will be accomplished on-line (Thomas, 2002). 
Clearly, not only is there great potential for growth in terms of the percentage of total commerce generated through 
E-Commerce activities, but also in terms of the relative of distribution of E-Commerce taking place around the 
world. 

GLOBAL E-COMMERCE 
International Data Corporation (IDC) estimates that global E-Commerce will grow to $1.1 Trillion by 2003. As of 
the year 2000, only about 30% of all on-line shoppers lived outside of North America (Bartholomew, 2000). Total 
E-Commerce sales in Western Europe have increased from $5.6 billion to an estimated $430 billion in 2003. 
Although currently, the majority ofE-Commerce occurs in Europe and North America, the highest growth rates, 
however, are predicted for Latin America and Asia. Given this recognition of the tremendous potential for growth 
internationally, almost any discussion ofE-Commerce includes references to the global nature of the World Wide 
Web, the rapidly increasing numbers of people around the world who have internet access, and to how the Web's 
global reach will affect the growth and development of the E-commerce business model. 
U.S. companies have been slow to respond to the international growth ofE-Commerce, still basing most or their 
business within the United States. It has been estimated that: (Towley, 2003; Lieb, 2000) 

I. U.S. online sales to non-U.S. locations will reach $62 billion by 2005 (Forrester Research) 
2. Only about 10% of U.S. finns engage in true E-Business from their web sites (Forrester Research) 
3. 85% ofE-Commerce web sites only sell within the U.S. 
4. 48% of on-line retailers do not accept international orders. (Gartner Group) 
5. Of the I 5% of those U.S. firms that sell on-line internationally, most are shipping to a few countries in 

Western Europe and Asia where they can fulfill orders locally. 

Given the inherent global reach of the World Wide Web and the expanding role ofE-Business worldwide, it is 
important, if not essential, that the web sites that facilitate the conduct of E-commerce are developed with the global 
marketplace in mind. 

In this paper we seek to identify and discuss the trends, tools, and techniques used to provide a global focus to & 
Commerce web sites, and to make an exploratoiy study aimed at assessing the level of globalization currently 
present in the commercial side of the web. 

WEB GLOBALIZATION 
According to researchers at Forrester Research "There's a great myth out there that you can tap into global markets 
by putting up a Web site that anyone can access. To actually fulfill international orders, you have to address a huge 
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number of issues that are far more complex than most companies realize." (Leibs, 2000) Since the web site is the 
portal for E-Business, web sites must consider the global aspects of Electronic Commerce. 
Numerous authors have examined the issues involved in global on-line commerce. Bin and Chen (2003) maintain 
that the most imponant problems in global E-Commerce are language, payment systems, and logistics. Good and 
Schultz (2002), cite 5 major groupings of E-commerce challenges in global markets: 

l. Account Servicing (Service Levels and Shifted service responsibilities) 
2. Communication (Language and Cultural Barriers) 
3. Competitive Intelligence (Local competition, Security issues, Comparison shopping) 
4. Usage (User Internet skills and expertise) 
5. Database Management (Privacy and Information distribution) 

Rasmussion (2000) lists "additional challenges for American companies doing business on line such as language, 
payment methods, and address standardization. In addition to these issues is the problem of cultural differences. The 
literature contains abundant references to the imponance of confonning to local customs and ways of doing business 
(for example: Chen and Hicks, 2000; Rasmusson, 2000; Oz, 2002). 

WEB GLOBALIZATION ELEMENTS 
An examination of the recent literature has yielded a number of web elements that are indicators of effons to 
globalize E-Commerce web sites. A survey of the literature was used to develop a set of web site elements that are 
indicative of effons to globalize an E-Commerce web site. The list of elements listed here represents a synthesis of 
those proposed in the literature. In addition, they are a set of elements the presence of which can be discerned from 
an examination ofan E-commerce Web site. For the purposes of the study described in this paper, the following 
elements will be used: 

I. Language does the web site offer language translation or alternate language versions? 
2. Currency - does the web site offer currency conversion or the ability to purchase using alternate 

currencies? 
3. Address Elements - does the web site accommodate non-U.S. elements in the purchasers address? 
4. Payment Options - does the web site allow for payment options other than Credit Cards? 
5. Logistics/Shipment - does the web site support the use of shipping/logistics systems appropriate to multiple 

locales? 

Notable in their absence are elements relating to local culture and business customs. These elements are inherently 
more difficult to measure and are certainly less observable from the E-Commerce web site. Therefore, these 
elements, though important to the overall concept of globalization, will not be addressed in this study. 

RESEARCH PLAN 
This paper presents a research study aimed at gaining knowledge of the nature and extent of globalization in E
Commerce Web sites. Specifically, a sample set ofE-Commerce Web sites will be examined to determine if they 
contain the globalization elements described above. Initially, a subset of sample will be used to determine the 
appropriateness of the criteria used to select the sample set ofE-Commerce Web sites and the globalization 
elements. Thus, a preliminary investigation will be conducted on this data subset. 

METHODOLOGY 
This research examines a group of25 E-Commerce Web Sites. These web sites were chosen based on the following 
criteria: 

1. The web sites must allow for on-line commercial activity. 
2. The firms owning the web sites must be doing business internationally. 
3. The firms owning the web sites must meet size criteria (membership in the Fortune 1000). 
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The table below presents the list of 25 finns chosen based on the criteria stated above. 

Table 1 - Finns Chosen for Study 
AT&T Chanel Coca-Cola 
Dell Delta Airlines Disney 
Gao Guess Hard Rock Cafe 
Harley-Davidson Hewlett-Packard IBM Comoration 
Lego Mattel Mavtaiz 
McDonald's Microsoft MTV 
Nike Planet Hollywood Reebok 
Tiffany & Company Walmart Weight Watchers International 
Xerox 

Each of the web sites was examined for inclusion of the Globalization elements described above. This paper 
describes a preliminary examination of 10 of the 25 firms operating International E-Commerce web sites. It was 
decided to conduct a preliminary study in order to examine the face validity of the globalization elements chosen, to 
confirm the choice offinns and E-Commerce web sites, and to verify that the information desired about the Web 
sites could be obtained via the process of examination of the Web site. Once the results of the preliminary 
examination were processed, it is the intention of the authors to proceed with the study, examining a full sample of 
E-Commerce Web sites applying any modifications to the criteria and globalization elements necessitated by the 
results of the preliminary examination. These results are described below. 

RESULTS 
A preliminary study using of 10 of the E-Commerce web sites was conducted via examination of the web sites and 
their on-line shopping features. This entailed attempting to create on-line shopping transactions in at least two 
languages for each web site. This included adding items to a shopping cart/basket, customer registration, and 
examination of shipping and payment tenns. The Table 2 summarizes the results of this examination. 

Table 2 -- Results 
Globalization Frequency Percentage 
Element 
Lanizuage 9 90% 
Currency 7 70% 
Address Elements 1 10% 
Pavment Options 0 0% 
Shinning/Logistics 0 0% 

LIMITATIONS 
The study was limited by a number offactors. First, many of the finns chosen operated dedicated national web sites 
to support different nations and/or languages. In many cases, there is a lack of consistency among these national web 
sites in terms of the functions supported. For, example, the Nike web site (among others) does not allow on~line 
shopping from all of the national web sites. Second, many firms have developed partnerships with other firms to sell 
their products. Microsoft is one that outside of the United States sends on-line sales to partner web sites. Finally, a 
more thorough examination of the various national web sites was required but not accomplished due to language 
difficulties. 

CONCLUSIONS 
The preliminary results indicate that most E-Commerce web sites doing business internationally have established 
provisions for handling the language and currency globalization elements. The discrepancy between language and 
currency elements (which should logically be equal) is a result of two sites that would only allow on-line purchases 
through the U.S. Web site. Globalized address elements appeared in only one of the Web sites examined. For all 
others there were required items (such as ZIP Codes) that are only applicable for purchases made in the United 
States. No examples of Payment options other than payment cards or shipping/logistics options other than standard 
ground/air shipping such as UPS or Fedex. The conclusion based on these numbe;s would be that E-Businesses are 
not meeting the criteria necessary for truly globalized Web sites. 
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FUTURE RESEARCH 
Future research is planned which will complete the study with a new list of25 firms. These firms will be chosen 
based on revised criteria based on the lessons learned in the preliminary study. For example, all firms chosen will 
have web sites that support actual direct (non-affiliate) on-line sales in at least two nations, speaking at least two 
languages, and using at least two different currencies. In addition a list of visual indicators for the globalization 
elements will be developed based on the difficulties discovered in the preliminary study. 
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JAPANESE CONVENIENCE STORES' 
TELEMATIC APPROACH TO GAINING AN E-COMMERCE ADVANTAGE 

William V. Rapp and Mazhar ul Islam 
The New Jersey Institute of Technology and International University in Gennany 

INTRODUCTION 
Retailing entered a new era when Jeffrey Bezos opened the "Amazon" website in 1995. It was the first serious effort 
to sell products directly to consumers using the Internet. This e-commerce business model is often called Business to 
Consumer or "82C". It began as an electronic emulation of catalogue selling. A website substitutes for the paper 
catalogue. Because of a well-developed US retail catalogue segment, consumers understood substituting the Internet 
for catalogues. The perceived advantages of B2C included 24-hour shopping convenience without a phone call and 
time to freely browse infonnation related to promotional sale prices or out-of-stock items. 

A number of online start-ups followed Amazon, offering many products and services. Companies like e-Toys, 
Pet.com, JoumeyEd.com, Priceline.com and E-Bay.com emerged. Some had viable business models, but many 
organized mostly to respond to the inflated demand for Internet IPOs that encouraged Internet entrepreneurs to raise 
hundreds of millions of dollars. Yet, most B2C online sellers (e-tailers) could not break-even. To compete 
effectively with traditional retailers and get buyers to change traditional purchasing habits, many used their cash 
hoards to attract customers by offering products at steep discounts. They often had to compensate consumers for the 
shipping costs. These factors along with the substantial initial investment for computer hardware and developing 
systems generally created a negative cash flow their businesses could not justify. So they quickly used the billions 
raised from venture capitalists and IPO investors. Unfortunately, many failed. Yet, the B2C e-tailing approach 
remains an important e-commerce model we will term the Amazon or "A" model. 

The phenomenal growth of the B2C e-tailing start-ups combined with Wall Street and media hype shook the retail 
industry. Under pressure to enter the "new economy" traditional retailers took desperate moves to aggressively enter 
e-tailing. Several created websites and established related tracking stocks so they could also raise capital cheaply or 
make acquisitions for stock on a basis similar to the e-tailing start-ups. Barnes & Noble, a hundred year old 
bookseller with stores across the US, opened its bamesandnoble.com website in 1997 and later established a 
separate tracking stock. (It subsequently collapsed this back into the parent in 200 I given large losses in its e-tailing 
activities and collapse of the dot.com mania.) Other retailers such as Toys "R" Us, L. L. Bean and Wal-Mart 
followed similar e-tailing entry strategies. This B2C e-tailing model is popularly known as "bricks-and-clicks" due 
to these finns' physical retailing infrastructures. We tenn this B2C e-tailing business as the "B&N" model. 

Over time, this model seemed to have some advantages over the " A" type. First, they had existing capital and cash 
flow to invest in the e-tailing ventures. They thus had less need for VCs, had better control over their operations, and 
were less dependent on online sales and their website to generate cash. Moreover, many could leverage their brands, 
pennitting them to spend less on advertising. A related advantage was greater consumer confidence since the stores' 
presence meant consumers had the option of picking-up or returning merchandise at there. This meant customers 
could order online but take delivery at a store, saving shipping charges. Similarly, they were not dependent on trips 
to the post office or calls to UPS for returns. In addition, complaints could be handled in person, not always 
remotely online. B&N e-tailers also accepted payment for online purchases in their stores, reassuring customers 
reluctant to give away credit card information online. These options made delivery, payment and returns faster, less 
expensive, and more convenient for customers living close to thee-tailer's retail stores. Yet, they did not sacrifice 
the convenience of 24-hour access or the ability to conveniently browse in their homes. To emulate these B&N 
advantages, the A types started building their own physical infrastructures such as automated warehouses and selling 
booths in shopping malls. Some also used inflated stock values prior to the dot.com collapse to acquire existing 
retailers in their markets. 

In this way there has been convergence between e-tailing start-ups that have survived and traditional retailers that 
entered the online retailing business, with each trying to achieve an optimal competitive combination of web and 
"bricks-and-mortar" sales. In this way the B&N model seems to have emerged during the 1998-200 I period as thee
tailing approach most likely to succeed in the "new economy". This is especially true when one recognizes another 
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competitive advantage for traditional firms - management's existing knowledge of customers and an industry's 
economics. Amazingly, many A-type B2C retailers had no such previous experience. 

Emerging E-tailing Difficulties 
This is why the hype and promise of the "new economy" did not last long and a more rational e-commerce business 
model has emerged. In this model e-tailing has become another channel to reach customers but not the only one. 
Further it must be combined with support facilities. The collapse of the NASDAQ has reflected this reality as it 
housed most e-commerce stocks and their hi-tech suppliers. With the demise of the dot.com competition and e
commerce hype, the B&N e-tailers pulled back sharply on new investments as even most B&N finns lost money. 

This paper will focus on three related issues that seem especially important. First, these e-tailing businesses did not 
add much value within the retailing value chain. Most e-tailers depend on third party shippers such as FedEx or UPS 
for delivery. They are expensive and e-tailers could not economically compensate customers for shipping costs 
given their margins and the cost of building, operating and advertising their sites. Second, while sales growth was 
impressive, consumers did not flock to online purchasing to the extent expected. Though it is often easier to order 
online and get delivery at home than go to a store, many did continue to go to stores for the final sale to see and feel 
prior to purchase. Finally, e-tailers had no proprietary interest in the products sold and given the second 
consideration could not achieve volume sales to give them an advantage over large B&N sellers. These factors when 
combined with potentially insecure payment mechanisms, limited Internet access, and higher than expected 
advertising costs made many B2C e-commerce business models unprofitable even for the B&N retailers. The 
question then is whether there is another approach that could overcome some of these drawbacks and help realize 
the potential of e-tailing, especially in countries that do not have the US's extensive PC/Internet infrastructure. 

An Alternative E-tailing Business Model - the Japanese Convenience Store (CVS) and Telematics1 

This B2C model is developing rapidly in Japan. Though it is based on many traditional aspects of Japanese business 
and consumer retailing, two considerations appear key. One is most consumers pay cash for purchases and two, 
firms are used to forming cooperative alliances to take advantage of new business opportunities with each delivering 
its own expertise. The latter occurs because Japan's long-term employment system makes it difficult to quickly 
recruit new expertise the way US e-tailing could rapidly attract new personnel at all levels by offering stock 
incentives and other perks. The new IT-based alliances, however, are different than traditional horizontal or vertical 
company groupings common in certain industries. In those cases, there has generally been extensive inter-firm 
ownership as well as exchange of personnel. In the new IT based alliances, which we tenn e-retsu, there is often no 
previous such relationship and no cross shareholdings. Common shareholding is in the e-retsu company. Firms' 
motivation in forming such alliances is to pool expertise in a new venture where all parties hold shares. 

The common goal is to share expertise and personnel to exploit what they jointly see as an e- and/or m-commerce 
opportunity. In addition to quickly raising capital and pooling business and technical expertise, this structure 
substitutes for the scarcity of venture capital in Japan while leveraging the investors' R&D and brand recognition. 
Further, because each partner provides its products and expertise, these B2C e-tailing activities cover a larger part of 
the value added chain than A or B&N models. From an e-tailing perspective the most interesting e-retsus are those 
based on convenience stores (CVS), which can also capture a larger part of the payment and delivery components of 
the value chain. The balance of the paper will focus on these CVS and the strategies of the two leading firms in 
using partners and telematic solutions to achieve their goals and create competitive barriers. 

CVS in Japan 

1 Telematics in the 80s referred to interactive computer mediated communications. Currently it covers the 
intersection of infonnatics (processing data for application goals) and telecommunications, especially wireless in a 
mobile environment. This applied telecommunications in a data rich environment can incorporate businesses where 
pervasive computing intersects with e- and m-comrnerce as well as intelligent transportation systems that link 
mobile and wired solutions to achieve a multi-media result. Toyota estimates such activities and related goods and 
services will grow to a 60 trillion yen market in Japan by 2015 (f oyota 1999). This explains why Toyota, Japanese 
CVS and Japanese consumer electronics companies along with mobile phone companies and leading systems houses 
are heavily involved. The following assessments of two leading CVS in e- and m-commerce illustrate the powerful 
economic and competitive advantages flowing from systematic use and application of integrated telematic solutions. 
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To understand this e•tailing model it is important to grasp certain fundamentals about Japanese CVS and how they 
differ from such US stores. These differences are found especially in the strategies of leading firms driving its 
development, particularly lto.Yokado and its subsidiary, Seven•Eleven Japan (SEJ). Despite Japan's extended 
economic malaise, large CVS have enjoyed relatively better performance than other retailers in the 1990s. Sales rose 
from ¥3 .89 trillion in fiscal 1993 to ¥6.18 trillion in fiscal 1998, with sales falling only slightly in fiscal 1999 to 
¥6.13 trillion, then remaining level in fiscal 2001 at ¥6. 14 trillion despite general deflation. However, competition 
among CVS and against other retailers has increased, and the time is gone when the whole sector enjoyed growth. 

Now, only large better managed CVS can grow faster given better merchandising strategies, including more 
services; greater use oflT; superior site selection; and finally better owner (franchisee) development. Given these 
advantages deregulation increasing the merchandise and services CVS can offer favors the leading chains. This is 
because the bigger ones, and especially 7 / 11, can offer more seasonal and promotional items, geographical 
variations in stock, and extensive and constantly changing fast.food and service offerings. Further, new services 
such as financial services require sophisticated training of storeowners and their employees plus good field support. 
Only, leading chains have this capability. Indeed, it is generally agreed that SEJ has achieved its leading position 
through flexibly supplying its stores with a wide variety of goods and services, especially with different food items 
during the day. Having sales per store and per square meter at least 50 percent higher than its major competitors 
became an even more important advantage as the CVS market saturated during the 1990s with a surge in the number 
of stores. During this period the population per store fell below the 3,000 usually regarded as the critical viability 
level. In major urban areas the situation became even more unfavorable: in Tokyo around 2,000 and in Osaka, even 
less. However, during this period the major chains could distinguish between their high•quality stores and the lower• 
quality ones called CVS just because they are open 24 hours. In 1996 for example, the total number of CVS (48,567) 
included every type satisfying the definition. But of those, only about 32,000 provided the other usual CVS services 
such as postage stamps, copiers, fax machines, video games, utility bill payment, and package delivery. Thus the 
population per high•quality store may have been about 4,000. So quality operations during the late 1990s could add 
as many as 10,000 stores. But marginal stores could not survive this increased competition, and the number of CVS 
declined by 9,000 to 39,627 by early 200 I. Since this shakeout the feeling is saturation has been reached even for 
higher•quality stores while the number of marginal stores is much lower. The recently announced strategies for even 
leading firms has therefore been to not expand the number of stores but to replace existing ones operating less 
successfully with new stores in different locations that have better market potential and can sell alcohol. For 
example, SEJ's percentage of stores selling alcohol rose from about 35% in 1991 to about 63% in 2001. 

These competitive trends are indicated by the fact in 1996 the number of scrapped stores per listed CVS was only 
about 100 per year, or about 20% of openings, compared to the current rough equality. During the 1990s the share of 
stores of the 8 major CVS rose from 21 % in 1985, to 30% in 1990, to 40% in 1995 and 43% in 1996. By 2000 the 
top six (now top 5) had 65% of the stores and over 80% of total CVS sales. But by the end of the 1990s even larger 
chains came under pressure. This is why even leading stores now limit their rapid expansion, with Lawson and 
FamilyMart in early 2001 announcing closures and relocations of hundreds of lower-performing stores with planned 
openings in more•promising locations and/or those having liquor licenses. For example FamilyMart's stores with 
such licenses increased from 190 I in FY 2000 to 2279 in 200 l. 

Similarly, Lawson's EVP noted (Lawson's 2001 Annual Report) in fiscal 2001 they "expect to open 650 stores, a 
roughly l0% decline compared to openings in fiscal 2000. Thereafter, we will adhere to our policy ofnot 
overextending ourselves by opening new stores where the numbers don't justify it." But despite increased 
competition, SEJ is using its greater efficiency to increase market share. Since 1993 it has opened 400-500 stores per 
year and during 2001 had a backlog of about 500 waiting to be opened, while stating its intention to steadily increase 
its stores and location dominance. SEJ's strategic success is reflected in average daily sales for new stores since 
1995 of over 520,000 yen, greater than the average for existing stores among competitors. Further, most have 
licenses to sell liquor since the number increased from 5115 in FY 2000 to 5427 in FY 200 I. This may be why 
average daily visits per store are up about 20% since 1982 while average sale per customer has risen from 600 yen to 
over 800 yen and the average gross margin has gone from a little over 26% to over 30%. (FM in 2001 was 600 yen.) 

CVS merchandising strategy 
This approach is combined with expanded services, the second part of a two-prong strategy lying behind their e
retsu e•tailing initiatives. A leading CVS strategy has been to continually add services to attract traffic, even if they 
do not contribute directly to profits. Many have long offered copying, fax services, and video games. In 1987 they 
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became payment points for electricity, gas, and water bills. (SEJ was the first and reports having 3% of total 
Japanese payments in 2000, including those through banks and postal offices.) In February 1989 SEJ accepted 
payments for Daiichi Seimei (life insurance). As deregulation has allowed, CVS have added money orders, postage 
stamps, and rice ( 1996). Foreign exchange started in 1998 and package shipping in the mid-90s where SEJ works 
with Yamato Unyu, Japan's largest package-delivery finn. During FY 200 I, SEJ handled over 13 .5 million 
packages. In 1999 SEJ began accepting payment for purchases made over the Internet as part of its e-retsu strategy. 
Reservation for travel became available in late 2000. With these new offerings, existing CVS sales began rising 
again. These activities' success shows Japan is still cash using, and even those with credit cards prefer not to give 
numbers over the phone or Internet. In FY 2001 SEJ handled over ¥800 billion in such payments on behalf of245 
companies involving over 100 million transactions. Further, over 75% oflntemet purchases are currently paid in 
CVS. More recently as deregulation continues banking and financial services are offered. Working couples needing 
such services outside nonnal banking hours have been targeted. Several have initiated plans to act as automated 
bank branches with A TMs. While IY has established its own bank, Lawson, FamilyMart and other CVS have 
entered into alliances with banks that install and service the A TMs. Other IT alliances focus on entertainment, 
games, and other services as detailed in the following case studies. Yet handling this wide range of services requires 
thought, support, and staff training. The implication is although a CVS can add items and services, not all chains can 
do it well and profitably. Further, several new products and services, especially financial ones, are IT intensive. The 
store ideally wants customers to buy lunch, a magazine for later, and a toiletry, while checking bank balances, 
making payments, or trading stocks. This favors leading firms with the most sophisticated and wealthy partners. 

Selection of franchisees and good sites thus remain important to a successful CVS strategy because competition for 
new stores in promising areas has reduced the average quality of both. Some chains' staff responsible for developing 
new stores and advising new owners is not competent. But competence is important when more complex services 
are added. SEJ's store-support staff of 1500 is thus key to its competitive strength. Since franchise-closing costs are 
far higher than opening costs, CVS finns must pay attention to relations, support, and contracts with franchisees. In 
tum sophisticated partners that want to improve their chances for e-commerce success will tend to align with the 
more successful CVS. This contributes to potential success of thee-tailing venture and the CVS, a beneficial loop. 

Key Strategic Differences in CVS E-tailing Business Model 
One difficulty in applying an "A" e-tailing business model has been the small part of the value chain it occupies 
between producing a good or service and the customer. Amazon does not produce the books, CDs and other items it 
sells while 3d parties provide delivery (UPS or Fed-Ex) and payment (credit card). So to amortize its high fixed 
hardware and systems costs Amazon must generate economies of scope by expanding what it offers. (E-bay shows 
how economies of scope can be employed to achieve a successful e-tailing venture using the "A" model.) The 
failure of ventures with limited markets such as E-toy that could not generate economies of scope shows the 
strategic risks in using the A model to penetrate an e-tailing segment. This is especially true if a B&N type 
competitor can occupy it and the interaction between returns and customer satisfaction is important. The B&N 
model has proved superior because it captures a larger part of the value added stream including parts of the delivery 
and payment costs as well as lower cost for returns with better customer satisfaction However, the B&N model is 
less well positioned to develop economies of scope since the "bricks" part of the business is generally specialized. 

But as case studies for SEJ, Lawson and FamilyMart show the Japanese CVS model addresses the potential e-tailing 
limitations of the "A" and "B&N" models. Through their websites and catalogues, they can generate economies of 
scope. By using their convenience stores as payment and pick-up centers they can achieve the greater value added 
and better handling of returns of the B&N model. Further, through their e-retsu partnerships they can create and/or 
capture some product value while extending their activities into telematic relationships with a wide variety of 
customers and suppliers. By including content providers as shareholders in thee-tailing ventures, they gain a part of 
the value added stream that neither A or B&N models do. Finally, via their multimedia kiosks (MMKs), they are 
increasing store traffic using telematic means that improves revenues in their basic retailing, an extemality to the e
tailing venture. To the extent they already use sophisticated data gathering systems to track and deliver customers' 
purchases by store, item, time of day, weather, and special events, e- and m-commerce become extensions of their 
supplier relationships and telematic approach (Rapp 2002). For these reasons, the cases bear study as an approach to 
e-tailing's emergence as a growth market and as an indicator ofTelematics' effect one- and m-commerce. 
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SEVEN ELEVEN JAPAN (SEJ) 
SEJ and Sony, for example, have an agreement to offer high-speed downloading of games for PlayStation 2 using a 
centralized server containing all current games. This means an SEJ store can ofter a total selection, but only has to 
inventory blank CDs. Players now have a convenient alternative to downloading over a slow expensive phone line. 
Upgrades are easy for a small fee. Such e-commerce has taken strong hold in Japan but has been evolving 
differently than the US. With Nomura Research Institute's (NRI) help, IY and SEJ are moving quickly and 
decisively to have an impact on this e-commerce development, using a customer-driven strategy where convenience 
goes well beyond what is normally associated with CVS. To make this approach work requires developing a 
convenient and secure payment mechanism with which customers feel comfortable. Because many Japanese do not 
trust giving credit card nwnbers over the Internet or phone, while others just prefer to pay cash, combining e
commerce websites with a CVS chain allows people to pay and take product delivery at conveniently located stores. 
This process facilitates returns similar to the B&N model but is an evolutionary extension ofSEJ's third-party 
payment service. This did over 126 million transactions in FY 2002 up from 105 million in FY 2001 and 86 million 
in 2000 with a value of 813 billion yen in 200 I compared to 641 billion in FY2000. It also complements its parcel 
delivery service that handled 13.8 million parcels in FY 2002.2 In Japan it is now common to order items such as 
books, video games, and CDs through the Internet using the CVS for payment and delivery. SEJ has led this change. 
In 1999 it established joint ventures such as e-Shopping!Books with Softbank, Tohan, and Yahoo!Japan, and 
CarPoint Japan for car sales with Softbank, Microsoft, and Yahoo!Japan. The 3 million customers of Japan's largest 
virtual mall, Rakuten Ichiba (rakuten.co.jp ), use SEJ stores to make their payments and pick-up packages if they do 
not want them delivered. IY reports about 75% of shoppers on its websites pick-up and pay at stores. Further, SEJ 
and NRJ have started clearing services for purchasing through the Internet. There is also Seven-Meal Service "for 
customers who find daily meal preparation inconvenient"; they "place orders through telephone, fax, the Internet 
and at stores and choose whether to receive the products at home or at a nearby Seven-Eleven store." (SEJ Outline) 

2In IY's 20-F filing for FY 2002, it explains its approach to using IT to gain an advantage. See also Rapp (2002). 
"An item-by-item inventory control method has been at the core of the Company's merchandising strategy. This 
method involves distinguishing fast-moving items from slow-moving ones, examining these differences, taking due 
care of the main features (for example, color, design, size, taste, durability, sales methods and price) between them 
and making hypotheses for the business plans. The item-by-item inventory control is made more precise by the 
processing of a computerized point of sales system, POS .... Based on the data, fast-moving items are stocked 
sufficiently and slow-moving items are reduced immediately. Further, this method ensures that the products 
customers want to purchase are always in stock thereby reducing lost sale opportunities due to items being out-of
stock. This concept is fundamental in merchandising. Through the continuation of the item-by-item inventory 
control, Ito-Yokado believes that its operation has succeeded in maintaining a higher level of efficiency, a lower 
level of inventory while at the same time meeting customers' needs consistently. In addition, various merchandising 
strategies of Ito-Yokado have been based on this item-by-item inventory control. ... While this method requires Ito
Yokado to forecast adequate levels of inventory precisely, Ito-Yokado's item-by-item inventory control allows Ito
Yokado to maintain inventory based on data reflecting current consumer trends. By relieving Ito-Yokado's suppliers 
from having to take back unsold merchandise, Ito-Yokado keeps costs down and retains a right to decide appropriate 
froduction volume to meet product sales trends." 

According to !Y's Form 20-F filing, "Kabushiki Kaisha "?dream.com", which Seven-Eleven Japan established 
jointly with seven other companies in February 2000, launched an Internet shopping site. Through this site, Seven
Eleven Japan is developing an e-commerce business based on convenience store, distribution and information 
networks. ?dream.com has offered various services for customers including order, pick-up, and pay for such 
transactions as shopping, buying books, downloading music, printing digital photos, applying for cellular phones, 
and requesting same day hotel reservations. The installation of multimedia terminals, which enable customers to 
order the above-services from 7-Eleven stores, began in November 2000. Net sales in fiscal years 2001 and 2002 
were 617 million yen and 1,170 million yen ($8,731 thousand), respectively." The Seven-Meal Service was "Jointly 
established in August 2000 with three other companies, Seven-Meal Service Co., Ltd. ("Seven-Meal Service"), uses 
Seven-Eleven Japan's production, distribution, and information networks to operate a meal delivery service. At the 
end of February 2002, the services were available in areas covering approximately 3,000 7-Eleven stores. Customers 
can select from a menu of various items, including fully prepared meals and packages of cooking ingredients. Items 
can be ordered by telephone, facsimile, and Internet or at 7-Eleven stores. Delivery is made using special vehicles 
that can keep the food at required temperatures or the food may be picked up at 7-Eleven stores. Net sales in fiscal 
years 2001 and 2002 were 17 million yen and 478 million yen ($3,567 thousand), respectively." 
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7dream.com 
In January 2000, SEJ and NRI announced a new B2C e-retsu (finn based on IT relations) with ¥5 billion capital. 
Called ?dream.com, SEJ intends it to be "one of the largest EC [e-commerce] businesses in Japan and operate at the 
forefront of its field". It provides many services on its website and all eventually will be accessible from SEJ's 
MMKs. Keeping with NRI's recommendations that an e-commerce access strategy should be "ubiquitous", one can 
access 7dream via the Internet, including mobile phones and direct TV, or using catalogues available in SEJ stores.1 
As seen in Table I, through its e-retsu members the firm offers many services. These include travel, music, gifts, 
mobile phones, event tickets (using PIA), books (e-Shopping!Books), car services (sales via CarPoint and, later, 
arranging auto inspections, repairs, driving lessons, and rental cars), and information services for entertainment, 
digital photographs, and special examinations in partnership with firms such as Toppan Printing and JMA 
Management Center. Table I lists the ownership plus expertise and services each brings to the venture. As of August 
2001 there were about 1,200 7dream terminals in 7-Eleven stores in Tokyo, with a rollout elsewhere planned for the 
next few years. This has been tracking with 3500 kiosks installed as ofFebruary 2003. Meanwhile, anyone can order 
from the web site, the call center, or in a store using the monthly catalog. Catalog offerings are non-bulky because 
stores have limited space for holding items until picked up. Similar to other chains catalogs contain items not offered 
via the kiosks, which currently focus on tickets, CDs, and games. SEJ expected start-up costs to be around ¥40 
billion and projected annual sales of about ¥150 billion for 2002 and ¥300 billion for 2004. Results so far have been 
short of expectations as 7Dream, IY Bank, IY Card, and Seven Meal Service together generated revenues for IY on 
an equity basis of 14.5 billion yen during Fiscal 2002 and losses of 13 billion. Still the project offers IY tremendous 
opportunities to enlarge the goods and services available at SEJ stores, including banking and financial services. 

Table I 
7dream.com Owners/e-retsu Members 

Ownership (percentage) Expertise and services provided 
SEJ (S1 % ) Principal organizer; provides places for kiosks to access website. 
NRI (13%) Advises structuring business, as well as developing and operating e-commerce system. 
NEC (13%) Built/operates 7.dream website. Designed/developed multimedia terminals, all connected via 

dedicated lines. 
Sony (6.5%) Supplies technological support related to its MD (mini-disk) and IC card technologies. 
Sony Marketing (6.5%) see Sony, includes online packaged music and games 
Mitsui & Co (6%) A trading company providing infonnation, merchandising support, and distribution. 
JTB (2%) A travel agency (formerly Japan Travel Bureau) 
KINOTROPE (2%) A software finn consulting on Internet business design and systems development. 

In 2001 ?Dream had 250,000 members and its biggest sellers were books, CDs (Sony), travel services (JTB) and 
tickets to various events (PIA, Japan's largest ticket agent). SEJ's monthly catalogue at all stores lists travel 
packages, events and items for sale. Emulating Family Mart and Lawson SEJ has introduced a point card that as of 
February 2002 had 5 million members. It also has a combination point and IY Bank credit card. (In the summer of 
2001, FamilyMart had 500,000 members and had a more extensive list of items for sale.) SEJ sees the number of 
system users expanding as PC and 3-G phone use of the Internet expands since it can then show more. Customers 
still want some way to view the product prior to purchase. But even then they will come to the store to pay and pick
up. So this is an evolutionary process where SEJ is positioning itself to provide full B2C e-commerce nationwide. 
Presently the MMKs have limited functions such as buying tickets and downloading CDs and games. One cannot 
access to the Internet or all the catalogue products one can purchase via phone or store. This is one reason sales have 
not grown as rapidly as expected. Further, prices are a bit high as one pays for convenience. But SEJ expects prices 
to drop with experience and the number of goods and services sold. So they see this as early in the competitive 
game. This is true for IY-Bank too, as IY's and SEJ's approach is different than other CVS since it owns its ATMs 
with 3600 installed as of March 2002. Yet, it feels it is fulfilling a definite customer need since the finn 's market 
research indicates its customers are dissatisfied with banks 'far from residential areas," with "limited operating 
hours," that do not offer "financial products and services that really meet customerneeds." (IY Bank 200 I) 
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IY Bank4 

Because many customers want to pay for e-commerce purchases at CVS stores in cash, most CVS have combined 
their MMK e-commerce strategy with 24-hour A TMs. But as under Japanese law, only banks can have ATMs, the 
CVS other than SEJ have invited banks to locate A TMs in their stores. The bank though, controls the A TM, so as 
SEJ wants to manage the services available through their store ATMs, they decided to have their own bank despite 
the greater capital and systems reporting required. It began in May 200 I with 130 employees and initial capital of 
Y20.2 billion. IY was the first non-bank to apply for an on-line banking license and was joined in this e-venture by 
Bank of Tokyo-Mitsubishi, Sanwa Bank, NEC, and NRI as shareholders. Nomura Securities, Nikko Securities, and 
Sony have joined and three regional banks - Asahi Bank, Shizuoka Bank, and Bank of Yokohama have become 
affiliated. The shareholding and affiliated banks have provided staff with SEJ, while the bank's president is a foimer 
Bank of Japan official. Participation by two securities finns reflects SEJ's expectation on-line brokerage will 
eventually be provided. Sony has affiliates offering life and auto insurance and is also planning an e-bank. The 
participating banks expect to close branches without sacrificing customer service since the A TMs accept different 
affiliated cards besides IY's. By the end of December 2001 there were about 2,200 A TMs installed, by March 2002 
3600 and by August 2002 4200 primarily in metropolitan Tokyo. By the spring of2006 IY will have over 7,100 
throughout Japan out of a total of about 160,000 of all types currently installed by all providers. 

Services offered will eventually include bank accounts, remittances, money transfers, a debit card within the IY 
group, credit cards, purchase point cards, loans, Internet banking, and settlement services with member fiims such as 
?dream.com or Seven-Meal Service. There will be brokerage, insurance and credit cards offered through affiliated 
finns. Bank accounts, cards and 7.dream have been the main services initially offered. As of March 2002, the bank's 
paid-in capital was yen 61 billion and 700,000 credit cards had been issued by the end of August. Installation costs 
have been about ¥2.5 million per ATM, and because an A TM is a bank branch under Japanese banking rules, 
accounts can be opened only at a bank branch (or by mail). So SEJ can open accounts only in stores with ATMs. In 
the first two months (June-July 200 I) about 10,000 accounts were opened, and then grew six-fold by March 2002. 
Besides in SEJ's CVS, ATMs will be in IY's other operations. Because IY and SEJ control the bank, they can target 
services important to clients and can leverage advances in technology since the first A TMs were introduced in 
Japan. The CVS A TMs are electronically sophisticated and can be programmed to handle a variety of functions as 
services evolve while being compact, important for storeowners. But SEJ has not yet trained store personnel in these 
functions. So from a store view the A TMs are presently being used to generate traffic with bank partners handling 
the service. Still IY Bank customers can access and manage their accounts via i-mode phone, the Internet, or PC. 

On this basis they are extending their telematic strategy to the US. As reported in FREE E-NEWSLETTER in 
January 2003, "7-Eleven(R) Launches National Vcom(TM) Rollout in Orlando; 49 Stores Equipped With Kiosks 
Offering 24/7 Financial Services." In this pilot project 7-Eleven, Inc. its US subsidiary will rollout its Vcom 
combination A TM & kiosk by installing them in 1,000 stores in the US beginning with 49 in Orlando, Fla. The self
service machines offer a touch-screen A TM to provide customers financial and other services 24 hours a day, every 
day. Thus they are emulating what has already been launched on a larger scale in Japan with a similar IT partnering 
and telematic based strategy. This has interesting implications fore- and m-commerce development in the US. 

Basic Financial Data SEJ FY1996-2002 {February) - not including Hawaii 
Year/ 
Total Store Sales (yen billions) 
Revenue (yen billions) 

1996 1997 1998 1999 2000 2001 2002 8/01 
1477 1609 1741 1848 1964 2047 2140 
239 263 287 309 337 358 366 

8/02 

4 In 2002 IY reported:" IYBank was established as a consolidated subsidiary, with the investment oflto-Yokado 
and Seven-Eleven Japan on April 10, 2001. Upon receiving a banking license on April 25, 2001, IYBank began 
operations on May 7, 200 I .... A TM installations are progressing steadily, and IYBank continues to bolster its 
operational foundation. The bank has aggressively pursued online connection alliances with banks and securities 
companies to increase customer convenience, and from December 2001 all savings accounts have included network 
banking functions, which are available over the Internet, cellular phone i-mode service, and push-button telephones . 
. . . As the bank expands into new areas, it will utilize tie -ups with regional banks as well as A TM usage agreements 
with life insurance companies, credit card companies, and consumer finance companies .... Total Income for year 
ended March 31, 2002 was 1,906 million yen ($14,224 thousand). By the end of March 2002, the bank had installed 
3,657 ATMs ... and approximately 68,000 accounts had been opened." 
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Operating Income (yen billions) 
Number Stores (Japan) 
Average Daily Sales per store 
(yen thousands) 

95 
6373 
662 

103 
6875 
669 

109 
7314 
676 

115 
7732 
678 

137 
8153 
681 

144 
8602 
675 

151 
9060 

Gross Margin (%) 29.9 29.9 29.8 30.0 30.3 30.3 30.4 

9314 

Source: SEJ Corporate Outline; Brief Summary Results FY2001, Semiannual Report 2003 6 months ended 8/3 I /02 

LAWSON 
Japan's 2d largest CVS, Lawson, was established in 1975 a subsidiary of Daiei that went public in July 2000. As of 
May 2002, it had 7,555 stores in Japan, 69 in Shanghai and 3,548 employees. Reflecting the effects of the recession 
and intense competition among leading CVS it had expanded only slightly by December 2002 to 7614 Japanese 
stores plus 96 in Shanghai. Annual sales for FY2001-2002 were yen 1,282.3 billion. In May 2002 average daily 
visits and sales per store were around 790 customers and yen 478,000 respectively, which did not change much 
through the year as monthly results fluctuated between 780 and 860 customers and yen 470 to 520 thousand per 
store. Still, responding to SEJ's e-commerce challenge, Lawson has developed its own e-commerce system based on 
the Internet, mobile phones and MMKs that it calls "@Lawson". Its website www.at-Lawson.com began in 1999. 

An affiliate, ECONTEXT, handles product delivery, agency transaction settlements and other@Lawson agency 
activities. Because this is an open Internet service, its strategy is to add other CVS, gas stations, etc, to the system as 
payment and pick-up points to give economies of scope. Lawson stores for example are featured on maps in car 
navigation systems. In May 2001, about the time IY was launching IY Bank, Lawson and a consolidated subsidiary, 
i-Convenience, initiated i-Lawson, a mobile e-kiosk system allowing customers to shop using mobile phones if they 
are among NIT DoCoMo's customers using i-mode. They can order products for delivery at Lawson stores, make 
payments at Lawson registers using a special connection, and access Lawson's entertainment services. This m
commerce activity allows customers to use their mobile phones to order products and services and to connect their 
phones to a store register to settle bills and receive products ordered over the Internet. Established in October 2000 
and capitalized at about $20 million, i-Convenience is an e-retsu between NIT DoCoMo Inc., Matsushita Electric 
Industrial Co., Ltd., Lawson Inc. and Mitsubishi Corporation, currently Lawson's largest shareholder. To respond 
SEJ's relationship with Sony, Lawson has entered a game software alliance with Nintendo. The goal is to sell video 
games through Lawson's online market. Nintendo signed the agreements to counter Sony's moves with SEJ. 

Loppi Multimedia Kiosks (MMKs) 
Having begun installing Loppi ("Lawson Online Shopping Print and Pay lnfonnation") kiosks in its stores as early 
as 1998, Lawson is the CVS leader in installed MMKs. These kiosks, which Lawson sources from IBM, are 
currently found in all its stores, around 7700. This contrasts with SEJ and FamilyMart that are not yet nationwide 
and where the respective totals as of summer 2001 were only about I 000-1200 each, though as cited above they 
have grown rapidly since then, with over 4000 for SEJ by August 2002. Loppi sales, mostly entertainment related, 
increased 16.5% in fiscal 2000 (end 2/2001) to yen 39.6 billion and the company expected them to rise another 
21.2% during fiscal 2001 (end 2/2002).s They have leveled off, however, during the first part 2002. Loppi offers 
many different products and services while providing popular infonnation such as the appearance of a certain band. 
It has two specific features: an entertainment element for purchasing concert tickets or downloading game software 
and an infonnation platfonn element to support payments by customers, such as loan repayments to financial 
institutions. Tickets for concerts, sporting events, and movies are sold in collaboration with Lawson Tickets Co., 
Ltd., a consolidated subsidiary. Other LTCL channels are the Lawson and Daiei stores or by phone. In addition, it 
handles airline tickets and tickets to Disneyland and Universal Studios. In 200 I Loppi launched a hotel booking 
service in conjunction with JTB. Sales through its Loppi multimedia tenninals climbed 92.8% to ¥75,054 million 
during FY 2001 (end 2/2002), reflecting a continuation of steadily increasing sales of concen tickets via its 
subsidiary. Boosting sales too were a dramatic increase in demand for billing settlement services. Over time it will 
integrate its nationwide Loppi network with A TMs and financial services it is now installing. Its E-commerce 
strategy is to use a combination of clicks and bricks to effectively counter and even surpass SEJ and IY in becoming 
Japan's leading B2C e-commerce company. One reason for this belief is Lawson recognized early their entrance into 
e-commerce began with the development of 3rd party bill settlement services in 1995-96. Their e-commerce 
initiatives are a direct outgrowth of this and still incorporate it as a feature. These services have grown about 20% 
per year since. During FY 2000 (ending 2/2001) Lawson processed 82 million transactions totaling 650 billion yen. 

s NIT DoCoMo, Japan's largest mobile phone firm, had 59% market share and 33.1 million i-mode subscribers in 6/02. 

131 



Proceedings of the 2003 IEMS Conference 

Those 82 million transactions represent store traffic in addition to the small fee made on each transaction. In fiscal 
200 I ,the total value of transactions handled by Lawson, mainly consisting of public utility bills rose I 3.9% to 
~743,482 million. Handling commissions were ¥5,689 million, up 7.9% year on year. 

Storeowners have an incentive to make this work especially when they own land and the store, where Lawson's 
nargin is only 34%. This compares to Lawson's margin of 45% and 50% respectively when Lawson owns the land 
md the owner the store but leases the land or when Lawson owns both and the franchisee leases them. The scanner 
·ecords all sales electronically so margin calculations are all done automatically even though the customer pays 
:ash. This is true too for sales through the new MMKs installed in Lawson stores by October 1998. What happens is 
.vhen a customer makes a travel reservation through the kiosk, buys the right to download music, or purchases as 
:oncert ticket, the customer gets a bar coded coupon from the machine. The bar-coded coupon has information on 
he type of purchase, the amount, and delivery (pick-up at Lawson, mail, or parcel service). He or she then takes the 
:oupon to the counter where it is recorded like any other sale, and the customer pays along with other purchases. 
rhis procedure enables Lawson to efficiently handle payments to their 150 partners (actually 500 if one includes 
:redit card companies) electronically using the banking system as an intermediary. 

\s part of its e-commerce strategy Lawson does not deal directly with the service and goods providers since this 
,vould cost it printing and mailing charges. So it tries to be non-paper in using the kiosks, though it has the physical 
>ill record from the bar-coded coupon. Eventually it hopes even this will be eliminated and everything can be 
ilectronic, but right now each area still operates independently in terms of supply and service. Strategically Lawson 
s working with e-tailers so customers can just click and route order and payment, and Lawson does not have to 
ssue the bar-coded bills. In downloading games (Nintendo) and music (Sony), these are handled in the store. Stores 
ire not connected to a central server. Rather each store has the Mother software for the games and then downloads a 
elected game onto a blank game cartridge or rewrites an existing one. For music, the songs are available in the store 
nd what one purchases is the right to download the music onto a cassette that one brings or buys. Eventually 
,awson hopes to have this done centrally online from a central MIDI server just as much Karaoke is done. 

ne LETSS system explained below hopefully will facilitate these developments. In this way Loppis are both an 
lectronic multimedia platform and a telematic support for 3d party providers such as Nintendo and Sony as well as 
or Lawson's own business merchandising. Its concert and event ticket company that competes with PIA has been 
;rowing about 20% per year until the first part of2002 and now amounts to 32 billion yen per year and is 2d in 
apan. Lawson's profit on this after only three years was 52 million yen, not including increased sales due to store 
-affic. Further, its business model is simpler than PIA 's, which sells more events. Lawson targets customers in their 
Os and 30s who like music. Lawson then promotes in stores and on delivery trucks special "Glory" concerts that 
ttract perhaps 300,000 fans and for which they control tickets. The idea seems to work, though sales stagnated the 
irst part of2002 as revenues of 19 billion yen were down 11% and operating income fell 4% year over year. Also, 
y buying 3% of Nintendo, it has converted this business from a 3d party activity to part of their own merchandising 
,hile from Nintendo's standpoint they have gained a strong e-commerce ally against the Sony-SEJ combo. Lawson 
as also joined with JTB to offer last minute travel packages unique to Lawson. So while JTB sells travel services 
uough SEJ and FamilyMart, these particular packages can only be purchased via Lawson's Loppis. They also offer 
ther items but among these varied initiatives, currently entertainment accounts for about 80% of total Loppi related 
lies. The ECONTEXT affiliate handles delivery and agency related settlements. 

lricks and Clicks 
ike SEJ, Lawson's e-commerce strategy has leveraged its physical stores and distribution by developing an online 
:1talogue, connected to the Internet so customers can access it via i-Mode phones or PC. Lawson advertises items in 
ewspapers or its stores using posters and paper catalogues. Ads explain how to access the products or services on
ne along with delivery infonnation and lead-time for each product or service. Ultimately these will be combined 
ectronically, but it will take until the summer of2003 or 2004 to accomplish this. Given in FY2000 it sold about 
m 40 billion worth of products and services through Loppi with 32 billion entertainment related, its e-commerce 
:tivities are growing but not exploding. Lawson thinks they have to wait for broadband and 3-G for this to happen. 
·oCoMo and J-Phone introduced this at the end of 2002. This is one reason Lawson entered a site access joint 
~nture with NIT DoCoMo, Japan's largest mobile phone company and the leader in Internet access by mobile 
10ne. It is called i-Lawson and had a membership of 65,000, the largest among convenience stores in Japan in 
)0 I. They hope to establish the standard for Internet connections between convenience stores and i-Mode in terms 
~how to arrange purchase, payment, and delivery. Once the system is created and is working they hope to license it 
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to other stores and to collect a royalty. Partners in this are Matsushita and Mitsubishi Corp. compared with C. Itoh 
and Toyota/NIT Data for FamilyMart and Mitsui and NEC/NRI for SEJ. So large CVS seem to be pursuing parallel 
strategies, though Lawson has believed it is leading. But as we saw above using its proprietary IT system (Rapp 
2002) SEJ has 5 million members in its point program compared to 800,000 to a million for Lawson's Internet one. 

The members of i-Lawson get an IC card and accwnulate points for purchases that they can use for discounts on 
Lawson purchases. Management believes this concept has Jed to increased traffic, one strategic aim. Other related e
retsu companies include i-Convenience, offering a Lawson m-commerce site 52% owned by Lawson and 18% by 
Mitsubishi, and e-Context that provides Internet connections, 3rd party payments, and Lawson's in-store A TMs. 
Mitsubishi owns l 0% of this firm. The A TM operating company is 65% owned by Lawson, 5% Mitsubishi, and 5% 
each for the banks that own the ATMs. They also have connections with regional banks depending what area each 
store serves. As of April 2002 there were 2, l 03 A TMs, mostly in Tokyo and Osaka. It was during fiscal 200 l 
Lawson enhanced this ability to attract customers by establishing LAWSON A TM Networks, Inc. with 4-major 
banking groups and several regional banks. By having banks provide the A TMs they save capital, while this 
company installs them. By February 28, 2002, 1,922 A TMs had been installed and by May 2002, 2, I 50. 

These can be linked with the Loppi multimedia terminals to provide various financial services, improving Lawson's 
appeal as a convenient, immediate source of services and keeping it competitive with SEJ and its plans to introduce 
such services. Plans call for 3,000 stores to have A TMs by the end offiscal 2002 (2/2003) with eventually all 
Lawson stores throughout the country having them. This was complemented in February 2002 by creating 
LAWSON CS Card, INC. with Mitsubishi Corporation and Credit Saison Co., Ltd. to promote a new Lawson credit 
card, LAWSON PASS, that could compete with )Y's joint card with JCB. According to Lawson, this card business 
has two main objectives. One is to provide financial services to customers, a new business model through which it 
can receive interest revenues by providing cash withdrawals to Lawson customers. Secondly, it is an integral part of 
its customer loyalty program, again similar to SEJ's approach. LAWSON PASS cardholders receive points for their 
purchases as well as specials. Expectation is this will build customer loyalty; encouraging store visits. So it feels 
cards are strategically important for raising customer satisfaction and will also support its e-commerce initiatives by 
facilitating purchase and payment while building a mineable telematic database. 800000 Lawson cards had been 
issued by September 2002 with I million expected by February 2003. This compares to over 5 million for SEJ even 
though Lawson started the membership and points concept first. Similar to SEJ, during 2002, i-Convenience, A TM, 
and ECONTEXT continued in their start-up phases generating operating losses of 211 million, 155 million and 179 
million yen respectively on revenues of yen 90 million, 3.1 billion, and 160 million. 

Lawson management feels their e-commerce approach is more convenient for customers than SEJ's as Lawson has 
more machines (if one combines kiosks and A TMs) in place. But it admits it does not have the same control over the 
system and are thus not sure when it can add additional financial services such as loans, insurance, or brokerage. So 
while Lawson has a lead in some e-commerce areas, the winner is not clear. What is clear is the CVS-based e
commerce model is working and growing supported by large firms with real resources. How many US finns can say 
that? Therefore it is not surprising Lawson's 2001 and 2002 Annual Reports view e-retailing as important. "In e
commerce and mobile commerce, which include the Internet and NTI DoCoMo's i-mode mobile service, our store 
network facilitates Lawson's existing services-settlement services and product pick-up at stores. We aim to provide 
these services for a fee to retailers and service providers that sell on line. The key element differentiating Lawson 
from other chains is our nationwide presence. Clients using Lawson services will thus have access to consumers 
throughout Japan, unlocking a host of new Net business opportunities. Leading companies have already honed in on 
our strengths. We have, for example, launched joint ventures with NTI DoCoMo, Inc., Matsushita Electric 
Industrial Co., Ltd. and Mitsubishi Corp. Indeed, Lawson's competitive advantage also lies in being able to tap into 
these companies' wealth of resources." (Lawson 2001) But given similar initiatives by its major competitors SEJ 
and FamilyMart it is less clear whether it will be able to meet the objective to "improve customer convenience and 
set ourselves apart from other industry chains by promoting e-commerce and financial services." 

LETSS 
During 2002 Lawson worked in this direction while reflecting the impact of SEJ' s IT and telematic strategy on them 
and the rest of Japan's CVS. In FY 2002, Lawson completed a switch to LETSS (Lawson's Epoch-making Total 
Strategic System). This is a next-generation online information system that begins to deliver some of the benefits 
SEJ has achieved over years. In FY 2002, Lawson's POS registers, store computers and other hardware were 
replaced, followed by all software. Introduction of new machines and software is expected to improve efficiency in 
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store operations and the speed at which data is processed. Loppis will operate faster and store management systems 
should be easier to use. System components are designed to forecast demand and better manage ordering. The idea 
is to pinpoint and forecast customer needs to prevent lost sales. LETSS should to do this by creating planograms 
tailored to each store, as well as by offering more appealing products and services with high value added. The 
competitive test and challenge will be integrating this system with Lawson's stores and supply structure to achieve 
organizational evolutionary learning and improvement. SEJ has a 20-year lead of experience and success. 

Basic Financial Data Lawson FY1996-2002 {February) 
Year Ending February 

2003 (1103) 
Total Store Sales (yen billions) 
Revenue (yen billions) 
Operating Income (yen billions) 
Number Stores 

7614 (1103) 
Average Daily Sales per store (yen thousands) 
496 (1/03) 

1996 1997 1998 1999 

885 
NIA 
NIA 
5683 

NIA 

985 
NIA 
NIA 

6252 

NIA 

1094 
304 
NIA 

6649 

NIA 

1157 
302 

34 
7016 

482 

2000 

1221 
291 

40 
7378 

483 

2001 

1275 
280 

41 
7683 

486 

2002 

1286 
256 

36 
7734 

489 

Gross Margin (%) NIA NIA NIA 30.0 30.3 30.3 30.3 
Source: SEJ Company Outline; Lawson 2001 and 2002 Annual Reports; does not include stores in Shanghai 
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USING EXCEL TO DEMYSTIFY THE WAGNER-WHITIN ALGORITHM 

James M. Fordyce and Kenneth R. Morrison 
Kettering University 

ABSTRACT 
The usual treannent of discrete lot-sizing models assumes discrete requirements over a fixed time-period horizon, 
orders covering requirements for one or more whole periods, no backlogging of requirements, and constant unit 
cost/purchase price. The Wagner-Whitin algorithm is considered to be a good choice to find the optimum solution, 
but it is sometimes thought to be too tough to use. The lead author of this paper long ago co-published two papers 
that de-mystified the Wagner-Whitin algorithm using Excel. The first paper, entitled "The Wagner-Whitin 
Algorithm Made Simple" showed how the algorithm can be very nicely explained using an Excel spreadsheet. The 
second paper, entitled "Nonconstant Unit Cost/Price With the Wagner-Whitin Algorithm" showed how the Excel 
spreadsheet still works and the algorithm can still be used even if the unit cost/purchase price is not held constant 
over the time horizon, and quantity discounts are considered. Now the current paper demonstrates that both 
setup/order costs and inventory carrying costs can also be varied over the time horizon, and stockout costs can be 
added to the formulation. The paper reports on the performance when the Excel spreadsheet was used for 30 
problems. The result is that essentially all the restrictions of the Wagner-Whitin algorithm have been removed. 

INTRODUCTION 
In 1958, H. M. Wagner and T. M. Whitin wrote a paper called "The Dynamic Version of the Economic Lot Size 
Model". Since then, several references on Operations Research have proposed solutions for the dynamic lot sizing 
problem, using the Wagner-Whitin algorithm. Most of the solution techniques involve dynamic programming. 

THE PROPOSED ALGORITHM 
The lead author of this paper long ago co-published two papers that de-mystified the Wagner-Whitin algorithm 
using Excel. The first paper, entitled "The Wagner-Whitin Algorithm Made Simple" showed how the algorithm can 
be very nicely explained using an Excel spreadsheet. The second paper, entitled "Nonconstant Unit Cost/Price With 
the Wagner-Whitin Algorithm" showed how the Excel spreadsheet still works and the algorithm can still be used 
even if the unit cosl/purchase price is not held constant over the time horizon, and quantity discounts are considered. 
The Excel spreadsheet algorithm essentially removes all the restrictions of the Wagner-Whitin algorithm, and can 
include volume discounts if desired. The remainder of this paper describes the Excel spreadsheet algorithm. 
The key to the algorithm is that for each period j, a decision is made to either make the parts demanded for that 
period (or for one or more following periods), or else not to make any parts that period. Inventory is charged at the 
end of each period, and a shortage cost is charged for missing demand for any period. 
Figure 1 shows a decision tree for the period I decision. 

Decision 

Do Not 
Make units for 
Period 1 demand 

B9 

B10 

Setup Cost 
(plus material 
Cost) 

Shortage 
Penalty for 
Period 1 Demand 

Figure 1 Decision Tree for Period I Logic 
Figure 1 shows that the value in cell B9 is the cost of producing the demand for period I, which is the setup cost for 
period 1, plus the material cost to make the period I demand. On the other hand, the value in cell B 10 is the cost for 
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not making the period 1 demand, which is a penalty cost, to make the option of missing demand targets punitive. It 
is calculated as the demand for period l multiplied by the shortage cost for period 1. 

Figure 2 shows the Excel logic for period l. The key variables are given in rows 2 through 6, namely period I 
demand (i.e., cell 82), period 1 setup cost (i.e., cell B3), period l carrying cost (i.e., cell B4), period l stockout cost 
(i.e., cell 85), and the period 1 material cost (i.e., cell B6). The values shown are taken from the Nahmias problem, 
which is the first problem to be considered, starting on page 5. 

As Figure 2 shows, the decision to make parts in period 1 is in cell B9, and the decision to not make parts is in cell 
B10. Figure 2 shows that the value in cell B9 is the setup cost for period 1 from cell B3 plus the material cost to 
make the period l demand. That value will be 75 plus 0, or 75. Also, in cell Bl 0, the cost for not making the period 
l demand is a penalty cost, calculated as the demand for period 1 (i.e., cell B2) multiplied by the shortage cost for 
period 1 (i.e., cell B5). That value will be 52 times 3, or 156. In cell 818, the minimum of the 2 values is found to 
be 75, so it will be best in period I to build the period 1 demand. 

1 Pe11od 
2 Demand 

A 

3 Setup Cos1 
4 Ca,ry1ng Co$1 
S SlocklXII Cost 
6 M~tem1I Co;I 

~c1,1011\Penod 
Maka/ 1 

Nor Make/ 1 
M~ke/2 

Nol Make/2 
Make/'.3 

Nol t.1akef3 
Makel 4 

Nol Makel 4 

B 
1 
52 
75 
1 
3 
0 

I 
=83+B$2"8$8 
:82"85 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 Column M,mmum =MIN(Bv.l B516) 

j Spreadsheet logic. Period 1 j 
Figure 2 Excel Logic for Period I 

Figure 3 shows a decision tree for the period 2 decision. It shows that 
• the value in cell C9 is the cost of producing the demand for period 2 in period I plus, since producing the 

demand for period 2 will involve an inventory cost for holding the period 2 demand through period 1, that 
inventory cost is added 

• the value in cell C 10 is the cost for not making the period 2 demand in period 1, which adds the shortage 
penalty cost for missing the period 1 and period 2 demands 

• the value in cell C 11 is the cost of producing the demand for period 2 in period 2, which is the setup cost 
for period 2 plus the material cost to make the period 2 demand 

• the value in cell C 12 is the cost for not making the period 2 demand in period 2, which is a penalty cost. 
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Make units for @ 
Period 2 deman.o•·• _., 
,---------~ : , : 
·--------~~ 

Do Not ·• •• 
Make units for '· -~ 
Period 2 demand ~ 

Do Not 
Make units for 
Period 2 demand 

c,, 

C12 

Inventory Cost 
(plus material 
Cost) 

Shortage 
Penalty for 
Period 2 Demand 

Setup Cost 
(plus material 
Cost) 

Shortage 
Penalty for 
Period 2 Demand 

Figure J Decision Tree for Period 2 Logic 

Figure 4 shows the Excel logic for period 2. As Figure 4 shows, the decision to make parts in period I for period 2 
demand is in cell C9, and the decision to not make parts for period 2 in period I is in cell CI 0. The value in cell 
C 11 is the decision to make parts in period 2 for period 2 demand, and the value in cell C 12 reflects the cost from 
the decision to not make parts for period 2 in period 2. 

• For cell C9, the additional cost incurred will be the inventory expense of carrying the period 2 demand in 
period 1, which is the period 2 demand (i.e., C2) times the inventory cost for period I (i.e., B4). That cost 
increase will be 87 times l, or 87 added to 75, or 162. 

• The cost in cell CIO is for the cost of not making the period 2 demand in period 2, given that the period I 
demand was not made in period 1. That additional cost will be calculated as the demands for periods l and 
2 (i.e., cells B2 and C2) multiplied by the shortage cost for period 2 (i.e., cell C5). That value will be 139 
times 3, or 417, which added to 156, totals 573. 

• The value in cell C 11 is the setup cost for period 2 from cell C3 plus the material cost to make the period 2 
demand (i.e., cell C2 times cell C6). That value will be 75 plus 87 times 0, or 75, added to the best value 
from stage 1 (i.e., 75), or 150. 

• In cell C 12, the cost for not making the period 2 demand is a penalty cost, calculated as the demand for 
period 2 (i.e., cell C2) multiplied by the shortage cost for period 2 (i.e., cell C5). That value will be 87 
times 3, or 261, added to the best value from stage I (i.e., 75), or 336 

• In cell C18, the minimum of the 4 values is found to be 150, so it will be best in period 2 to build the period 
2 demand. 
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A 
1 Period 
2 Demand 
3 Setup Co'Sl 

-4 Ca1ry1ng CHI 
S S1ockOY1 Cost 
6 Mateual Cost -:; 

r 
2 
87 
75 
1 
3 
0 

2 

C 

8 
9 
10 
11 
12 
13 
14 
15 
16 
·,1 

Det11non\Pened 
Make/ 1 

Not MakeJ 1 
Makel 2 

Nol Makt/2 
M•k•IJ 

Nol Make/3 
Makel 4 

-=89+C$2"SUM($8$4 B4)+C$2"CS6 
~BIO+C$5"SUM($B$2 C2) 
11MIN(B59 B516)+C3+C$2•CS6 
.,MIN{8l9 8l16)+CS~UM($C2 C2) 

Not M11ke/ 4 

_18 Column M1n1mum "'MIN(CW C$16) 

I Spreadsheet Logic, Period 2 ! 
Figure 4 Excel Logic for Period 2 

Figure 5 shows the decision tree for the period 3 decision. Cells C9 and CI 0 reflect updating of the decision in 
period l, while cells C 11 and C 12 reflect updating of decision in period 2, and cells CI 3 and C 14 show the decision 
to be made in period 3. 

Make units for r;:;-i 
Period 3 demand_.-~ 

~ -- -- -----.-
: 1 : ·-------- -• ... -~ 

Do Not •• ·, c,o 
Make units for 
Period 3 demand 

Make units for ,----, 
Period 3 demand ___ j C11 

~ - -- --- - --,• 

: :z : ·---------..• ... 
Do Not -. __ -, c,:z 
Make units for 
Period 3 demand 

Make units for 
Period 3 demand C13 

Decision 

Do Not 
Make units ror 
Period 3 demand 

C14 

Inventory Cost 
(plus material 
cost) 

Shortage 
Penalty for 
Period 3 Demand 

Inventory Cost 
(plus material 
Cost) 

Shortage 
Penalty for 
Period 3 Demand 

Setup Cost 
(plus material 
Cost) 

Shortage 
Penalty for 
Period 3 Demand 

Figure S Decision Tree for Period 3 Lo2ic 

Figure 6 shows the Excel logic for period 3. As Figure 6 shows 
• For cell D9, the additional cost incurred will be the inventory expense of carrying the period 3 demand in 

periods land 2, which is the period 3 demand (i.e., D2) times the sum of the inventory costs for periods I 
and 2 (i.e., B4 plus B5). That cost increase will be 23 times 2, or 46 added to 162, or 208 
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• The cost in cell D IO is for the cost of not making the period 3 demand in period 3, given that the period 3 
demand was not made in period I. That additional cost will be calculated as the demands for periods I 
through 3 (i.e., cells B2, C2, and D2) multiplied by the shortage cost for period 3 (i.e., cell D5). That value 
will be 162 times 2, or 324, which added to 573, totals 897 

• The value in cell D 11 reflects the additional inventory cost incurred of carrying the period 3 demand in 
period 2, which is the period 3 demand (i.e., D2) times the inventory costs for period 2 (i.e., cell B5). That 
cost increase will be 23 times I, or 23 added to 150, or 173 

• In cell D 12, the cost for of not making the period 3 demand in period 2, given that the period 3 demand was 
not made in period 2. That additional cost will be calculated as the demands for periods 2 and 3 (i.e., cells 
C2 and D2) multiplied by the shortage cost for period 3 (i.e., cell D5). That value will be I JO times 2, or 
220, which added to 336, totals 556 

• The value in cell D 13 is the setup cost for period 3 from cell D3 plus the material cost to make the period 3 
demand (i.e., cell D2 times cell D6). That value will be 75 plus 23 times 0, or 75 added to the best value 
from stage 2 (i.e., 150), or 225 

• In cell Dl4, the cost for not making the period 3 demand is a penalty cost, calculated as the demand for 
period 3 (i.e., cell D2) multiplied by the shortage cost for period 3 (i.e., cell D5). That va1ue will be 23 
times 2, or 46, added to the best value from stage 2 (i.e., 150), or 196 

• In cell D18, the minimum of the 4 values is found to be 173, so it will be best in period 3 to use units built 

in period 2 and invento~r_ie_d _ _ --.. --~,---------
"' I 0 

1 Pvnod 
2 Demand 
~ _S.1up C0$1 
-4 Caany1ng Cost 
S Slockoul Co!JI 
6 Malena! Cost 
7 
8 Oet1$10n\P1Jnod 
9 Mal<e/ 1 
10 
11 
12 
13 
14 
15 
16 
17 

No! M:.ke/ 1 
M•k&l 2 

Nol Makt/ 2 
M.ike/3 

Nol Make/ 3 
1'1.~ke/ 4 

Nol M~k~/ _. 

3 
23 
75 
1 
2 
0 

J 
~C9+0$:?"SUM($B$4 C4)+D$2'0$G 
r=Cl0+0$S"SUM($B$2 02} 
:CI 1 •DSTSUM($CS4 C4) +OS2"056 
r,.Ct:?+D.S•SUM($CS2 02} 
,.MIN{C$9 C$11:>)+03•0'2'0$6 
"'-MIN{CS9 CS16)+059SUM($0$2 D2) 

18 Column Minimum :I\IIIN(D59 OJ16) 

j Spreadsheet Logic, Period 3 l 
Figure 6 Excel Logic for Periods 3 and 4 

To demonstrate how the Excel spreadsheet algorithm works, 5 contemporary textbooks were chosen to apply the 
algorithm, as summarized in Table 1. 

Table 1 Characteristics of 5 Textbook Problems 
Textbook Number Setup Cost Shonage Inventory Material Cost Solution 

Periods Cost Cost Technique 
Nahmias 4 75 NIA I NIA Backward 

Dynamic 
Programming 

Winston 5 250 NIA I 2 Backward 
Dynamic 

Programming 
Rardin 6 50 NIA 2 I and 3 Backward 

Dynamic 
Programmine 

Martinich IQ 160 NIA I NIA Backward 
Dynamic 

Programming 
Factory IQ 100 NIA IQ to 90 NIA Backward 
Physics Dynamic 

Programming 
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The first problem selected was from "Production and Operations Analysis", by Steven Nahmias, Fourth edition, 
page 406. Figure 7 shows the Excel spreadsheet cells to define the parameters for the Nahmias problem, and Figure 
8 shows the solution to the Nahmias problem using the Excel spreadsheet algorithm. 

A B C D 
1 Period 1 2 3 
2 Demand 52 87 23 
3 Setup Cost 75 75 75 - -
4 Carrying Cost 1 1 1 
5 Stockout Cost 3 3 2 
6 Material Cost 0 0 0 

Input Parameters for 
Nahmias, page 406 

fi11:ure 7 Problem Parameters for Nahmias Problem Set UI! i~ Excel 

Please notice that the stockout cost is varied in this problem. 

1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

, Comparing Algorithm Results 
! to Nahmias, page 406 ..,._ .._..._ __ 

Oec1sion\Penod 1 2 
Makel1 ·,75 ·, ··. 162 " 208 " 

""' /ttf/(# 1 1~ " 573 
r 

[Jl)l 

Makel2 . . 150 · 173 " 
UclM#.¥2 336 

r 
S66 

Makel3 225 
llolMfMl3 1~ 
Makel4 

NotMak¥4 

:0 
4 

376 
f.:03 
285 
888 
281 
3-SJ 

-248 
285 

18 Column Minimum 75 150 173 248 
19 Decision Makel 1 Makel 2 Make/ 2 Makel 4 
20 Numbe< Duohc:ates O O O 0 

Fi11:ure 8 Problem Solution for Nahmias Problem 

E 
4 

56 
75 
1 
2 
0 

Figure 9 shows the costs for each period graphically. The solid line shows the cost for periods I through 4 for 
building in period I. The thick dashed line shows cost for periods 2 through 4 for building in period 2. The thin 
dashed line shows the cost for periods 3 and 4 for building in period 3. The diamond in period 4 shows the cost for 
building period 4 demand in period 4. Looking at the lines that represent the minimum values in each period, it is 
clear that building in periods I, 2, and 4 give the optimum cost solution. 

141 



Proceedings of the 2003 IEMS Conference 

400 

3S0+---------
30(I ..,_ ____ -,1,.._ 

2S0 +-----1-A--
1 ;200 ...... ----.JII'<--
<.,) 

t so +-----:i 

100 ---------
so +--------
0 -+-------.,-----.. 

t 2 3- 4 

Perk,d 

• ~,1 
-.- MM'.-ef1 

--•-- Matel.l 

• M;il:ef4 

Figure 9 Graphical View of Total Costs for Nahmias Problem 

The solution in the Nahmias textbook was one of backward dynamic programming, and it is not easy to correlate the 
costs given in the Nahmias book with those in the algorithm. However, the total cost (i.e., 248), and the build 
pattern of build in period l for period l demand, period 2 for period 2 and period 3 demand, and period 4 for period 
4 demand, match the Nahmias solution. 

The second problem selected was from "Operations Research: Applications and Algorithms", by Wayne Winston, 
Third edition, page I 046. Figure IO shows the parameter setup for the algorithm, and Figure 11 shows the solution 
to the Winston problem using the Excel spreadsheet algorithm. 

A B C D E F 
1 Period 1 2 3 4 5 
2 Demand 220 280 360 140 270 
3 Setup Cost 250 250 250 250 250 
4 Carrying Cost 1 1 1 1 1 
5 Stockout Cost 4 4 4 4 4 

6 Material Cost 2 2 2 2 ") .. 
Input Parameters for 
Winston. page 1046 

7 
Figure 10 Problem Parameters for Winston Problem Set up in Excel 

Please notice that material cost is used in this problem. 
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• 7 
I 8 Oe"11on\Penocl 1 9 Make 1 

10 
11 
12 
13 
14 
15 
16 lloUldt/4 

Make 5 
flcllhhl5 

Comparing Algorithm Results 
to Winston. pag• 1046 

1 2 3 ~ 
690 l 1SJO r 2970 r 3610 
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15t0 I 2S80 " )UO r 4.J!IO 
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Figure 11 Problem Solution for Winston Problem in Excel 

The solution in the Winston textbook was one of backward dynamic programming, and it is not easy to correlate the 
costs given in the Winston book with those in the algorithm. However, the total cost (i.e., 3680), and the build 
pattern of build in period 1 for period l demand, period 2 for period 2, period 3 for period 3 and period 4 demand, 
and period 5 for period 5 demand, match the Winston solution. 

The third problem selected was from "Optimization in Operations Research", by Ronald Rardin, page 459. Figure 
12 shows the parameter setup for the algorithm, and Figure 13 shows the solution to the Rardin problem using the 
Excel spreadsheet algorithm. 

------ ----- ---
A B C 0 E F G -- - " 

1 Period 1 2 3 4 5 6 
2 Demand 10 40 20 5 5 15 
3 Setup Cost 50 50 50 50 50 50 
4 Carrying Cost 2 2 2 2 2 2 
5 Stockout Cost 8 8 8 8 8 8 
6 Material Cost 1 3 3 1 1 1 

Input Parameters for 
Rardin, page 459 

Fl2ure 12 Pr2blem Parameters for Rardin Problem Set U(! in Excel 

Please notice that material costs are varied during the time period. 
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The solution in the Rardin textbook was one of backward dynamic programming, and it is not easy to correlate the 
costs given in the Rardin book with those in the algorithm. 

The fourth problem selected was from "Production and Operations Management: An Applied Modem Approach", 
by Joseph Martinich, Eighth edition, page 732. The solution was not given in much detail. Figure 14 shows the 
parameter setup for the algorithm, and Figure 15 shows the solution to the Martinich problem using the Excel 
spreadsheet algorithm. 

A 8 C 0 -~- F G H I J K 
I Penod 1 2 3 4 5 6 7 8 9 10 

2 Demand 0 0 50 0 40 90 110 0 30 40 
3 _Setup Cost 160 160 160 160 160 t60 160 160 160 160 
4 Carrying cost 1 I 1 1 1 I 1 1 I 1 
5 StotkOut Cost 8 B 8 8 8 8 6 8 8 8 
6 Matenat Cost 0 0 0 0 0 0 0 0 0 0 

-:-,...,. ,. ..,.x •-» r,,;r-..-1, 

Input Parameters for : 
Martinich, page 732 I 

7 
Fizure 14 Problem Parameters for Martinich Problem Set un in Excel 

As Fi ure 14 shows, there are eriods of zero demand, nametx 1, 2, 4, and 8. 
A B C 0 E F G H J K 
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a«> ,. ,,lQ r tHO r '»IA ,. 
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16 !i«IIUl_,4 1· . i@ : r "" • 1"10 • lll4 • ,~ " 1~ 0 IOC<ID 
17 ...... s 320 ~10 ' i30 • 630 • 750 r 950 
18 Netlhbl!I at, .. "10 " 34#0 .. 

~ ,, ,~o 10<!0,) 
19 M.lllt G =· r ·s1u t ~·· t = r 7(.0 
20 ""'""''•f Comparing Algorithm Re,ults 

,- 1'f,IJ '1r0 JloC 
21 M.1M!1 560 S'4> ,, '20 " 1.io 22 N«CSIA6'7 to Martinich. page 732 UIO • l1f<> ,, ll&> 41!0 
23 ........ 670 700 • 780 
2A NdM11e-a . ~,a .r 1'JI) 1310 25- ....... 670 I · 7!~ · I 26 NOIIW,I~ 1~ 1310 
"II ..... ,,o 7(,() 
28 ~M6At11C> gio 
29 co11-.,.aiin 0 0 1M KO 2.&0 .&00 s10 510 '°° 710 
3) o.ciNOahtlo4' ........ , ...... , ... ,2 ~, .... ~ .. ....... , ....... IWl•61Wll.lM· 8 Mak•·6 t.laM·9 
3_1_ Nunn1e10up11Cm~ 0 1 0 1 0 0 0 • 0 0 

Fizure IS Problem Solution for Martinich Problem Set un in Excel 

As Figure 15 shows, the solution is not to build until period 3, when we build for periods 3, 4, and 5. In period 6, 
we build for periods 6, 7, 8, 9, and 10. The demand for period 10 is inventoried for period 9. The total cost from the 
algorithm (i.e., 710) agrees with the Martinich result. 

The fifth problem selec1ed was "Factory Physics", by Wallace Hopp and Mark Spearman, Second edi1ion, page 59. 
The solution was given in much detail. Figure 16 shows the parameter setup for the algorithm, and Figure 17 shows 
the solution to the Factory Physics problem using the Excel spreadsheet algorithm. 
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A B C 0 E F G H I J 
1 Pvnod 1 2 3 .. 5 6 7 8 9 
2 Demalld 20 so 10 50 50 10 20 40 21) 

3_ Setup Coat 100 100 100 100 100 100 100 100 100 
_. Carry,119 Cost I I , 1 1 1 1 1 I 
5 S1ock0111 Cost 8 8 8 8 8 8 8 8 8 
6 Matenal Cos1 0 0 0 0 0 0 0 0 0 

Input Parameters for 

7 
Factory Physics. page 58 

Fi2ure 16 Problem Parameters for Facton:: Physics Problem Set UJ! in Excel 

As Figure 16 shows, material cost was not a consideration in the Factory Physics problem. 
I 
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20 ~~• ~r~r~r~ ~ 

21 Make' 7 UO ~ : · 't ' ~i -( !!!_ 
~ ~~1 ------------ ~ ~ ~ !~~a Comparing Algorithm Results ~ 1• ,a, t · fflr: 
~ t!~~' to Factory Physics. page 58 :: ~! 
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Figure 17 Problem Solution for Factory Physics Problem Set UJ! in Excel 

The solution given in the Factory Physics book showed one table (i.e., Table 2.4, page 63) with 31 values filled in 
the table. The solution from the algorithm matched all 31 values. The total cost value of 580 matches the Factory 
Physics result, as does the build pattern of building in period 1 for periods 1, 2, and 3, period 4 for periods 4, 5, 6, 
and 7, period 7 for periods 8 and 9, and period 8 for period IO. There are 2 alternatives, due to the tie in period 9. 
Once again, the solution shows that 8, 9, and I 0, it is cheaper to inventory units from a previous period than to 
produce in that period. 

SUMMARY 
The purpose of this paper was to de•mystify the Wagner•Whitin algorithm using an Excel spreadsheet. The 
spreadsheet permits the variables such as unit cost/purchase price, setup cost, and stockout cost to be varied over the 
time horizon, and quantity discounts can be considered, but not in lhis paper. This paper described the Excel 
spreadsheet algorithm and showed how it can replace the use of dynamic programming solutions as shown in 5 
contemporary textbooks. 
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DIGIT AL SOLUTIONS: 
XILINX SPARTAN FPGAs IN SOPHOMORE EE/CE PROJECTS 

Andrzej J. Gapinski 
Penn State University-Fayette 

Nathan O'Connor and James Glath 
Penn State University-New Kensington 

ABSTRACT 
·ogrammable memory devices serve an important role in digital design and implementation education in 
neering schools around the country. Author shares his experience in using FPGAs by XILINX in digital design 
,culum at sophomore level in electrical & computer engineering program. 

INTRODUCTION 
As became an industry standard in digital programmable solutions area. Engineering schools are implementing 
echnology in theirs digital design/ implementation programs. Special programs offered by industry leaders, 
as XILINX Corporation' in partnership with other firms, such as XESS2 and Digilent3 Corporations, made the 

no logy affordable and thus easily available to institutions of higher learning. 
mica! literature reports the application of FPGAs technology in university/college education4

"
11. 

technical note is the extension of work previously reported in Gapinski9•
10·11

• 

3St technical notes we discussed various design and implementation aspects of digital programmable solutions, 
as educationaVinstructional methodologies, simple illustrative examples, choice of the design & programming 

;, etc. Here, we would like to depict one project as an example of the work performed by students in a 
1omore electrical/computer engineering digital design class. 

STUDENT PROJECT 
)ratory activity is a mixture of individual and teamwork assignments. For final projects, which usually last three 
ks in duration, students have to select one of the topics approved by the instructor. The topics may include: 

• a vending machine 
• intersection lights control 
• pattern recognition,etc. 

:, the chosen example is a digital lock, which is an illustration of the third group. Students supposed to 
gn a digital, sequential circuit which implements a digital lock with two inputs, lets name them A & B, 
to implement the design with JK Flip Flops and using Xilinx Spartan FPGA. The chosen sequence 
;h unlocks the lock is as follows: A ABABA. Either inputting an 'A' or 'B' would cause the 

DIGITAL SOLUTIONS: XILINX SPARTAN FPGAs IN SOPHOMORE EE/CE PROJECTS 
lcked lock to return to the locked state. Any out-of-sequence 'A' input in the entered combination will cause 
ock to go into an alarm state. The lock would remain in the alarm state until an 'A' is entered. 
will cause the lock to go back to the initial locked state. The circuit has four inputs: AIN, BIN, RESET, and 

)CK. The three outputs, LOCK, UNLOCK, ALARM, are set to ' I ' for locked, unlock, and alann state of the 
Jit. State transition diagram which follows basic conceptual state diagram as of figure 1, is described in figure 2. 
state diagram consists of eight different states, one for each position in the opening sequence, and an alarm and 
,ck states. 

conditions for state transitions 

Figure 1. State Transition Diagram 
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· either state diagram editor, FSM, or hardware programming language, HDL, to enter their design. 
,tate transition diagram with transition conditions described in Abel notation. Figure 3 shows the 
: design. The Foundation software prepares a report of which small segment is shown in figure 4. 

CONCLUSION 
i by any instructor covering digital education is how to integrate the new technology with standard 
lbe answer comes naturally, considering the fact that students appreciate state of the art technology 
o go extra mile to learn about it. To be specific, in digital education arena, students start initially 
'L devices, which require a lot of wire cutting and clipping and migrate to "software-like" hardware 
1 doing so students could do much more challenging designs. 

using FPGAs by XILrNX with boards made by XESS and Digilent corporations. Students 
ti design projects starting first with discrete devices and completing semester projects using software 
nplement their designs. 

.Xilinx.com 
1.xess.com 
.digilent.cc 
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Figure 2. State Transition Diagram 
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" File: D:\Xilinx\active\projects\LOCKDIG\LOCKD.abl 
" created: 12/03/01 15:08:08 
" from: 'D:\Xilinx\active\projects\LOCKDlG\LOCKD.asf 
" by: fsm2hdl - version: 2.0.1.60 
module lockd 
Title 'lockd' 

Declarations 

"clocks 
CLOCK PIN; 

"input ports 
AIN PIN; 
BIN PIN; 
RESET PIN; 

"output ports 
ALARM PIN; 
LOCK PIN; 
UNLOCK PIN; 

11
• •••**** SYMBOLIC state machine: Sreg0 ••0 ** 

Sreg0 STATE_REGISTER; 
SI, S2, S3, S4, S5, S6, S7, S8 STATE; 

Equations 

"diagram ACTIONS 

11
• •• •••••••••• state machine: Sreg0 *** •••••**** • 

" clock signals definitions 
Sreg0.clk • CLOCK; 

State_ diagram Sreg0 
SYNC_RESET SI: RESET; 

State SI: 

LOCK ... " bl; 
IF (RESET#(BIN&tRESET&!AIN)) THEN 

SI 
ELSE IF (!RESET&AIN&!BIN) THEN 

S2; 

State S2: 

IF (RESET#(BIN&!RESET&!AIN)) THEN 
SJ 
ELSE IF (!RESET&AIN&!BIN) THEN 

S3; 

State S3: 

IF {AIN&!RESET&!BIN) THEN 
S7 
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ELSE IF (!RESET&BlN&!AIN) THEN 
S4; 

State S4: 

IF (RESET#(BlN&!RESET&!AIN)) THEN 
Sl 
ELSE IF (!RESET&AlN&!BIN) THEN 

S5; 

State S5: 

IF (!RESET&BlN&!AIN) THEN 
S6 
ELSE IF (AIN&!RESET&!BIN) THEN 

S7; 

State S6: 

IF (RESET#(BlN&!RESET&!AIN)) THEN 
SI 
ELSE IF (!RESET&AIN&!BIN) THEN 

S8; 

State S7: 

ALARM• "b I; 
IF (AIN&!BIN) THEN 
Sl 
ELSE IF (BIN&!AIN) THEN 

S7; 

State SB: 

UNLOCK ="bl; 
IF (RESET#(AIN&!RESET&!BIN)#(BIN&!RESET&!BIN)) THEN 

SI; 

" end of state machine - Sreg0 

endlockd 

Figure 3. Abel Code 
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Xilinx Mapping Report File for Design 'lockd' 
Copyright (c) 1995-2000 Xilinx, Inc. All rights reserved. 

Design Information 

Command Line 
Target Device 
Target Package 
Target Speed 
Mapper Version 

rnlmap -p xcs10-3-pc84 -o map.ncd lockdig.ngd lockdig.pcf 
xsl0 
pc84 
-3 
spartan -- D.19 

Design Summary 

Number of errors: 0 
Number of warnings: 2 
Number of CLBs: 7 out of 

CLB Flip Flops: 8 
4 input LUTs: 13 
3 input LUTs: 1 

Number of bonded IOBs: 7 out of 
IOB Flops: 0 
IOB Latches: 0 

Total equivalent gate count for design: 130 
Additional JTAG gate count for IOBs: 336 

Table of Contents 

Section 1 - Errors 
Section 2 - Warnings 
Section 3 - Design Attributes 
Section 4 - Removed Logic Summary 
Section 5 - Removed Logic 
Section 6 - Added Logic 
Section 7 - Expanded Logic 
Section 8 - Signal Cross-Reference 
Section 9 - Symbol Cross-Reference 
Section 10 - IOB Properties 
Section 11 - RPMs 
Section 12 - Guide Report 
Section 13 - Area Group Summary 

196 3% 

61 11% 

Figure 4. Foundation Report (fragment) 
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HIERARCHICAL PROGRAMMING 
XILINX ISE 4.2i and DIGILAB 2XL SPARTAN 2 XC FPGA BOARD 

Andrzej J. Gapinski 
Penn State University-Fayette 

ABSTRACT 
XILINX Corporation's FPGA technology became an industry standard in digital, re-programmable solutions. This 
note describes an example of a hierarchical programming, which uses XILINX's programmable chip and software. 

INTRODUCTION 
Programmable digital solutions offered by XILINX Corporation' and other manufactures have been used in a variety 
of products for many markets; industrial control, instrumentation, networking, consumer electronics, 
telecommunication, data processing, automotive, defense and aerospace, etc. The current programmable technology 
offers many benefits to the business customers: faster Time-to-Market, minimization of risk ( design & 
implementation), simplification of the design / implementation process, etc. 

The XILINX Corporation created a "university program" that made the technology inexpensive and thus, available 
to colleges / universities. Several corporations developed various boards, which host FPGAs chips. 

Author has been experimenting with XILINX FPGAs: Spartan and Spartan II family of chips, hosted by boards 
manufactured by XESS2 and Digilent3 Corporations. The web sites provided by the mentioned above corporations 
supply a vast quantity of knowledge on programmable digital solutions. One can learn not only about history, 
classification, and possible applications, but also how to use software and hardware tools in digital design process 
from illustrative tutorials posted on the web. 

The literature that describes the digital programmable design using FPGA technology although rare is available1-12_ 

The FPGA technology has been incorporated by the author8
•

11 in the engineering / technology digital analysis and 
design courses, and laboratory projects. 

HIERARCHICAL PROGRAMMING: EXAMPLE 
ISE software by XILINX allows for a hierarchical design programming in which a digital design project may 
incorporate previously synthesized projects as reused modules. Here, a chosen example is a digital circuit of a 
counter coupled with seven-segment decoder, in which a counter driven by an internal clock provides binary inputs 
to a seven-segment display. Although Xess Corporation provides similar example in its tutorial site, here a different 
board by Digilent Corporation is used. The board Digilab 2XL which hosts XC2S30 chip, has four seven-segments 
displays with common cathode connection, and allows for a downloading utility, iMPACT, built in ISE software to 
be used to download bit-file. The discussed circuit selects a proper seven-segment display unit and converts a seven
bit data bus to one-bit output lines. To accommodate a cathode-type of connections in LEDs of seven-segment 
displays of the Digilab 2XL board a zero, "0," in supplied instead of a one, "I," in order to activate a given LED. 
Hence, instead of activating segments a,b,c,d,e,f, and g of a LED segment with one," I," as it is the case with a 
"anode-type" connection, here LED segments are activated with zero, "0," fig. 1. The decoder's activating inputs are 
shown in a VHDL-behavioral code in fig. 2. A seven-segment LED decoder, whose VHDL file is given on fig .2, 
has been previously synthesized and attached to the current project of a counter as a digital module, see fig. 3,4,5. 
The counter was driven by internal clock of 50MHz'. 

The most significant digits of the counter outputs provide input to the seven-segment display unit selected by 
selection signal, "sel," generated by a decoder, fig.2. Outputs of the decoder, present on a seven-bit bus were 
channeled through single-bit buffers, "obuf," to one-bit data lines. These one-bit lines were connected to the inputs 
of the seven-segment display unit (one out of four available), selected by "sel" signal. 
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CONCLUSION 
The purpose of this note was to describe an example of hierarchical programming using XILINX ISE 4.2i software 
and FPGA Spartan 2 chip hosted by Digilab 2XL board by Digilent Corporation. The programming example 
provides an illustration of programmable digital solution that uses FPGA technology. 

a 

f g b 

e C 

d 
Fig. l. Seven-segment LED display 
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library IEEE; 
use IEEE.STD_LOGIC_l 164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; 

entity Decoder_ 7SegLED is 
Port ( sel: out std_logic; 

d: in std_logic_vector(3 downto 0); 
s: out std_logic_vector(6 downto 0)); 

end Decoder_7SegLED; 

architecture Behavioral ofDecoder_7SegLED is 
begin 

se\<='1'; 
s <= "0000001" when d="0000" else 

"1001111" when d="000 I" else 
"0010010" when d="00l0" else 
"000011 0" when d="00 I 1" else 
"1001100" when d="0l00" else 
"0 100 I 00" when d="0 IO l" else 
"0 100000" when d="0 110" else 
"0001111" when d="Ol 11" else 
"0000000" when d=" l 000" else 
"0000 l 00" when d=" 100 I" else 
"11111 I I"; 

end Behavioral; 

APPENDIX 

Fig. 2. VHDL code for 7LEDs Decoder 
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Fig 3. XILINX ISE 4.2i Schematic Editor window 
Modules: counter_ 4b and decoder_7segled 
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DEVELOPMENT AND EVALUATION OF THE ACTIVE LEARNING IN THE 
VIRTUAL ENTERPRISE (ALIVE) SYSTEM 

Melissa R. Hargrove, Paul Stanfield 
North Carolina Agricultural & Technical State University 

ABSTRACT 
Traditional engineering fundamentals are only a portion of the skills engineering graduates need in order to be 
effective in current engineering practice. The VE (Virtual Enterprise) System, a web-based, full scale 
manufacturing supply chain system, provides a practical environment for developing skills in systems engineering, 
information technology, and business processes. The mechanism for teaching within VE is the ALIVE (Active 
Learning In the Virtual Enterprise) System, currently under development in the Department oflndustrial and 
Systems Engineering at NC A&T State University. The ALIVE system teaches through student interactions termed 
"learning modules" which are similar to short intern experiences in various parts of the supply chain. This paper 
describes the research, design, implementation, and effectiveness testing of these learning modules for teaching and 
motivating systems engineering, information technology, and business concepts to Industrial Engineering students. 

The overall design of the ALIVE system and Virtual Enterprise is summarized. The learning modules consist of a 
statement of learning objectives, a laboratory interaction within the topic, a review of the IT data and process model 
associated with the topic, an overview ofrelevant financial and other design issues, and an individual student 
evaluation. Finally, students attack realistic problems in the Virtual Enterprise environment in the form of a case 
study. 

A primary emphasis of the paper is evaluating the effectiveness of the learning modules. An experiment is 
constructed to detennine how participation in the learning modules contributes to the students' overall learning and 
motivation, and any changes needed to improve the modules. Based on an analysis of the results, the improvements 
and best practices are determined for the tested modules as well as future learning modules. 

BACKGROUND 
According to the Accreditation Board for Engineering and Technology (ABET), engineering students need to 
graduate with a set of skills that would result in the following outcomes: an ability to design a system or component 
to meet desired needs; to function on cross functional teams; have a broad education necessary enough to understand 
the global, economic, and societal impact of engineering solutions.6 

The skills that engineering graduates are expected to possess has changed dramatically over the past several years; 
however, engineering education has not changed significantly. The increasing gap between traditional engineering 
education and the change in engineering practice has caused the effectiveness of the engineering programs to be 
questioned.1 Several authors have researched, and expressed the importance of students' ability to effectively apply 
the knowledge and skills learned to the real world.4 Employers are looking for a new type of employee; many argue 
that today's employee should be both a "thinker" and a "problem solver". Instructors are now faced the challenge of 
engaging students in more demanding activities designed to promote the development of higher-order thinking and 
problem solving.5 

In order to produce graduates efficient in problem solving, effective in experimental design, and able to function 
well on inter-disciplinary teams the engineering programs will need to increase the real-world content of the 
curriculum.4 The ALIVE (Active Leaming in The Virtual Enterprise) enables Industrial & Systems Engineering 
students to develop the skills necessary in order to be competitive, and operate effectively in the real-world of 
engineering. 

Engineering Education 
In order for engineering graduates to be effective and competitive in the workforce they must possess several key 
skills, in addition to traditional engineering fundamentals they should be skilled in systems engineering, information 
technology, and possess soft (communication/team) skills. Engineering education needs to develop innovative, 
convenient means of delivering systems to produce these skills for a diverse and changing student population.' 
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Leaming institutions need to understand that students possess many different learning styles; unfortunately most of 
these institutions only cater to a portion of these styles through the traditional teaching methods. In a traditional 
learning environment learning is achieved through abstract conceptualization rather than concrete experience. A 
large disparity exists between traditional teaching methods of engineering professors and the common learning 
styles of engineering students. Most engineering students are active, visual, sensing, global, and inductive learners, 
while most engineering teaching methods unintentionally cater to the students who are auditory, passive, sequential, 
reflective, and intuitive.2 These differences generally lead to inadequate student performance and professional 
dissatisfaction, just a few the consequences ofnot creating an effective learning environment for all students. 

The ALIVE System attempts to bridge the gap that exists between common engineering student learning styles and 
general engineering instructor teaching methods, seeking to improve the learning environment by providing 
experiences that will address all dimensions of learning styles. 

VIRTUAL ENTERPRISE 
The North Carolina A&T State University Department of Industrial & Systems Engineering Virtual Enterprise (VE) 
system is designed to provide students with a practical and effective means ofleaming and implementing the 
necessary skills required in the work force. The VE system provides a practical way of developing skills in systems 
engineering and information technology, in addition to soft skills and traditional engineering fundamentals. The VE 
is a full scale manufacturing supply chain system integrated using information technology, to produce an actual 
product. As shown in Figure 5, the product being produced is a desk clock (without the 
timepiece), although the VE system is designed with flexible processes to handle multiple 
product types. 1 

The desk clock is designed using parametric solid molding with a rapid prototyping system in 
the Product, Process, and the Facility (Engineering) Department. The assembly process allows 
teaching of production postponement and delayed differentiation concepts. A second planned 
product is a disposable camera, which facilitates teaching of reverse logistics, product recovery, 
and remanufacturing.1 

The departmental laboratories are organized as business departments within an information 

Figure S: 
VE Clock 

system-integrated enterprise. The industrial engineering labs are organized as eight different 
departments within the information system-integrated enterprise. 1 The eight departments that are 
connected through information and supply chain flows are: Management and Simulation 
Systems, Human-Machine/Control Systems, Human Performance Systems, Information Systems, 
Product, Process, and Facility Design Systems, Manufacturing Processes and Systems, Automated Assembly and 
Packaging Systems, and Logistics and Warehousing Systems; the internet based customer interface is also included 
(see Fig. 6 & Fig. 7).1 The departments will have personal computers which are all connected to a high-speed 
network, enabling them to input and retrieve product, customer, and routing information. The needed information is 
housed in a database containing about 80 entities; the sections of the database are associated with basically every 
aspect of the VE system. 1 
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ALIVE System 
The curriculum integration of the VE is achieved through the ALIVE (Active Leaming in the Virtual Enterprise) 
System. The ALIVE System is a set of twenty web-based learning modules based on the VE system (See Table 1).1 

The ALIVE System provides hands-on experiences for students, similar to that of an internship or coop. It allows 
students to be able to apply the knowledge learned, which in tum gives them a better understanding thus preparing 
them to be competitive in the workforce upon graduation. Students will be given the opportunity to develop skills in 
many areas based on the functional departments. While developing skills in the areas of: systems engineering, 
information technology, and business; the system also allows students to interact with learning modules in addition 
to traditional learning. 

A key contribution of the ALIVE system is its usefulness in technical business classes in addition to engineering 
courses. This task involves modifying learning module content to be inclusive of business school needs, yielding a 
core set of learning modules for business curriculum. This modification will allow not only business school use, but 
interdisciplinary use in universities where both business and engineering schools exist. This interdisciplinary use, 
where the teams for case studies include engineering and business majors, will be tested at NC A&T. Business 
programs do not have the physical manufacturing equipment, but often have the computational infrastructure to 
support ALIVE implementations up to the information system level.1 Modules for the business curriculum are 
italicized in Table I. 

Learning Modules 
Leaming modules will be used as a means of interaction between the students and the virtual enterprise system. 
Through using the learning modules the students will develop a deeper level of understanding, thus becoming better 
prepared to enter into the work force. The learning modules are performed in teams and on average they will 
consume at least one week of class time each. A learning module consists of the following: 1 

1. Leaming Objectives: The module begins with the learning objectives, with heavy emphasis on developing 
problem solving skills in students. To encourage higher level thinking the objectives are written using Bloom's 
Taxonomy. 

2. Functional training: In this step students will perform the laboratory exercise focusing on the related functional 
area. This step is where most laboratory experiences begin and end, in teams the students will make all 
inductive conclusions. 

3. Data/ process model: At this point the student team will review and analyze the data and process models 
associated with integrating. The student will learn how to use the Web based virtual system interface, allowing 
them to navigate through the data model and see entity and attribute definitions and types. The process model 
interface allows decomposition to the code level. (Students will learn how to understand data and process 
models early in the curriculum) 

4. Economic/ value issues: The business issues involved in this function are described with student teams 
producing a tradeoff analysis. 

5. Other design issues: The student team is introduced to additional systems issues including (where appropriate) 
social, safety, ergonomic, global, political, and regulatory concerns. 

6. Individual evaluation: Each student is evaluated to ensure learning in steps 2 and 3 above. This evaluation is 
done by a test of skills learned in step 2 and the ability to write appropriate database queries for step 3. 

7. Case study: Finally the team demonstrates the ability to synthesize all information learned from steps 2-5 by 
performing a case study. In the case study, each team member will take on a different role (production 
manager, engineer, and accountant) to assist in collaborative learning. The case study encourages problem 
solving and higher level thinking skills. 

A key contribution of the ALIVE system is its usefulness in technical business classes in addition to engineering 
courses. As a result, learning module content needs to be inclusive of business school needs, yielding a core set of 
learning modules for business curriculum. This extension allows not only business school use, but interdisciplinary 
use in universities where both business and engineering schools exist. This interdisciplinary use, where the teams 
for case studies include engineering and business majors, will be tested at NC A&T. Business programs do not 
have the physical manufacturing equipment, but often have the computational infrastructure to support ALIVE 
implementations up to the information system level. Modules for the business curriculum are italicized in Table l. 
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Table 1: Learning Modules 
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ALIVE System Portability and Implementation 
In expectation of distribution to other programs, several dimensions of portability are designed using the ALIVE 
system. The first dimension is based on the intended use of ALIVE, for industrial and systems engineering, for 
business, for other engineering/computer science, or interdisciplinary use. The second dimension involves the level 
of implementation at a remote site. Options from least to most extensive are: 

Web client - Remote institution uses alive.ncat.edu web site for its students. Web site data would be available to 
instructors. Lab activities are viewable through streaming video. 

Web server - Remote local sets up web and database server with ALIVE system infonnation. This system allows a 
higher level of customization and pennits course instructors to customize the learning module content. An instructor 
interface is provided to assist with this. 

Information system implementation - Remote location sets up the complete ALIVE system database and 
applications. Applications are available as Visual Basic or web-enabled applications. This allows the user institution 
to do all things but make the product. 

Complete Implementation - User institution purchases all needed equipment to make the product. Portability is 
assured when equipment matches that at NC A&T. For differences in equipment, small changes in application 
programming may be included. These are simple for institutions which would choose this level. Assembly may be 
done manually if necessary. 

The portability of the system is enhanced because it is data-driven. All the content on the web pages is stored in an 
already developed normalized database (about 30 entity types). This database allows hierarchical and natural 
browsing through the data and process models and application program. The data-driven nature of the system also 
allows interface improvements and customization to be done rapidly. 

LEARNING EFFECTIVENESS 
Upon completing the ALIVE (Active Leaming In the Virtual Enterprise) learning modules students should have a 
deeper understanding of the subject, which can be demonstrated when assessed authentically. Students learn in many 
ways-by seeing and hearing; reflecting and acting; reasoning logically and intuitively; memorizing and visualizing; 
etc.2 The learning modules are designed to reach a variety oflearning styles, while providing a practical and 
consistent means of developing systems engineering and information technology skills. 

Real-world perspectives are needed if learning is to be constructed and transferred beyond the classroom. In order 
for students to learn they have to interpret information and relate it to their own prior knowledge.6 Assessments 
should reveal whether students can effectively use the skills and strategies they have learned in realistic situation. 

Authentic Assessment 
Authentic ( or performance-based) assessment involves the measurement of attributes that reflect how one perfonns 
in practice in the real world environment. Perfonnance-based assessment is becoming more favored over the 
traditional type assessments, which are usually through some type of examinations. Referring to Bloom's cognitive 
taxonomy, performance assessments reach beyond the knowledge and comprehension levels and seek to assess 
application, analysis, synthesis, and evaluation levels. The National Center for Research on Evaluation, Standards, 
and Student Testing suggests six components of performance assessment: basic knowledge, inquiry, explanation, 
problem solving, representation 'lfknowledge, and metacognition. The first three elements, basic knowledge, 
inquiry, and explanation are primarily knowledge and skills based. These elements can be assessed in-class or on 
the first week of an internship. The remaining elements: problem solving, representation of knowledge, and 
metacognition are effectively assessed in a workplace setting. 

In order for authentic assessment to be effective and to have a positive outcome, it needs to be based upon an 
authentic teaming experience. Authentic educational experiences must be "examined" experiences; the meaning of 
that experience in students' must be explored and used purposefully.5 According to Kulieke, Bakker, and Collins, 
achievement tasks should meet at least three criteria: disciplined inquiry, integration of knowledge, and value 
beyond evaluation. Discipline inquiry, involves students having prior knowledge and an understanding of the 
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problem. Integration of knowledge is students' ability to put things together or consider things as a whole. The tasks 
perfonned by students should have fundamental value beyond evaluation such as the creation of new knowledge, 
and the ability to apply that knowledge.5 

Evaluation of the ALIVE System 
The primary purpose oflhe initial ALIVE system evaluation is to compare traditional in-class learning to traditional 
learning in conjunction with using the VE system. The initial experiment will be conducted by dividing specific 
engineering classes into a traditional section and a VE section. Both groups will have the same amount offace-to
face contact with the instructor and other students, however only one group will be exposed to the VE learning 
modules. Taking this research a step further, a graduate class and an undergraduate class will be evaluated 
separately. 

The undergraduate class will perfonn two learning modules. Team formation will consider the equivalence of the 
groups' level of knowledge and experience prior to interaction with VE learning modules. The student's prior work 
or related experience relative to the enrolled course will be taken into consideration. Teams that undergo the 
complete learning module in the first phase of the experiment perform only the case study in the second phase. 
Teams that undergo the complete learning module in the second phase of the experiment perfonn only the case 
study in the first phase. In addition, a Pre and Post-Assessment Test will be administered in order to evaluate 
individual student learning. 

The graduate students will be exposed to the same type of module as the undergraduate students; however the 
specifics will depend upon the class subject and learning objectives. This will be done to see if there is a significant 
difference between the two academic levels, as it relates to learning through Virtual Enterprise. Also, adding a 
graduate class to this experiment will increase the population sample size, thus increasing the likelihood of a 
statistically significant conclusion. A similar Pre and Post-Assessment Test will be administered in order to evaluate 
individual student learning. 

In each class, the learning of the students will be authentically assessed through a team case study. The case study 
allows students to interact in a team environment, in order to collaborate, problem solve, and receive input from 
their peers. Two facility members and two professionals from industry will play a part in assessing the student teams 
based on a predetermined rubric addressing the six components of authentic assessment. The authentic assessment 
procedure will continue to be a part of future learning modules. 

Finally, a self-assessment or survey instrument will be administered to the students at the end of the module. This 
instrument will ask questions in order to determine the student perception of the value of the module in terms of 
learning and motivation. Such continuing evaluation will measure the learning and motivation gained by students as 
they progress through an ALIVE-based curriculum. 

An ANOVA (analysis of variance) test will be run to evaluate the significance of the results of the Pre-Test 
compared to the Post-Test. The goal is to determine the improvement in student performance based on performing 
the case study and completing the learning module along with performing the case study. Addition ANOVAs will 
be performed on authentic assessment results and student survey results. It is speculated that student authentic 
performance and student attitude will show statistically significant improvement for those undergoing the complete 
VE module. 

Future evaluation includes the programmatic impacts of improved senior design projects, increased enrollment, 
improves student satisfaction surveys and improved employer attitudes. Future evaluation must also include the 
effectiveness of porting the system to other programs and disciplines. 

CONCLUSION 
The ALIVE System is instrumental tool in supplying engineering students with the necessary skills in order to be 
effective and competitive upon entering the workforce. This web-based supply chain system provides a practical 
environment for developing skills in systems engineering, information technology, and business processes. By 
implementing the learning modules into the course curriculum, an institution can begin to bridge the gap that exists 
between the traditional teaching style of instructors and the learning style of most college age engineering students. 

162 



Proceedings of the 2003 IEMS Conference 

The activities and case studies in the ALIVE learning modules incorporate many dimensions of student learning, 
thus providing an enhanced learning environment for students. It is believed that the ALIVE system should lead to 
better student in-class perfonnance, a deeper understanding of course subjects, and the ability to apply knowledge 
teamed. The results of this experiment will be used to assess the effectiveness of the learning modules and VE as a 
whole. The conclusions will be used to further develop and improve the ALIVE System, enhancing the learning 
environment and better preparing students for the workforce. The mobility and flexibility of the ALIVE System 
makes it very accessible to other institutions and disciplines, future research in this area should attempt to determine 
the effectiveness of the ALIVE System and learning modules for other institutions and other disciplines within the 
academic arena. 
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AN EXTENSION OF HILL'S MODEL FOR STRATEGIC PLANNING IN UNIVERSITIES 

Michael R.W. Bommer and Ralph E. Janaro 
Clarkson University 

ABSTRACT 
A strategic planning model for colleges and universities is presented which integrates competitive benchmarking and 
an adaptation of Hill's manufacturing strategy model. The concept of student-winners is developed as the central 
element of the model. The steps needed to use the model are then identified and discussed. 

INTRODUCTION 
Institutions of higher education are facing difficult times. They are recognizing that they do not have the resources to 
be everything to everybody while maintaining quality programs. At the same time institutions are competing for a 
limited market of qualified students to attend their programs. 

Many administrators have turned to strategic planning to guide their institutions through these difficult times. Most of 
these efforts have focused on internal (budgetary) planning and have not addressed the issue of a strategic direction for 
their institution. Too often these plans fail to align academic and support programs with student recruiting strategies 
and the mission and goals of the institution. 

This paper responds to the need for improvements in the traditional strategic planning process to develop a more 
holistic and integrative approach. The strategic planning model suggested in this paper draws upon and integrates two 
major paradigms from industry: a framework for operations/manufacturing strategy suggested by Hill (2000) and the 
process of competitive benchmarking advanced by Camp (April 1989). The Hill model makes use of the concept of 
order-winners (i.e., what wins customers in the marketplace), as part of the marketing strategy, to determine the 
appropriate operations/manufacturing strategies to fulfill marketing and corporate objectives. Benchmarking advocates 
the measurement of key issues and the incorporation of industry best practices to improve performance and gain 
competitive advantage. This paper proposes to transfer these two concepts from industry to higher education and 
combine them to fonn an integrative strategic planning model for educational institutions. 

This paper begins with a discussion of strategic planning and its usefulness for institutions of higher education. The 
characteristics necessary for providing an integrative approach to the planning process are noted. The two concepts 
that have proven to be valuable in private industry, i.e., operations/manufacturing strategy and competitive 
benchmarking, are discussed, transferred, and adapted to an academic institution setting. An integrated planning model 
is presented to assist academic planners in aligning the important operational functions of the institution in support of 
the overall mission and goals, and concurrent with student recruiting initiatives 

STRATEGIC PLANNING 
Although there are many definitions of strategic planning, they all generally focus around the process of making, 
implementing and then evaluating decisions that are cross-functional in nature and aimed at enabling the organization 
to meet its objectives and mission (e.g., David, 2003 and Byars, 1991). Further, the mission is said to be the initial step 
of the strategic planning process in which the long-tenn vision of the organization is defined (Dobson and Starkey, 
1994). Fidler (1989) takes a more direct approach noting that strategic planning is simply a process used to create and 
choose a strategy to respond to future events and to determine how the strategy should be implemented. 

Casteen and Kelsh (2001, p. 43) suggest that strategic planning should be more "opportunity-seeking than operations
driven" meaning that the planning process should be focused towards outside opportunities. This sentiment is also held 
by Brock (1997, p. 254) whose work has shown that " ... external planning is generally associated with superior 
effectiveness relative to internal planning ... " and by Tsiakkiros and Pashiardis (2002) who advocate using PEST and 
SWOT analysis to detennine the organization's strategic position. 

Zajac and Kraatz (1993, p. 100) found that restructuring an educationaJ organization" ... is driven by initiating 
environmental forces and that restructuring represents an organization's attempt to adapt in specific (and theoretically 
predictable) ways with the objective of improving its strategy/environmental fit". This is consistent with a marketplace 
focus for where (Tischler, Biberman and Alkhafaj i, 1998, p. 91) " ... students, work organizations, and governments will 
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redefine the kind of education that is valued enough to pay". This is the strategic perspective taken in this paper as 
opposed to the resource-based view (Mehra, 1996), where the focus is building and maintaining key resources that are 
necessary for maintaining a niche position. 

With respect to the field of education a number of writers - including Fidler ( 1989), Byars ( 1991 ), Hanson and Henry 
( 1992), and Lumby ( 1999) - feel that strategic planning can be applied to educational organizations as well as any other 
type of organization. We also hold this belief and it has provided the motivation to develop the model that will be 
presented here, since there is a scarcity of market-based educational strategic planning documented in the literature. 

THE HILL MODEL 
Organizations typically perform some type of environmental analysis and internal assessment, such as a SWOT 
(strengths, weaknesses, opportunities and threats) analysis. The information gleaned from this analysis plays a role in 
the fonnation of the mission and vision of the organization. From these the objectives or goals of the organization can 
be fonnulated. A plan, or strategy, can then be crafted to guide the organization in achieving its goals. At this point, 
functional goals and strategies can be constructed to put into motion the overall organization strategy. The Hill model 
links the organizational objectives, marketing strategy, order-qualifiers and order-winners, and manufacturing strategy 
in the strategic planning process. This provides strategic integration through linking marketing with manufacturing. 

The focus of the model is on order-qualifiers (the characteristics a product must possess in order to be considered by 
consumers in the market place) and order-winners (the characteristics a product possesses that make it more attractive 
to consumers than competing products). To determine the order-qualifiers and winners, it is necessary to understand 
the needs of the consumer. To put it another way, the model is driven by the needs of the marketplace that come to 
light during the SWOT analysis. The order-qualifiers and winners are determined using a more detailed analysis of the 
market. Once the order-qualifiers and winners are identified, then an appropriate manufucturing strategy can be 
formulated. Such a strategy will include the selection of the process type needed to create the order-qualifiers and 
winners as well as an appropriate supporting infrastructure. The Hill model (2000) is shown below as Figure I. 

Figure I The Terry Hill Model. 

How Do Products Manufacturing Strategy 
Qualify and Win 

Corporate Marketing Orders in the 
Objectives Strategy Marketplace? Process Choice Infrastructure 

Growth Product markets and Price Choice of alternative Function support 
Survival segments Conformance quality processes Manufacturing 
Profit Range Delivery Trade-offs embodied planning and control 
Return on Mix Speed in the process choice Quality assurance and 

investment Volumes Reliability Role of inventory in control 
Other financial Standardization VS Demand increases the process Manufacturing 

measures customization Color range configuration systems engineering 
Level of Product range Make or buy Clerical procedures 

innovation Design Capacity Payment systems 
Leader vs follower Brand image Size Work structuring 

alternatives Technical support Timing Organizational 
After-sales suooort Location structure 

APPLYING HILL'S MODEL TO ACADEMIA 
When applied in the academic setting, the Hill model becomes a framework that links organizational objectives, 
marketing/recruiting strategy, program factors which attract (student-qualifiers) and win students (student-winners), 
and academic program strategy from the onset in the organizational strategic planning process. Program strategy is 
further subdivided into process choice, which defines program parameters, and the infrastructure necessary to support 
the programs. The framework depicting these components is shown as Figure 2. 
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As in the previous discussion, the Hill model is applied after the environmental and internal analyses have been 
conducted and the mission has been crafted. The process of defining organizational objectives helps organizations to 
establish a clear strategic direction for carrying out their mission. It aids in focusing the energies and resources of the 
organization for achieving specific targets and for establishing goals against which organiz.ational perfonnance can be 
evaluated. Objectives for an academic institution might address such areas as institutional focus, size, market share, 
student quality, relative emphasis on undergraduate and graduate education, research emphasis, etc. 

Marketing or recruiting strategies identify target markets for achieving organizational objectives. Target markets are 
selected based upon such considerations as geographic areas, student academic interests and qualifications, 
competition, etc. The extent and timing of strategic issues defining program variety, breadth and depth, degree of 
innovation and size are decided at this point. 

Student-winners define the deciding factors which determine whether or not a student selects and enrolls in a particular 
academic institution. These factors determine how successful an institution will compete for students in the 
marketplace. Examples of these factors include institution reputation, costs, program variety, student body 
demographics, career support, etc. Here it is sometimes useful to distinguish between two levels in this category, 
namely, student-winners and student-qualifiers. Student-qualifiers are those characteristics of the institution that allow 
it to be considered by students for possible enrollment. In other words an institution that does not possess a student
qualifying characteristic would lose a student's interest because it lacks what the student regards as an essential 
offering. On the other hand, student-winners are those characteristics that the student perceives as the determining 
factors for selecting an institution over the competition. Sometimes these factors are time dependent. For example, 
some years ago having a physical fitness facility was often a student-winning criterion. Now that most institutions offer 
physical fitness centers, it is no longer a deciding factor but rather a qualifying factor for perspective students. Thus, 
this student-winning factor changed to a student-qualifying factor, with other attributes emerging to become student
winners in the selection process. 

Figure 2 The Modified Hill Model. 

How Do Programs Program Strategy 
Marketing/ Qualify and Win 
Recruiting Orders in the 

Objectives Strategy Marketplace? Process Choice Infrastructure 
Growth Program markets and Price Instructional process Administrative support 
Market share segments Quality Alternatives Student services 
Survival Level of innovation Range of choice Program size Equipment 

Program size Design leadership Location Facilities 
Program variety Image and reputation Content Advising 

Career support Housing 

The final component is to develop the appropriate program strategy that satisfies the objectives and marketing strategy. 
Here decisions are made on the choice of process and the infrastructure consistent with the student-winning and 
student-qualifying criteria. In this manner the academic and support programs can effectively support the market 
needs. The choice of the process includes such considerations as mode of instruction, program offerings, course 
offerings, location, size, degree of individuation, etc. Decisions are also made with regard to the infrastructure for 
supporting the programs. Factors to be considered here include the degree and extent of administrative support, student 
services, equipment, advising, facilities, quality assurance, etc. 

In one sense these components represent classical steps in the strategic planning process. The problem is that most 
planners treat the process as linear and deterministic when in fact it needs to be highly interactive. Unless program 
strategy capabilities are considered before setting corporate and marketing objectives, organizations will not necessarily 
provide appropriate resources essential for attaining the goals. Similarly, unless proper process and infrastructure are 
available, the institution will not be able to achieve organizational objectives and support marketing initiatives. To be 
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effective the interactive nature of the strategic planning process should be extended throughout all aspects of the 
strategic planning process. 

APPLYING COMPREHENSIVE BENCHMARKING CONCEPTS 
Most strategic planning efforts confine their analysis to a specific industry. Xerox viewed this as an inappropriate 
barrier and decided to learn about best practices regardless of the industry. Their approach was to compare their 
performance and practices in key aspects of their business against the performances or practices of those companies 
who were viewed as the best in the world. By studying, transferring, adapting and implementing these best practices to 
their business, they were in a better position to regain their lost market share and global competitiveness. This concept 
was institutionalized under the name benchmarking (Camp, January 1989) and its potential use in a higher education 
setting is now discussed. 

David Keams, former CEO of Xerox Corporation, defines benchmarking as " ... the continuing process of measuring 
products, services, and practices against the toughest competitors or those companies recognized as industry leaders 
(Camp, p. l 0, 1989)." This definition identifies much of what is involved in successful benchmarking. First of all, it is 
an ongoing process. Secondly, it involves measurement and comparison of various products, services, and practices. 
Lastly, the comparison is done against the best. 

One can readily see the potential of applying benchmarking in an academic institution environment. An institution 
could measure its performance against that of best-in-class organizations; determine how they achieve these 
performance levels; and use the information as the basis for its targets, strategies, and implementation (Pryor 1989). 
Academic institutions should not limit their benchmarking approach to other institutions of higher education. Xerox 
benchmarked their warehousing and distribution practices with L.L. Bean, a mail-order retail company, to improve 
their performance in this area (Camp, April 1989). Xerox also performed benchmarking with American Express and 
Citibank to improve administrative activities such as accounts payable processing and credit collections to yield a 
virtually error-free status (Maturi, 1990). Other companies including Ford, Motorola, Kodak and IBM use 
benchmarking as standard practice. 

Benchmarking activities can be segmented according to three levels: strategic, operational, and support services 
management (Pryor, 1989). With respect to academic organizations, strategic benchmarking involves planning and 
policy decisions involving academic programs, admission's recruiting strategies, advising and career placement 
programs, etc. For example, strategic benchmarking could involve the examination and analysis of the major strengths 
ofa competitor compared to one's own institution. Operational benchmarking involves comparison of various 
organizational operating activities such as student health service, class scheduling, intramural sports programs, food 
service, etc. For example, operational benchmarking could analyze the service activities of a five star hotel as 
compared to the services provided by campus housing. Support services management benchmarking involves the 
various services which support operations but which do not directly interface with the student. Examples of these 
services include the human resources office, mailroom support and management information systems. One purpose of 
benchmarking these services is to understand the cost of providing these services and to justify that expenditure. 

The stages involved in the benchmarking process are planning, analysis, integration, action and maturity (Camp, 
February 1989. The planning stage consists of deciding what to benchmark, identifying comparative organizations, 
determining data collection methods and actually collecting data. In the analysis stage the current performance gap and 
projected future performance levels are ascertained. The integration stage involves communicating the findings to 
those concerned and persuading them of the validity of the findings. This task is followed by agreeing upon and setting 
functional goals or targets to bridge the gap. The action stage is crucial for the success of the benchmarking process as 
it is usually easier to identify better practices than to implement them. This stage involves developing action plans, 
implementing specific actions and monitoring progress, and finally recalibrating benchmarks to ascertain continuing 
improvement of the process. Periodic recalibration is an essential aspect of the process in the continual quest to 
improve their practices. The last stage, maturity, is a hypothetical one since re-calibration of benchmarks is a 
continuous and ongoing activity and the maturity stage will never be attained. Theoretically, this stage marks the end of 
the process with the attainment of the goal. 

167 



Proceedings of the 2003 IEMS Conference 

AN INTEGRATIVE MODEL FOR STRATEGIC PLANNING 
This paper proposes the integration of these two approaches, the modified Hill model and the competitive 
benchmarking process, into the strategic planning process as shown in Figure 3. Based upon the organiz.ational mission 
the objectives, marketing strategy and student-winners are determined. Competitive benchmarking is employed for 
identifying. measuring, setting targets, and determining performance gaps for student-winners. These benchmarks 
must be linked to program development and operations. 

Figure 3 Framework for the proposed planning method. 

Step 1: Preparing for the Step 2: Benchmarking the Step 3: Review 

benchmarkin2 student-winners 
1. Determine the objectives 1. Determine the methods for I. Review the results obtained at 
2. Determine who the customer is measurement of the the end of the first two steps 

3. Determine the marketing student-winners 
strategy 2. Collect the data 

4. Determine the student-winners 3. Determine the performance gap 
4. Assign a cost and time to bridge 

the gap 
5. Determine a weight for each 

cause 
6. Prepare an action plan 
7. Periodically re-calibrate the 

benchmarks 

To achieve this linkage, weights can be assigned to the student-winners and student-qualifiers to reflect their relative 
importance. This process helps to prioritize resource allocation decisions for program operations and development. For 
example, if it is determined that semester abroad opportunities and intramural sports programs are two student-winning 
criteria, weighted 0.6 and 0.3 respectively, then this would indicate that prospective students and, therefore, the 
institution should place more emphasis on the semester abroad program. 

To assist in developing programs that support the student-winners, cause and effect diagrams can be developed. This 
process entails identifying the pertinent factors (causes) that impact (affect) each student-winner. This can be 
accomplished as part of the benchmarking process when studying comparable processes and infrastructure as well as 
creatively designing new alternatives. 

Once performance gaps have been determined for each student-winner, weights can be assigned to reflect their relative 
importance and factors identified which affect the student-winner, action plans can be devised. In this process benefit
cost decisions are made with regard to the extent to which various programs contribute to the overall goal of making 
the organization more competitive and the cost of these programs. Priority should be given to those areas that 
contribute most per dollar spent in closing the performance gap for the most important student-winners. The logic 
behind this strategy is to optimize the utiliz.ation of the organization's resources to strengthen its overall competitive 
position. Finally, after action plans have been developed and analyzed, those plans that contribute most to the 
competitive position of the institution are selected for implementation. 

CONCLUSIONS 
This paper proposes a new method for strategic operations planning based on the benchmarking of student-winners. 
The new method places heavy emphasis on data gathering and measurement of industry best practices to achieve global 
competitiveness. It makes use of the Hill model to link the manutacturing strategy with the marketing strategy. On the 
other hand, the use of the competitive benchmarking process brings out differences in the parent organizations and the 
best industries quantitatively. The process goes a step further in being able to assess the cost of bridging the observed 
performance gap. This information on the cost of bridging the performance gap, coupled with priority allocation 
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strategy based on the concept of student•losing qualifier and student•winners, provides a clear strategic direction so that 
the available resources can be optimally utilized to make the organiz.ation globally competitive. 
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A LEARNING LABO RA TORY FOR MANUFACTURING SYSTEM DESIGN 
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ABSTRACT 
This paper discusses the design and operation of an innovative Leaming Laboratory for Manufacturing System 
Design. The laboratory provides a mechanism that gives engineers a wide range of knowledge and skills in design 
and implementation, much of which cannot be taught by traditional teaching methods. 

INTRODUCTION 
What knowledge and skills to do engineers need to design and build nnnufacturing systems? How might those skills 
most effectively be taught and learnt? 

These are two fundamental questions that challenge educators tasked with developing professional manufacturing 
engineers. The questions are difficult to address because the knowledge and skills required are diverse. Engineers 
need technical knowledge; but they also need judgement. They need to be able to apply technical knowledge to 
solve problems, to act, to test and to explore; but they also need to reflect, and to earn from their actions. They need 
to manage themselves, their time, their professional development; but they also need to manage others, to plan, 
instruct, motivate and appraise. They need to be able to work alone; but they also need to be able to workas 
members ofa team. This paper looks in more detail at some of these requirements and discusses the shortfalls of 
some traditional approaches to teaching in the area. The paper then describes a three-week laboratory-centred 
project designed to complement some ofthese·traditional teaching approaches. The teaching laboratory, situated in 
the University of Cambridge, U .K, has been developed and refined over a period of 8 years. It aims to enable 
master's level students to acquire the knowledge and skill; to design and manage the implementation of 
manufacturing systems. 

KNOWLEDGE AND SKILL REQUIREMENTS FOR MANUFACTURING SYSTEM DESIGN 
The introduction indicated the range of knowledge and skills required to equip engineers with the ability to design 
and implement manufacturing systems. This section will explore this range in more detail, looking at: knowledge, 
skills, judgement and learning. 

Knowled2e 
Engineers clearly have a need for knowledge; but what is the knowledge they need? In the educatiomf 
manufacturing engineers this is often broken down into discrete disciplines. The two main areas, technological 
knowledge and managerial knowledge, are covered by teaching 'science' and 'management science'. 'Science' 
based topics concentrate on the physical sciences, covering subjects such as strength of materials, materials 
processing etc., while 'management science' is social science oriented, covering topics such as organisation theory, 
human factors etc. Generally speaking, aU this knowledge iswhat Erault terms type A knowledge.(Erault, 1994, 
1998) It is explicit knowledge and is treated as an object, something that can be codified, and stored in publications 
and libraries. It is controlled by peer review, and can be formaUy examined. Such klowledge forms the backbone of 
a traditional university course in manufacturing engineering, and is transmitted by the conventional mechanisms of 
lectures, books, and, more recently, computer programs. However, this fonn of knowledge is restricted, it dos not 
encapsulate all that an engineer needs to know. Erault identifies a second type of knowledge, type B, which he 
defines in terms of personal knowledge, 'what people bring to practical situations to enable them to think and 
perform'. Such knowledges acquired both by the application of type A knowledge to practical situations and by 
being constructed from personal experience and reflection. Erault considers that type B knowledge is the knowledge 
that professionals bring to their practice that enables them to think and perform on the job. A similar distinction is 
made by Gibbons (Gibbons et al, 1994), who categorises knowledge as Mode 1 or Mode 2. Mode 1 knowledge is 
academic, explicit, discipline based, 'scientific'. Mode 2 knowledge is practical,difficult to document, trans
disciplinary and 'practitioner' oriented. 

The mechanisms for acquiring Mode I knowledge are typically traditionally academic: reading books, and attending 
lectures, seminars and tutorials. These produce graduates who are 1cnowledgeable' in the normally accepted sense 
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of the word, but who are often novices at using the knowledge. 

The mechanisms for acquiring Mode 2 knowledge are generally action based: practice, master classes, 
ipprenticeships, etc., often involving reflec6on and mentoring. Over time this can produce graduates who are 
·experts', who have an intuitive grasp of what is important in a situation, often without realising the insight they 
1ave. 

~kills 
::Josely linked to the previous discussion is the issue of 'Scills'. Skills are closely related to Mode 2 knowledge. 
Dreyfus & Dreyfus ( 1986) identify a five level hierarchy of competence within which to classify skill: Novice, 
o\dvanced Beginner, Competent, Proficient and Expert. As a person progresses up the hiirarchy from 'Novice' to 
Expert', they move from the 'Novice's' rigid adherence to rules, through the conscious deliberate planning and 
·outinised procedures of the 'Competent', to the intuitive grasp and deep tacit understanding of the 'Expert'. There 
s a migration from essentially explicit knowledge to knowledge that is internalised and intuitive. As this happens, 
he explicit knowledge effectively disappears, being replaced by internalised understanding. 

:ngineers designing manufacturing systems need a thorough grounding in technical aspects, They need to understand 
nanufacturing processes, automation, robotics, control etc., but they also need to acquire the skills of synthesis to 
:nable them to put the technical building blocks together in a way hat will meet the constraints imposed by a whole 
1ost of stakeholders: markets, workers, shareholders, local community, legislation etc. Although much of the 
echnical knowledge required can be transmitted by conventional lectures, books, computer progranmes etc - the 
,ynthetical skills are much less easily learnt. Furthermore, the design and implementation will take place in a social 
:ontext. This imposes a whole new set of skills to learn associated with the activities of working with and managing 
>thers. This is not covered at all well in a traditional engineering course. A few lectures on organisations, or human 
esource management, are hardly sufficient. 

ludgement 
-laving knowledge, no matter what type or mode, is of itself, insufficient. The prcfessional manufacturing engineer 
1eeds knowledge and skills, but also requires judgement when designing systems. Ferguson, 1992, talking about 
,roduct design, says, " ....... the successful design of real things ... will always be based more on art than on science. 
Jnquantifiable judgements and choices are the elements that determine the way the design comes together." This is 
·qually true for designed manufacturing systems as it is for designed artefacts. Vickers {1983) presents a useful 
lassification, which can be used to categorise the types of judgement required. He distinguishes between reality 
udgement - what the state is; value judgement- what the required state is; and action judgement- what to do. In 
he design of manufacturing systems, all three t)pes of judgement are required. Designers have to understand the 
ontext within which their manufacturing systems need to operate. They use reality judgements to abstract models of 
he most relevant features from the complex external environment. They ned to set objectives for the manufacturing 
ystems, both in terms of outputs and resources required. Here value judgements need to be made. Finally, systems 
eed to be implemented. Action judgement is required to choose the best way of doing this. 

be teaching of judgement is another area where traditional university teaching methods are deficient. Judgement 
annot be taught through lectures, it needs to be acquired through practice. 

,earning 
ome elements of learning have already been alluded to inthe discussion of knowledge. We have established that 
tuch of a traditional university engineering course is built around the transfer of type A, mode I knowledge . 
. evans, ( 1971 ), looking at the development of managers, critiqued traditional teaching, i:lentifying its weaknesses as 
·ansferring programmed knowledge to a passive learner. It was individual centred and produced a 'learned' person 
•ho may not be able to apply the learning to real problems or transfer the knowledge to new situations. Revans 
hampioned, what he termed, 'action learning', with the learner taking responsibility for 'learning by doing'. This 
•as often done in a team situation. Revans considered, " ... By wrestling with live problems and subsequently 
:fleeting upon the results of his achievements, the learner acquires knowledge." 

towever, learning has to be phased. This is clearly understood for typical academic subjects. A weUdesigned 
Jrriculum builds subject upon subject, in a logical progression. The learner is not expo!ed to very difficult material 
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to start with, but is led through from simple concepts to more complex aspects. (The word, 'educate' is derived from 
the latin, educare - to lead out). The same principle needs to be applied to action learning directed towaids mode 2 
know ledge and judgement. The learner needs to progress steadily. Exposing a learner to situations that are too 
difficult, where they are out of their depth, will result not in learning, but in fear. This point is well made by Holt, 
1997 looking at the education of designers. He discusses how judgement and intellectual capacity develop in 
parallel and suggests that situations need to become more challenging as students progress. 

"It will be important that the demands and challenges placed UJI>n them in design match, or perhaps lead by 
only a little, their capacity to deal with them. If too much maturity is required of them too soon they will 
know they are out of their depth and judgements will deteriorate to uninformed guesses. On the othemand 
if, in later years, they are not given opportunities to make meaningful decisions guided by judgement, 
boredom and disillusionment will result." (p.122) 

It is clear from the above discussion that the learning required to become expert at manufacturiig system design is 
extensive and varied, incorporating all types and modes of knowledge, skills and judgement. Much of this cannot be 
taught in traditional ways. It needs to be gained through action and practice. What is needed is a supportive, 
partially structured environment that can provide action learning opportunities. This is what the 'Learning 
Laboratory for Manufacturing System Design• is designed to do. The next section will describe the structure and 
operation of the laboratory, the later discussion will expand on the ways in which the teaching and learning is 
achieved. 

OVERVIEW OF THE PROJECT 
The laboratory project is intended to give students live experience of the tasks involved in the designing and building 
ofa manufacturing system. The students involved have a first degree in engineering and are undertaking a further 
year of study leading to the MEng degree. During their firs•degree course, they have been primarily exposed to 
didactic teaching, transferring mainly mode I knowledge. The aim of the laboratory project is to help them acquire 
some of the mode 2 knowledge, skills and judgement required to design and build manufacturing systems. The 
students are given a task to design and build a manufacturing system, over a period of thre weeks, working in the 
afternoons, and early evening. (They have conventional lectures in the mornings.) Students work in teams, each 
student taking responsibility for a specific aspect of the manufacturing system, and a shared responsibility for the 
overall system. Typically, the allocated sessions sum to around 40 hours / student, and with typically 40 students 
comprising the class, this gives a total of 1600 man-hours available. Such a resource clearly needs effective 
management, and this is a crucel aspect of the exercise. 

The sessions are designed to mimic an industrial environment rather than a laboratory environment: a problem is set 
and resources, equipment, manuals etc. are provided but there are no detailed instruction sheets specifying eachstep. 
'Experts' in each area are available to advise but, after initial guidelines, the organisation and decision-making is in 
the students' hands. They elect managers from among their number. These managers are responsible for managing 
the resources (physical and human) to deliver a finished system within the planned timescale. 

THE SYSTEM DESIGN TASK 
The task set is to automatically assemble a product (this year, a meter box) from component parts and to pack it, with 
a spare part, if required, into customised packaging machined out of high density foam. Fig. I shows an exploded 
view of the product and packaging. The product chosen is not particularly difficult technically, but constraints are 
imposed on the manufacturing process to provide a level of difficulty that stretches the students organisationally 
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Fig. I. The product and packaging for automatic assembly. 

The manufacturing system to perform these tasks has to be configured utilising a CNC machine tool, and a number 
of robots and conveyors. Fixturing, feeding devices, end effectors and assorted pneumatic and sensing devices, all 
need to be custom designed and manufactured by the students. The system is controlled by PLCs and has a PC with 
a Graphical User Interface for order input and syslem status reporting. A typical resulting system is shown in Fig. 2. 
The system is broken down into three sub cells, as described below. The first cell is described in detail, showing 
typical build tasks. Due to space constraints, the other cells are only described in outline. 
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Fig. 2 The automated system. 
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Packing of finished goods. 

Cell I - Machining and Assembling Packaging 
This automated cell machines foam packing material and places it into the lower half of a twetpiece cardboard box. 
The dimensions and configurations of the foam machining are user specified. The system design and build is broken 
down into the following tasks: 

• The design and manufacture of part feeders to allow a number of boxes and pr~machined foam inserts to 
feed into the system individually. This in:ludes integrating all the necessary sensing and actuation to ensure 
a robust operation. 

• The programming of the SCARA 1 robot to manipulate the parts being moved around the assembly system. 
(the part feeders, bed of the machine tool, the assembly/test area and the Bosch conveyor). This includes 
the design and integration of an end-effector to perform the tasks required. 

• The programming of the machine tool to perfonn the required machining processes. Variation in the 
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configuration and sizes of recess to be machined will be specified by a user interface from Cell 3. This task 
includes the design, manufacture and integration of a fixture to allow the clamping of parts on the bed of the 
machine tool. 

• The design and manufacture of the transfer system betweenthe SCARA robots 2 & 3, including the kitting 
tray for the input of components to the assembly system. 

• The programming of the $CARA (2) robot to manipulate the assembly of the cardboard box and its 
machined foam insert. This includes the design and integiation of an end-effector to perform the tasks 
required. 

• The programming of the SCARA (3) robot to perform the test procedures required ensuring that the foam 
insert has been machined to the correct specification. This also includes the design of a sensingtool to 
perform the tasks required. 

• Commissioning of the belt conveyor system with its associated pneumatic pallet lifting station, pallet stops 
and sensors. This includes the control of these devices with the programmable logic controller (PLC). 

• The programming of another PLC as the main cell controller. Sequencing the assembly operations and any 
error handling conditions required. This also includes integrating the machining process with the operation 
of the other two cells. 

Cell 2 
This cell automatically assembles meter boxes. The components arrive, at random, on a belt conveyor. This mimics 
the way in which components might arrive from an injection moulding shop that was directly linked to assembly in a 
Just-in-Time environment. The parts are sorted by component and colour, assembled, screwed together and placed 
on an output conveyor. 

!&!Ll 
This cell is an automated packaging system. It packs finished meters and meter subcomponents, from Cell 2, into 
the custom packaging produced by Cell 1. This cell also has responsibility for the computer used to input orders (via 
a GUI) and provide a graphical output of the status of the cell. 

CONTROL OF THE PROJECT 
Each cell appoints one student as a project manager, responsible for ensuring that the subprojects and the overall 
project are adequately planned, conducted and monitored. He/she has the overall responsibility for the system, for 
allocating tasks and ensuring that adequate liaison occurs between sul)projects. The manager needs to agree time 
scales, etc. with individual groups and monitor their progress. 

The role of manager requires a high level of dedication to the project, good communication skills and the ability to 
lead by example. The team leader is responsible for managing the timetaHe, the task allocation and the timely 
completion of the project. They are also required to raise any purchase orders requested by the team, to represent the 
team when emergency problems arise, and to act as the point of contact with the staff member in O'erall charge of 
the laboratory. 

TECHNICAL SUPPORT 
This project requires students to learn new skills and develop existing ones. In order to facilitate the learning 
process and to help resolve any problems that arise during the tasks, a range of supportprovided. 

At the start of the project, all students are given a briefing pack which outlines the overall project and makes initial 
suggestions about how it might be subdivided into technical tasks. Briefing sessions are given to provide initial 
training and insight into certain technical subject areas. The topics covered by the sessions are: PLC programming-
Petri-nets and ladder logic, robot programming, machine tool programming, and introductions to the operation of all 
machinery. 

For most areas there are also tutorial manuals for team members to work through on their own. These are used prior 
to starting working on the tasks to ensure that students develop a good understanding of the concepts and a basic 
working knowledge of the equipment. 

17.S 



Proceedings of the 2003 [EMS Conference 

During the project, technical help is available, as follows: 
The supporting technicians take the role of expert consultants. They use schedules for allocating support time. 
Swdents can book an expert for a short period of time to discuss a specific problem. Pri>r to booking time on the 
schedule, the student must have tried to resolve the problem using the documents and tutorials provided. Students 
are allowed to book a maximum of a 30 minute slot with the expert at any one time. Once the allocated time has 
ended the expert moves on to the next group. If the problem is still not resolved, then additional time needs to be 
booked. Time is reserved each session for an emergency clinic, to ensure that the experts' time does not get so oveF 
booked that they cannot deal with any emergency situations that arise. Emergencies are situations that either 
compromise the safety of team members, or stop the entire Cell from working. These are routed through the cell 
manager who contacts the expert, who decides whether to real with the problem immediately, and delay subsequent 
bookings, or to postpone it until the emergency clinic. 

HEALTH AND SAFETY 
Health and Safety is an extremely important consideration in an exercise of this type. In order to mimic as closely as 
possible a true industrial situation, each student project manager also covers the role of safety officer and has to carry 
out and document a risk assessment for his area. The risk assessment is vetted by staff before students are allowed to 
commence work in ta: cells. In addition, before working in the area, all students are given an intensive safety 
briefing and must have correctly completed a safety questionnaire and signed a declaration confinning that they are 
fully aware of their duties and responsibilities under current legislation. 

The cleanliness and tidiness of the work area has a significant impact on the safety of those working in the area. This 
is reinforced by making it one of the criteria for assessment. Cell areas and workbenches are inspectedat the end of 
each session. 

METHOD OF ASSESSMENT 
A multidimensional assessment process is used, assessing both the teams and the individual. 

The students have to fully document the final systems in the form of user manuals with full program listings, ircuit 
diagrams, etc. Additionally, each student has to write an individual essay, around 500 words, reflecting on the 
learning acquired during the project. But it is not only output that is assessed. The students are observed during the 
three weeks of the project by members of the technical staff who assess their technical skills, attitudes and approach 
to the project. Students are also formally assessed by their (student) project managers. The assessment by the 
project manager is carried out in a fonnal appraisal session, which encourages two-way dialogue. 
Each team is assessed by the academic and supporting staff, based on: 

• timely completion of the project, 
• dynamic organisation of the tasks, 
• teamwork and communication between team members, 
• daily tidiness and cleanliness of the cell, 
• ability to make good decisions when selecting appropriate problem solving methods, 
• quality of the resulting documentation. 

Individuals are assessed by their student project manager, and by academic staff based on: 
• technical contribution, 
• effort and time spent on the project, 
• team working skills , 
• participation in document presentation, 
• reflection on their activities and learning during the project. 

On completion of the project, an entire afternoon is spent with students presenting their solutions, discussing the 
issues they had to resolve and demonstrating the working system. This is attended by all the staff and technicians 
involved. Feedback is presented, and extensive discussions ensue. 

Following the laboratory, studerts complete a feedback sheet giving their reactions to the experience. To give a 
flavour of this, some student comments follow. 
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STUDENT COMMENTS 
"The projects were challenging enough without being overly impossible. Also seemed reasonably OK for the tirw -
provided that you didn't muck about too much at the beginning!" 
"One of the few hand~on work in the course and it gives a real sense of achievement" 
"Liked the variety of tasks; the fact our solutions weren't artificially constrained by the equipment,;et-up by the staff, 
or by the demonstrators checklist." (A demonstrator in Cambridge is the member of staff who runs the more 
conventional form of engineering experiment, with the apparatus already set up, and a list of instructions about what 
to do.) 
"It was good to be able to come up with our own solutions to solve the manufacturing problem instead of being 
prescribed the manufacturing process and just programming it into the cell." 
"Had potential to be, and indeed was, a very rewarding project. Playirg with robots is generally cool. The open 
ended-ness of the project and how it was completed was challenging and hence motivating." 
"Started off scary and daunting- got better and finished really well!!" 
"Real world (if somewhat simplified) situation. Good fun working with expensive kit...and not breaking it! 
Excellent teamworking activity" 
"Liked the interfacing between the teams and seeing it all come together" 
"Project management for a complex, changing task challenges everyone's ability to communicat and trace the 
design changes. It's REALISTIC, please don' t make it too easy!" 
"Freedom to solve problems in our own way." 
"Liked the challenge, the industrial context, the integrating of mechanics, electronics and software. It highlighted 
issues particularly relevant to automation and project management." 

DISCUSSION 
Learning from the laboratory project contrasts with that of the more didactic forms of teaching. In this project 
learning is by doing. It is not simply at a technical level, e.g. learninghow to programme a robot; it is about 
planning and organising, about acquiring information and problem solving, about working together in groups. 
Essentially an excellent learning environment is provided, but the extent to which an individual student be11tfits 
depends on the effort expended and commitment made by the student. Here the old adage, "you get out what you put 
in," certainly holds true. 

The laboratory does indeed allow students to develop technical skills: programming robots, plcs and machinetools, 
building pneumatic and electrical circuits, machining and building fixtures etc., but this is only one area where 
learning is desired. The laboratory is also designed to allow students to develop non-technical skills and judgement, 
and this is where its major contribution is found. 

Much of the learning resulting from the laboratory is Mode 2 learning. It is not explicitly taught, but is acquired by 
the students through their activities and interactions, both with one another and with the supportilg staff. This 
occurs at varying levels of formality. At relatively informal levels, the dayto-day interactions within the project 
provide learning. This can be illustrated with a few examples. When a student interacts with an expert technician, 
perhaps to solve a particular problem, they observe how the technician approaches it; they assume the role of 
apprentice to the expert. By observing the behaviour of 'the master', in context, they learn. Similarly, when 
interacting among themselves, they learn and develop, interpersonal skills, again in context. An example of this is 
when trying to work in teams and motivate others to deliver. The automation laboratory is only one of many parallel 
activities that students are engaged in. Some of these are a:ademic, some personal. Not all students prioritise these 
activities in the same way, and this can lead to conflict. For example: How do they handle a fellow student who is 
behind with a task, but who wants to leave early because he has rugby training fc, the university team? Or how do 
they deal with a student who is careless, making frequent mistakes? This brings into sharp focus the types of 
problem that arise when working in teams. This is something of which they have little experience in the typica,l 
essentially individually oriented, university course. 

But even when working alone to solve a specific technical problem, they reinforce and develop their skills of 
experimentation. They learn how to access help from multiple published sources. They llarn to read and develop 
circuit diagrams, ladder logic, G-code machining instructions, pneumatic diagrams etc. They learn about debugging 
faulty systems, and so on. They also learn the limitations of published information, realising that the manuals oin 
cannot convey all the knowledge necessary to carry out a particular task. This is often exacerbated by shortcomings 
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of equipment manuals, particularly those referring to equipment manufactured in the Far East. Slowly the realisation 
dawns that it is very difficult to make all knowledge explicit. They are starting to appreciate for themselves the Type 
A, Type B knowledge continuum. This is alien to their concepts of knowledge resulting from the majority of their 
learning to date, and for some it can re traumatic. They are used to having textbooks, and explicit procedures, for 
solving problems. The recognition that in the real world this is not always the case, removes their prior sense of 
security. No longer can they just learn, but know they have o learn how to learn! 

Students need support when making these transitions and so the infonnal mode of learning is supported by more 
fonnalised ways of learning. Technicians, as experts, can help the students who struggle, by providing both 
technical and moral support. By their example, they can show that problems can be overcome, and in observing their 
attitudes and approaches, students can develop their own professionalism. 

In another formal mode, technicians approach students and ask them to explainthe tasks they are engaged in. They 
ask why the tasks are being undertaken in a certain way, and ask what other approaches have been considered. They 
get the students to identify their difficulties, and by Socratic questioning help them find solutions. The whole aim is 
to encourage reflection in an attempt to internalise the knowledge gained. 

The students in the role of project manager have a very demanding task and receive formal coaching throughout the 
project. Occasionally this is on a one-to-one basis if specific problems arise, but is generally conducted in a small 
group away from the project. The student managers meet with the staff member having overall responsibility for the 
laboratory on several occasions throughout the project period. The sessions last for up to an hour, during which the 
students are prompted by questions to discuss aspects of managing the project. For example, the academic mentor 
might start by asking if they were having any problems in keeping tasks on schedule, and tho go on to explore what 
the problems were and how they were dealing with them. By involving all the managers together, the resulting 
conversations not only forced each to reflect on their own approaches, but also provided a range of alternatives, 
which could be weighed one against the other. A wide range of topics can be covered in this way from technical 
aspects such as project planning, to human factors such as motivating and appraising their peers. 

The laboratory project also helps the students to develop judgement. Many of tasks require the students to temper 
technical solutions with constraints imposed by resources and the external environment. No recipe can tell them how 
to do this, they have to exercise their own judgement. The judgement, oncemade, might be bounced off an expert 
for a corroborating view. In this way feedback could be obtained to enhance future judgement. For example, in 
carrying out risk assessment and taking actions to ensure safe working practice, it is almost impossible t> cover 
everything. Judgement needs to take into account the probability of risks, and the feasibility and cost of coping with 
them. Students can make these trade-offs, and then discuss the results with the professional engineer in overall 
charge of the laboratory. 

It is very important that the laboratory task is made as realistic as possible so that the teaming is transferable to an 
industrial context. Mode 2 learning is context specific. Realism comes from imposing demands and constraints 
typical of an industrial environment. The students have deliverables and time constraints imposed by the project 
deadlines; they have resource constraints in terms of man-hours available, and access to 'experts'. Wherever it is 
reasonably practicable to do so, industrial systems and procedures are mimicked. A formal 'Purchasing' system is 
put in place to control expenditure. There is a requirement for engineering drawings to be made for all components. 
The final systems must be fully documented in the fonn ofu~r manuals with sufficient infonnation to enable an 
engineer coming fresh to the system to be able to operate it, and to trouble shoot or modify it. Fonnal risk 
assessments are done, and all working practices are closely monitored. It is accepted that itwill never be possible to 
totally mimic industrial reality, but by introducing such systems, it is hoped that learning of many of the context 
specific aspects of knowledge might be facilitated. 

CONCLUSION 
The learning laboratory provides a proven mechansm for allowing advanced students to develop the knowledge and 
skills to design and build manufacturing systems. It is designed to complement, not replace, conventional forms of 
teaching. The learning laboratory is particularly valuable in enabling students to develop Type B, Mode 2 
Knowledge, and to exercise judgement. This is done in a safe and controlled environment, with support from 
professional engineers. 
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It is clear from the student feedback, and from the enthusiasm noted during the project, tha students value this type 
of project and the learning that it encourages. As educators, we need to recognise the multtdimensional nature of 
professional education and pay more attention to those areas that have been traditionally neglected. Actioaoriented 
learning, and laboratories such as the one described, provide a contribution to this. 
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SIX SIGMA APPLICATIONS IN THE FINANCIAL SERVICE INDUSTRY 

Kevin Van Cleve and Jeny W. Koehler 
Financial Services Company and University of South Florida 

INTRODUCTION 
The evolution of the Financial Services Industry over the past twenty years has witnessed many dynamics. Much of 
the change has been driven by demands from investors, your typical "Voice of the Customer". Product changes 
include financial derivatives, commission structures, discounting and fee base, types of accounts, etc. While Wall 
Street has been quick to capitalize on the ability to generate new products to satisfy demands of investors, they have 
lost any sense of differentiation among the major players when it comes to service. While we have plenty of 
Financial Products to choose from, there is scarcely any Financial Service. The market correction of the past couple 
of years is changing customer requirements, which in tum, will prod financial service companies to offer new 
services and products once again. In order to differentiate, firms must now concentrate on processes that enhance 
service to customers. 

A finn introducing a new Financial Product has a short window to capitalize on its "first to market" position because 
the products are quickly replicated by the competition, stamped with their own proprietary nuances and sold to their 
existing client base. While new products are required to meet customer expectations, they must be only part of what 
is derived from a learning organization. In order to stay on the cutting edge a financial service company must instill 
a culture that penneates throughout the organization from top management right down to the sales assistant greeting 
the customer on the telephone. 

Six Sigma is a management process that, when adopted by an organization, has the ability to change its culture while 
streamlining processes, focusing on the requirements of the customer. Companies such as General Electric, 
Motorola, and Allied Signal have credited Six Sigma with saving them billions of dollars and making them world
class companies. Six Sigma has been used extensively in manufacturing processes to reduce errors and costs, but 
has not been effectively implemented in the Financial Services industry in any meaningful way. 

OVERVIEW: THE SIX SIGMA APPROACH 
Six Sigma utilizes a Team Approach to analyze and improve existing process (Process Improvement) and/or create 
entirely new processes (Process Design/Redesign) that can deliver measurable results in cost savings and customer 
satisfaction. Financial Service Company's Goals: Improve Weiss Rating, Increase Customer Loyalty, Improve 
Employee Retention and Self-worth, Reduce costs associated with Customer Complaints. Increase value for all 
stake holders: Customers, Employees, and Stockholders. 

It is equally important to evaluate how Financial Service Companies manage processes across the organization 
(Process Management). They should focus on strategies of defining and measuring key customer requirements, 
analyzing data to enhance measures and refining their process management mechanisms. By controlling 
perfonnance through ongoing monitoring of data and operations, companies can quickly respond proactively to 
problems and process variations. Goal: Reduce cost and stress. Evolve from a reactionary management into an 
organization that proactively manages its processes with the same precision as it manages its portfolio. 

Three strategies of Six Sigma are Process Improvement, Process Design/Redesign and Process Management. When 
combined they can create powerful outcomes within any system. 

Process Improvement or the DMAIC Model is the most common and usually the first strategy engaged in the Six 
Sigma process. The five distinct sub-processes utilize managerial and statistical tools to propel a team through 
obstacles toward their goal of Process Improvement. Goals include: Improving the process by better aligning it 
with customer requirements. 

• Define - Define problem. Define customer requirements and set goals. 
• Measure - Measure perfonnance against customer requirements. Measure errors in process verifying 

problem. Establish baseline and benchmark. 
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• Analyze - Analyze data collected to discover root causes of problems. 
• Improve - Improve the process eliminating causes. Refine and measure solution. 
• Control - Control and adjust the process to maintain desired performance level. 

There are times when process improvement doesn't go far enough to align corporate goals with the requirements of 
the client. Sometimes old processes need to be scraped and replaced in order to produce desired results. Six 
Sigma's strategy of Process Design/Redesign is used to create entirely new processes that can deliver measurable 
results in cost savings and customer satisfaction. The sub-processes of Process Design/Redesign are modified 
slightly from those of DMAIC. 

• Define - Define vision of process or service. Define customer requirements and set goals. 
• Measure - Measure performance against customer requirements. Gather more data. 
• Analyze - Analyze design and function of the new process. 
• Design - Design and Implement new process. 
• Verify- Verify results. Control and adjust process to maintain desired performance level. 

Process Management across the organization is greatly enhanced by the presence of the Six Sigma teams. The 
support from top management dictates the vision and sets clear objectives for the team. The team in tum establishes 
the tone for improvements and communicates with other employees who will take ownership (stewardship) of the 
processes once completed. The team will share its successes and failures after each step in the improvement process 
with both the senior management and the people who will carry out the final improved process. This process of 
ACROSS THE BOARD corporate buy-in is one of the most powerful aspects of six sigma. Employees enjoy 
success and want to help improve their organization; they feel good about themselves and the company. It can be 
contagious and improve the culture throughout the company. As this learning organization matures, process 
management can take on a life of its own. The organization will begin to be managed by its own processes. 

FINANCIAL SERVICE COMP ANY MISSION ST A TEMENT 
Financial organizations are in the business of providing quality service and product to their customers. All service 
stakeholders are inter-related and reliant upon our success in meeting and exceeding our customer's requirements. 
Financial organizations need their customers to entrust them with their assets. They must earn their confidence and 
the respect of their peers to succeed in this increasingly competitive environment. The voice of the customer will 
drive our success. Goal: Develop the company into a world class, customer empowered financial institution that is 
the envy of the industry. Use that position for growth and expansion. Become the leader in the retail and 
institutional market place. 

PRODUCT AND SERVICES 
While financial service companies offer products to service investors, it is the service provided that will differentiate 
it from its peers. By adopting a Six Sigma philosophy entitled "Financial Service Company's VOICE", (valuable 
opportunity to use Information for Customer Empowerment), the company can improve and redesign its core and 
support processes and manage them to enhance value to stakeholders. 

While Six Sigma has become the standard in improving operating processes at companies such as General Electric 
and Motorola, the financial services industry has yet to seriously implement its strategies in customer related 
processes. Adoption by the financial industry, with the implementation of a program such as "Financial Service 
Company's VOICE", will give the firm a competitive advantage in terms o customer loyalty, as well as asset and 
broker recruitment. While it is imperative that top management supports the initiative, the strategies can be 
implemented slowly as first, with a single department or project until there is a buy-in from the rest of management 
and the entire organization. 

The department or project selected for the first stage of implementation is critical because there is a need for this 
project to be successful in terms of real measurable improvements. An area such as compliance to operations would 
be a department where process improvement could be quickly implemented with dramatic cost savings and value 
creation. Process improvements allowing management to work proactively instead ofreactionary should be a goal 
for the FSC VOICE team. The team would be comprised of people from the department and management, with 
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varying skill sets, who would eventually own the improved process and be responsible for its implementation and 
control. 

Once success is achieved in one project, other teams can be created to handle other improvement projects enhancing 
the culture throughout the company as people feel they can make a difference to the organization. This buy-in by 
the organization is the power that creates value enhancement for all the stakeholders. 

WHAT MAKES SIX SIGMA DIFFERENT FROM OTHER QUALITY INITIATIVES? 
Six Sigma: A comprehensive and flexible system for achieving, sustaining, and maximizing business success. Six 
Sigma is uniquely driven by close understanding of customer needs; disciplined use of facts, data, and statistical 
analysis; as well as diligent attention to managing, improving, and reinventing business processes. 

While many of the tools and techniques used in Six Sigma have been used for decades, Six Sigma concentrates on 
eliminating the variations that occur in processes. In a service organization where systems are designed and carried 
out by individuals, the room for variations is vast. There is much time and expense used to check and re-check tasks 
performed to ensure compliance with company and industry norms. Six Sigma is a philosophy in which variations 
in the processes are measured and analyzed to ensure conformity to the expected result. The name Six Sigma 
defines the goal to reduce errors out six standard deviations statistically speaking, or 3.4 errors per million 
opportunities. Is this achievable in a service organization? Eliminating the variations becomes a function of 
designing processes that can be measured with the help of advances in information technology. Since most financial 
service companies have already made investments in I.T., it makes sense to utilize this investment in conjunction 
with process improvements throughout the organization to further reduce errors and variation. 

EXAMPLES OF SIX SIGMA PROJECTS IN A FINANCIAL SERVICES COMPANY 
An area that causes financial service companies a lot of headaches as well as lost productivity and resources is 
customer complaints. Some times we are lucky and they get resolved by local management, but other times they 
involve regulators, attorneys, and senior level attention which can cost a finn a bundle, even if found innocent of 
any wrong doing. By mapping the processes taken of a few complaints we can identify several opportunities to 
make improvements. Our goal is to identify areas where it is possible to make mistakes and eliminate the errors. 

VOICE PROJECT #1 

Many complaints from customers evolve from the belief that the broker does not know the financial objectives or 
the risk tolerance of the client. While it is required that the broker "know his customer", (NASD rule 405) proof is 
usually limited to what is recorded on the customer's new account fonn. The form is filled out by the broker or his 
assistant and records the customer's net worth, income, and experience and investment objective. The customer 
gives this information, when the new account is opened, usually over the phone or at the first meeting at the broker's 
office or the home of the client. Many times this is the last time the customer sees this fonn even if financial 
circumstances or infonnation changes. This is what the firm witt use to establish that it has done a reasonable job 
ascertaining the customer's financial objectives. 

• Displaying all customer signed documents on a website linked to the customer's account so the Compliance 
Department and the Customer can view and verify the infonnation. Link all forms that have repetitive data. 

It is possible that the firm is in possession of two or more different documents that ask for the same pertinent 
financial information. It should be the same on all documents. By linking the forms, discrepancies can be corrected. 
If the infonnation is no longer accurate the customer can notify the broker of any discrepancies right on the website, 
or mail, telephone, etc. The date and source of the change will be noted and visible to all parties. Having this 
infonnation in a credible fonnat at the touch of a finger will help resolve many questions that previously took hours 
if not days to ascertain whether the broker had done a reasonable job in knowing his customer's financial condition. 
It also gives supervisors and compliance personal accurate infonnation to base suitability and other pre-emptive 
analysis. 
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VOICE PROJECT #2 

Another area often debated in arbitration by the broker-dealer is correspondence between the broker and the client. 
A customer may claim that the broker never contacted him/her about buying/selling a given security. It breaks down 
to a complaint ofhe said/she said and often turns out costing both parties, as the position is not easily defensible. A 
fonn of contact software could be developed to: 

• Link broker notes and correspondence to the finn's website. 
• Track phone calls made to each customer that could be linked to the broker's notes. (Date & time). 

Software could track incoming and outgoing calls between the customer and client. Whenever the broker spoke to 
the client when the broker was looking at the customers account, an entry could be made. Correspondence to and 
from the client could also be tracked by this system. This entry could have a comment period that would allow the 
broker a period of time in which to input various support information which would become part of the account's 
permanent record. This record could be maintained as a client viewable record if so desired by the firm. 

VOICE PROJECT #3 

The Financial Industry has created differing types of exception reports that alert front line managers and compliance 
officers to various possible problem areas. However, they need to be updated to provide more comprehensive 
monitoring o client and broker activity. These systems need to be evaluated by six sigma teams to maximize their 
effectiveness and reduce cumbersome reporting rework. A comprehensive solution might include processes that: 

• If a predetermined amount of business is done before the system shows that the customer has been 
contacted, the system will alert management to this situation. 

• Automatically track activity in customer accounts to ensure compliance with stated Investment Objectives. 
Create an exception report detailing the need to review activities or update customer objectives. 

While some of the improvements will come easily to the six sigma team by taking advantage of better software and 
other advances from IT, there is quite a lot of work to define what financial products or stocks are desirable for 
monitoring when trying to evaluate different investment philosophies. The team will have to be careful not to create 
a burdensome system that works against the improvement process. 

VOICE PROJECT #4 

The process of tracking customer complaints is often times a nightmare for both the firm as well as the customer. If 
a customer voices a complaint to a broker, the broker is required to alert his/her manager who in tum notifies the 
compliance department. It is the compliance department that then begins to gather the pertinent information and 
makes a determination on how to respond to the customer's complaint. While this is often a timely manual 
operation there are many instances where the process can run into delays. This becomes very aggravating and 
frustrating to the customer who believes that his complaint is falling on deaf ears. Delay can cause a problem to 
become much more exaggerated than if communication lines were more open. 

• Link customer holdings to corporate news releases and material event. 
• Portfolio balancing - rebalancing, asset allocation modeling, for customers and brokers 

By linking the client's portfolio to corporate news releases, ratings changes and research reports the financial 
services company can notify the client by e-mail, or on the portfolio's web page all related information available to 
keep the client informed about the investments in the portfolio. These notifications can be personalized with the 
Investment Representative's name and contact instructions for further information. A similar investment program 
could be used to help a client decide if portfolio rebalancing is necessary. Does the current portfolio still match with 
the asset allocation model originally used or is some rebalancing needed? All additional customer contacts that are 
being automatically generated at virtually no cost to the finn are adding great value to our clients. The investment 
representatives that work with the company also appreciate this added value. We are saving them time while 
increasing their productivity. It is possible that value added process improvements can generate additional revenue 
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for the financial service company. It may come from: more business from existing customers; new business from 
new customers; new business brought in from new investment representatives that choose to join your firm for the 
services provided their clients. 

VOICE PROJECT #6 

Much of the six sigma improvement process rely on the ability to defme customer requirements and measuring the 
success of meeting those requirements. It is difficult and expensive to gather data from people familiar with your 
company. One way is to develop a program that is mutually beneficial to both parties. 

• Loyalty Program. Track and reward customers for loyalty, important armiversaries, acknowledgement. Tie 
into referral program. Use customers for product and service surveys, data collection, and "Voice of 
Customer" stuff. 

Customers need to feel appreciated. If they feel they are helping you provide better service and are part of the 
solution, you have a strong ally on your team. You need to develop a process to recruit and build a network of 
appreciated customers. The benefits they provide your company far exceed their cost. 

There are many areas where processes and process management can be improved. It will take a dedicated team to 
design and improve them. The owners of these processes will need to have input into their design and 
implementation. The focus of these improvements must be providing customers with services that meet and exceed 
their requirements and expectations. 
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EUROPEAN UNION AND UNITED STATES TRADE DISPUTES 
ISSUES AND CHALLENGES 

Merouane Lakehal-Ayat 
St. John Fisher College 

OVERVIEW 
Over the past decade, several trade disputes have emerged between the EU and the US. The first major trade dispute 
was the banana war which lasted eight years. The banana war began when Europeans accorded preferential 
treatment for the fruit from ex-European colonies over that from Latin America. Most of the Latin American 
bananas are distributed by US companies. As a result, in retaliation, the US imposed I 00% duties on European 
luxury goods. The EU petitioned the World Trade Organization to condemn this practice. After years of wrangling, 
the WTO ruled in favor of the US, and imposed damage charges on the European Union. 

As the banana war wound down, a new dispute began when Europe banned honnone-treated beef due to citizens' 
concerns over food safety, aggravated by the 1990's mad cow disease in England. As US citizens have displayed 
little concern over honnone practices, US beef exporters argued the move was a protectionist tactic to aid the 
affected EU beeffanners. This debate is closely tied to the European Union's ban on Genetically Modified 
Organisms, particularly com. As the United States does not require labeling and segregation of genetically modified 
and unmodified crops, the EU has ceased all imports of com, causing a $300 million annual loss. This ban, 
considered precautionary awaiting scientific evidence of safety or risk of GMOs, is a major driver to falling com 
prices in the US. The current price of a bushel of com is $1.75, $1.25 below cost of production.• The impaired ability 
to export crops to EU and Japan has increased the supply within the US. Due to the food surplus, and cheap imports 
from Canada, crop prices are falling driven lower. 

As seen in both the beef hormone and GMO disputes, there is a clear divergence in the two blocs' risk assessment 
and acceptance. The US argues that bans should be based on scientific evidence, while the Europeans believe that 
the "precautionary principle," requiring little or no evidence, is their responsibility to their citizens. 

Other factors in the trade relationship are the steel and aircraft disputes. In 2001, President Bush announced 
initiatives to protect the US steel industry, as several major steel producers had recently shut down, at a cost of 
20,000 jobs. Bush directed US Trade Representative Robert Zoellick to investigate the severity of damages caused 
by imported steel. Zoellick found that cheap steel imports were detrimental, and recommended protective tariffs up 
to 20%. Bush imposed tariffs ranging up to 30 percent. The European Union responded by asking that the World 
Trade Organization condemn this act, and threatened punitive tariffs on US imports. In keeping with WTO 
settlement system, consultation and negotiations between EU, Brazil, New Zealand, Japan, South Korea and US 
began in March of 2002, though no agreement was reached. After these meetings, the EU applied punitive tariffs 
against 300 widely varied US products, including neckties, pool tables and fruit juice. The "short list" of products 
were charged tariffs of 100%, with estimated customs revenues of EUR3 77 million, and tariffs of 8-30% to a "long 
list" of products, with potential customs revenues ofEUR626 million." 

Additionally, an anti-dumping tariff of 15-26% is applied to any third party steel imports that exceed the historic 
average level by more than IO percent. Japan also applied I 00% tariffs against US steel imports. 

The aircraft industry is also causing conflict. A recent proposal from the European Commission targets reduction of 
airport noise by banning airplanes equipped with "hush kit" mufflers. The United States argues that this ban would 
unfairly discriminate against the US airline industry. The US Congress has threatened to deny landing rights to 
Concorde aircraft, a French/British export. However, ironically the action will hann companies, many of which are 
US-based, that already own Concorde jets, with limited effect on new aircraft imports. 

GLOBAL CONTEXT 
The trade relationship between the European Union and the United States is the largest in the world. For the past 
fifty years, this relationship has grown increasingly liberalized, with the exception of the past few years. In fact, it 
was anticipated that under the current administration, there would be further moves toward free trade, as has 
traditionally been the case under Republican administrations, but the opposite has proven to be the case. The newly 
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formed European Union represents the largest unified force rivaling the US. Its clout is growing with the 
introduction of the Euro, and the increasing number of member states. 

This October, Lamy summarized the current relationship as, " ... the normal picture - 95 percent of the huge trade 
relationship we have is fine, and, as is normal, we here and there have our frictions which we are addressing within a 
rules-based system which is the WTO.""' 

As shown in figure I below, the US trade deficit increased sharply beginning in 2000, under the Bush 
administration, due in part to the conflicts discussed. 
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THE PLAYERS 

European Union 
In addition to the current disputes discussed, the EU's unresolved issues against US policies are: 

• The Helms-Burton Act 
• The EU believes that the US does not have the right to interfere with foreign companies. The law 

allows US citizens to sue foreign companies for property expropriated under Castro. 
• The Iran and Libya Sanctions Act 

• The EU feels that the US is imposing its political agenda on the rest of the world. 
• Lack of action toward 1999's Veterinary Equivalence Agreement 

• Intended to ensure that public and animal health systems are equivalent, though not necessarily 
identical. Covers meat, dairy and egg products, and notification of health alerts and findings. 

• "Buy America" provisions 
• Buy America Act, by favoring US sources for federal purchases, limits opportunity for EU 

exports, and discourages US suppliers from purchasing EU goods and services. 
• Foreign Sales Corporations legislation (WTO recently ruled this illegal) 

• The EU views FSC's as a subsidy scheme designed to increase US exports. FSC's allow tax 
breaks for certain off-shore subsidiaries of US companies. 

• Satellite communications market restrictions'v 
• Concerns that FCC procedures are not being carried out m transparent, objective, non

discriminatory fashion.v 

United States 

Lamy visited China this month, in attempts to win China's support for the European Union's 
stance at the most recent global trade talks in Doha. The dispute between the EU and US plays out 
as both try to gain China's support, as the newest member of the WTO and the third largest 
economic power in the world. The United States' top concern for China is support for their 
proposal to decrease and eventually eliminate farming subsidies, particularly the EU's Common 
Agricultural Policy. Although China has not formalized support to either side, their representative 
states that China is looking to support developing nations, which they believe are most hurt by 
such subsidies. Lamy points out in interviews that the EU has the same policy, called Everything 
But Arms, which gives quota free and duty free access to products from least developed countries. 

In the 1990s, globalization accelerated so rapidly, that both world and US exports doubled, while at the same time, 
US prosperity drove imports, causing an increasing deficit year over year. In 2002, this trade deficit has ballooned to 
$437.4 billionvi, the largest in history. 

Given the traditional Republican support of free trade, the Bush Administration has been unexpectedly protectionist 
toward American exports. Many WTO member countries believe that the US has been unduly forceful in dictating 
US policy on sovereign countries, especially non-democratic nations. For instance, the Iran and Libya Sanctions Act 
and Cuban embargo use an economic forum to drive political change. 
The table below details imports and exports for goods under current dispute: 

1980 1990 2000 
Exports 
Iron & Steel Products 4.2 3.3 4.4 
Agricultural products 17 14.3 12.7 
Machinery & transportation eauipment 16.4 15.1 16. l 

Imports 
Iron & Steel Products 10.1 9.5 11.7 
Agricultural products 8.7 9 11 
Machinery & transportation eauipment 12.1 17.5 21.6 
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Agriculture products show a clear drop in exports, and increase in imports, year over year, while aircraft and steel 
appear to recover, at least in part. Policy makers argue that certain subsections of these industries are hard hit, and 
data reflects incorrect classification. 

In addition to the resolution of the current disputes with the European Union, the US has the following goals for the 
current Doha Round: 

• WTO Rules Proposal: 

• Maintain the strength and effectiveness of the trade remedy laws. 

• Ensure that the trade remedy laws operate in an open and transparent manner. 

• Enhance the rules to address more effectively trade-distorting practices. 

• Emphasize that, in disputes on trade remedy laws, dispute bodies follow the appropriate standard of 
review and do not impose obligations not contained in the Agreements. 

• Ease WTO rules to allow developing countries access to medication for HIV/AIDS, malaria and other 
epidemics. 

• Liberalize global trade in services, removing barriers in industries like financial services, telecommunications, 
and environmental services. 

• Reform agriculture trade, eliminating export subsidies. Cuts of $100 billion in annual subsidies, lowering 
average global tariffs from 62% to 15%. 

• Expand transparency and public access to World Trade Organization dispute settlement proceedings, opening 
settlement proceedings to the public for the first time.VI' 

World Trade Organization 
Member countries are closely watching the WTO's handling of disputes between these trading giants. The 
agreement to WTO process and procedure will reaffinn WTO effectiveness at a questionable point. As China joins 
the WTO, the organization continues to gain strength, and members disagree in what ways this power should be 
leveraged. 

The role of the World Trade Organization is greatly debated. The WTO was fonned in 1995 to replace the General 
Agreement on Tariffs and Trade. The organization rules by fonning a panel or Appellate Body, whose decision 
cannot be overturned without a three-fourth's consensus among WTO members against the decision. This gives the 
committee the de facto final say."'; Members disagree on whether these decisions should take a legalistic or 
diplomatic approach. A diplomatic approach, supported by the European Union, would emphasis mediation and 
problem solving. The legalistic approach, as supported by the United States, would allow the panel to judge, and 
determine right and wrong. There are concerns over the WTO's ability to dictate economic and societal changes in a 
sovereign country. "The WTO has shifted from the GA IT model of negative regulation - what governments must 
not do -to positive regulation, or what governments must do," states Sylvia Ostry, a former Canadian trade 
negotiator.•x 

Many believe that the WTO's current level of power is both unsustainable and undesirable. 

ECONOMIC FORCES 

US GMO Drivers 
Advances in biotechnology have allowed farmers to increase crop yields, maximizing value from the land, and 
reducing pests. The majority of the crops produced in the US are Genetically Modified Organisms; 69% of cotton, 
68% of soybeans, and 26% of com are genetically modified. Though the majority of crops are GM Os, this does not 
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indicate widespread support among fanners. Agribusiness, a small number of corporate fanns growing the bulk of 
the crops, is the largest proponent of biotechnology. Given the corporate funding involved, agribusiness has the most 
political representation, pushing WTO to rule against GMO bans. 

Increased capacity due to biotech advances and bans on US crops, also due to biotechnology, have increased the 
supply of crops available. Given the current food surplus, this further reduces the price per bushel. Com is currently 
selling at a 41 percent loss. Although the US subsidizes agriculture, it is pushing the WTO to reduce and ultimately 
eliminate such subsidies, and takes particular exception to the EU's Common Agricultural Policy, believing this 
would level the playing field. The cheap price of crops, and inflow of Canadian imports, have further damaged the 
markets. 

Agribusiness' use ofGMOs have further limited small to mid-size farmers' ability to compete. As prices decrease, 
margins shrink and losses grow, so that only the largest farms can continue to do business. 

The European Union has required proper labeling and segregation between genetically modified and non-modified 
crops. The cost of labeling would further drive up costs. The small to mid-sized farmers, the population using GMOs 
the least, generally support labeling and·increased traceability. The grain elevator (crop storage) industry is also in 
favor of such concessions. Agribusiness, which pulls the most political weight with the current administration, is 
strongly against such concessions, as the bulk of their products would be banned, and smaller farmers better able to 
compete. 

Though genetically modified organisms have not been scientifically proven to be harmful, GMOs are not legal for 
human consumption in the US either. The recent Starlink scare, though, in which GMO com contaminated com 
products like taco shells, has raised both US and international concerns of the potential risk. 

EU GMO Drivers 

Several widespread food scares in the 1990s have raised safety and environmental consciousness about food supply. 
These scares have not only created a consumer resistance, but also an economic protectionist movement from 
farmers who lost revenue from destroyed herds or lack of demand. There is considerable political pressure from the 
agriculture industry for protectionist actions in order to reclaim market share. As it is an election year in much of 
Europe, these lobbyists carry increased weight. Furthermore, the Green Party has gained political strength from 
these epidemics. All are pushing for additional GMO categories to be added to the banned list. 

Consumers, if given free choice, would have no motivation to purchase GMOs. The products are no less expensive 
and have no quality advantage. Given the food surplus, there is no sizable market for GMOs in Europe. 

The fear of biotechnology has forced biotech companies to leave Europe in favor of the US. Economists predict a 
sizable long-term loss due to continued GMO bans in the form of reduced GDP, tax revenue, research and 
development advances, and intellectual property. 

US Trade Commission Recommendations 
The US Trade Commission must take a three-prong approach to resolving the GMO ban. First, scientific research is 
necessary to find conclusive evidence of the safety of genetically modified organisms, and, to what extent those 
products are safe for use in the US. If unbiased evidence can be presented to the EU with no change in policy, the 
WTO will be in a stronger position to support US interests. 

Secondly, the US must provide aid to farmers. The 1985 Farm Bill is believed by the majority of the farming 
industry to serve only large agribusiness and must be revisited. In relocating a portion of subsidy funds to provide 
resources in support of organic farming, small to mid-sized farmers can gain a competitive edge in an emerging 
industry. This would be strongly supported by environmental groups and would also contribute to reclaiming Jost 
European and Japanese export revenue. 

Thirdly, the US must agree to label and segregate GMOs from non-modified crops. Ninety percent of farmers 
already support country-of-origin labeling and 61 % support GMO labeling. The majority believes it is the US 
Congress' responsibility to legislate such labeling. Additionally, the US must take a clear, non-conflicting position 
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on subsidies. A gradual reduction in subsidies from all members would be marked improvement. It is important to 
stress the multifunctionality of agriculture subsidies, though. They are clearly serving different purposes than those 
for the aircraft industry. If it was not profitable to farm, tremendous portions of the US' undeveloped land would be 
sold off and populated. The loss of land and limited capacity to self-support our food needs would be 
environmentally and politically disastrous. Gradual moves toward free trade could maintain this fragile balance. 

US Steel Drivers 
President Bush's steel tariffs were driven by a flagging US steel industry. The aging technology and increased 
competition from imports and mini-mills made the big, traditional steel producers unable to compete. Last year 
alone, 20,000 jobs were lost as steel companies closed. This further drove the opportunity for imports. "Rustbelt" 
political pressure, a contingency that strongly funded Bush's political campaign, encouraged the administration to 
support protective tariffs. 

U.S. Steel's CEO Thomas Usher met last month with Secretary of Commerce Evans to report progress of 
reorganization. US Steel is working under a three•year timeline to reduce operating expenses by $300 million, and is 
so far on target. Usher emphasizes the need for continued stable market conditions, which he argues requires the 
tariff plan. 

These tariffs, and the European Union's punitive actions, have had a ripple effect on the US economy. Though they 
do offer substantial protection for Big Steel, they are highly detrimental to other US industries that depend on low
cost steel. Economists argue that this has a larger negative than positive effect. Additionally, the EU punitive tariffs 
have decreased a wide range of US exports, increasing the trade deficit. 

EU Steel Drivers 
The effects of the United States' tariffs were felt immediately, reducing EU exports drastically and costing 22,000 
jobs. The third party steel began to flood EU markets, driving down the price of steel, and further decreasing EU 
exports. The European Union responded with protective third party tariffs of 15-26%. 

The benefits to the United States' tariffs have been increased opportunities in other markets, such as Japan, who has 
implemented tariffs against US steel. 

US Trade Commission Recommendations 
The United States needs to address the issue more directly. Rather than protect Big Steel by preventing external 
competition, aid the industry by attacking the problem: outdated technology and ballooning costs. Negotiation with 
the European Union and other wro members may yield a more direct and agreeable solution, such as a one-time 
federal technology grant or tax exemption for the three-year period to allow for additional capital investment. 

CONCLUSION 
The US Trade Commission needs to provide the current administration with clear direction in keeping with WTO 
guidelines, while handling US industry concerns in a direct and equitable manner. Though campaign contributions 
and lobbyists represent a continuing problem, it is clear that continued progress toward free trade is a widely held 
value in this country, based on history, and it is this administration's responsibility to further this goal. The above 
recommendations, including revisiting the 1985 Farm Bill and support for Big Steel that does not impede 
competition, are in keeping with this value, and are intended to bring the United States back in line with WTO 
guidelines, and sooth tensions with the European Union. This relationship is critical to our economic well-being, and 
must be treated with suitable weight. 

192 



Proceedings of the 2003 IEMS Conference 

BIBLIOGRAPHY 

Andrews, John, "Trading Tensions: What to do when elephants fight?," Europe, April, 2001. 

Anonymous, "U.S. Steel CEO Outlines Progress Under Steel Tariff Relief', U.S. Steel Press Release, Yahoo 
Finance, September 4, 2002. 

Anonymous, "EU Retaliation Against US Steel Tariffs Steams Ahead," International Tax Review, June, 2002. 

Anonymous, "European Union mulls trade sanctions vs. US,'' World Trade, September, 2001. 

Anonymous, "EU wins WTO battle," International Tax Review, September 2001. 

Anonymous, "US vs. EU: An examination of the trade issues surrounding genetically modified food," Pew Initiative 
white paper, June, 2002. 

Avery, Nerys, "INTERVIEW Lamy· EU, US trade frictions not escalating; relations mostly fine," AFX News 
(Beijing), October 17, 2002. 

Barber, Lionel, "Beef, Bananas & Other Trade Skirmishes," Europe, May, 1999. 

Barfield, Claude, "WTO dispute settlement system in need of change," May/June 2002. 

European Commission, "Report on United States Barriers to Trade and Investment", Brussels, 200 I. 

Holmes, Peter, "Heavy Metal: The Steel Trade Dispute in Wider Context," Consumer Policy Review, May/June 
2002. 

Layman, Heather, "U.S. Presents Views to Help Guide Ongoing Negotiations on Global Trade Rules," 
www.ita.doc.gov, press release, October 17, 2002. 

McGuire, Dan, "The Impact ofStarLink Com on US Exports and Who Really Wins with GMOs," cropchoice.com, 
ACGF speech, January 30, 2002. 

Senti, Richard, "Issues Surrounding The US·EU Steel Conflict," lntereconomics, May/June 2002. 

Van Der Haegen, Tony, "The Loomin US·EU Conflict Over Plant Biotechnology and Trade," Setember 25, 2002 
(Speech, Cato Policy Forum, Washington, DC) 

www.ita.doc.gov US Foreign Trade Website 

www.eurunion.org European Union website 

www.csis.org States of the Union Initiative website 

1 McGuire (2002) 

ui A very (2002) 
,v eurunion.org 
v European Commission, "Report on US Barriers to Trade and Investment" (2001) 
VI Altman (2002) 
vii http://www.ita.doc.gov/media/PressReleases/october2002/gtr _ 101702.html 
Vlu Barfield (2002) 
"' Barfield (2002) 

193 



Proceedings of the 2003 IEMS Conference 

SINGLE MINUTE EXCHANGE OF DIES DEVELOPMENT PROCESS 

Yousef Al-Turki 
King Abdulaziz City for Science and Technology 

ABSTRACT 
Now-a-days the manufacturing industry is facing various challenges. One of them belongs to the production of vast 
variety of products in small quantities. It can however conveniently be overcome if it does not involve any machine 
setup. The setup causes to halt production so as to get the machines ready to produce different products. Individually 
an industry may take as much as one day to perform this task which costs expensive. The paper illustrates this 
problem and also shows how this problem can be overcome by developing setup time break-up. This process will be 
extensively illustrated along with a list of companies world wide who were able to reduce set up time to single 
minute exchange of dies. 

INTRODUCTION 
During the years of the Second World War, all manufacturing companies had resorted to the production of arms, 
ammunitions and war material. It was late 1940s when every country was trying to rebuild soon after peace. 
Manufacturing companies reverted back to producing what they did, before they got into production of arms and 
ammunitions. The likes of Ford, General Motors were busy producing cars. Since the supply was short during the 
war, the market was hungry and the automobile manufacturers produced few standard models and churned out those 
in as large volumes as they could produce. The market was hungry and lapped up all that could be produced by the 
manufacturers. 

Japan was being rebuilt from the ashes and Toyota Motor Company, which had got back to its business of producing 
cars after the war, looked to the US Auto majors for knowledge and inspiration. 

At that time Toyota Motor Company was small in size and General Motors and Ford were already large 
Corporations. The US Auto companies had lines of large power presses producing large volumes of standard body 
panels, day-in day-out. Since the variety of cars was low, the press lines kept producing the same product for days 
on end. The changeover from one model to another, on the body panel press line took more than a week. 

Taiichi Ohno, a bright young engineer in Toyota Motor Corporation wondered if they were to follow the same 
method, they will end up with several power press lines, each one with low utilisation, since Toyota Motor 
Company's car production was a small fraction of what General Motors and Ford produced. The alternative was for 
Toyota Motor Company to have one or atmost a few press lines and change from one model to another, more 
frequently than what the US Auto companies did. This would inevitably affect the utilisation of those presses since 
the downtime due to setup change will be a large part of the production time. 

That is when Ohno realized that they did not have a choice but to reduce the setup time for setup change on presses 
from one model to another. This was the birth ofSMED- Single Minute Exchange of Dies. 

Ohno, who has been the father of Toyota Production System as a whole, has been responsible for starting several 
elements ofit, namely Kanban, Just-In-Time, SMED, etc. The need resulted in the concept ofSMED, which in tum 
ended up in a plan of action. Plan was to reduce setup time to less than IO minutes that is a single digit and in 
Japanese English, it was called Single Minute Exchange of Dies. 

Over the years, what started with an idea and brainstorming by the team of concerned persons, evolved into a 
snuctured methodology, which reduces the pain out ofreducing the setup time. SMED therefore is not just a free 
wheeling brainstorming activity performed by a small group, though it is a part of it. SMED is a very structured 
approach. 

The evolution in setup time reduction in Toyota Motor Company went on over years and continues still. It was over 
IO years before the setup time fell below 10 minutes and today Toyota Motor Company takes one minute as the 
target for setup time. 
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Over the years, many other Japanese companies took to SMED and benefited from that. In the late 1960s and 
1970s, when the American and European market had got saturated with cars or for that matter for other consumer 
durables, the customers demanded variety, rather than be satisfied with standard products. This forced the 
manufacturers to produce many more models, each one in smaller volumes, though the total number kept increasing. 
The production people in these organizations needed to learn how to handle production oflarger variety in smaller 
volumes, which is inevitable way of life in competitive markets. SMED is a very significant tool to meet such 
requirement of large variety and small volumes. 

PRODUCTION LOSSES 
When product variety is large and each one is required in smaller volume, manufacturers can either produce in small 
lots more frequently, resulting in many more setup changes and much more time lost in setup change process or run 
in larger lots, have fewer setup changes and therefore spend much less time in setup change as compared to 
production time. 

Production in small lots enables the manufacturer to produce just-in-time, when the customers require and therefore 
hold minimum inventory. The inventory carrying cost is therefore less. But as mentioned earlier, the loss due to 
Setup Change Time is more, so the manufacturing cost is higher when produced in small lots. 

By the same token, when produced in large lots, manufacturing cost may be lower but the inventory cost is high. 
The reduction in the manufacturing cost with the increase in the lot size is large when the lot size changes from zero 
to small. This reduction in the cost becomes less and less as the lot size increases till it 
more or less flattens out. That is, further increase in lot size has very marginal impact on the manufacturing cost, 
see Graph 1. 

COST ANALYSIS 
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Graph 1. Manufacturing cost with respect to lot size 
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Relationship between inventory carrying cost and production volume is linear, that is it increases in direct proportion 
to the increase in the production lot size, see Graph 2. 
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Graph 2. Inventory carrying cost with respect to lot size 

The total cost is the sum of manufacturing cost and inventory carrying cost and as can be seen from the Graph 3, 
there is a point where the total cost is minimum. For lot sizes smaller than that, the higher manufacturing cost 
makes the total cost larger and for lot sizes larger than this optimum, the increase in inventory carrying cost 
increases the total cost. This lot size at which the total cost is minimum has been called the Economic Batch 
Quantity - EBQ. 
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Graph 3. Economic Batch Quantity-EOQ 
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In a supply chain, the Economic Batch Quantity applies to each manufacturer. That is why when a supplier is asked 
by the buyer to supply certain item, the supplier talks about an Economic Order Quantity - EOQ which has the EBQ 
for his production. 

For years, the production planning took serious note of Economic Batch Quantity and this had been the way of life 
before the SMED movement took over. 

In the SMED movement, the start is made by challenging the setup time and reducing that. Lower the setup time, 
lower is the manufacturing cost for the same lot size and hence lower total cost. This in turn reduces the EBQ. 
Graph 4 shows lowering of cost from blue lines to red to yellow, by reducing setup time. 
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Graph 4. Reduction of Setup time results in reducing EOQ 

Let us look at the relationship between setup time and lot size with different operation times, in detail. 

Table I has operation time of 1 minute and setup time of 4 hours. Total time per piece for lot size of 100 is 3.4 
minutes, for lot size of 1,000 is 1.24 minutes and for lot size of 10,000 is 1.024 minutes. The total time per piece 
reduces to 36% when the lot size changes from I 00 to 1,000. If the lot size were to change from 1,000 to I 0,000, 
yet another jump of 10, the total time per piece drops to 83%. 

TABLE I 

RELATIONSHIP BETWEEN SETUP TIME AND LOT SIZE 
SETIJP TIME - 4 HOURS = 240 MINUTES 

OPERATION 
LOT SIZE TIME PER PIECE TOT AL TIME PER PIECE RATIO 

100 IMIN 1 + 2.4 = 3.4 MIN 100 

1,000 !MIN I + 0.24 = 1.24 MIN 36 100 

10,000 JMIN I + 0.024 = 1.024 MIN 30 83 
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In Table II, operation time remains the same, 1 minute, but setup time goes up to 8 hours. The total time per piece 
for lot size of 100 is 5.8 minutes, for lot size of 1,000 is 1.48 minutes, for lot size of 10,000 is 1.048 minutes. The 
drop in the total time per piece for change of lot size from I 00 to 1000 is even more dramatic than in Table I and is 
26% as against 36% earlier. Same way, the total time per piece for lot size change from 1,000 to I 0,000 is 71 % as 
against 83% in Table I. 

LOT SIZE 

100 

1,000 

10,000 

TABLE II 

RELATIONSHIP BETWEEN SETUP TIME AND LOT SIZE 
SETUP TIME - 8 HOURS = 480 MINUTES 

OPERATION 
TIME PER PIECE TOTAL TIME PER PIECE RATIO 

lMIN 1 + 4.8 = 5.8 MIN 100 

IMIN 1 + 0.48 = 1.48 MIN 26 

1 MIN 1 + 0.048 = 1.048 MIN 18 

100 

71 

Now let us see what happens if the setup time comes down. Table III has the same operation time of 1 minute per 
piece but the setup time is only 3 minutes. The total time per piece for a lot size of 100 is 1.03 minutes, for a lot size 
of 1,000 is 1.003 minutes and for a lot size of 10,000 is 1.0003 minutes. So the total time per piece is more or less 
the same irrespective of the lot size. 

LOT SIZE 

100 

1,000 

10,000 

TABLE III 

RELATIONSHIP BETWEEN SETUP TIME AND LOT SIZE 
SETUP TIME = 3 MINUTES 

OPERATION 
TIME PER PIECE TOTAL TIME PER PIECE RATIO 

IMIN I + 0.03 = 1.03 MIN 100 

1 MIN 1 + 0.003 = 1.003 MIN 97 

IMIN l + 0.0003 = 1.0003 MIN 97 

100 

100 

Now let us see a typical press operation (with practice of SMED) where the operation t1me per piece 1s typically 1 
second and the setup time is 6 minutes, a lot size of 100 is obviously not economical, 1,000 is better but 10,000 
seems to be optimum. A batch of 100,000 has hardly any benefit over batch of 10,000. Expressed in another way, 
for a setup time of 6 minutes, a run time of 3 hours is about right. There are companies, which have setup time of 5 
minutes and a run time of 55 minutes with very effective economy. 
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OPERATION 

TABLE IV 

RELATIONSHIP BETWEEN SETUP TIME AND LOT SIZE 
SETUP TIME= 6 MINUTES 

TOTAL TIME 
PER BATCH 

LOT SIZE TIME PER PIECE TOTAL TIME PER PIECE RATIO 

100 1 SEC l + 3.60 = 4.60 SEC 7.7 MTS 100 

1,000 I SEC I + 0.36 = 1.36 SEC 22.7 MTS 30 100 

10,000 l SEC 1 + 0.036 = l.036 SEC 172.7 MTS 23 76 

100,000 l SEC I + 0.0036 = 1.0036 SEC 1672.7 MTS 

The lesson is, if the setup time comes down, even a small lot size is economical. 

Reducing the setup time: 

22 74 

Now that it has been clearly established that with short setup time, it becomes economical to produce in small 
batches and also result in saving in the total cost of manufacturing and inventory carrying, the next step is to 
examine how to reduce the setup time. 

Process of reducing the setup time: 
Conventionally, setting up has been considered a complex task of many indefinable steps. It has been found to vary 
from one job to another and hence only highly skilled persons with long experience could do setup. 

The first step in reducing the setup time is to examine the setup process and evaluate what steps take how much 
time. 

Table V shows the average distribution of the total setup time. 

TABLE V 

SET UP TIME BREAK-UP 

OPERATION PROPORTION OF TIME 

PREPARATION, AFTER-PROCESS ADJUSTMENT, AND 30% 
CHECKING OF RAW MATERIAL, TOOLS, DIES, JIGS, GAUGES, 
ETC. 

REMOVING TOOLS USED AND 5% 
MOUNTING NEW TOOLS 

POSITIONING, ALIGNING AND 
SETTING UP TOOLS 15 % 

TRIAL RUNS AND ADJUSTMENTS 
50% 
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Let us consider, the activities which fonn the four groups in Table V. 

Preparation, after process adjustment, checking etc. 
When the die has gone through a production run and it is returned to the stores, it may be in a condition fit 
for use for the next production run or it may not be. 

After process adjustment, is to assess the need for such attention to be given to the dies. The time to do so 
is immediately after the previous production run. This way the die is kept ready and in fit condition for 
taking the next production run. Apart from this, this group of actions includes checking availability of 
correct materials, tools, setting facilities and other equipment to even start a set up process and production 
operation. 

Removing tools used & mounting new tools: 
This includes removal of parts, equipment, tools, etc., from the machine after completing a production run 
and mounting of tools etc., for the next production run. 

Positioning, aligning and setting: 
This step covers all the positioning and aligning of tool parts that must be made in the process of setting up 
before starting production operation. 

Trial runs and adjustments: 
In this process, pans are produced, checked for correctness and accuracy, adjustments made in the setting, 
further parts produced and the process repeated till correct components are produced. The number of such 
trials and the length of time it takes to achieve correct setting, depends on the experience and skill of the 
person doing the setup. 

External setup versus internal setup: 
Let us now explore division of the total setup operation into external and internal. 

External setup: 
These are the steps which can be performed even whilst production run is going on. Examples are 
transporting of tools from stores to the machine, transporting of setup equipment and aids from its storage 
location to the machine, after process adjustment to the tools, checking availability of correct materials, etc. 

Since the external setup operation can be performed even when the production run is going on, it should be 
done in this fashion only in order to avoid any loss of production on this count. The machine will then be 
stopped for the bare minimum time it takes to perform internal setup operation. 

Internal setup: 
These are the steps, which can be performed only when the machine is stopped. Examples are removing 
tools, mounting tools, positioning / aligning tools, adjustments etc. 

Steps in reducing setup time: 
Having accepted that the total setup operation has the two elements, internal and external, and also that the machine 
has to be stopped for performing internal setup operations only, the way to reduce the setup time is to undertake the 
following stages of action: 

Stage I - Separating internal and external setup: 
The most important step is to examine the entire setup operations and segregate the internal and external 
setup operations. If we make a conscious effort of analysis, it is possible to reduce the setup time by this 
process alone, to the extent of30 to 50 %. 
Stage 11- Conversion from internal to external setup: 
A 30 to 50% reduction in setup time may be substantial but it is still not enough. Hence the second stage of 
examining such operations which are prima-facie considered internal, to see if these can be made external 
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by one means or another. Each internal setup operation should be examined critically to see, if the whole 
or a part of it can be made external. 

For example, in press work, adjusting the shut height after a tool is positioned and clamped is nonnally 
considered internal. After careful examination, it is possible to see how this could be made external. 
Once a die runs through the particular run, it should be examined to see whether it is in a fit condition for 
another production run in future. This can be done either by examining the die itself or by examining the 
last few parts produced with the die or both. Many a times, a regular pattern of die wear can be established 
in which case the need for maintaining a die can be predicted without having to examine either the die or 
the parts produced. Sometimes it may be best to have both predictive maintenance as well as examination 
of the die and the parts by the end of each production run. 

Whichever method of identifying the need for maintaining the die, once the die is maintained by re
grinding the cutting faces or working surface, the shut height changes. ff no corrective action is taken, the 
next time the die is located in the press, an adjustment to compensate for this change in the shut height is 
inevitable. However, this adjustment of the shut height setting can be avoided if only at the time of 
maintaining the die, adjusting shims are used to compensate the change in shut height and bring it back to 
the standard. By this, we achieve converting an internal setup operation to an external setup operation. 

Stage III - Streamlining the setup operations: 
When we have segregated the apparent external and internal setup actions in Stage I and then converted as 
many internal setup actions to external in Stage II, we are left with very minimum of internal setup 
operations. 

Now the improvement comes by reducing the time to perfonn each internal and also external setup 
operations. The reduction in the internal setup time will reduce the down time of the machine. Reduction 
in the external setup time will save the labour which is spent in perfonning these tasks. 

Conclusii 
The abov, 
Each mac 
example, 
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STAGES OF SMED 
Sequence of Stages I, II and Ill with typical reductions 
in setup time is the figure below. 
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SMED has been practised by many companies abroad as well as in India and some examples are given below: 

COMPANY MACIDNE BEFORE: AFTER: 

Toyota Boltmaker 8 hrs. 
'-
58 sec. 

Mitsubishi 6 Arbor Borer 24 hrs. 2.7 min. 

Arakawa 500 Ton Press 27 min. 4.5 min. 

Toyoda Cold Forge 32 min. 7.5 min. 

Hitachi Die Cast 75 min. 3.0 min. 

HP IC Insert 30 min. 3.0 min. 

Omark Press 120 min. 3.0 min. 

India Meters Ltd Press 90 min. 5.0 min 

Autolec Industries CNC Turning Machine 240 min. 10.0 min. 

NBC Assembly Line 240min 30.0 min 
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PERFORMANCE ANALYSIS OF PARALLEL COMPUTER SYSTEMS 

Nasser S. Fard and Indra Gunawan 
Northeastern University and Malaysia University of Science and Technology 

ABSTRACT 
Parallel processing systems in network communication consist ofa large number of processors that are working 
together to perform a single overall. 

These systems provide fast and efficient communication at a reasonable cost. There are different classes of 
interconnection networks that can support large-scale parallelism by connecting input devices to output devices 
through a number of switch stages, where each switch is a crossbar network. The number of stages and the 
connection patterns between stages determine the routing capability of the networks. This paper presents different 
interconnection networks between the basic structure of the single bus and the completely connected scheme. The 
interconnection network facilitates communication not only among the processors and the memory modules 
themselves but also interconnects the processors and memory modules. 

A system's performance is analyzed by developing reliability models, considering systems structures and failure 
probability of switching devices. Reliability models are then used to measure performance. Reliability is the best 
quantitative measure of a system's ability to transform information from input to output devices. 

PARALLEL COMPUTING AND NETWORKS 
In general, a parallel processing system is a computer system consisting of a control unit, N processors, N memory 
modules, and an interconnection network. The interconnection network is bi-directional if it connects each 
processor to all or some subset of memories, as well as each memory to all or some subset of processors. A 
transfer instruction results in data being moved from each processor to one or more of the memories to which that 
processor is connected by the network, or from each memory to one or more of the processors to which that memory 
is connected by the network. One processor can transfer data to another processor through any memory to which 
both are connected. To pass data between two processors, a programmed sequence of data transfer must be 
executed. This sequence of transfers moves the data from one processor to the other by passing the data through 
intennediary memories (and possibly processors). 

A major problem in designing large-scale parallel/distributed systems is the construction of an interconnection 
network to provide interprocessor communications and in some cases, memory access for the processors. The task 
of interconnecting N processors and N memory modules, where N may be in the range of26 to 216

, is not trivial. 
The interconnection scheme must provide fast and flexible communications at a reasonable cost. A single shared 
bus, as shown in Figure I. I, is not sufficient, because it is often desirable to allow all processors to send data to 
other processors simultaneously. Ideally, each processor should be linked directly to every other processor so that 
the system is completely connected, as shown for N = 8 in Figure 1.2. In this example, it could be assumed that 
each node is a processor with its own memory, or those even numbered nodes are processors and odd numbered 
nodes are memories. Unfortunately, these configurations are highly impractical when N is large because N - I 
unidirectional line are required for each processor. 

shored bus 

• • • 

Figure 1.1 A Single Shared Bus Providing Communications for N Devices 
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Figure 1.2 A Completely Connected System for N = 8 

An alternative interconnection scheme that allows all processors to communicate simultaneously is the cross bar 
network shown in Figure 1.3. In this example, the processors communicate through the memories. The network 
may be viewed as a set of intersecting lines, where interconnections between processors and memories are specified 
by the crosspoint switches at each line intersection [Thurber, 1979]. The difficulty with crossbar networks is that N2 

crosspoint switches arc needed. Therefore, the cost of the network grows with N2
, which, given current technology, 

makes it infeasible for large systems. 

mem. 
0 

mem. 
I 

crosspoint 
switch 

mem. 
N-1 

proc. 1------+i+-----+1-r-----------1E-' N-1 

Figure 1.3 A Crossbar Network Connecting N Processors to N Memories 
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To solve a problem of providing fast, efficient communications at a reasonable cost, many different networks 
between the extremes of the single bus and the completely connected scheme have been proposed in the literature. 
There is no single network that is generally considered best. The cost effectiveness of a particular network design 
depends on such factors as the computational tasks for which it will be used, the desired speed of interprocessor data 
transfers, the actual hardware requirement for a network, the number of processors in the system, and any cost 
constraints on the construction. 

This paper presents a study of a collection of network designs that can be used to support large-scale parallelism. 
These networks can provide the communications needed in a parallel processing system consisting of a large 
number of processors (in the 26 to 216 range, for example) that are working together to perfonn a single overall 
task. Many of these networks can be used in dynamically reconfigurable machines that can perfonn independent 
multiple tasks, where each task is processed using parallelism. A general model of the hardware system is shown in 
Figure 1.4. This hardware model consists ofa set of processors, a set of memory, and an interconnection network 
between processors and memory. The interconnection network facilitates communication not only among the 
processors and the memory modules but also between the processors and memory modules. In this case, shared
memory multiprocessors model simplifies the task of exchanging data among processors. 

cp ... cp 
Interconnection Network 

t 
· ·· 0 

Figure 1.4 Hardware Model of Concurrent Processing System 

Network Design Considerations 
Interconnection networks play a major role in the perfonnance of modem parallel computers. There are many 
factors that may affect the choice of an appropriate interconnection network for the underlying parallel computing 
platform {Duato, Yalmanchili, and Ni, 1997]. These factors include: 
Performance requirements, Scalability. Incremental expandability. Partitionability, Simplicity. Distance span, 
Physical constraints, Reliability and maintainability, and Expected workloads. 

MULTISTAGE INTERCONNECTION NETWORKS 
Multistage Interconnection Networks (MINs) are widely used nowadays in order to make the large-scale parallel 
processing systems more efficient. A MIN is a collection of switching elements (SEs) and links distributed over 
different stages in a defined configuration. Three reliability measures are particularly important for MINs: terminal, 
broadcast, and network reliability. In this chapter, tenninal reliability of MINs will be evaluated and the comparison 
oftenninal reliability between unique-path MINs and multi-path MINs will also be analyzed. 

Terminal Reliability, generally used as a measure of robustness of a MIN, is the probability of existence of at least 
one fault free path between a designated pair of input (s) and output (t) tenninals (two tenninals). This is denoted by 
Rs, (G), where G is the network representing the system. G can be directed or undirected. If G is directed, there 
should at least be one directed path betweens and t. In a MIN, tenninal reliability can be defined as the probability 
that at least one path exists from a particular processor to a particular set of memories. 

Several assumptions are assumed to evaluate tenninal reliability of MINs: 

1. All failures are statistically independent. 
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2. All switching elements (SEs) are substantially less reliable than the links. Even though the links can fail, they 
are generally much more reliable than the SEs. 

3. Each SE in the MIN has two states: good or bad. 

4. The reliability of the SE being in a particular state is known. 

5. All SEs are identical and have constant exponential failure rates. 

6. The SEs cannot be repaired. Sources to input stage, and sinks of output stage, are always working in order to 
have connections between those pairs. 

7. A SE is assumed to be failed when it cannot perfonn any of the connection functions (straight, exchange, upper
broadcast, and lower-broadcast). 

The properties ofMJNs can be broadly divided into three citegories: I-path MINs (non-redundant), 2-path and 
multi-path MINs (redundant) [Botting, Rai, and Agrawal, 1989]. 

1. !-Path MIN 
A MIN design which uses 2-input 2-output switches to provide a single unique path, from an input lj to an 
output Ok is a non-redundant, 1-path MIN. This type of network provides a simple and inexpensive connection; 
however, a single failure disrupts the communication path. An N-input MIN contains n = log2 N stages. The 
examples of I-path MINs are multistage cube network and shuffle-exchange network. 

2. 2-Path MIN 
MINs that provide 2 unique paths from the input side to the output side of the MIN are 2-path MINs. The 
purpose of the redundant paths is to provide an alternate transition path from any input to any output, in the 
event of a failure of any SE. Normally, the number of stages is n "" log2 N + 1. The addition of an extra stage 
(increasing the size of the SE by adding extra inputs and outputs) is generally used as a technique for providing 
redundant paths. Some examples of2-path MINs include extra-stage cube network and shuffle-exchange 
network with an additional stage. 

3. Multi-Path MIN 
A multi-path MIN is composed ofSEs that has at least 3 inputs and 3 outputs. The multiple paths are provided 
between each input-output pair of the network. Several examples of multi-path M!Ns are gamma network, 
extra-stage gamma network, dynamic redundancy network, improved enhanced augmented data manipulator 
network, and improved logical neighborhood network. 
In general, a unique-path MIN only has a single path from a particular processor to a particular set of memories. 
A multi-path MIN consists of switches that have multi inputs and multi outputs. Therefore, the hardware cost is 
higher than that of unique-path MINs in terms of number of stages, number of switches per stage, and/or the 
size of the switching elements. These are some of the principal factors, which contribute to switch complexity 
of a MIN. The major consideration in the design of the network is keeping the switch and link complexity as 
low as possible. 

RELIABILITY EVALUATION 
Reliability of multistage interconnection networks is evaluated by considering the network configuration, the 
network size, and the type of switching elements, [Lee, K. Y. and Hegazy, W., 1986], and [Ni, L. M., 1996]. 

A multistage interconnection network configuration depends on the number of stages, types of switches, and 
interconnection among the network switches/stages. In this paper, several types of MfNs will be are discussed: 

1. Multistage Cube Network: The generalized cube topology (Figure 1) was introduced as a standard for 
comparing different types of multistage cube networks. It has n = log2 N stages, numbered from Oto n - I, 
where each stage consists of a set of N lines (links), numbered from O to N - 1, connected to N/2 
interchange boxes. Each interchange box is a two-input, two-output device. The labels of the links 
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entering the upper and lower inputs of an interchange box are used as the labels for the upper and lower 
outputs, respectively. 

2. Extra-Stage Cube Network: The extra-stage cube (ESC) network (Figure 2) is fonned from the generalized 
cube by adding an extra stage to the input side of the network along with multiplexers and demultiplexers 
at the input and output stages, respectively. In addition, dual 1/0 links to and from the devices using the 
network are required. Stage n is connected like stage O; that is, links that differ in the low-order bit are 
paired. Stage n and stage O can each be enabled or disabled (bypassed). A stage is enabled when its 
switches are being used to provide interconnection; it is disabled when its switches are being bypassed. 
Having multiple ports per device using the ESC is equivalent to the input demultiplexer and output 
multiplexer arrangement originally described for the network. 

3. Shuffle-Exchange Network: The shuffle - exchange multistage interconnection network (SEN) (Figure 3) is 
one network in a large class of topologically equivalent MINs that include the omega, indirect binary n
cube, baseline, and generalized cube. Each switching element (SE), the basic building block of a SEN, can 
be viewed as a 2 x 2 SEN. The SE can either transmit the inputs straight through itself or exchange the 
inputs. A SEN has N "' 2n inputs, tenned sources (S), and 2n outputs tenned destinations (D). There is a 
unique path between each source-destination pair. The SEN has n stages and each stage has N/2 switching 
elements. The network complexity, defined as the total number of switching elements in the MIN, is (N/2) 
(log2 N) which for the 8 x 8 SEN is 12 SE's. The position of switching element i in stagej is represented 
by SE;j. 

4. Gamma Network: The Gamma network (Figure 5) is an interconnection network connecting N = 2n inputs 
to N outputs. It consists of (logi N) + 1 stages with N switches per stage. In all but the first and last stages, 
each switching element is a 3- input, 3- output switch. The first, or input stage, consists of 1 input, 3 output 
switches, and the last stage consists of 3 input, I output switches. The stages are linked in such a way that 
redundant paths exist between the input and output terminals. 
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SPACEPORT SAFETY AND OPTIMIZATION MODEL 

Deborah S. Carstens 
NASA Kennedy Space Center 

INTRODUCTION 
With technology being ever present in organizations, it is prudent to believe that new challenges develop along with 
new technological breakthroughs. In a world of ever increasing technological advances and complexity in work 
processes, individuals are at risk for experiencing safety-related incidents. It is these safety-related incidents that 
create bottlenecks in tenns of resource and schedule limitations. Today, discrete simulation models are able to 
accurately simulate a process or task affiliated with a vehicle in regards to resource and scheduling data. However, 
discrete simulation models do not take into account the modeling of human factors safety data that could also 
contribute to scheduling delays as well as other bottlenecks. Therefore, this research enhanced the capability of a 
preexisting discrete simulation model (i.e. Atlas Model) already populated with typical task infonnation through 
adding the capability to capture human factors safety data. The prototype tool is generic enough to be used in an 
Expandable Launch Vehicle (ELV) or Re-usable Launch Vehicle (RLV) setting. The tool enables an entire flow of 
tasks affiliated with a vehicle to be modeled to detennine which processes, tasks, systems, or maintenance actions 
produce the potential for both safety and efficiency bottlenecks. The tool produces a listing in priority sequence of 
top contributing causes of potential bottlenecks in the flow. Once this tool identifies contributing causes, greater 
control could be exercised to mitigate these risk factors thus providing a Program with a higher level of confidence 
towards successful operations. This research effort and approach can also be referred to as the macro approach 
towards process and human optimization. 

The macro approach towards process and hwnan optimization produces output in the fonn of a graph listing in 
priority sequences the top contributing causes of potential bottlenecks within any program. The second aspect of 
this research effort focuses on conducting task analyses on the potential bottlenecks identified from the Spaceport 
Safety and Optimization Tool. Therefore, a task analysis can be performed to identify specific areas of 
improvement to mitigate or eliminate the risks affiliated with the potential bottlenecks. Thus, this portion of the 
research can be referred to as the micro approach towards process and human optimization. Task analysis is a 
generic tenn including work methods analysis, process failure modes and effects analysis, and other tools and 
techniques. The benefits of task analysis to spaceport operations on safety and cost performance has been 
demonstrated on specific tasks, and the desire to perfonn many more detailed task analyses has been expressed by 
Center management. However, due to the relative complexity and infrequency of spaceport processing tasks, 
existing task analysis technologies can be expensive, time-consuming, and require extensive training to adapt to the 
spaceport environment. These issues create barriers to more extensive use of task analysis technologies. This 
research produced a task analysis tool that enables a human factors analyst to perform a task analysis in days versus 
weeks due to the automated human error taxonomies. This research consists of the following two areas: 

I-Macro Approach to process and human optimization 
2-Micro Approach to process and human optimization 

The role that understanding human factors (HF) limitations plays in this research is in the identification of potential 
human errors affiliated with a program's processes. Several safety-related statistics and human error data were also 
identified during this research effort. 

LITERATURE REVIEW 
Humans play the primary role in designing, building, operating, maintaining, managing, and defending hazardous 
technologies (Reason, 1997). People are only human and many humans believe that mistakes are just par for the 
course. "To err is human" (Senders & Moray, 1991, p. 4) is even a phrase used to describe this activity. However, 
industrial engineers, reliability engineers, HF specialists, cognitive psychologists, and safety managers question that 
human error (HE) be accepted as part of human nature. As often as errors do occur, a science of error and error 
reduction should exist (Senders & Moray, 1991). There are many ways to describe HE. Generically, HE can be 
defined as a "tenn to encompass all those occasions in which a planned sequence of mental or physical activities 
fails to achieve its intended outcome, and when these failures cannot be attributed to the intervention of some chance 
agency" (Reason, 1990, p. 9). Another definition of HE is an action "not intended by the actor; not desired by a set 
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of rules or an external observer; or that led the task or system outside its acceptable limits" (Senders & Moray, 1991, 
p. 25). Past research has indicated that HE can be mitigated through the use of increasing training for users and 
increasing automated system tasks (McCauley-Bell et al., 1999). 

HE taxonomies vary depending on the creator (Proctor & Zandt, 1994; Wickens, 1992; Reason, 1990). A 
commonality that does exist between the parallel developments by Donald Norman ( 1988, 1981) and James Reason 
( 1990, 1984) is to categorize HE incidents as either slips or mistakes (Wickens, 1992). Norman ( 1981) 
distinguished between mistakes and slips quite concisely. If the intention is not appropriate, this is categorized as a 
mistake. If the action is not what was intended, this is categorized as a slip. Important to note is that lapses are 
another error category that falls under the umbrella of slips (Wickens, 1992). This is due to Reason's ( 1990) 
working definition of slips and lapses as both being errors resulting from some failure in the execution of a plan, 
regardless of whether or not the plan that guided them was adequate to achieve its objective. However, Reason 
(1990) also discusses the difference between slips and lapses. This difference is described by Reason (I 990): 
"Whereas slips are potentially observable as externalized actions-not-as-planned (slips of the tongue, slips of the 
pen, slips of action), the tenn lapse is generally reserved for more covert error fonns, largely involving failures of 
memory, that do not necessarily manifest themselves in actual behavior and may only be apparent to the person who 
experiences them." (p. 9). Therefore, mistakes involve a discrepancy between the earlier intention and the desired 
consequences. Whereas, slips and lapses involve a discrepancy between the intended actions and the actions 
actually executed. These two basic error forms may also be differentiated through identifying mistakes as planning 
failures and slips or lapses as execution failures (Reason, 1990). 

Norman (1981) created a model of action that has three distinct categories of slips. These categories are errors in the 
formation of intention, faulty activation of action schemas, and those errors that result from faulty triggering one of 
several activated schemas. A schema is defined as "organized bodies of knowledge that can direct the flow of motor 
activity" (Proctor & Zandt, 1994, p. 46). Schemas can be classified as either action schemas that are strong habits or 
recognition schemas that are expected patterns of behavior (Wickens 1992; Reason, 1990). Errors in the formation 
of intention include mode errors in which a situation is incorrectly classed and description errors for which the 
intention is vague or not completed. An example of this type of error would occur when an individual has several 
display modes in a product (such as a remote control used for both a VCR and TV). The person may misconstrue 
the display and make an incorrect response that would have been correct if under a different mode. An example of 
Norman's (1981) second category of slips which is referred to as a faulty activation ofaction schemas is neglecting 
to make an intended stop at the grocery store while driving home from work. This error occurs because the highly 
overleamed responses that take you home are activated in place of the less common responses that take you to the 
grocery store. A case that applies to Norman's (1981) third category of slips which is referred to as faulty triggering 
of one of several activated schemas is a schema being triggered at the wrong time or not at all. A common form of 
this type of error is when words or syllables are interchanged such as "You have tasted the whole worm instead of 
You have wasted the whole term" (Proctor & Zandt, 1994, p. 46). Slips and lapses are referred to as skill-based 
errors because human performance is governed by stored patterns of preprogrammed instructions represented as 
analogue structures in a time space domain (Reason, 1990). Therefore, skill-based errors occur during tasks that are 
routine and highly practiced causing the user to perform the tasks in an automatic mode (NASA Human Factors for 
Leaders Training, 1999). 

Reason (1990) created a model of mistakes, which attributes mistakes to the basic processes involved in planning 
(Proctor & Zandt, 1994). Mistakes are defined as intended actions that proceed as planned but fail to achieve their 
intended outcome. Reason's (1990) working definition defines mistakes "as deficiencies or failures in the 
judgmental and/or inferential processes involved in the selection of an objective or in the specification of the means 
to achieve it, irrespective of whether or not the actions directed by this decision-scheme run according to plan." (p. 
9). Therefore, the problem exists in the adequacy (or inadequacy) of the plan versus the congruity of its constituent 
actions to some previous intention (Norman, 1983, 1981; Reason & Mycielska, 1982). 

Rasmussen (1983) divided mistakes further into two subcategories: rule-based mistakes or knowledge-based 
mistakes. Rule-based mistakes exist when there is a misapplication of normally good rules, the application of bad 
rules, or the failure to apply a good rule that can be referred to as a violation (Reason, 1997). An example of a 
misapplication of a nonnally good rule is throwing water on a grease fire instead of just covering up the fire with a 
pan cover or spraying a carbon dioxide fire extinguisher on the fire. An example of applying a bad rule is tailgating 
the car in front of you because the driver in front is driving too slowly (NASA Human Factors for Leaders Training 
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Course, 1999). Examples of rule-based mistakes in which there is failure to apply a good rule (violation) would be 
speeding without realizing the speed limit or the local restriction. Knowledge-based mistakes take place when 
individuals run out of prepackaged solutions and have to think out problem solutions on line. Therefore, individuals 
must rely on their existing knowledge in resolving problems (Reason, 1997). An example of this situation occurs 
when a technician takes an action before considering all alternatives to fixing the equipment failure (NASA Human 
Factors for Leaders Training Course, 1999). 

Table 1 • Maintenance Actions resulting in potential injury to personnel or damage of hardware. 

Maintenance Action Iniu~ % Dama2e% 

Access 9.9% 5.9% 

Clean 3.6% 0.4% 
Connect 3.2% 2.2% 

Disconnect 0.4% 2.4% 
Drain 0.8% 2.2% 
Fill 0.4% 2.2% 

InsDect 4.0% 0.0% 
Install 6.7% 11.0% 
Lift 16.4% 4.4% 

Mate 0.8% 2.2% 
Measure 0.8% 0.0% 
Position 9.5% 8.1% 
Power Down 0.4% 0.0% 
Power Up 0.4% 1.3% 
Prep 1.6% 2.2% 
Pressurize 7.5% 2.2% 
Puri:!e 0.4% 4.4% 
R&R 0.4% 4.4% 
Remove 6.7% 4.4% 
Repair 4.0% 2.4% 
Rotate 1.2% 2.2% 

Safe 0.8% 0.9% 

Service 1.6% 2.2% 
Test & Checkout 4.7% 11.0% 

Transoort 4.3% 17.0% 

Vent 9.5% 4.4% 
Total 100.0% 100.0% 

Source: Australia National Occupational Health and Safety Commission, Lockheed Martin Astronautics, NASA, 
and U.S. Department of Labor. 

METHODOLOGY 
The purpose of this research was to measure the impact that safety-related incidents and human error has on 
bottlenecks in a programs' processes, tasks, systems, or maintenance actions. The steps involved in the Macro 
approach to process and human optimization, Spaceport Safety and Optimization Project, are as follows: 

I-Identification of relevant human factors safety data: In the first phase of this project, the problem was investigated 
to determine its feasibility. Research was conducted to fmd sources of safety and human factors data relevant to 
spacecraft processing. A study was perfonned to determine the best methodolog} for creating the tool and the 
software to be used. 

2-Development of the safety and human factors database: In the second phase of this project, a safety and human 
factors database was created. The database identified probabilities of personnel injury and hardware damage as 
functions of vehicle system and maintenance action. The database also identified probabilistic causes of damage 
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and types of injuries as well as damage, injury, and loss time rates. Data from NASA, Lockheed Martin, U.S. 
Department of Labor, and Australia National Occupational Health & Safety Commission was used to create the 
database. The results of the probabilities identified are in Tables 1-5. 

Table 2 - Systems resulting in potential injury to personnel or damage of hardware. 

System Iniurv % Dama2eo/o 
Attach/Sep Sys 4.4% 7.4% 
Auxiliary Power Unit 6.7% 7.9% 
Avionics 12.2% 12.2% 
Crew Equipment 4.4% 1.8% 
Docking Mech 2.2% 1.2% 
Env Ctrl I Life Supt 1.2% 1.5% 
Fuel Cell 2.2% 5.5% 
Hydraulics 2.2% 4.2% 
Landing Gear 2.2% 3.0% 
Main Engines 5.6% 6.0% 
Main Propulsion 23.3% 12.1% 
OMS/RCS 5.6% 5.3% 
Structure 15.6% 5.9% 
Thennal Control 2.2% 3.0% 
Thennal Protection 6.7% 9.1% 
Vehicle 3.3% 13.9% 
Total 100.0% 100.0% 

Source: Australia National Occupational Health and Safety Commission, Lockheed Martin Astronautics, NASA, 
and U.S. Department of Labor. 

3-Protot_ype safety modeljng and optimization tool development: In the third phase of the project, a prototype safety 
modeling and optimization tool was created. Arena was chosen for the discrete-event simulation software because 
NASA and Lockheed Martin had used it extensively and successfully for modeling a variety of expendable and 
reusable launch systems. Microsoft Project was chosen as the scheduling and project management software because 
NASA and Lockheed Martin also had used it extensively to develop and document process flows for a variety of 
expendable and reusable launch systems. Process flow data from any Microsoft Project file can be inputted to the 
Arena simulation model. The simulation model output included a listing in priority sequence (by task, system, and 
maintenance action) of top contributing causes of personnel injury, hardware damage, and efficiency bottlenecks. It 
also produced process cycle time and resource utilization statistics. 

4-Development and testing of the graphical user interface: In the fourth phase of the project, an input and output 
user interface was created using Excel software. Microsoft Excel was the software chosen for the user interface 
because of its capability to fonnat Arena input and output data, its graphing capability, its ease of use, and its 
general popularity. The interface is user-friendly with minimal data input requirements, on-line help information, 
and graphical model output results. Usability testing was performed on several future users of the tool. This 
resulted in recommendations for improvement that will greatly contribute to the user experience being enhanced. 

5-Overall tool enhancements: In the fifth phase of the project, updates and enhancements were made to the database, 
simulation model, and graphical user interface. A final report was written to document the development and 
application of the tool. 
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Table 3 - Types of injuries experienced by persoMel. 

Injury by Type Cum% % 
Falls, trips & slips 11.5% 11.5% 
Hitting objects with a part of body 26.6% 15.1% 
Being hit by moving objects 40.7% 14.1% 
Sound and pressure 47.4% 6.7% 
Stress - neck back 63.9% 16.5% 
Stress - arm hand finger should elbow wrist 79.7% 15.8% 
Stress - leg foot toe hip knee ankle 85.1% S.4% 
Stress - abdomen chest 87.3% 2.2% 
Heat, radiation & electricitv 89.2% 1.9% 
Chemicals & other substances 100.0% 10.8% 
Total 100.0% 

Source: Australia National Occupational Health and Safety Commission, Lockheed Martin Astronautics, NASA, 
and U.S. Department of Labor. 

Table 4 - Injury rates and lost time incidents for personnel. 

6.0 
2.8 

-ln·uries without lost workda s 3.2 
Avera e lost workda s er lost workda case 21.2 

Source: Australia National Occupational Health and Safety Commission, Lockheed Martin Astronautics, NASA, 
and U.S. Department of Labor. 

Table 5 - Damage to hardware due to hardware design, human error, or work procedures. 

Dama2e by Cause Cum% % 
Design 30.8% 30.8% 
Human Error 69.2% 38.4% 
Procedures 100% 30.8% 

Source: Australia National Occupational Health and Safety Commission, Lockheed Martin Astronautics, NASA, 
and U.S. Department of Labor. 

The steps involved in the Micro approach to process and human optimization, Task Analysis Tool Project, are as 
follows: 

1-Identjficatjon of hazardous tasks performed at KSC: The identification of two hazardous operations currently in 
existence and two hazardous operations that will exist in near-term future operations were selected for analysis. 
Hazardous tasks are classified as any task that has resulted in a close call or actual incident (safety of personnel, 
collateral damage, etc.) or a future task that has the potential to result in a close call or actual incident. 
2-Task analysis training: To ensure consistency with all team members performing task analyses, training by NASA 
Headquarters was given to the team members. The training to the team members consisted of how to collect and 
analyze data as well as a test scenario to work. The output of the training course was a checklist and task analysis 
flow chart to assist team members with their analyses. 

3-Task analyses conducted and recommendatjons for improvement identified: Different task analysis methodologies 
were performed based on the task at hand being analyzed. A process failure modes and effects analysis (PFMEA) 
was performed on the current operation of the Solid Rocket Booster Blast Shield Installation (Chart I). A PFMEA 
is a procedure used to analyze the system's processes rather than a specific piece of equipment (NASA HF-PFMEA 
Training, 2002). A hwnan factors process failure modes and effect analysis (HF-PFMEA) was performed on the 
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current operation of the Cargo Late Access Task (Chart 2). A HF-PFMEA is a systematic method to analyze each 
task in a process and identify human errors (failures) and the worst case effect on the system (NASA HF-PFMEA 
Training, 2002). Both of the current operations analyses resulted in several recommendations for improvement to 
enhance the safety of both technicians and hardware during task performance through the mitigation of human error. 
A HF-PFMEA was also performed in the future operation of the Advanced Technology Development Center LOX 
Pump Acceptance Test Procedure. This enabled the team to be proactive from a safety and human error perspective 
in designing the work procedure for the LOX Pump Acceptance Test. A general task analysis was performed for the 
Payload Test and Verification System that resulted in the creation of the ideal process flow (Chart 3) for future 
processing of payloads that mitigates human error-related risk factors along with the elimination of bottlenecks 
affiliated with current payload processing. During all of the task analyses, observation of personnel performing the 
tasks or in the case of the future operations, observations of related tasks were conducted. Furthermore, 
documentation in all cases were reviewed heavily along with interviewing of personnel at all levels were also 
performed. 

Chart I - Technician working on the Solid Rocket Booster Blast Shield installation process where the shield that 
weighs 500 pounds is lifted and installed. 

Chart 2 - Technicians working on the Cargo Late Access Task where cargo is being placed in the payload at the 
Shuttle Pad. 
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4-Identification of technology barriers and challenges to performing better task analyses at KSC: It is important to 
identify current task analysis barriers and challenges to enable researchers to identify current technology gaps in this 
area thereby revealing additional research opportunities. This segment of the research focused on addressing 
questions such as how do we become more efficient and effective in perfonning task analyses. Also, how do we get 
better at perfonning accurate analyses; how do we get better data or analyze data into meaningful information; how 
do we obtain detailed information on tasks and processes, etc. Technology infusions would be used to improve 
analysis capabilities and decision-making, improve safety of hazardous processing operations, and improve 
affordability of process analysis and task and process execution. Future technology development requirements will 
be identified such as in the area of artificial intelligence, advanced mechanism for data collection, etc. 

Chart 3 - Payload Test and Verification System task analysis where an ideal process flow for future processing of 
payloads was developed. 

RESULTS 
There is a shortage of research addressing the human side ofresource and schedule management affiliated with 
simulation modeling. There is also a shortage of toots available that automate task analysis methodologies that 
would make task analysis methodologies less time consuming and expensive. This research was necessitated by the 
need for more predictive tools to enable a program such as the Shuttle or Atlas Program to more accurately and 
effectively plan for processing activities and tools to make analyzing tasks more efficient. This research resulted in 
the development of two prototypes. The Macro tool created was the Spaceport Safety and Optimization Tool (Chart 
4). This tool produces several graphical listings in priority order of tasks (Chart 5), systems, processes, and 
maintenance actions that are in need of improvement for a program. The Micro tool created was the Task Analysis 
Tool that currently takes the manual HF-PFMEA process and automates it allowing an analyst to quickly identify 
actual improvement recommendations. This enables an analysis to be perfonned within days versus up to months 
dependent on the size of the task being analyzed. Comparative data was collected and analyzed to confirm the 
degree of time saved in utilizing the tool. 
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Chart 4 - Screen Shot of the Prototype Spaceport Safety Optimization Model. 
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Chart 5 - Safety Optimization Model Example Output- Quantification of Macro-Level Safety Drivers. 
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FUTURE RESEARCH STEPS 
This research effort focused on technology infusion initiatives that fall under the broader topic of knowledge 
management. Follow-on research is expected in the following areas: 

e Human-Centered Computing/Knowledge Modeling: Operational personnel could help in the development 
of solution points for knowledge problems such as in accurate knowledge modeling tools. 

e Human Decision-Making: Development of intelligent decision-making technologies & tools to aid 
operational personnel to enhance workforce safety. 
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DEVELOPMENT OF USABILITY HEURISTICS FOR WEB-BASED APPLICATIONS 

Scott Hilberg and Jonathan Lazar 
Towson University 

ABSTRACT 
Usability heuristics are short sets of interface guidelines, that can be used to help developers create and evaluate 
interfaces for improved usability. While heuristics exist for different types of user interfaces, no set of usability 
heuristics exists specifically for web-based applications. Based on the published literature, a set of usability 
heuristics has been developed and will be presented in this paper. 

INTRODUCTION 
User interfaces are an important part of any informational system, and it is therefore important for those interfaces to 
be clear and easy to use. While user interfaces in general are improving, they continue to cause problems for users. 
One research project has found that an estimated 1/3 to 1/2 of the time that users spend on the computer is wasted, 
primarily due to confusing interfaces (Ceaparu, Lazar, Bessiere, Robinson, & Shneiderman, 2003). While 
documentation and training have a role to play, no documentation will help the user get around an interface that is 
very hard to use. 

There are a number of popular methods for improving user interfaces as they are being developed. One method, 
called usability testing, or user-based testing, is to have a number of representative users attempt typical tasks, and 
note the problems that the users face (Nielsen, 1994). Another method for improving user interfaces is to have 
usability experts critique a user interface under development, known as an expert review, or a usability inspection 
(Nielsen & Mack, 1994). The most popular form of usability inspection is the heuristic review, which involves an 
expert critiquing a user interface according to a short set (7-1 O) of usability heuristics. In addition, these heuristics 
can later be used to develop automated usability applications, where software automatically tests interfaces to 
determine compliance with a set of usability heuristics (Ivory, Mankoff, and Le, 2003). However, the effectiveness 
of these automated usability applications is totally influenced by the quality of the usability heuristics. 

Heuristics are useful because they allow developers to benefit from the large amount of knowledge that exists on the 
topic of interface usability, without sorting through hundreds of guidelines (Shneiderman, 1998). While guideline 
documents can be useful, they can sometimes be long and unwieldy, scaring off many developers from using them. 
While certainly, a large number of usability problems can exist in an interface, studies have shown that with as little 
as 5 experts applying a short set of usability heuristics, a majority of the interface problems can be discovered 
(Nielsen, 1992). lt is common for a few experts to perform a heuristic review, to find major interface flaws, before 
any usability testing takes place. If experts spot and correct the major interface flaws, then users can discover less 
obvious flaws, possibly related to the task, which experts may not be as familiar with. 

Because of the popularity of usability heuristics, there are a number of usability heuristics available for 
different types of computer interfaces. For instance, one of the best-known sets of heuristics is Shneiderman's 8 
Golden Rules of Interface Design (Shneidennan, 1998). These heuristics are commonly used in industry. Other 
popular heuristics include Nielsen's Top 10 Mistakes of Web Design (Nielsen, 2000), Preece's heuristics for online 
communities (Preece, 2000), and Fogg's heuristics for web site credibility (Fogg et al., 2001 ). The purpose of this 
paper is to develop and present usability heuristics for web-based applications. 

WEB USE 
Ease of use on the web continues to be a problem. While a great deal of information is available on the web, users 
frequently are unable to find or access that information that they want (Lazar, 2001); (Ceaparu, 2003); (Hargittai, 
2003). Between network connections that are down, "404-file not found" errors, and long download times, users 
frequently become frustrated and cannot reach their task goals (Lazar, Meiselwitz, & Norcio, 2003). The importance 
of web usability only increases because web browsing is no longer limited to browsing static web pages of 
information, but the web browser is now being used for other purposes. Today, web usage falls into three main 
categories: browsing, running applications and processing transactions. All rely on the use of browser software, yet 
they are very different and present some unique challenges for designers and developers. A description of each 
follows. 
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Web browsing is when users search for and read through web pages, looking for infonnation. The infonnation on 
the web page is relatively static, and updated rather infrequently. The same web page, if requested IO times over a 
period of, say, IO minutes, will generally present the same infonnation. Even a calendar of events might be updated 
only once a week. A large portion of web pages present static infonnation. 

Transaction-processing systems enable users to exchange infonnation on the web, typically to conduct business. 
These systems record and track the events associated with activities such as purchasing and selling products, paying 
bills and registering for classes. They usually involve dynamically querying and updating databases. Requests for 
infonnation, as well as query responses, are presented in the web browser, in the form of a web page. Traditionally, 
these transaction-processing systems were operated on legacy and client/server platforms. However, with the 
increasing power of HTML, web browsers, and increased bandwidth, many of these transaction-processing systems 
can now be accessed through the web. While these web pages are not static, at the same time, these web pages look 
like traditional web pages, with links, pull-down menus, and text boxes. For example, a student infonnational 
database containing class and grade rosters is queried and updated using a web-based application (see figure I). 

Figure I. A web page for processing queries 
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In order to provide greater access and ease deployment, powerful desktop applications have recently been migrating 
to browser-based environments. Web-based applications are full-fledged applications that are delivered through the 
use of a web browser. These web-based applications may not even look like web pages, featuring their own 
customized interfaces, widgets, and features. Many e-mail applications, groupware applications, and office 
productivity (spreadsheet, word processing, etc.) are available in web-based applications. For instance, Microsoft 
Outlook is a desktop application, but Microsoft Outlook Web Access is a web-based application version of Outlook, 
which is delivered fully through a web browser. 

The usage patterns for web-based applications can differ from the other categories. Users may perform web 
browsing for a short amount ohime, or in short bursts of activity. But web-based applications can be used for longer 
periods of time, or even for an entire day. For instance, web-based applications include corporate intranets, which 
are vital organizational infonnation system (Jacko et al., 2002). Millions of dollars can be spent in development, and 
thousands of users can be supported with these systems. Therefore, the usability of these web-based applications is 
of paramount importance. Currently, usability heuristics currently exist for the first two categories of usage (web 
browsing and transaction processing), but not for web-based applications. 
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USABILITY HEURISTICS 
Based on the published literature on web usability, and our personal experience with web applications, we have 
developed 8 usability heuristics for web-based applications. These heuristics were inspired by the other published 
usability heuristics, which are very good guidelines, however they do not address some of the unique characteristics 
of web-based applications. 

1. Avoid non-traditional use of widgets. 

• Follow conventions for labeling buttons (submit, search, continue, cancel, etc). If users expect the 
buttons to be labeled in a certain way based on their experiences with their desktop versions, those 
conventions should be followed. 

• Be consistent in the positioning and use of widgets. Position most frequently used buttons top-to
bottom, left-to-right. For example, in a search page most users would expect to find the "search" 
button on the left and the "clear" button on the right. If reversed, a user intending to initiate the search 
may inadvertently clear all search criteria and be forced to start over (see figure 2). 

Figure 2. Inconsistent positioning of interface widgets 
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• Provide progress information of downloads and transactional processing. Since these applications are 
full versions, similar to the desktop versions, tasks may take a long time to process, and users should 
be aware of the system status, regardless of the anticipated speed, the time to complete tasks will vary 
with operational factors such as file size, server load and bandwidth. For example, in Microsoft's 
Outlook Web Access there is no progress display when attaching files to an email message. If 
attaching a large file or multiple files, the screen appears to freeze and the user has no idea of the status 
of the attaching process (see figure 3). 
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• Inform the user when tasks are complete. Indicate success or non-success. 

• All error messages should clearly state a problem and offer a solution. Error messages are not 
something that most web designers consider. The error messages that users typically see are ones that 
are built into the browser (Lazar & Huang, 2003}. However, these messages will not provide enough 
feedback for users that are deeply involved with a web-based application. 

Figure 3. Attachment status is unclear 
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3. Provide application specific navigation. 

• Enable the user to move easily through the application and establish a sense of control. Provide 
means to move quickly and easily between different functional areas of the application. A user should 
not be confused as to whether the browser controls or the application controls should be used. 

• Avoid reliance on browser's buttons such as back and forward. Generally, users can use these buttons 
to move around in a web site with a well-defined information architecture (Rosenfeld & Morville, 
1998). Since a web-based application generally does not have a top-down information architecture 
with multiple levels as an informational web site would, it is unfair to expect users to use those 
buttons for navigating through an application. The "back" and "forward" buttons don't exist in, for 
instance, a word processor or e-mail application, therefore users may have trouble developing a 
mental model of how they could work in a web-based application. 

4. Simplify data entry. 

• Provide clear, concise instructions on screen. Anticipate common mistakes. Web pages are more 
static in nature and often do not offer the same dynamic entry procedures as desktop applications. 
Simplifying data entry reduces errors and repetitious entry. 

• Use drop-down boxes, radio buttons, etc. to simply data entry and reduce mistakes. 
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• Identify required fields and data entry formats. Make it clear if a "f' should be included in dates, or if 
a "- " should be included in phone numbers, etc. 

• Validate data as early as possible in process and provide for reentry of invalid data early in process. 
Avoid having the user entry multiple pages of data only to have them return to the original page to 
resolve a problem. Validate as you go. 

• Provide a means for defaults or profiles for frequent users and repetitive entry. 

5. Avoid excessively long pages and scrolling. 

• On pages longer than the typical screen, provide navigation on top and bottom. Unlike desktop 
applications, web-based application navigation is contained within the actual page itself, not in the 
pull-down menus or other traditional widgets of the Windows or Macintosh interfaces. Users need to 
be able to locate and access navigational items quickly and easily. 

• Remove irrelevant and extraneous information from page. Short pages load quicker and process more 
efficiently. 

• Provide links for additional levels of detail and infrequently used information. This shortens page 
length and provides a multi-level top-down architecture to facilitate efficient access of information. 

6. A void long download times. 

• A void long download times, at all costs. From the research literature, download time for web sites is 
clearly a problem (Ramsay, Barbesi, & Preece, 1998; Sears & Jacko, 2000; Sears, Jacko, & Dubach, 
2000). While there are many factors that contribute to download time, users are more accustomed to 
waiting for web pages to download than they are for waiting for their applications to respond. Users 
are accustomed to using desktop applications with a quick response, and will expect similar response 
time for web-based applications, even though this will generally not be the case. 

7. Provide online help and documentation. 

• Provide simple, clear, concise instructions on screen to reduce need online documentation (see figure 
4). 

• Provide links to online documentation (see figure 4). Ideally the application should be usable without 
documentation, however, any support information should be easy to search and should list clear steps 
for completing user tasks. 
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Figure 4. An example of online help 
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8. Test the application with multiple browsers and versions. 
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• While ideally, all browsers would follow the same HTML standards, realistically, they do not (Lazar, 
2001). This is a problem for simple HTML web pages, and when you include the various applets, 
scripting and programming languages that might contribute to a web-based application, this is 
obviously a problem (Niederst, 1999). Therefore, it is necessary to test a web-based application to 
determine whether it works appropriately in any browsers that users might be using. 

• If requirements gathering has taken place with users, or if the users are all within an organization, this 
can help determine which browsers and versions users will own, which can point to which browsers 
should be tested (Lazar, 2001). 

CURRENT STATUS 
We are currently working on validating these 8 usability heuristics in real-world settings. Our intent is to test them 
to insure that they are effective in helping developers discover, correct and avoid a majority of the common interface 
flaws in web-based applications. In addition, these heuristics should be clear enough to ensure that the typical web 
developers will find them to be useful. We will adjust these heuristics, as warranted by the results of testing. 

SUMMARY 
Today, web usage is comprised of browsing, transaction-processing and running applications. Regardless of the 
nature of the task, the user interface is a critical component of these systems. It must be easy to understand and use. 
Many interface problems can be found by reviewing the application using a short set of usability heuristics. In this 
paper we have developed and presented a set of usability heuristics for web-based applications. 
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GIS VISUALIZATION WITH MULTIPLE USER INTERACTION 

Paulus Wahjudi, Dia Ali, Adel Ali and Maria Cobb 
University of Southern Mississippi 

ABSTRACT 
People visualize by nature and understand visual information faster than other type of infonnation such as sound and 
text. Graphical Information Systems use geographically referenced data such as the Vector Product Format to 
produce highly accurate digital maps. Since 2-D maps can only give a single viewpoint from above, it limits the 
ability of the user to analyze the environment from different angles and perspectives. Geographical environment is 
also affected by dynamic factors such as the position of the sun and the wind direction, this factor cannot be 
represented in a static 2-D map but can be incorporated directly to the virtual world to provide a better realization. 
We propose to visualize GIS existing data such as Vector Product Format that allows multiple users to be in one 
virtual world although they are located in different part of the world. Multiple user interaction ensures the ability to 
convey the information to multiple users and provides each user to display their analysis. The virtual world also 
provide the working environment for several analysts to work together on a geographical data from different 
location allowing multiple inputs from different views that will be useful in deriving the final result. 

The numerous amounts of existing geographical data with different format open the possibility of future 
visualization. The techniques used will provide general ideas and concepts that can be used to visualize other data 
formats. The example of visualizing VPF data pose a solution on how to convert old data format into a visualized 
form, as older data does not include several essential properties and information that are required for visualization. 

GIS VISUALIZATION 
Visualization ofGIS has four categories determine by the data being visualized and the purpose of the visualization: 
I. Data visualization (scientific visualization) visualizes numerical, chart or two-dimensional mapping data in an 

enhanced but conceptual form. For example an animation of changing map data thru time feeding from real
time streaming data. 

2. Landscape visualization display the third dimension terrain and other geographic features draped over a land 
base surface, using many of the same data structures as conventional flat (2-D) GIS mapping. An example of 
this type of visualization is Amazon forest visualization 

3. High realism landscape visualization generates 3-D high quality imagery that is almost ultra-realistic. The 
image is generated using techniques such as texture mapping and growth models for vegetation over the terrain 
surface. A good example is a visualization ofa university with all of its corresponding building. 

4. 3-D visualization of solid objects with continuous attributes at all depths in the model. An example is a 
subsurface geology or groundwater modeling. 

The general concept behind the visualizations types is the representation of points along a continuum of 
visualization types and combination that differs in the data and the modeling requirements. Visualization has not 
been incorporated into GIS to the full extent. General GIS visualization is used to provide visual end product such as 
detailed 2-D and 3-D map data. Other than that, visualization has primarily lived in a separate world from GIS. In 
reality, visualization provides numerous features that are useful tools that improve analysis of data. The general 
concept that allows the existence of this tool is due to the nature of visualization itself. Fundamentally visualization 
is the process of creating a digital representation of a specific data, and more specifically surface and spatial data in 
the context of GIS. The data are then represented by recreating it with different objects that blends with different 
object and in tum approximate the shape and form of that object. Since the world itself is a recreation, every aspect 
of the world can be modify to simulate different conditions and the parameters of the world can also be modified. 
This simple yet powerful concept opens the possibility of future tools to aid in GIS analysis. 

Earlier projects ofGIS visualizations have realized this concept and use it to their benefit. One of the successful 
applications ofGIS visualization is in the field of urban planning. A project by the Urban Simulation Team (UST) at 
the University of California, Los Angeles (UCLA) uses visual simulations and virtual reality to create the design of 
buildings that accelerate the design and approval process ofnew buildings. Similar project by Environment 
Simulation Center (ESC) called Virtual Ascutney is used for growth management and growth boundaries. The 
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Virtual Asctuney project allows its user to manipulate the condition of the environment and evaluate the implication 
of their action in real time. 

MULTIPLE USER INTERACTION 
The ability to interact within the virtual world adds a powerful tool in image analysis. Multiple user interaction 
ensures the ability to convey the information to multiple users and provides each user to display their analysis. The 
virtual world will also provide the working environment for several analysts to work together on a geographical data 
from different location allowing multiple inputs from different views that will be useful in deriving the final result. 
The resulting world can also be saved to create the projected result from the visualization. Different user will have 
different type of equipment at their disposal. 
In the context of GIS, visualization can be implemented in areas such as: 
• Show: Making sure the target audience can see what is now and will or may change. 
• Explain: Educating the target audience in order to properly understands the pros and cons of a proposed change. 
• Convince: Provide sufficient argument for the target audience to reach a positive decision on a proposed 

change. 
• Train: Providing the target audience with a virtual reality to practice a task or role without the need to create the 

situation in real life. 
• Reconstruct: Recreate what was in the pas to show what happened and possibly even explaining why things 

happened. For instance using GIS visualization after a disaster to support understanding and analysis. 
• Simulate: Produce non-existent pictures or films showing the new situation as if it is real. Simulation will also 

provide data to validate proposed change for engineers and architects. 
Although the end product of visualization could range from a simple box to complex environment with multiple 
elements and colors, the components for creating visualization are fairly simple. Polygons are the reason for the 
"magic" of visualization. Multiple polygons with different shape and colors can be constructed together to fonn a 
specific element of the environment. The creation of the polygons are called rendering, this part consume a large 
number of processing power. 

In addition to using colors, the quality of the resulting polygons can be enhanced using texture mapping. In its basic 
form, texture mapping lays an image (the texture) onto an object in a scene. An image is applied to a polygon (or 
some other surface facet) by assigning texture coordinates to the polygon's vertices. These coordinates index a 
texture image, and are interpolated across the polygon to determine, at each of the polygon's pixels, a texture image 
value. The result is that some portion of the texture image is mapped onto the polygon when the polygon is viewed 
on the screen. Typical two-dimensional images in this application are images of bricks or a road surface (in this case 
the texture image is often repeated across a polygon); a three-dimensional image might represent a block of marble 
from which objects could be "sculpted." In simple terms, the color of the object at each pixel is modified by a 
corresponding color from the image creating a more realistic object. Other new approach to create a more realistic 
object such as projective textures, image warping, contouring, etc is often derived from the general idea of texture 
mapping. 

In GIS visualization there is several steps that must be followed to ensure a good result especially when dealing with 
spatial data such as VPF. First step is the extraction of the data itself, this is a crucial step since spatial data most of 
the time will have features related to an area and relationship between different features within that area. The 
features of the area must not be lost and their relationship with the area being displayed must be maintained. For 
example a parking lot that exist at the back of a building must be visualized in the correct position facing the right 
direction instead of being visualized in front of the building. To maintain such accuracy is more important in 
visualization than the actual width and length of an element. Most calculation of width and length are done by ratio 
since distance in the real world is significantly different than a virtual environment especially when speed of travel 
is taken into consideration. 

Second step is the creation of the virtual environment. The most effective way for GIS data is by visualizing the 
layer by layer. The layer here is the different feature in that specific area. For example there is an area with trees, 
buildings, roads and rivers. The visualization will start with the area first and then continue to visualize the trees, 
and then the roads and so on. This approach is more effective than visualizing the area by traversing thru all the 
coordinate location and visualize all the features that are found in that location since it will take more processing 
power. 
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Once the environment is rendered, the final step is to put the user into the environment and defined their visual 
scope. For an immerse environment, the user will have a wider scope than a user in front of a monitor. This is 
another issue arise from the possibility of different visualii.ation environment. Another method for the workload 
balancing is how the user vision is defined. Processing power can be conserved if the rendered environment is only 
the one in the user vision scope. But doing this does not always ensure a smaller processing power especially if the 
user is very active and constantly changing its view scope. When the user moves or changes his view scope there is 
two ways to give the effect that the user itself is moving. The first ones are to rotate the environment, while the view 
scope of the user is standing still. This will, give the effect that the user has move. Since the visualization done here 
involve multiple users in one environment, this method cannot be implemented. The second method involves the 
rotation of the user scope itself. This is concept is a little harder for the programmer to do but will work nicely even 
with multiple user in one environment. 

Once the user is in the virtual environment, then the user can do what he/she wants whether it is analyzing an area or 
simulating an event. What the user can or cannot is dependent to the availability of the tools for that specific task 
that can modify the current virtual environment. 

NETWORK STRUCTURE 
The network used is the star network with one central computer referred to as the Visual Server managing the 
interaction of the user. Although different network structure can be implemented, the decision in using a star 
network is based on several factors. The first reason is control and monitoring of traffic. With one data server 
monitoring the entire traffic of messages, problems can be detect and resolve much quicker. Second is to reduce the 
workload in individual user machines, the main load will be on the server that manages the network. This topology 
is used because it provides the best method for handling the distribution of workload to the different users. This is 
achieved due to the small distance between messages from any user to the center node. Another advantage from the 
topology is the ability to control the traffic much closely. Since all messages must go thru the center node, traffic 
control can be easily done by holding or passing a message to its destination. At the same time, error handling is also 
easier to implement since the error in the messages can be dealt with before it reach the destination and thus saving 
the time to resend the message from the beginning. 

There are some disadvantages that come from this topology. The primary concern is the heavy workload in the 
center node. Since the communication is heavily concentrated on the center node, the workload is much larger than 
the other nodes. Since the visual server is a high performance visualization computer, it is highly unlike that the 
communication load will be so overwhelming if the number of users connected is within tolerable size. However, 
fully immerse visualization does require substantial processing power. In order to reduce the workload of the visual 
server a method is introduced to reduce workload from fully immerses users. 

The communication between users provides the ability for user interaction. The type of user interaction can be added 
as new tools are used. Basic user interaction is by their movement in the virtual environment. Second is by 
broadcasting a text message that everyone can read. Third is by changing the condition of the environment itself. 
Based on this, the type of user interaction are divided into three main categories: 

• Movement 
• Memo 
• Modify 

Each interaction is contained as implementation of a super class message. The message class provides the 
connection ability between user and the server. In this star network, there is no direct communication between users 
and all communication will be managed by the visual server as an attempt to reduce the workload of the slower 
machines even more. 

Message object define all the communication requirements between user and server. Interaction objects implements 
the message object and define the parameters for the world. The modify object are divided in more details based on 
the modification needed. Interaction are divided by the affect to the virtual environment, the priority of processing is 
based on how important the interaction. The objects can be listed as different levels where the higher level has a 
higher priority than the lower levels as shown below. Objects within the same level have the same priority and 
processed in a first in first out manner (FIFO). The priority settings are done due to the time required to process the 

226 



Proceedings of the 2003 IEMS Conference 

changes requested by this messages and the importance to maintain a real time environment where the collaborative 
work being done. 

Object Message 

Object Memo 

Object add Object reposition 

There are three primary interaction provided to the user, movement, memo and modification that all extend from the 
basic message object to manage the communications. The interaction objects are divided based on the need of 
interaction within a collaborative visualization. Movement object relays the information of a user movement within 
the virtual environment since each user can see everybody included in the virtual environment. Memo object allows 
users to interact with each other using messages. Currently only text message are considered, as visualization tools 
expand it is also possible to incorporate audio and visual message within a virtual world. 

The third object implemented based on the message object is the modify object that will notify the visual server to 
change the virtual environment according to the user request. The object are further divided into three objects add, 
remove and reposition that relates with the adding of a new element to the virtual environment, removal of an 
element and repositioning of an element. Message object are also used internally within the system and not visible 
by the user. Task such as acknowledgment can be achieved by sending a small message object. 
The object message itself consist of several variables: 
• Sender: Address of message sender 
• Destination: Destination address of message 
• Status: Status of message ack, error, sends, resend 
• Msgld: An ID number for this particular message that provides information of the type of message being sent 
The general methods related with communication within the message objects are: 
• GetMsgldO: To classify which object this message belongs to. 
• GetStatus(): To retrieve the status of the message itself 
• GetSender(): Retrieve information of the sender 
• GetDestination(): Used to determines whether the destination is for all the users involved or for a specific user 
• SetStatus(): Reset the status of the message once the necessary processing required are done 
In the movement object, the variable MsgType in the object determines what type of action to be done upon 
receiving the message. The Senderld identifies which element in the environment sends this message and also to 
determine which user location needs to be updated. Three variables coordX, coordY, and coordZ identify the 
positioning of the variables based on the environment. 

To retrieve the x, y and z coordinates from the object, the method GetX, GetY and Getz will return the respective 
value of each coordinate. The processor will then move the element representing the related user into the new 
location. A concern that arises from this is how sensitive the detection for user movement. Sensitive detection will 
result in a high volume of movement object that slows down the system response and most of the time will also be 
redundant. 

Memo object is in charge of the text sent from the users. The variable MsgType in the object determines what type 
of action to be done upon receiving the message. The Sender Id identifies which element in the environment sends 
this message. The MsgStr contains the string send by the user. 
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To retrieve the message from the user. the method GetStr() will be invoke. A potential problem could arise from the 
size of the message. In conventional method of string, the size of the message will increase as the message itself 
increase. This in tum will increase the time needed to process the string and substantially decrease response time. A 
solution for the problem is to use a compression method such as Huffman code. 

Unfortunately, the Huffman code requires processing after the entire message are written. The time needed to 
complete the message will waste the communication resource because the message is not ready to be sending. A 
more visible approach is to use dynamic Huffinan coding that will each character as they are written (real time). 
There will be more messages to send but the size will be much smaller and will not consume a large number of the 
resources. 

Each feature within the virtual environment can be addressed individually or collectively (buildings, rivers, etc). The 
modify object provide the underlying infonnation that notify the visual server to prepare to process a change within 
the virtual environment. 

The variables involved for the modification to the virtual environment are: 
• MsgType Detennines the type of action of adding, removing or repositioning. 
• Senderld: Identifies who is modifying the element, this is possible to prohibit certain users to do changes that 

are "damaging" to the environment. 
In Add Object, additional variables are given to determine the correct component to add and the coordinate to locate 
the new components. Reposition Object that expand from the general modify object also contains added information 
of which component to reposition and its new x and y coordinate. Removing object requires the additional 
information of which component to remove from the virtual environment. 

COMMUNICATION 
The propose network are divided primarily into three step. The first step is the preparation of data and creation of a 
session that will group users within the same virtual environment. In this step, the vector product data is retrieved 
according to the query given by the user. Each query of the data is associated with a group of users in a session. A 
session consists of a query of VPF data to be visualized and the users to be included in the visualized environment. 
The user infonnation are also collected in this step to establish the necessary communication settings between the 
visual server and the users. 

Sessionl--User I 
Location: Mississippi 

Data Server X 
Location: Houston 
Session I Created 

Session1-User 2 
Location: 
California 

Visual Server V 
Location: 
Springfield 

Session1--User 3 
Location: New York 

RAVE 
The number of sessions and number of users within a session are determined primarily on the number of service the 
data server could provide. In this step, the VPF data will be extracted from the data server and users are connected 
together within a session depending on the VPF data being requested. The request will be processed by First Come 
First Serve (FCFS) method. Once all the users joins the session and the data is extracted, the session will be declared 
closed to other users and the infonnation collected will then be forwarded to the visual server that manages the 
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visualization and establish with the individual users along with determining what type of visualization environment 
will the user require. 

The second step will process the virtual environment for a flat 2D visualization white a fully immerse visualization 
users will be send the actual VPF data where the computer supporting its immerse environment will be in charge on 
visualizing and displaying the corresponding VPF data. As the session continues, the flat 2D visualization will be 
manage by the visual server and the same information will be relayed to the immerse users to ensure that every user 
has the same condition of the virtual environment. 

Since the visual server retains the information from the data server regarding the session, all user within that session 
will be visible by the server while the users within a session will not be able to communicate directly to each other 
although they are located within the same virtual environment and can communicate to every one without any 
problem. 

Session )--User I 
Location: Mississippi 

SGI Graphics 
Workstation 

Data Server X 
Location: Houston 
No session 

Session1-User 2 
Location: California 

PC 

Visual Server V 
Location: 
Springfield 
Session l ready 

The third and final step covers the session in progress with the virtual environment actively running and the user 
interacting. As mentioned above it is possible that there is more than one session running within the data and visual 
server, it is primarily determined by the capability of the hardware. In the third step, the visualization process is 
running and the users are actively interacting with each other and the visual server is processing the message objects 
from and to the users. 

CONCLUSION AND FUTURE WORK 
Visualization is a powerful tool in GIS. The main power in the visualization concept proposes is the multiple user 
interaction. Visualization that provides multiple user interaction in the visualized environment provides a good 
facility for analysis and by combining different tools of visualization, the analysis capabilities will be maximized. 
The use of immerse visualization together with regular visualization covers a wider area of user. 
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In the future, the user interaction can be expanded not only thru the visualized world but also by incorporating live 
audio and video to interact within the world. Another approach is to analyze the visualized data that are transmitted 
directly from the devices located in the specific geographical area to provide an accurate reading and analysis. 
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HYBRID AGENT: PROVIDING AN INTEGRATED NETWORK MOBILE AGENT ENVIRONMENT1 

Paulus Wahjudi*, Shahram Rahimi**, Dia Ali* and Maria Cobb* 
*University of Southern Mississippi, ••southern Illinois University 

ABSTRACT 
Mobile Agents must work in different types of environment. Most of the time agents are given low priority access to 
resources in the host computers. Agencies that host agents have limited capabilities in providing agents with better 
working environment since all agents basically are under the host control. This hinders the agents' ability to interact 
especially in complex systems. We propose an architecture that will provide agent with a more suitable environment 
to interact with the host computers. Hybrid agent is a mobile agent that can host other mobile agents and at the same 
time facilitate the interaction needed to the host computer and the resources. By encapsulating the host computer, the 
hybrid agent gains control to both the external and internal interaction within a host. This provides better 
management of the agents and also resources that the agents require. In this paper we will show the construction of 
the hybrid agent and its capabilities with an implementation of the hybrid agent in a complex system. 

INTRODUCTION 
Mobile agent technology incorporates the mobility of the agents as a carrier of infonnation and also as a processor 
of data. Mobile agents must adapt to the different environment of the host computer to do its processing. The 
different environment affects significantly as the processing is much complex and there is a high degree of 
interaction between the host and the agents. The availability ofresources at the host also affects the agents 
processing. Generally, all agents and its agency are given a low priority in a host computer. There is also no 
prioritization between the agents, which is a disadvantage as each agent has different load of processing to do. With 
the use of Hybrid Agents such problems can be avoided and agents driven environment can be applied more 
efficiently. 

ARCHITECTURE 
The Hybrid agent provides the service of an agency to host computers. The name hybrid age.nt is derived from the 
concept that the hybrid agent is a mobile agent that provides the capability of an agency to host computers. The idea 
is to combine the mobility of a mobile agent and the hosting capabilities of an agency. The architecture of the hybrid 
agent is a standard mobile agent with added methods to provide the capabilities of an agency. The purposes of 
constructing a hybrid agent are: 

• Provide a better environment for mobile agents at host computers 
• Reduce the workload on host computer in monitoring the mobile agents. 
• Provide a network of mobile agent environment. 

The agent is divided into three primary method group, first is operational methods that provides the necessary 
function to host agents. Second is the system method that manages the communication from the hybrid agent to the 
host computer. Third is the task manager with methods that manages the activities and interaction between the 
operational and system methods. The division of these methods is based on the concept of a general operating 
system with focus on hosting mobile agents. 

The operational method manages the infonnation on the traffic of mobile agents. This covers the agents that are 
coming and leaving and other additional request that the agents require to achieve its objectives in the host 
computers. Meanwhile, the system method acts as the only interaction channel from the mobile agents to the host 
agents and back. The task manager that will supervise activity of request from incoming and residing mobile agents 
to the host agents manages both the operation and system methods. By doing so the task manager will tenninates 
any activities that are considered unsafe or even dangerous to the host machine. Using this design of hybrid agent, 
we can achieve a better environment for agents to work on remote host and also minimal threat to the host computer 
while hosting multiple agents. When a hybrid agent is resides in a host computer, the host computer will require to 
allocate several resources for its use exclusively. Primarily are the allocations of memory and CPU time. This is 
done so that the host computer does not have to manage the allocation and de-allocation of each mobile agent and 
significantly reduce the housekeeping work for the operating system. The hybrid agent will manage the resources 

1 This project is partially funded by the National Imagery and Mapping Agency (NIMA) 
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given by the host computer and only when the hybrid agent is leaving or terminated that these resources will be 
returned to a free state. One of the primary concern in the hybrid agent is that the size will grew significantly since 
the task is similar to an operating system. However, the hybrid agent is only managing mobile agents unlike 
standard operating systems that need to manage hardware and different type of application. Mobile agents are also 
significantly smaller than regular application and most of the time does not require any user interaction (runs 
automatically in the background). Figure I below shows the architecture of a hybrid agent with its interaction with 
mobile agents and the host computer. 

~ 
~ 

Mobile Agents 

Figure 1. Hybrid Agent Architecture 

When a hybrid agent is launched to a host computer, the host computer will have the choice of rejecting the hybrid 
agent or to receive the agent. When a host computer accepts a hybrid agent, it will need to allocate some resources 
for the hybrid agent to use. The hybrid agent will then reside in the memory of the host computer at the allocated 
location. From there, the hybrid agent will then start its service and allows connection for different type of mobile 
agent to reside in the host computer. All of the traffic between mobile agents are done internally by the hybrid 
agents and does not disturb the host computer activities since the agents can only use the allocated resources. When 
an agent requires to access data or process information the hybrid agent will receive the request and allocate the 
required resources to that agents based on the resource allocated by the host computers. If the hybrid agent runs out 
of resources, it can request more from the host computer. Although it seems that the host computers does not have 
any control on the mobile agents, it can still easily purge all agents from the system by de-allocating the resources 
given to the hybrid agent because all mobile agents only resides in the allocated location. This provides also a good 
housekeeping method for the host computers where in the current agency based interaction, the host computer will 
still need to manage the allocation and de-allocation of each mobile agents. This has proven to be quite time 
consuming for large number of agents and in most cases will results in lost/unclaimed resources. 

HYBRID AGENT IMPLEMENTATION 
The hybrid agent is used in a project for conflation where mobile agents collect the data from different location. 
There are two primary difficulties arise in the collection of data using mobile agents using conventional methods. 
First is the requirement of agency in every host computers, since the host computers could be in different location it 
provides a great challenge to ensure that an agency is running. Second is the problem of performance in each host 
machines. As mentioned earlier, the management of each mobile agent is the responsibilities of each host computers 
and as the number of agents increase, the housekeeping process becomes overwhelmed and resulted in lost of 
resources. By incorporating the hybrid agent to provide service in the host computer, we manage to solve the 
problems above. Since the hybrid agent can be sent to the host computer, there is no longer need for an agency in 
each host computers. If a host computer does not have an agency running, then a hybrid agent can be send to provide 
service. The host computer will always reclaim resources allocated to the hybrid agent since it does not need to 
manage the resources allocated to the hybrid agent. When the hybrid agents terminates or return to its sender, the 
host computer can simple reclaimed the allocated resources as available resources. 

However, in this project not only that we need to interact with the host computers, the mobile agents also need to 
retrieve the conflation data from a DBMS or from a file in the host computer. Since the hybrid agent manages all 
interaction to the host computer, we added the functionality for the hybrid agent to support JDBC/ODBC. In order to 
accommodate further addition and expansion of the existing hybrid agent, several rules are devised to ensure that the 
addition does not violate the primary purpose of the hybrid agents. The rules of a hybrid agent is: 
• Interaction of mobile agents and host computer/other applications must be managed by the hybrid agent 
• Host computer does not need to monitor any mobile agents other than the hybrid agent. 
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• Hybrid Agent exclusively manages the allocated resource. 
• Termination of Hybrid Agent will free all the allocated resources regardless of the existence of any mobile 

agents. 
These rules provide the primary requirements in constructing a hybrid agent. Expansion and addition to the hybrid 
agents must not violate it. The final product of the hybrid agent in this project is a network of several host computers 
with agency and hybrid agents providing service for the mobile agents in collecting the necessary information and to 
process the conflation. 

ANALYSIS OF HYBRID AGENT 
Hybrid agent analysis is done in two points of view. The first is from the mobile agents point of view and the second 
is from the host computer point of view. From the mobile agents point of view there is no significant difference in 
interfacing with host computer via agency or hybrid agent. The only significant difference is in the additional steps 
required to send and receive infonnation. However, hybrid agents have an advantage in providing services to host 
computers without agencies. This advantage is very useful in managing a network of mobile agents. In addition, 
mobile agents receive a better prioritization and scheduling in hybrid agents since the hybrid agents are designed 
primarily to manage mobile agents unlike standard operating systems that accommodate different type of interaction 
of applications. 

From the host computer point of view, the existence of hybrid agent does have its advantages and disadvantages. 
The primary advantages for the host computer are the good utilization of resources and also minimal managements 
of the individual mobile agents. The host computer interacts only with the hybrid agents and does not directly 
address the request from each mobile agent. By doing so, the workload of the host computer is significantly reduced. 
It also provides the host computer a more stable performance regardless of the number of mobile agents residing. A 
disadvantage in using hybrid agent for the host computer is the possibility that the host computer will be 
underutilized. The resources allocated to the hybrid agents will be counted as a used resource regardless of whether 
the hybrid agents are actually using the resources or not. If there is a small amount of mobile agents, the hybrid 
agents most likely will not use all of the allocated resources. However, the host computers still assume that the 
resources are being used. Please not that the hybrid agent itself is always under the mercy of the host agents. In the 
event that the host computer is running low on resources, it can easily remove the hybrid agents and reclaimed all of 
resources. In overall, hybrid agents shows significant advantage in comparison to the static agency in each host 
computer. 

CONCLUSION AND FUTURE WORKS 
Hybrid agent is provides the combination of an agency with the mobility of an agent. This approach yielded the 
name of the hybrid where we attempt to combine the better of the two worlds. In a large-scale mobile agent network, 
the hybrid provides the best approach in managing the network nodes. It does however have some disadvantages to 
the host computers but the disadvantages are much less than the advantages gained from hybrid agent. The 
flexibility of having an agent to provide interaction to host computer and different application is a powerful concept 
that can be expanded and built upon to create more ideas in realizing a fully automated network that are managed by 
mobile agents. 
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MOBILE AGENTS' APPLICABILITY FOR INFORMATION RETRIEVAL AND PROCESSING 

Johan Bjursell, Shahram Rahimi\ Dia Ali, and Maria Cobb 
University of Southern Mississippi, +southern Illinois University 

ABSTRACT 
In this paper, we evaluate our novel multi-agent architecture for infonnation retrieval and compare its perfonnance 
with two other architectures. The results for several scenarios under varying conditions are presented and analyzed 
for these three approaches. We analyze the performance alteration for various numbers of participating nodes, 
amount of database accesses, processing loads, and network loads. 

INTRODUCTION 
In the ongoing research on mobile agents and their applicability, a recurring question is whether this technology in 
fact offers improved capabilities and functionalities to the existing remote communication technologies. Clearly, 
given a sufficiently contrived setup, an agent-based architecture can outdo a client/server system. In this paper, we 
discuss two different projects where mobile agent technology is recognized as being an appropriate approach. 

First, many publications describe architectures related to information management within the stock market and 
trading in securities where the financial data is distributed over several nodes [1-10]. Financial research entails a 
vast amount of different functionalities, e.g., data mining, portfolio evaluation, and risk analysis of investments. 
Several authors suggest mobile agent technology as an efficient solution to such systems; however, there is a lack of 
empirical data to support the choice of an agent approach. 

Secondly, the aim of a current long-term research project is to develop an autonomous updating system that will 
retrieve, filter, integrate, conflate and validate geospatial data from multiple heterogeneous sources, including web
based repositories, into a single database system for subsequent access and retrieval 1• Here, the geospatial data can 
be understood broadly to include vector, raster, text, pictorial, as well as multimedia. The sources of the data are 
multiple governmental and private agencies with quality data. Autonomous updating subsumes several issues that 
must be resolved for a successful system implementation. Among these are integration of heterogeneous geospatial 
data formats and resolution of multiple representations (conflation), which are the most time consuming and 
complex tasks in this process. 

In this paper, we briefly describe a multi agent architecture for these two architectures and then concentrate on the 
performance. We compare the performance of our multi agent model with a client/server approach. Moreover, we 
consider a single mobile agent conflation process in our comparison to show the constructive effect of multi agents' 
cooperation. We observe crucial parameters in the model that may affect the performance of the data processing, and 
compare the different approaches for variety of settings. In this performance study, we show how our multi-agent 
architecture improves the processing by dropping the size of the data transfer, distributing the actual process, 
improving the data mining and integration. 

The rest of this paper is organized as follows. First, we describe the architecture as well as the parameters that the 
model heavily relies on. Thereafter, the results for numerous tests are presented and discussed. Finally, we conclude 
the paper and lay out future research. 

ARCHITECTURE OVERVIEW 
We first briefly describe the architecture of our geospatial agent system. Thereafter, we notice the common 
properties of this system to the infonnation systems developed for financial research. Figure l depicts the general 
multi agent architecture of our system. Before proceeding to the conflation process, we list the types of agents 
(together with a brief description of each) that currently are used in the system. The details of the system are beyond 
the scope of this paper and not relevant for the conclusion; detailed information can be found in. The two agents we 
are interested in here is the conflation agents (CA) and query agents. 

1lntelligcnt Database Agencs for Geospatial Knowledge Integration and Management; BAA #NMA2O2-99-BAA-02 NIMA Research Ma: 
Gcospatial Information Sciences Concentration Arca 4· Knowledge Development 
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Each conflation agent, generated by the CM, is responsible for a single update request. The CA is a superclass of 
many specialized agent classes that have extensive knowledge about their domain relevant to the conflation process. 
CAs are intelligent mobile agents, traveling to the feeder databases to perform conflation in a round robin fashion 
(described below). Query Agents (QA) are released from the central database and by the conflation agents to gather 
information for conflation-related queries. Prior to the CA, the QAs arrive in all pertinent databases (for each request 
a subset ofall feeder databases), perform initial queries and post the result to be used in the conflation process by the 
CA. The query agent cooperates with the wrapper agent to translate the data to the common data format of the 

system. 

Figure 1 

The fundamental properties of the financial data retrieval architecture are almost identical. The data is distributed on 
several nodes and depending on the type of query one or many of these databases must be accessed. Large amounts 
of data must be accessed and the computations can be performed locally. Much of the processing can be done 
locally on smaller subsets of data at a time, i.e., all data does not have to be processed concurrently. 

In our multi agent architecture including these common properties, we have query agent and processing agents 
(compare to conflation agents above) where the query agents are sent out to query the databases as described above. 
The processing agents, thereafter, departs from the central server and process the data retrieved by the query agents. 

PERFORMANCE 
Before reviewing the results, we briefly describe the client/server and the single agent approaches. Multi-threading 
and RMI are used for the client/server system where each thread is responsible for the queries of a single database 
server. The client initiates the process by accessing the servers and requesting data. After receiving the query results 
from every server, the processing of data takes place locally on the client computer. In the single agent architecture 
an agent is sent out from the central site to the data repositories with an itinerary of IP-addresses. On each node, the 
agent first queries the database and, thereafter, conflates the data. Subsequently, the agent proceeds to the next node 
along its itinerary where the process is repeated. After completing its itinerary, the agent returns to the central site 
and reports the result. 

The architectures are implemented in Java. We run our tests on an Ethernet LAN with 100 Mbps bandwidth. The 
agent architectures are implemented with the Grasshopper Agent Platform distributed by IKV- Technologies AG. 
In our benchmark, the number of participating database servers is four unless otherwise specified. The number of 
queries per database server fluctuates from 1 to 100, and the size of the retrieved data ranges between Oto 400Kb. 
The data is stored in Microsoft Access databases on each server and JDBC is used to access the databases. 

For the performance evaluation, we measure the total processing time for various settings. The parameters we 
consider in our measurements are the number of queries per server, the size of the retrieved data, and the complexity 
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of a processing task. Different tasks require varying number of queries per database, thus studying the perfonnance 
as a function of database accesses is crucial since the client/server approach accesses the databases remotely while 
the agents interact locally with the databases. Similar argumentation motivates us to consider the size of the 
retrieved data from a query. Furthermore, the impact on the performance based on the complexity of the actual data 
processing is analyzed. Since the intricacy of the processing varies, the length of the process varies significantly 
depending on several conditions as discussed previously. To model such settings, we introduce processing units, 
where a unit has a fixed processing time and run scenarios with a varying number of processing units. 

These three properties are first observe exclusively, i.e., we fix all parameters but to constant values. Such tests do 
not pertain as much information as we would like to since the parameters are likely to impact each other differently 
depending on particular tasks. Therefore, to obtain a better overview of how the perfonnance is affected when 
altering more than one variable, we include three-dimensional plots. Finally, speedup charts plot the performance of 
the agent architectures compared to the client/server approach. 

The timer is started immediately before the first database access in the client/server approach and stopped after the 
completion of the last conflation process. In the single agent approach, the timer is started before the agent is 
leaving. As we mentioned previously, the multi agent approach sends two sets of agents, first the query (QA) agents 
followed by a processing agent (PA); the timer is started before the first query agent is sent out. In both agent 
approaches, the timer is stopped after the agents return to the client. 

In figures 2, 3 and 4, we evaluate the processing as a function of one variable while keeping the rest of the 
parameters constant to such values that will not dominate the performance. Figure 2 illustrates the timing results for 
an increasing number of processing units. A single query is executed on each of the four databases, and the size of 
the retrieved data is fixed to l O kilobytes. Consequently, only a small amount of data is conveyed over the network. 
As a result, the gain of local communication in the agent-architectures is minimal, and the overhead of code mobility 
slows down their overall perfonnance. Furthennore, since only one query is executed per database, the overhead of 
utilizing query agents causes the multi agent approach to be slightly less efficient than the single agent approach 
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Next we vary the number of queries per database (see figure 3); 10 processing units are executed per server, and JO 
kilobytes of data is returned per query. Since in the multi agent approach, query agents (QAs) are sent out prior to 
the processing agent (PA), the processing agent is able to being processing immediately. Thus, the processing time 
is almost constant; the minor increase in time comes from when the PA arrives to the first node where the PA stays 
idle while waiting for the QA to retrieve all the data. However, as the PA arrives to subsequent nodes, the querying 
is concluded, allowing the PA to instantly process the infonnation. Conversely, in the single agent solution, the same 
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agent is responsible for both querying and processing data. Hence, the single agent's processing time increases 
linearly with the number of queries. For the same reason, the client/server approach increases by the same rate as the 
single agent solution. For up to eight queries the single agent outperforms the multi agent approach, due to the 
additional overhead for managing the query agents in the latter approach. 
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In figure 4, we increase the size of the retrieved data per each query from Oto 200 kilobyte. Again, 10 processing 
units are processed per server; and each server is queried 10 times. As the network bandwidth now becomes a factor 
at about 120 kilobytes, the client/server slows down considerably. Both agent architectures stay essentially constant 
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as a consequence of processing the data locally on the data servers in contrast to the client/server application, which 
transfers the data over the network and processes it on the central server. As discussed previously, compared to the 
single agent solution, the multi agent approach does not gain much from sending out the query agents since there are 
only IO queries per server; the gain is subdued by the additional overhead 

The number of database connections and the size of the retrieved data are the two properties most likely to affect the 
performance. Figures 5, 6 and 7 plot the total processing times for the three architectures with the number of queries 
on the x-axis and the size of the retrieved data on the y-axis. For better readability, we separate the three plots. 
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For small values of the parameters, all architectures perform similarly. However, apart from there, the multi agent 
system performs significantly better as the processing times increase considerably faster for the other two versions. 
The single agent approach looses in efficiency to the multi agent system when the number of queries increases. For 
the client/server approach, the remote communication becomes the liable factor as the size of the data increases, 
which is even further intensified by a growing number of database accesses. While the client/server approach 
quickly reaches timings over I 00 seconds, the multi agent system stays below 90 seconds even for l 00 database hits 
and retrieved data of size 400 kilobytes. Moreover, the single agent architecture is significantly faster than the 
client/server, yet substantially slower than the multi agent approach. As the number of queries continues to increase, 
the single agent approach slows down more rapidly than the multi agent solution. 

Figure 8 depicts the speedup of the agent architectures compared to the client/server approach as a function of the 
size of the retrieved data. We run the tests for 5, 50, and 100 for database accesses and process 10 processing units 
on each server. For five database accesses, the client/server outdo the agent architectures for query results of size 
less than 300 kilobytes. However, a larger amount of retrieved data and more database accesses favors the agent 
approaches, and especially the multi agent architecture. 

CONCLUSION 
In this paper, we have compared multi agent.based data system with a client/server based and a single agent based 
approach. The multi agent architecture substantiates great advantage over the two other approaches, especially when 
the capacity of the computation and data transfer increase. From the results presented, we have demonstrated how a 
multi agent architecture can decrease the network traffic, divide the tasks efficiently and, thus, increase the 
performance of such a system. 
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IMPLEMENTING NETWORK TRAFFIC SHAPING IN LINUX 

Isaac Johnston and Dia L. Ali 
University of Southern Mississippi 

INTRODUCTION 
Many networks suffer from a common limitation, local network segments can generate considerably more network 
traffic than WAN or Internet connections can support. In many cases routing hardware and/or software provides the 
ability to limit traffic transmitted across the router, but in most cases this is implemented on a per interface or per 
protocol basis. As a result, it is possible for individual hosts to utilize a disproportionately large portion of available 
network resources resulting in performance degradation for neighboring systems. In order to ensure fair utilization 
of network resources, it is necessary to be able to limit bandwidth consumption on a per host basis. 

Several commercial products offer this capability (high-end routers, switches and firewalls) but these products are 
generally expensive and implementation may require modifications to the logical structure of a network. There are 
few (if any) inexpensive and logically transparent solutions available for per-host network traffic shaping. The 
limited availability of suitable (and affordable) products prompted us to consider the possibility of building our own 
solution. The remainder of this paper describes the implementation of a per-host traffic shaping application. 

SELECTING A PLATFORM 
Several of the desired characteristics for this application are inherent in Linux making it an appropriate choice as the 
platform for this implementation. Linux performs well on modest hardware (enabling inexpensive implementations 
of Linux based solutions). Linux is readily extensible, as the source code is freely available [l] and there is a large 
and active development community offering advice and documentation. Current versions of the Linux kernel 
provide support for bridging, which allows a Linux based computer to be configured such that any network traffic 
observed by any of its network cards is forwarded to other network cards. This feature was implemented primarily 
to facilitate communication between network segments built of dissimilar hardware types, but can be extended to 
provide a transparent solution for use as a firewall, content filter, traffic shaper, etc. 

At the time of this implementation the latest stable kernel release was version 2.4.20. All development for this 
project was built and tested using this kernel. 

BACKGROUND 
The organization of the Linux networking implementation parallels the OSI model as indicated in table I. Several 
of the OSI models layers are subdivided into device or protocol specific and generalized sub layers in the Linux 
implementation. For instance, the Data Link layer implementation in Linux is subdivided into a hardware dependent 
layer (the device driver) and a hardware independent layer (the netif_rx function). 

To allow maximum flexibility, a network traffic shaping application should be aware oflayers 2-4 of the OSI model 
which would allow shaping decisions to be made based on host MAC address, host IP address and/or transport layer 
protocol. However, there are several reasons that this would be rather challenging to implement. Layer three and 
four functions are only invoked in Linux if the data link layer determines that a frame is addressed to the local 
machine. If the traffic-shaping machine is configured as a bridge, none of the frames passing through it will ever be 
examined by the higher-level protocols. Additionally, even if the all packets entering the traffic-shaping machine 
could be presented to higher-level functions for examination (perhaps in a router or proxy server), there are only two 
device/protocol independent functions that could be modified to support traffic shaping (netif_rx at layer two and 
net_rx_action at layer three). Layer four support would require customization of each protocol dependent handling 
routine. Conversely, the traffic shaping application could be modified to make it aware of these higher-level 
protocols without relying on the operating system. This option will be discussed under the future work section 
below. Based on these observations, it was decided that the most appropriate place to implement a traffic shaping 
application would be in the layer two hardware independent function netif_rx. The remainder of this paper 
describes this implementation. 
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Layer 4 (Transport Layer) 

Layer 3 (Network Layer) 
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Frame is captured from the wire and stored into a socket 

buffer b the device drivers 
Device de endent: 

Im lemented in the Network device drivers 
Table 1. Linux networking implementation vs. the OSI model [2,3) 

IMPLEMENTATION 
There are two possible solutions for implementing traffic shaping in Linux. The first option is to implement this 
functionality directly into the kernel by making modifications directly to the kernel source code. This option is less 
than ideal for development purposes as it requires recompilation of the entire kernel each time a change is made to 
the traffic shaping application. The second option is to make a small modification to the kernel in order to support a 
traffic shaping kernel module. The advantage to this option is that the kernel only needs to be recompiled once to 
provide module support. Any subsequent changes to the traffic-shaping module are implemented by recompiling 
and reloading the module [4]. This second option is clearly the better choice for development purposes. 

Modification of the kernel to support the new traffic-shaping module was a fairly straightforward process. The 
name of the module was registered with the kernel by editing netsyms.c, a flag was added to socket buffer data 
structure to indicate whether or not an individual packet has been through the traffic shaping module and then 
netif_rx was modified to check for the presence of the module. If the module is loaded and the previously shaped 
flag is false, packets are redirected to the traffic-shaping module for processing. Otherwise, the packet is processed 
by netif_rx as ifno changes had ever been made. 

The kernel module itself has a single purpose, accept incoming packets, compare them to a set of traffic shaping 
rules and then allow the packet to be transmitted, queue it for later transmission or destroy it as appropriate. The 
data structures and functions required to implement this are described below. 

The Traffic Shaping Rules 
Traffic shaping rules are stored in a linked list. Each node in the linked list stores an address, the rule type for the 
rule (source or destination), the communication rate that the rule allows, the number of bytes that are allowed per 
time interval (calculated by dividing the allowed communication rate by the tinter interval) and the number of 
allowed bytes remaining in the current tinte interval. The timer interval is currently set to 10 milliseconds since that 
value is easily produced using a kernel timer. The rule list is populated by the module initialization function that is 
run each time the module is loaded. 
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The Packet Queue 
The packet queue is a linked list that holds packets that were prevented from being transmitted because there were 
not enough available bytes remaining in the corresponding rule when the packet was received. The combination of 
this queue, the allowed bytes counters in each shaping rule and the timer function discussed below form a leaky 
bucket queue, which serves to regulate the rate that individual hosts can communicate. In addition to a packet, each 
node in this linked list stores a pointer to the corresponding shaping rule and a time stamp, which indicates when the 
packet was enqueued. The presence of the time stamp allows packets that are enqueued for an unacceptably long 
time to be discarded. 

Packet Processing 
Each time a packet is passed to the traffic-shaping module, the traffic shaper examines the packet and checks to 
determine if its source or destination address corresponds to any of the rules in the rule list. If not, the packet is sent 
back to the kernel for transmition ( or delivery to higher-level protocols if the packet is destined for the local 
machine). If a matching rule is found, the size of the packet is compared to the allowed bytes remaining field in the 
rule. If the packet size is smaller that the maximum allowed size, it is sent back to the kernel for delivery. If the 
packet is too large to be transmitted during the current time interval, it will be enqueued for later delivery. 

The Timer Function 
Every 10 milliseconds, a kernel timer expires and a module function is activated. This reoccurring function is 
responsible for resetting the allowed bytes counter in each rule in the rule list (i.e. refilling the leaky bucket). In 
addition, this function traverses through the queued packets and checks each one to determine if resetting the 
allowed bytes counters will enable the packet to be transmitted. If so, the packet is handed back to the kernel for 
delivery. Otherwise, the packet's timestamp is compared to the current time and if it is determined that the packet 
has been in the queue too long to be useful, it is destroyed. 

Module Initialization and Cleanup Functions 
In addition to those features mentioned above, the module contains an initialization and a cleanup function. When 
the module is loaded, the initialization function registers the module with the kernel, populates the rule list and 
initializes the reoccurring timer function. The cleanup function is run each time the module is unloaded. It destroys 
any packets that are enqueued when the module is unloaded, disables the timer function and empties the rule list. 

CONCLUSION 
This fairly simple Linux kernel module allows a network administrator to implement basic traffic shaping based on 
client MAC addresses. This solution was designed for use on a machine configured to use the Linux bridging 
functionality, but there is nothing in the implementation that is dependant on the presence of bridging. As a result, 
this kernel module could be just as easily used on a Linux server, workstation or router. The use of MAC addresses 
in the traffic shaping rules is somewhat awkward and would likely prevent the implementation of this application in 
many environments. Additionally, the current implementation is incapable of making traffic shaping decisions 
based on network layer or transport layer information, which severely limits its applicability as a general-purpose 
traffic shaper. As a prototype, this implementation shows some promise, but additional work will be necessary 
before it is ready for implementation in a production environment. 

FUTURE WORK 
Several additional features would greatly add to the performance and robushless of this application. The primary 
shortcoming in the existing implementation is the lack of higher-level protocol support. As a result, the first topic 
that will need to be addressed is the addition of support for commonly used network layer and transport layer 
protocols (IP and TCP/UDP respectively). Other worthwhile enhancements would include the addition of explicit 
congestion notification for hosts that consistently exceed their allotted bandwidth and the optimization of the rule 
list data structure. The rule list is sequentially searched each time a new packet arrives. As the rule list becomes 
large, this will result in significant latency. A more efficient rule list data structure (perhaps created with a hashing 
algorithm) would enable the use of more complex rule sets without substantial increases in latency. 
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NEW FOCUSES OF MOBILE AGENT RESEARCH 
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ABSTRACT 
For the past about IO years, in the mobile agent field, some mobile agent systems have been developed and lots of 
promising works have been done on specific features in mobile agent systems, including security, communication, 
coordination, persistence, resource allocation, languages, etc. Most of those mobile agent systems try to include 
more features of mobile agents to provide more services, resulting in large mobile agent systems. But this kind of 
efforts distracts the key values of the mobile agent and shadows the characteristics of the mobile agent, which is not 
helpful to increase the motivations for users to choose mobile agents. On the other hand, if the users like to use parts 
of provided services, they have to wrap their applications into a mobile agent system and install the whole mobile 
agent system, which makes developers hesitant to choose a mobile agent system. Therefore, after many works have 
been done on mobile agent, it is time to study what the mobile agent really is, what true value it has, where it has 
impact on and how it can be best used. This article tries to discuss these questions. First of all, mobile agent is one 
form of mobile code, and mobile agent itself autonomously determines its moving. One of the most important 
advantages of mobile agent is to reduce the network bandwidth consumption. Meanwhile, mobile agent brings us 
one important benefit, that is, users can use mobile agent to continue their works on the resource no mater if the 
network connection goes down, then bring results back when network connection is available. Based on these 
characteristic advantages, the mobile agent can be addressed useful in some practices. For example, the mobile agent 
could be deployed in network middleware. It is a better choice for some complicated network active services for 
which the state migration becomes necessary. Mobile agent is also a suitable choice for distributed database 
retrievals. The mobile agent is a good support for wireless applications, because mobile agent can run off-line until 
users re-connect to the wireless network. In order to stir up the motivation of using mobile agent, it is necessary to 
find a proper way to allow mobile agent being used flexibly. A component-architecture for many large software 
systems has evolved in software industry. Is it possible that mobile agent may become popular if its features could 
be designed into different components so that those components could be plug into developers' packages flexibly? 

INTRODUCTION 
For the past about 10 years, many researches have been done in mobile agent field and initial technology has been 
developed for mobile agents [ 1-1 OJ. Lots of mobile agent systems have been presented. Some specific features in 
mobile agent systems, such as, security, persistence, communication, coordination, languages, state capture, orphan 
detection, etc, have been widely studied. However, mobile agents are rarely used in real world. Is it because mobile 
agents have no valuable merits or because they are difficult to be made use of? In this paper, we start with 
discussing as one kind of mobile code, if the mobile agent has some prominent characteristics. We then discuss the 
new mobile agent development model for real application uses. In the end, we discuss several possible application 
cases of mobile agent. 

MOBILE AGENT IS ONE KIND OF CHARACTERISTIC MOBILE CODE 
At the beginning, there was high expectation of mobile agent technology. After some years, when there still are not 
any successful applications of mobile agent, people begin to debate ifwe really need mobile agent. To answer this 
question, we should correct our understanding and expectation of mobile agent. 

Mobile agent is in fact one kind of mobile codes. Mobile code refers to interpreted or executable content that can be 
downloaded and run on a user's workstation [11). In general, mobile code technology can be divided into code-on
demand (COD), remote evaluation (RE) and autonomous mobile agent [12). 

COD (fig. I) refers to the case that the computational component A has local access to the resources but does not 
know how to execute the task because of lacking the code (know-how). Meanwhile, another computational 
component B on a different site can provide the code (know-how). Then A can loads the know-how code from B 
and executes the task locally. Java applets and servlets are two examples of COD. Applets get downloaded in local 
Web browsers and execute there locally. Servlets get uploaded to remote Web servers and execute there locally. 
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A: perform the task 
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Figu'e 1. Code On Demand 

RE (fig. 2) refers to the case that A has the know-how code in order to execute the task, but A lacks the necessary 
resources that are located on a different site where another computational component B resides. Thus, A sends the 
know-how code to B, then B executes the task using the know-how code received from A. The results of the task are 
sent back to A. SQL [13] can be viewed as a remote evaluation system. Clients submit queries to the database server 
and database server sends back the results. 

A: perf01m the task 

results 

L--1 resource I 
-.1--1-------+-- results 

Figure 2. Remote Evaluation 

Mobile agent (fig. 3) refers to the case that the resources reside on a different site than the computation component 
A (a mobile agent). The entire computational component A is sent to the remote site and not only the know-how 
code part, and A can be sent to more than one remote sites. 
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Figure 3. Mobile Agent 

Compared to COD and RE, the mobile agent has its characteristics. The mobile agent concerns the movement of the 
entire computational component (i.e. the agent) between different sites, and the movement of the agent can be 
autonomous. Unlike COD and RE, mobile agent transports state with it. 

DESIGN ISSUE OF MOBILE AGENT 
Mobile agent has its attractiveness otherwise it could not be interested at the beginning. 

An important feature of mobile agent that distinguishes it from COD and RE is that it migrates with its state. Further 
more, after these years' researches, mobile agent together with its properties like interoperation, coordination, 
security, etc possesses some unique abilities. Unfortunately, no killer application has been found for mobile agent. 
But in some application domains, mobile agent is the better choice. However, after almost IO year researches, 
mobile agent still cannot step into real world. There are many reasons that are responsible for this. For example, 
people always feel that the existing mobile agent have some major shortcomings, such as it is not security enough, it 
is not fault tolerant enough, it has no proper standard, it is language dependent, etc. But, those shortcomings belong 
to development issues. If there are industry needs, those shortcomings could be eliminated or lessened. 

However, one drawback in mobile agent world is that there are so many existing mobile agent systems! On one 
hand, those existing mobile agent systems have made the great contribution to mobile agent community. They have 
implemented the concept of mobile agent. They have studied and developed many key properties for mobile agent. 
On the other hand, almost all of those existing mobile agent systems have followed the similar design model, that is, 
they have tried to include as more features as possible and tend to be suitable for as more cases as possible. As the 
result, those mobile agent systems have become more and more complicated and have more flaws. If any developers 
plan to make use of mobile agent, it seems that they have to use the entire system even if only a few of features are 
required. Under this circumstance, developers have little motive to use mobile agent. 

In order to apply mobile agent in real world, it is necessary to find a way through which developers could choose the 
proper properties of mobile agent instead of the entire mobile agent system according to different situations. For 
instance, in a secured intranet, mobile agent is used to search different databases. In this situation, developers only 
require mobile agent can migrate from multiple databases and perfonn the task no matter the creator of mobile agent 
is on line or not. Other advanced issues like security, coordination, are wasteful in this case. But the reality is that a 
large mobile agent system has been installed if the developers do not want to develop their mobile agent from 
scratch. 

One way to solve this problem is to implement the properties of mobile agent as different components. In software 
industry, large software systems could be designed into a component kind of architectures, which allows users only 
use small portion of systems. If the properties of mobile agent could be designed into different components, users 
only need to find the particular components for their particular cases and plug those components into their packages 
flexibly. Thus, mobile agent is not an independent software package, but a component ofa software package. But, 
how to produce orthogonal and reusable components is a very difficult task. One possible approach is to start with 
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basic characteristics of mobile agent, such as its mobility, autonomy, etc. At beginning, the components ofrnobile 
agent may be very specified, like they may be language-dependent (e.g. java); or very primitive, like a security 
component only has basic security effort; and these components may only be used in some very simple application 
cases, like the intranet one mentioned above. 

The point here is that it is time to design mobile agent in such a way through which mobile agent could be easily 
used. This is a difficult task since existing mobile agent systems block the minds of designers. It is difficult to 
imagine other certain ways to implement mobile agent concept. But this is an important task for mobile agent 
community since existing mobile agent systems cannot stir up the motive of using mobile agent in real world. This 
is a task about how to make mobile agent step out of the research domain. 

SOME POTENTIAL APPLICATION DOMAINS OF THE MOBILE AGENT 
Even though, there is no "killer application" of mobile agent, the fact that mobile agent has its own characteristics 
makes mobile agent the better choice for some application domains. Mobile agent offers a number of advantages. It 
can transport functionality automatically to nodes where it has not been installed before. It can save network 
bandwidth and increase the overall perfonnance by processing data on or near the source of data. Mobile agent can 
process task asynchronously, that is to fulfill a task without the need to have a permanent connection from the client 
to a server. It can achieve true parallel computation by employing a number of agents working on different nodes. 

Network Middleware 
An increasing number of users tend to access Internet services via wide heterogeneity of access device. Based on 
different personal preferences and different usage, users require differentiated and tailored Quality of Service (QoS) 
and this requirement may be granted at runtime. Meanwhile, users' access devices differ from traditional 
workstations and PCs to laptops, personal assistants and smart phones, with continuous or intennittent connectivity. 
This greatly widens the heterogeneity of Internet access devices. In above situations, the traditional end-to-end 
model of interactions has shown its limitations [ 14], thus new model is demanded. On the other hand, the network 
infrastructure tends to execute actively, such as routers have ability to execute arbitrary code that may be injected by 
users [15]. When active services are very simple and only require single-hop mobility, code mobility may be enough 
to satisfy those active services. However, when more complex active services that require maintaining and moving 
sessions are demanded, the state migration becomes necessary. Therefore, mobile agent is suitable to be deployed in 
network middleware. Autonomous mobile agent with capacity of coordination is able to dynamically move with its 
code and the execution state to where resources are located, and is able to adapt to current system conditions in a 
completely asynchronous way with regard to its launching user. 

Mobile agent can realize the decentralization of active service control. It can migrate during service provision and 
take autonomous management decisions based on local resource state. In case of link failures, users or client devices 
changed, or access devices are temporarily disconnected, mobile agent can dynamically modify service distribution 
paths to keep providing quality services. 

Mobile agent can simplify the adaptation of services when services have to modify their network resource 
allocations at provision time. Mobile agent can locally monitor network resources and dynamically migrate to where 
a global view of the system state is required to provide the global view. Therefore, management operations can be 
better performed in an overall scale to reduce the congestion. 

Mobile agent can provide an effective mechanism to tailor services at negotiation time. For example, an active 
service can decide to include/discard attachments in downloading email messages depending on if the access device 
is a laptop or a light PDA. 

In general, deployed as one kind of network middleware technology, mobile agent can migrate to different locations 
to readjust the distribution paths, thus provides dynamic middleware components. It can monitor/control network 
resources locally and autonomously, and perform prompt management operations at the dynamically determined 
critical points of the network infrastructure, e.g., where there is the need to overcome discontinuities in bandwidth 
due to either variations of connection technologies or congestion situations. Hence, mobile agent has potential to 
negotiate and monitor QoS for multimedia applications. It may also be used in advanced telecommunication services 
like videoconference, video on demand, telemeeting, etc, which requires a middleware to provide mechanisms for 
dynamic reconfiguration and user customization [16). For the advanced telecommunication services that support 

250 



Proceedings of the 2003 IEMS Conference 

mobile users, autonomous middleware components providing support for disconnected operations are particularly 
useful. Also, mobile agent may be used in some network management cases, such as when network management 
involves a distributed database, or autopolling of network devices, etc. 

Distributed Information Retrieval 
Distributed infonnation retrieval selects a small subset of data from a large superset of data that distributed over a 
set of hosts. The mobile agent is a potential choice for this application domain. Ifwe use traditional client-server 
architecture, in order to select a small subset of data, a much larger pre-selected superset of data must be moved over 
the network to the site where the computational component resides. But, if we choose the mobile agent approach, the 
selection process can be executed close to the infonnation database and mobile agent only brings back the small 
selected subset of data so that the heavy communication over the network for the selection can be avoided. 

Mobile Computing System 
Mobile agent may be used to model applications that reside on a PDA and use resources spread over the network. 
Those applications can be operated independently of their limited network connectivity, and the mobile agent's 
creators can feel free to tum their machines off. 

CONCLUSION 
As one kind of mobile code, mobile agent has its prominent characteristics. It can move autonomously and move 
together with the state. Mobile agent has been studied near ten years, which granted mobile agent with a few of 
properties like coordinate, interoperation, security, etc. Together with these properties, mobile agent possesses 
unique ability. Although there is no killer application has been addressed for mobile agent, it still may be a better 
choice for some application domains, such as network middleware, distributed infonnation retrieval and mobile 
computing system, etc. However, existing mobile agent systems are more suitable for research purposes than real 
world applications. Mobile agent is still limited at research stage. It is important to find a proper design model, with 
which the motive of using mobile agent in real world could be stirred up, although it may only begin with very 
simple applications. Component design approach may be the one of the choice. 
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ABSTRACT 
This paper presents a task-oriented compositional mobile agent architecture named AgentBee. In this architecture, 
mobile agent is in fact a task component. Each task component is recursively formed from sub-task components 
together with information defining the relationships among sub-task components and supplementing data. At the 
lowest level of this composition there exist primitive task components which are conceptually indivisible. Such a 
task-oriented compositional structure allows easy modifications of mobile agents and can greatly facilitate 
knowledge exchange between mobile agents and agencies. 

INTRODUCTION AND BACKGROUND 
A mobile agent, because of its nature, has to deal with heterogeneous environments in which unexpected conditions 
may arise. This is the case of our image conflation project. One goal of our project aims at providing an automatic 
geographic image conflation system in which geographic images are stored in different databases at different 
locations and maintained by different organizations. Mobile agent plays an important role in this project in that it 
migrates among these databases searching for data conflicts and therefore performing image conflation upon finding 
such conflicts. The challenges arise when the image files may be stored in different formats at different locations. 
Even more challengingly, we find that different image conflation algorithms may have different performance 
qualities on different images due to the different image contents. One reasonable solution here is to ann the mobile 
agent with all knowledge to deal with all possible conditions known so far. However, the following possible cases 
motivate us to search for another approach. First, one advantage of employing mobile agents in this project is to 
save networking bandwidth. Carrying all knowledge in a mobile agent is against this advantage. Second, since the 
image databases are maintained by different organizations, some organizations may introduce new image formats or 
use new platforms that are unknown to the mobile agent. Third, some organizations may develop new image 
conflation algorithms working best for the conflation of some images. These new algorithms may have not been 
armed with the mobile agent. 

The above challenge is in fact how the mobile agent accomplishes its tasks when unexpected conditions happen. It 
is obvious that this challenge could be answered if the mobile agent could update itself by obtaining new functions 
from the agency whenever there are such unexpected conditions occurring in the agency environment. For example, 
suppose that the mobile agent has two functions illustrated in Java as the followings: 

public void readlmage(StringfileName); 
public void doConflationO; 

Suppose that the function readlmage could only read in tiff and other image formats other thanjpeg. If at one 
agency the given file is injpeg format, then the readlmage function fails there. However, once the mobile agent can 
obtain another readlmage function that can read injpeg files from the agency to replace/strengthen the existing 
readlmage function, the problem is solved easily. In a similar manner, if the doConjlation function of the mobile 
agent could not generate qualified result due to the new image content, the mobile agent could switch the 
doConjlation function to another one obtained from the local agency if available. 

It is noticed that if the function read/mage and doConjlation are represented as objects in the mobile agent, they can 
be easily replaced with more powerful ones. In fact, both readlmage and doConflation are two procedures that the 
mobile agent needs to perform to accomplish its goal and can be represented as two task components inside the 
mobile agent. This concept leads to our task-oriented compositional mobile agent architecture that is featured with 
high functional flexibility and adaptation. 

Currently, most available mobile agent packages emphasize on mobility, security, communication, and efficiency 
aspects of agents [l ,2,3,4,5,6], while the learning ability, which is the major factor for flexibility and adaptation of 
the agents, is neglected. Nevertheless, there are few agent architectures in which the learning ability and knowledge 
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exchange has been addressed. The compositional design strategy introduced by Brazier is one of these architectures 
that seem promising in enhancing knowledge exchange for multi-agent systems [7,8,9,10]. For Brazier's 
compositional agent design strategy, please refer to the reference [7] and [8]. 

We employed Brazier's compositional design strategy to help analyze and construct our task-oriented compositional 
mobile agent architecture. Since the primary purpose of mobile agents is to perform a sequence of tasks on behalf of 
a client, we combine Brazier's process composition and knowledge composition to form a task composition 
approach such that there is only one fundamental component in our agent architecture: task component. We named 
this mobile agent architecture AgentBee. 

In AgentBee, each task component is recursively formed from sub-task components together with information 
defining the relationships among them. At the lowest level of this composition, there exist primitive task 
components which are composed of some basic functions. Because the exchanges of task components can be 
achieved easily, such a task-oriented compositional structure allows easy modifications and adjustments for mobile 
agents, therefore can facilitate knowledge exchange between agents and agencies. To show how this task-oriented 
architecture facilitates the knowledge exchange process, we have implemented a prototype system of AgentBee. 
Our prototype implementation of AgentBee shows that such a compositional architecture could greatly improve the 
adaptation feature of the mobile agents by facilitating the knowledge exchange between mobile agents and agencies. 

AgentBee Architecture 
Considering the fact that mobile agents have to perform a set of tasks, AgentBee defines a mobile agent to be a task 
component that is composed of a group of sub-task components. Each task component, other than primitive task 
components, is constructed recursively from an assembly of sub-task components together with information defining 
the relationships among sub-task components and supplementing data. Each task component is defined individually 
with its own functionalities, inputs, outputs, and the relationships among its sub-task components. A primitive task 
component is not composed of any other components, but is composed of some basic information and functions. 

In this section, we formally define task components, mobile agents, and agency's knowledge storage in AgentBee 
architecture. 

Task Component 
Task components are the fundamental components in the proposed architecture. A specific task component is 
defined to be an independent working unit that can accomplish a specific function given its required input is 
supplemented. A task component Tis composed of multiple sub-components and can be expressed as: 

T = {<T,>, <Ii>, C. D} I fl 
t1 = {P, D} 

• <7i> represents a set of n sub-task components, where n > 0, and i = 1,2, ... , n. Each T; has a name that 
uniquely identifies it inside T. 

• <lj> represents a set of m Information Objects which provides the task component with data to use and rules to 
obey. This set may or may not be empty (m >=- 0). There are two major categories of Information Objects. 
One category provides rules, and the other provides supplemental data. 

• C represents the Control Object. A control object is in fact a table holding the following information. 1) The 
executing order of the sub-task components. 2) The nwnber of times each sub-task component should be 
executed at its tum. 3) The identity of the required Information Object for each sub-task component. When C 
does not specify the identities of the Information Objects for a sub-task component T,, the Information Objects 
required by 7i become the input requirements of T. The following example table helps explain the structure of 
C. 
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Table I. Sample structure of a Control Obiect 
Ti Execution Identity of 

Times Information 
Obiects 

Ti I 111 J11 
Ti I 

Ti 1 l11.I12 

T1 2 

Table 1 gives an example of control object C. In Table I, task component Thas three sub-task components T1, 

T1, and T1• The execution order of the sub-tasks is T1, Ti, T1, T1 and they are separately executed in that order 
1, 1, I, and 2 times. The identities of the required Information Objects for T1 are 111 and 111. C does not specify 
any Information Objects for either T1 or TJ. Suppose Ti and T3 do require Information Objects such as Ii and 13 

which do not exist in T, then 11 and 11 become the input requirement of T, i.e. Trequires Information Objects of 
type/iandh 

• D represents the domain that at least distinguishes the task component's functionality, required input 
(Information Objects), and output. Dis composed of Dp and D,. Dp represents the primary domain that defines 
the task component's functionality, required input, and output. D, represents the sub-domain that further 
discloses the implementation strategy used by the task component to accomplish its goal. Dp is mandated to 
exist to define the domain. Nevertheless, the existence of D, is optional but could greatly help finely 
distinguish the task component. If two task components have the same primary domain DP but different D., 
then the two task components must be able to accomplish the same function with the same input but in 
different ways. Since T's functionality is defined by <T1> in order, one way to detennine the domain D of Tis 
based on the domains of sub-task components <T,> organized in specific order. For example, given the rand 
C in Table 1, suppose T1, Ti, and TJ have domain D1, D2, and D1. Then T's domain Dis defined as D 1D1D 1D/, 
where D/ corresponds to the fact that T1 is executed twice. 

• The vertical bar I states relationship OR such that T may or may not be a primitive task component. 
• '/6 represents a primitive task component. 
• P represents the specific function of the primitive task which is conceptually not dividable. 

The above notation states that a task component either is composed of a set of other task components, information 
objects, and domain infonnation, or is just a primitive task component. The following expression defines the 
relationship between the sub-task components and the Information Objects inside T. 

S ~ T, + [IJ, 

states that the execution of a task component T; with input [IJ ([IJ represents zero or more Information Objects) 
generates result S. It is important here to note that [IJ may be from the Information Object subset <11> that is in the 
same task component as T,, or it is dynamically supplemented to T,. 

Mobile Agents• Structure 
Mobile agent A, in this architecture, is treated as a task component with an extra mobility sub-task component in its 
sub-tasks set. This means that mobile agent A includes a specific sub-task component which is dedicated to the 
mobility of the agent: 

A "" {<1i>, <lp, C, D}. 

Thus, a mobile agent is basically a task component with the ability to migrate from one host to another. 

Agency's Knowledge Storage 
In AgentBee, each agency includes a knowledge storage. In this paper and due to the space limitation, we only 
discuss the architecture of the agency's knowledge storage, and skip the rest of its components. The knowledge 
storage KB ofan agency is composed of two layers and can be expressed as: 
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KB= R({<T> m}) 

• {<T>"') represents the bottom layer that is composed of a bank of task components. It represents the 
knowledge contents of KB. 

• R represents the top reasoning and interface layer that communicates with the mobile agents and is powered 
with reasoning abilities to analyze and process agent requests (AR). The agent request (AR) is sent to R by the 
mobile agent and contains information about mobile agent task components and the reason for request. R is 
expressed as a function which uses the lower layer of KB and AR to produce its response. The response is 
generated in the form of knowledge exchange. For example, suppose the AR indicates that the request is to 
obtain another task component able to readjpeg image files for agent A, if the KB has such a task component, 
then R produces the response that is providing the task component to agent A. The complexity of KB lies in R. 
R could be fairly complex to include an expert system or could be fairly simple to only provide task 
components in response to the agent request. 

KNOWLEDGE EXCHANGE SCENARIOS IN AGENTBEE 
Since one major advantage of mobile agents is to save networking bandwidth, the size of the knowledge that a 
mobile agent carries should be optimum. Hence in AgentBee, mobile agents only carry small amount of 
knowledge, instead they are intelligent in that they can use agencies' knowledge facilities to perform intelligent 
actions. They just cany the absolutely required knowledge as their local knowledge contents. The agencies 
knowledge storages are the primary knowledge resources. Since mobile agents work inside the agency 
environments, we define that knowledge exchange only happens between the agency and the mobile agent in 
AgentBee. There is no direct knowledge exchange among mobile agents. 

Information Exchange 
Ii in T can be modified to change the state of a task component. This process is called Information Exchange in 
AgentBee and can be expressed as: 

s (:- T; + [~ 1-

The above expression states after the modification on~ so that~ becomes~ ·, the original result S that Tr achieves 
remains the same. 

Function Exchange 
Changes to <7i> alter the functional capability of T, and can be expressed as: 

T/ f- E(T;, T), when D1 = D;. 
T;(T) f- E'(T;, T), when D1 = Df 

• 1j' f- E(T1, T) represents a task component replacement process in which T, is replaced with 7j. T/ states that 1j 
replaces Tl to fulfill the same task as T,. 

• T;(T) f- E'(T, T) represents a task component supplementation process in which 1j is bounded with 7i so that 
T; now has the ability of 7j besides its original ability. 

• D, • D, states the domain rule. D1 represents the domain of 1j and D1 represents the domain of 7;. Domain rule 
requires that only when the primary domain of°' is the same as the primary domain of D;, i.e. 7j can achieve 
what T. can with the same input but in a different way, E(Ti, T) and E'(T,, T) can happen. Domain rule 
guarantees that after function exchange between T; and i;, the original functional goal of T1 is not changed, 
though how it is achieved may be different. 

• Since every component is composed of sub-components, the function exchanges are actually simple plug-in 
and/or plug-out procedures. Because the higher level components are usually much more complicated than the 
lower level ones, it is important to keep the function exchanges processed at as low a level as possible. The 
compositional architecture ensures that function exchanges between two task components T1 and r, can always 
be done at a lower level as long as the function exchanges on each sub-task component of T1 and T1 can be 
performed. Thus with proper design, all function exchanges can be eventually processed at the level of 
primitive task components. Also, the compositional structure allows easy identification of the sub-task 
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component(s) that require to be exchanged, and this process can also be traced to one or more primitive task 
components. 

VERIFICATION WITH ADAPTION APPLICATION 
To test and verify if our task-oriented compositional architecture can facilitate knowledge exchange, we 
implemented this design for agent adaptation capability. The implementation was in Java because Java has been 
widely used in mobile agent implementation [11]. 

Fault Resource Identification and Solution Providin2 
Recall that mobile agent A = {<T;>, <~>. C, DJ and in A any task component T = {<T;>, <11>, C, DJ 11°. We 
make the assumption here that C is always correct, i.e. not changeable. Therefore, when commitment T, + 11 in A 
fails, it must be due to either~ or T;. The agent request AR reported to the reasoning layer R of KB must be definite 
so that R can identify the fault reason between~ and T;. lfit is due to T;, the fault resource could be further 
decomposed to either T;. in T, or ltJ supplemented to 7it- If the reason is the incapability of one task component, but 
not any Information Objects, the reason can always be traced to one or more primitive task component(s). In this 
case the solution can be easily provided given it exists. However, if the fault is because of an Information Object, 
then R has to make the decision on how to modify the Information Object. Due to the limited space, we do not 
discuss this issue in detail. 

Simple Case Examples 
Here we present two simple case examples to illustrate how our implementation prototype achieves adaptation. 

Platform Difference 
The same file may have different names on different platforms. For example it has the name "DA TA" on Windows 
and "data" on Unix. When agent A travels from a Windows agency to a Unix agency U to process the file, it fails at 
task component T due to the reason that file "data" can not be found because A only knows file "DATA". Agency 
Uhas a powerful task component T' that can identify files case insensitively and T' has the same domain as T does. 
Now exchanging T' for T solves the problem. 

New File Format 
Again, mobile agent A is required to process a file in heterogeneous environments. It has been known before that 
there are three different file formats x, y, z in various environments. Now a new agency His added and the agent is 
sent there to process the file. Task component T fails there because the file format at His not x, y, or z, buts. 
However, the knowledge storage of H provides a task component T' to deal with this new format. T' is bound to T 
and now T can process the file of the new format. 

CONCLUSION 
It is relatively difficult to realize the intelligence in mobile agents. One reason is that mobile agents are 
continuously traveling in different environments, their structures have to be flexible and subject to modifications for 
knowledge acquisitions. Based on this realization, we designed the mobile agent architecture AgentBee which is 
compositional in that its basic components are exchangeable. The implementation prototype aiming at providing 
agents the adaptation capability shows that knowledge exchange can be realized in AgentBee's compositional 
architecture, especially the function exchanges. Though the architecture of AgentBee is still primitive and further 
researches are required, we do believe that this architecture can be extended for other general teaching and learning 
purposes in mobile agent applications. 
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KNOWLEDGE: A CATEGORIZATION THEORY APPROACH 
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ABSTRACT 
A conceptual framework for understanding difficulties in computer-mediated knowledge transfer between 
organizational contexts is developed. Organizational contexts are conceptualized in terms of "actor context 
models"-adaptive cognitive models that reflect how actors perceive and understand their organizational contexts. 
Underlying such context models are idiosyncratic classification schemes that reflect how actors conceive of the 
objects and the other actors with whom they interact in the course of task-related action. Information systems are 
conceptualized in terms of"system models," which also incorporate classification schemes that define how they 
organize and process information. Based on this framework, computer-mediated knowledge transfer between 
organizational contexts is conceptualized as the interaction between more or less incommensurate classification 
schemes. Difficulties in knowledge transfer are associated with inconsistencies among these classification schemes. 
Three types of classification scheme inconsistencies are defined based on this conceptualization: I) Basic level 
inconsistency, 2) Category-prototype inconsistency, and 3) Category-category inconsistency. 

INTRODUCTION 
A growing number and variety of firms regard organizational knowledge and the tangible product and process 
technologies derived from it as key economic resources. The effective transfer of knowledge from one 
organizational context to another, therefore, plays a significant role in the success of technology-intensive 
organizations. Current popular and academic interest in knowledge management primarily emphasizes the use of 
information technology for encoding, storing, retrieving and distributing organizational information (e.g., 
Davenport, De Long and Beers 1998; Gates and Hemingway 1999; Ruggles 1998). Yet, the interaction between 
knowledge and organizational contexts is complex and poorly understood. A central problem derives from the fact 
that organizational actors produce and use information in idiosyncratic ways in diverse organizational contexts. 
Suchman's (l 987) research on situated action has demonstrated, for example, that each physical and social context 
has idiosyncratic properties that require actors to adjust and adapt formalized knowledge to fit the constraints and 
opportunities of the local situation. Others argue that knowledge is highly contextualized in communities of practice 
(Brown and Duguid 1991; Wenger 1998), whereby actors working in particular social contexts develop idiosyncratic 
ways of conversing and forms of practice that are not easily transferable to other contexts. Knowledge transfer 
between organizational contexts, therefore, involves processes of translation and transformation from the language 
and practices of one context to those of the other. 

This paper develops a general framework for conceptualizing the process of knowledge transfer between 
organizational contexts. In particular, we investigate computer-mediated knowledge transfer processes that 
influence how individuals interpret the output of information systems such as Enterprise Resource Planning (ERP) 
systems. The theoretical development involves two main arguments. First, we examine the influence of context on 
how organizational actors organize their knowledge of the objects and other actors with whom they interact as they 
engage in task-related organizational action. Second, we specify the nature of mediating information systems in 
terms of their influence on the process of knowledge transfer between organizational contexts. Processes of human 
categorization and the classification schemes involved in the organization of human knowledge play a central role in 
each of these arguments. At the end of the paper we identify some implications of the proposed framework by 
defining three classes of knowledge transfer difficulties common to organizational settings. 

CONCEPTUAL FRAMEWORK 
In order to examine the difficulties associated with the computer-based transfer of knowledge between 
organizational contexts, it is necessary first to consider the influence of context on how individuals organize their 
task-related knowledge. We take a recent attempt by Mantovani (1996) to specify relevant aspects of social context 
in human computer interaction (HCI) as a convenient point of departure for our analysis. He argues that HCI 
researchers have traditionally focused narrowly on the immediate physical task environment of users in their 
treatment of context, overlooking social, cultural and situational factors that both constrain and give meaning to 
task-related user action. He proposes instead a three level model of context in which physical task concerns related 
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to the direct use of tools or artifacts (level 3) are imbedded within situations comprised of goals, opportunities and 
actor interests (level 2), which, in tum, make sense within a broader social context characterized by historically 
constructed socia.cultural structures that both give meaning to, and place constraints on, the actions of individual 
actors (level 1). As such, he argues that "context is not just physical, but also conceptuaf' (p. 243; italics in original) 
emphasizing the constraining role of nonnative forces associated with socia.cultural categories, including those 
related to organiutional roles and hierarchical authority structures. Mantovani's view of context fits within a well
established tradition of social scientists who, from various theoretical perspectives, have argued that human action 
must be explained through a consideration ofan actor's subjective understanding of the situation in which s/he acts 
(e.g., Blumer 1969; Lewin 1935; March and Simon 1958; Mead 1934; Weick 1979; 1995). Context should not be 
understood as some objective reality that exists independent ofus, mysteriously influencing our behavior. Actors 
engage in intentional actions in reference to their context as they understand it, not as it might be understood by 
some other actors, or by hypothetically objective observers of the situation. 

Actor Context Models 
To distinguish between an actor's subjective understanding of the situation and some theoretically objective 
representation of the situation, we will refer to the former as the actor's "context model." We will use the term 
"objective situation" to represent the external environment of the actor, some of which may be reflected in his or her 
context model. The objective situation includes both the actor's physical environment and the socially constructed 
cultural environment in which s/he acts. As Searle (1995) and others have argued, social reality is perceived by 
social actors as no less objective than physical reality. The relationship between the objective situation and the 
actor's subjective context model is a matter of empirical investigation. It could well be that an actor overlooks or 
misperceives aspects of the objective situation, such that his or her context model is limited or biased in some way, 
leading to behavior that may be regarded as peculiar or dysfunctional from the perspective of another actor or 
observer who may perceive and understand the situation differently. We assume that context models have the 
following basic characteristics. 

Subjective, idiosyncratic and circumscribed. As stated above, context models are subjective, not objective 
representations of the situation, idiosyncratic to particular actors who each perceive the world from the unique 
vantage point associated with their own task related action. Context models are also circumscribed and bounded, 
constrained by human cognitive infonnation processing limits (e.g., Miller 1956) and relevance criteria associated 
with action-related intentions and goals. Cognitive information processing limits impose a general constraint on the 
degree of context model complexity associated with any particular action, so only those aspects of an actor's 
background knowledge that are perceived by the actor to be relevant to his or her contextually situated actions will 
be salient. As a simple example, while Jane knows there is a telephone sitting on her desk, that background 
knowledge only becomes salient when her actions involve the telephone-when it is ringing and she needs to 
answer it, or when she wants to use it to place a call. While context models draw on the actor's extensive 
background of knowledge and assumptions about objects in the narural and social world, cause-effect relationships 
in natural and social systems, structural relationships among conceptual categories, socio-cultural assumptions 
including social role structures, nonns, etc., this background knowledge must also be understood as idiosyncratic to 
each particular actor, rather than objectively defined for all possible actors. That is, while knowledge of the cultural 
and natural world may be theoretically available to any member of a social group or community of practice, this 
does not imply that each individual within the group will be aware of the same set of concepts or understand the 
same concept in quite the same way. For instance, while any physicist could theoretically draw on a comprehensive 
body of published research resources to engage in research on the origins of the universe, not all physicists possess 
the conceptual abilities to understand or apply these resources. 

Objects, categories and other actors. We assume that an actor's context model involves an organized system of 
perceived objects, conceptual categories, and other actors. For instance, we assume that salient objects perceived by 
the actor, such as Jane's telephone, are interpreted as members of phenomenal categories that are linked in the 
actor's mind to other conceptual categories drawn from his or her background knowledge. Similarly, other 
individual or corporate actors (including imagined or hypothetical actors in some instances) are also interpreted as 
members of social categories within the actor's context model. For instance, John might perceive Jane as a manager 
whose fonnal position is higher than John's in the corporate hierarchy. We also assume that human actors 
categorize objects and interpret categories in accordance with recent empirical findings and theoretical 
developments in the cognitive sciences, collectively subsumed under the label of"prototype theory" (cf. Lakoff 
1987; Rosch 1978). For instance, we assume that the extent to which an actor's behavior towards an object (e.g., a 
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ringing telephone) or another actor (e.g., a higher level manager) is scripted or routine (Schank and Abelson 1977), 
depends on the extent to which the actor perceives the object or other actor as a prototypical member of some 
conceptual or social category. 

Valences associated with objects, categories and other actors. We assume that actors perceive certain objects and 
categories neutrally and perceive other objects and categories as having positive or negative valences that influence 
their situated action. Drawing on Lewin's (1935) field theoretic approach to the explanation of human behavior, 
positive and negative valence objects and categories correspond with context knowledge perceived to directly or 
indirectly influence or constrain the actor's course of action, while neutral objects and categories correspond with 
knowledge that may become salient in the course of the actor's action, but which is not perceived by the actor as 
exerting an influence on that action. Lewin classically argued that a person's behavior is a function of hows/he 
perceives her immediate situation, which Lewin conceptualized as a subjective system of social fields representing 
the person's "life-space." Specific "regions of activity" within this life-space have positive or negative valences for 
the individual, inducing in the person the subjective experience of psychological forces that influence and constrain 
her behaviour. Lewin's life-space, therefore, can be understood as the actor's subjective cognitive representation of 
her immediate situation and her action within it. Positive and negative valences can result from a variety of sources, 
including perceived physical or social constraints and opportunities, and affective relations. For example, a physical 
barrier that impedes an actor's intentional action, such as a roadblock that forces her to adjust her planned route to 
work, might be perceived by the actor as having a negative valence, while a suitable alternate route would be 
perceived as having a positive valence. Social constraints and opportunities might include normative sanctions and 
rewards associated with certain kinds of behavior. Positive and negative valences associated with affective 
relations, including emotional attachment, liking or disliking, also influence how actors interact with objects, 
categories and other actors. For instance, emotional attachments to certain religious doctrines may lead believers to 
engage in violent confrontations with others whose actions contradict their beliefs. Similarly, a police officer may 
choose not to issue a ticket for traffic violations ifs/he is attracted to the violator. 

Dynamic and adaptive. Since an actor's context model provides only a circumscribed and limited representation of 
his or her objective situation, it must also be an adaptive model that is dynamically reconstructed on a continual 
basis as s/he engages in new forms of action and perceives new aspects of the objective situation. As new 
circumstances arise, new objects, categories and actors become salient, while others are rendered irrelevant and 
ignored by the actor. Note that we assume actors dynamically adapt the internal structure of conceptual and social 
categories (i.e., category boundaries and the prototypical objects within categories) in relation to the salient objects 
and actors actually perceived in the course of their situated action (Smith and Samuelson 1997). That is, actors do 
not behave unthinkingly in accordance with preprogrammed plans or category scripts, but dynamically adjust their 
behavior in ways that are conceived to be consistent and coherent with the requirements of the immediate situation 
as perceived (Suchman 1987). 

Contexts. Communication and Knowledge Transfer 
The preceding discussion considered the influence of context on the organization of an actor's situated task-related 
knowledge. We now tum our attention to problems that arise when interactions between two actors are mediated 
through computer-based infonnation systems such as Enterprise Resource Planning (ERP) or the Internet. Figure I 
illustrates the basic structure of such a mediated interaction. Actors A and B engage in task-related interaction 
within their particular objective situations, each acting in relation to the respective context model s/he has of his or 
her objective situation. Actors also interact with an information system (IS) that mediates their interaction. This 
actor-system interaction could take a wide variety offonns, but we will restrict our attention in this paperto the case 
in which one of the actors, say actor A, encodes information in the IS, that is later decoded and used by actor B. 
Such an interaction could occur when actors A and Bare members of the same organization who occupy different 
functional roles and interact with one another repeatedly in real time, creating a continuous cycle of two-way 
information flow between them. It could also occur if they were complete strangers who interact only once and 
information flows in only one direction, for instance if actor B were to anonymously download information from the 
Internet that actor A had posted on a web page several months earlier. 

26 1 



Proceedings of the 2003 IEMS Conference 

.----------'iActor,..A;;.... ____ _ 
Objective ~ Context model 

situation A ➔ (A) 

Infonnation S stem ~-----~ActorB ~------
System model ~ Context model ~ Objective 

➔ B) ➔ situation (B) 
'---- - -'"--'----' 

Figure 1. Interaction Between 2 Actors, Mediated by an Information System. 

To focus our analysis on difficulties associated with the encoding of task-related information by an actor in one 
context and its decoding by another actor in a second context, we further restrict our attention to the special case in 
which the JS represents the only communication channel linking the two actors. We recognize, of course, that such 
difficulties can often be mitigated if actor Bis able to ask actor A questions of the form "What do you mean by 
that?" via some parallel communication channel. However, by focusing on the extreme case in which no parallel 
channel is available, our intention here is precisely to highlight the loss of meaning that occurs in such exchanges 
and to examine directly the structure of this meaning Joss. 

Information System Model 
The interaction in Figure 1 is mediated by a "system model" that defines how information is encoded and 
represented within the JS. This model could be thought of as the system designer's model, since in many instances 
it would reflect the designer's perceptions of the infonnation requirements of those who use the IS. It could also 
represent the outcome ofa relatively unplanned evolutionary process of JS development decision making, in which 
the perceptions ofno single individual dominates the design. In a comprehensive organizational IS like ERP or a 
public Internet website like Yahoo!, the system model would generally consist of a kind of compromise model 
reflecting to vaiying degrees the di verse information requirements of particular actors. In the case of a website 
designed and maintained directly by actor A, the system model might closely reflect her own context model, or her 
theory of the informational needs of the anonymous Internet users likely to access the site. 

Subjective, idiosyncratic and circumscribed structure, that is objectively understandable. Any information system 
can be analyzed objectively to define how it in fact organizes and represents information. In this sense, the system 
model can be thought of as having an objective structure that, at least in theoiy, can be understood by any actor 
using the system. In practice, however, particular users may not comprehend the objective structure of the system 
model, but interact with the JS on the basis of a modified understanding of the system. For instance, actors may not 
take full advantage of system capabilities of which they are unaware, or they may erroneously assume the existence 
of capabilities that are not actually available. At the same time, any particular IS organizes infonnation according to 
schemas resulting from subjective choices made by its designers, from among the variety of potential ways of 
organizing the infonnation in question. As such any IS model must always be circumscribed or limited in tenns of 
the variety of infonnation that may be represented and is also both subjective and idiosyncratic, favoring particular 
assumptions about user information needs over others. The system model might reflect a compromise structure that 
carefully balances the conflicting information needs of various actors, satisfying each to some extent. Alternatively, 
it might privilege the needs of particularly powerful actors over the needs of those with less power. Or again, the 
system model might reflect nonnative managerial or expert prescriptions about how task-related interactions among 
users are formally supposed to work, rather than how they actually work. Whichever the case, if it is assumed that 
the needs and contexts of different actors are sufficiently distinct from one another, the system model will be 
inconsistent with the needs ofat least some users, at least some of the time. 

Objects, categories and other actors. Underlying the system model is a classification scheme that mediates the 
interactions of system users. As suggested above, this system of categories has its source in the decisions specifying 
the initial design of the IS, and in many cases would represent a sort of compromise among the particular schemes 
used by the actors involved to organize the objects and other actors associated with their particular contexts. 
Knowledge transfer mediated by an information system, therefore, can be conceptualized as the interaction between 
three more or less incommensurate categorization schemes: those associated with the idiosyncratic context models 
of actors A and Band another associated with the IS model that mediates their interaction. 

As discussed, we assume that human actors categorize objects in accordance with the general findings of prototype 
categorization theory ( cf. Lakoff 1987; Rosch 1978). Prototype effects are likely to influence both the initial design 
ofan infonnation system and the ongoing interactions of actors with the IS. We shall explore the implications of 
prototype effects on the user interactions with the IS in detail below. With respect to IS design, prototype effects 
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associated with the designer's classification of users and their perceived infonnation requirements should influence 
design choices and specifications, such that system models are likely to reflect the prototypical infonnation 
requirements of prototypical users. Compared to actor context models, therefore, the objects and categories that 
define the structure of an infonnation system model are likely to be more fonnalized and standardized. Similarly, 
assumptions designed into system models about IS users tend to be stereotyped and, in the case of organizational 
infonnation systems, closely related to the fonnal role requirements of organizational members. 

Valences attached to objects, categories and other actors. We assume that the categorization scheme upon which 
the IS model is based includes both neutral categories and categories with positive or negative valences that directly 
influence how actors interact with the IS. For example, the assignment of part numbers in an ERP system may be 
completely arbitrary, such that no inherent meaning is associated with any particular number assigned. In such a 
system, the part number would be a neutral category that has no particular influence on the action of users. On the 
other hand, certain categories may have positive valences, while others could have negative valences. For example, 
in many manufacturing firms it is desirable to ship products before the end of the financial quarter, in order to 
maximize quarterly sales results. Thus, the category "shipped" has a positive valence while the category 
"incomplete" has a negative valence, both of which may influence how actors in such finns define the act of 
shipping a product. In one manufacturing finn, incomplete products were loaded onto trucks on the last day of the 
quarter to be counted as "shipped," only to be unloaded the next day to complete the manufacturing process. In 
general, the system model is a product of subjective system design decisions made within an organizational or social 
context that assigns positive and negative valences to certain categories of objects and individual or corporate actors 
(cf. Duimering and Safayeni 1998). Valences associated with the categories that make up the classification scheme 
underlying the system model are likely to reflect this organizational system of valences. 

Relatively static, slow to adapt. Finally, compared to actor context models, which we have suggested are 
continually reconfigured as actors engage in new forms of action, information system models and their underlying 
classification schemes tend to be relative static and slow to adapt. During the initial design and implementation of a 
new information system, model assumptions may be relatively malleable and subject to negotiation among the 
various actors involved. After this initial period, however, the design assumptions underlying an operational system 
tend to be much more difficult to question or change, either in response to the recognition of system deficiencies, or 
in response to the changing demands of organizational actors and their organizational environment. 

Summary: Knowledge Transfer as Interactions Between Incommensurate Categorization Schemes 
We have argued that actors interact with their local context on the basis of idiosyncratic context models that reflect 
how they understand their work situation. Context models reflect the actor's particular task-related goals, norms 
associated with his or her fonnal role, and the network of others with whom s/he interacts while perfonning tasks. 
They are flexible, continually adapting to new features perceived in the environment and new fonns of intentional 
action. A central characteristic of context models is the underlying classification scheme that organizes how the 
actor conceives of the objects in his or her work situation and the other actors with whom s/he interacts. While 
some of the categories, objects and other actors that constitute the elements of an actor's context model are neutral, 
many others have positive and negative valences that influence and constrain the actor's context behavior. Since 
actors in different contexts experience a different set of contextual constraints, their respective models reflect 
different underlying classification schemes. In short, they see and understand the world differently. 

Knowledge transfer between organizational contexts, therefore, involves the production of infonnation based on one 
classification scheme and the interpretation of that information based on a different scheme. In general, knowledge 
transfer between actors in different contexts can be conceptualized as a process of interaction between more or less 
incommensurate classification schemes. Knowledge transfer mediated by an information system is more complex, 
since it involves a third classification scheme associated with the system model that structures how information is 
represented and stored within the IS (see Figure 2.) The IS model is less flexible and adaptive than actor context 
models and its underlying classification scheme is more stereotyped, representing at best a compromise among the 
diverse infonnation requirements of the various actors involved. Prototype categorization effects on the part of IS 
designers influence how both users and their information requirements are represented within the IS, to the extent 
that the system model is likely to reflect the prototypical requirements of prototypical users. 
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Actor A Information Svstem ActorB 
Objective ~ Context model System model 

situation A ➔ (A) 

~-----~ L_ ,---....,....,.-,----, 

Context model ~ Objective 
(B) ➔ situation B 

A's IS B's 
Classification ~ Classification ~ Classification 

Scheme ➔ Scheme ➔ Scheme 

Figure 2. Knowledge Transfer Viewed as the Interaction Between Incommensurate Classification Schemes. 

KNOWLEDGE TRANSFER DIFFICULTIES 
Given this conceptualization of the process, we now examine knowledge transfer difficulties that arise from 
incommensurability among the interacting classification schemes. An IS model provides a standardized 
classification scheme that mediates the interactions of actors using the IS. Although the product of prototype effects 
on the part of IS designers as we have noted, we suggest that this system of categories actually functions more in 
accordance with the assumptions of"classical categorization theory" than prototype theory. To explain, we first 
delineate some of the basic tenets of the two perspectives, drawing on Lakoff's (I 987) exposition of the 
development of prototype theory in contrast to classical views, beginning with Wittgenstein's ( 1968) foundational 
analysis of"family resemblances," through to the experimental findings and theoretical work of Rosch (1978). 
Lakoff ( 1987) suggests that classical views of categorization assumed each of the objects in a category shared 
certain defining features in common and that the criterion for classifying a particular object in a category was the 
presence of these features in the object. That is, the classical view assumed that categories were separated by 
distinct boundaries and homogeneous in content. By contrast, prototype theorists provide a description of how 
hwnans actually categorize objects phenomenally and have demonstrated that categories often have "fuzzy" 
boundaries, where membership is determined by the perceived similarity or association between a particular object 
and the prototypical member of the category. As Wittgenstein (1968) demonstrated with respect to the category 
«games," no set of defining features is shared by all of the things that we refer to as "games." Rather than 
homogeneous contents, categories have a variety of internal structures by which object membership is determined, 
including membership "gradients" (e.g., the category "tall") and "radial" structures (e.g., the category "mother"). 
Prototype theory also proposes that categories are organized into systems, or taxonomies, that define certain 
conceptual relationships among them. For instance, many categories are organized conceptually in hierarchical 
systems that relate so-called "basic level" categories (e.g., "dog"), to subordinate categories (e.g., "Golden 
Retriever") and super-ordinate categories (e.g., "animal"). Basic level categories have particular significance for our 
purposes because this level is most directly associated with human action and, as Tversky and Hemenway (1984) 
have argued, is the level at which most knowledge is organized in the human mind. For example, humans interact in 
a wide variety of different ways with "animals," but in more limited ways with "dogs." While there is a high degree 
of similarity among the kinds of interactions we have with particular kinds of dogs, such as "Golden Retrievers" or 
••oalmatians," our interactions with dogs are very different from our interactions with other types of animals, such as 
••horses" or "elephants." Thus, our knowledge of how to engage in interaction with objects or other actors tends to 
be organized at the basic level, rather than at either the subordinate or super-ordinate levels. Finally, it is important 
to recognize that different actors will establish different classification schemes, in accordance with the particular 
requirements of their own situated task-related actions. For instance, a medical doctor specializing in cancer 
treatment will be able to discriminate amongst a much finer range of cancer symptoms than a general medical 
practitioner. The organization of our classification schemes, therefore, is closely related to our interactions with 
particular categories of objects, and with our knowledge of how to interact with these categories of objects. 
In terms of the present argument, when categorization schemes are imbedded in information systems, the extent to 
which the assumptions of prototype theory obtain is unclear. Consider the following example (adapted from 
Duimering 1997). Suppose actor A wishes to record the fact that she is in possession of a waterbed, in an 
information system (e.g., a database) shared with actor B. She finds, however, that the system model does not 
include a category for directly recording "waterbeds" and decides that "furniture" is the most appropriate category 
available within the IS. That is, the IS categorization scheme does not provide a means of discriminating amongst 
various types of furniture, but requires users to encode all types as "furniture." Since a waterbed is a type of 
furniture, A records in the IS that she possesses one piece of furniture. How is B to interpret this information? 
Certainly Bis likely to understand th~t A has a piece of furniture, but Bis extremely unlikely to imagine that A 
possesses a "waterbed," which most people would regard as a rather atypical variety of furniture. Instead, B will 
likely assume that A is referring to a more prototypical piece of furniture, such as a table or a chair. From A's 
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perspective there is nothing unusual about referring to a waterbed as a piece of furniture, but by encoding the 
waterbed in the super-ordinate category "furniture," the degree of (dis-) similarity between the particular object (i.e., 
the waterbed) and prototypical members of the category (e.g., table or chair) is lost. 

The process of classifying objects for the purpose of communication, therefore, has the effect of filtering out context 
information. Specifically, classification filters out information about the relationship between the particular object 
classified and the category in which it is placed. In essence, B interprets the IS category "furniture" as a classical 
category-with distinct boundaries and homogenous contents-in which all member objects are presumed to share 
the properties of tables or chairs, the prototypical members of the phenomenal category "furniture." Paradoxically, 
B's classical interpretation of the furniture category occurs precisely because of prototype effects that influence his 
understanding of the category. That is, furniture prototypes, such as tables and chairs, play an important role in B's 
understanding of the furniture category. In the absence of other information, Bis likely to draw on the only 
information he has available to interpret the meaning of the category- his knowledge of the prototypical structure of 
the category. The example highlights the sorts of difficulties that may arise during computer-mediated knowledge 
transfer between organizational contexts. In the following sections we define three general classes of knowledge 
transfer difficulties associated with interactions between incommensurate categorization schemes: I) Basic level 
inconsistency, 2) Category-prototype inconsistency, and 3) Category-category inconsistency. 

Basic Level Inconsistency 
Knowledge transfer difficulties can arise when the classification schemes used by different actors, or by an actor and 
an IS, are organized around different basic levels of categorization. In the preceding example, actor A's task-related 
knowledge was organized at the level of"waterbeds," while the IS used the more abstract level of"furniture" as its 
basic level category. In general, an actor engaged in situated interaction with objects and other actors that constitute 
his or her organizational context is likely to have more complex and detailed model of that context than can be 
represented by an information system designed for use across a variety of contexts. In terms of the model in Figure 
2, actor A's context model is likely to provide a more detailed representation of context A, and B's context model is 
likely to provide a more detailed representation of context B, than those provided by the IS model. On the other 
hand, if the IS represents the only communication channel linking the two actors, as we have assumed in this paper, 
then the understanding A and 8 each have of the other's contexts are likely to be simpler and less detailed than the 
IS model. Specifically, A's context model is likely to provide a less detailed representation of context B, and B's 
context model is likely to provide a less detailed representation of context A, than those provided by the IS model. 
Basic level inconsistencies are likely to create knowledge transfer difficulties during both information input and 
output interactions between actors and the IS. When the actor's categorization scheme is less complex and detailed 
than that of the IS, s/he might feel confused and overwhelmed by the complexity of the IS model, be unable to 
formulate detailed queries that make sense in relation to the IS model, or be unable to understand its detailed 
outputs. When the actor's categorization scheme is more complex and detailed than that of the IS, s/he might 
misinterpret its ambiguous categorical outputs, and feel discomfort about being forced to encode precise objects in 
what seem to be inappropriate and overly abstract categories. In her dissertation examining the process of 
communication as a function of set structure, Purdy (1989) provides the example of Joe Handy, which captures the 
essence of these sorts of difficulties (p. l ). Joe is a novice handyman attempting to purchase some screws from a 
hardware store for a home carpentry project. Although his request for screws seems perfectly reasonable to him, 
since he knows that he does not require other types of fasteners (nails, nuts and bolts, etc.), it is too vague and 
imprecise from the point of view of the clerk at the hardware store, who knows that there are many different kinds of 
screws (for use with wood or metal, a variety of different lengths and diameters, etc.) 

Category-Prototype Inconsistency 
In the waterbed example, the difficulty in knowledge transfer arose from an inconsistency between the object 
encoded as input to the IS by actor A and the interpretation of the categorical output of the IS by actor B. Since 
waterbeds and furniture are common enough items, it is likely that A and B would share a relatively consistent 
understanding of the objects and category involved. Consequently, B's misunderstanding of the object represented 
by the IS category was strictly due to the fact that A was compelled to encode the waterbed as "furniture" due to the 
constraints of the IS model, even though a waterbed is an atypical exemplar of the furniture category. 

In general, however, this may not be the case and further difficulties may arise when A and B also have inconsistent 
understandings of the objects and categories in question. Because of the various contextual influences discussed 
earlier, such as context-dependent norms, roles, goals, etc., different actors in different contexts might interpret the 
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meaning of the same category differently. For instance, if A works in a waterbed factory she might actually 
conceive ofwaterbeds as prototypical members of the furniture category within that context, and experience no 
dissonance whatsoever when she encodes a waterbed as furniture within the IS. Indeed, ifB also worked in the 
waterbed factory, he might share the same understanding of the furniture category and have no difficulty interpreting 
A's use of this category as meaning "waterbed." On the other hand, if A and B work in different contexts each might 
have a different understanding of the prototypical structure of the categories they use to communicate and share their 
knowledge, even though each actor and the IS that mediates their interaction use the same linguistic tokens to 
identify the categories involved. The extent to which category prototypes differ between the two actors, would 
influence the degree of difficulty encountered in knowledge transfer between them. 

Category-Category Inconsistency 
Finally, knowledge transfer difficulties also arise when the classification schemes used by two actors or by an actor 
and the IS simply classify along fundamentally different dimensions. For instance, Bowker and Star (1999, pp. 22-
23) present a table indicating causes of death for England during the latter half of the seventeenth century. Typical 
causes of death at the time included "itch", "jaw-fain" and "suddenly"-categories that no longer have any real 
meaning in current medical discourse. Medical researchers attempting to use this seventeenth century data to 
reconstruct the causes of death in current terms would have a difficult time. The two patient death classification 
schemes are mutually inconsistent and no straightforward transformation function exists for converting knowledge 
produced in one system to make it understandable in terms of the other. 

Organizational examples of such transformation difficulties are common. For instance, an accounting information 
system might organize business expenditures into classes of expenses and depreciable capital investments, 
conforming to public accounting standards, many of which are mandated by legal taxation authorities. On the other 
hand, a department manager may consider such distinctions to be irrelevant for decision-making purposes, and be 
more concerned about tracking cash-flow on a weekly basis in order to decide when to place purchase orders for 
certain items. The two classification schemes are largely inconsistent and complex transformations may be required 
to reconcile the two ways of framing the organization's financial transactions. A researcher investigating a problem 
that crosses traditional academic discipline boundaries is likely to encounter similar difficulties when searching 
library databases for prior research findings. Although the researcher's problemistic search is framed by the 
particular requirements of the research problem, library resources are likely to be organized according to a 
standardized discipline-based classification scheme, such as the Library of Congress system, that may use a variety 
of different keywords to represent similar phenomena occurring in different disciplinary domains. 

CONCLUSION 
The process of categorization is fundamental to human knowledge and action. Classification schemes influence 
how we perceive and conceive of the events, objects and other actors in our environment, which in tum influence 
how we interact with these objects and others. As Foucault (1970) and others (e.g., Bowker and Star 1999) have 
demonstrated, classification schemes are historically and culturally relative. We argue they are also situationally 
relative. Over time, the micro social forces experienced by individuals within their task situations will influence 
how they perceive and conceive of events, objects and other actors in their work situation. In effect, each 
organizational actor will act in relation to the idiosyncratic context models and classification schemes that frame 
their unique understanding of the situation in which they act. Moreover, as actors, we continually restructure our 
conceptual and social categories in relation to the salient requirements of the immediate situation in which we act. 
While our categories are the product of social interaction, and therefore shared with others, their contents and 
structure are adapted to suit the constraints of our situated action. We do not unthinkingly apply standardized 
behavioral scripts, but adjust our plans in relation to the situation as we perceive it (Suchman 1987). 

In this paper, we have proposed a framework for conceptualizing difficulties in computer-mediated knowledge 
transfer between organizational contexts. We have not proposed a theory of context itself(cf. Mantovani 1996), but 
instead a theory of how people understand and interact with their physical and social organizational context, how 
context influences the way actors organize their knowledge and how knowledge transfer difficulties arise from the 
organization of an actor's knowledge. Organizational contexts have been conceptualized in terms of adaptive "actor 
context models that reflect how actors understand and interact with the objects and other actors that constitute their 
organizational contexts. Underlying an actor's context model is an idiosyncratic classification scheme that reflects 
how the actor conceives of the objects and others with whom s/he interacts in the course of task-related action. 
Information systems have been similarly conceptualized in terms of a system model and an associated classification 
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scheme that define how information is organized and processed within the IS. Our overall framework then 
conceptualizes computer-mediated knowledge transfer between organizational contexts as a process of interaction 
between more or less incommensurate classification schemes. By conceptualizing the problem in this way it is 
possible to raise questions about the kinds and varying degrees of incommensurability that may obtain in different 
situations. We have defined three classes of knowledge transfer difficulties based on this conceptualization: I) 
Basic level inconsistency, 2) Category-prototype inconsistency, and 3) Category-category inconsistency. Further 
research is required to investigate both the relative impact on the knowledge transfer process of these three forms of 
categorization scheme inconsistency and of varying degrees of inconsistency within these general classes. 
Procedures for overcoming the knowledge transfer difficulties resulting from these three forms of categorization 
scheme inconsistency are not obvious, and further research is also required in this area. In terms of our 
conceptualization, knowledge transfer between contexts involves a process of transformation, in which conceptual 
objects that are meaningful to an actor in one context must be transformed or reconstructed in some way to become 
meaningful to another actor in another context. To improve the knowledge transfer process in organizations, future 
research must investigate the nature of these transformation processes. We believe that our conceptualization 
represents an important step towards providing a general structure for understanding the organizational knowledge 
transfer problem, but much work is still required to work out the implications of this structure. 
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FAST BERNSTEIN INTERPOLATION USING BLOCKING 

Joseph Kolibal, Jianxiang Qiao and Yang Ye 
University of Southern Mississippi 

ABSTRACT 
This study examines the application of Bernstein function interpolation to image data, and specifically examines 
techniques for accelerating the interpolation process. Bernstein interpolation requires inverting a full n•n matrix , 
where n is the size of a row or column in the image, and this must be done for each row and column in the image in 
the case of one-dimensional interpolation. 

In this article, a block decomposition algorithm is examined which can substantially accelerate the inversion process 
while keep the quality of the scaled image high. In this algorithm each row and column of the image is broken into 
multiple blocks. Instead of interpolating a row or column, we interpolate multiple small blocks, significantly 
accelerating the processing of the image. 

While blocking accelerates the inversion of matrices, it causes problems associated with discontinuities between 
neighboring blocks. The solution to this problem is to develop techniques for overlapping the end points of two 
neighboring blocks. 

INTRODUCTION 
Typically, enlarging an image is accomplished by increasing the size of each individual pixel, resulting in a jagged 
image which exhibits the staircasing when the enlargement factor is large. In more sophisticated applications, this 
may also be accomplished using a low order polynomial approximation, often consisting of a splines, with knots. 
Interpolating images so as to provide a smoother transition across pixel values than is possible using polynomial 
interpolation, while having full control over edges is clearly desirable, as the lack of spuriously introduces wiggle, 
and other artifacts common with splines can be avoided. The objective is to introduced to image processing a new 
class of interpolation tools using Bernstein function interpolation which allows for completely smooth interpolation 
of even very rough, noisy pixel data when applied to image interpolation while opening the way for achieving high 
computational efficiency. The interpolation technique can be fully two dimensional, however in the implementation 
discussed in this study, the interpolation of image data is done using two one-dimensional interpolations. 

Bernstein function interpolation requires a two step process which can be characterized as a deconvolution process 
followed by a re-convolution process. First the interpolation method requires obtaining a pre-image, which is 
constructed from the original pixel data, and which is by the nature of the deconvolution process, much rougher than 
the data from which the pre-image is derived. Then the technique smooths this noisy, pre-image of the pixel data to 
obtain the interpolated image. 

To obtain the new pixel values, it is necessary to solve a linear system (the deconvolution process) in order to obtain 
this pre-image. The details and the associated computational issues of how to accomplish this interpolation 
efficiently so as to generate, smooth, scaled images is the focus of this study. 

The major part of computations required for the interpolation for each row and column of the images is the inversion 
of a n• n matrix. In addition, as a deconvolution-convolution operator, there is the requirement to evaluate the iscrete 
convolution of the data with a mollifying function, which in this case is the error function. Computing these tenns 
associated with each pixel is also recognized as expensive. Thus, to accelerate the process, it is necessary to speed 
up the inversion of the matrix and, minimize the calculation of the error function. The technical and mathematical 
foundations for accomplishing this are discussed at length in [2). As noted in this paper, gains in efficiency are 
possible by constructing a Bernstein basis which requires inverting the deconvolution matrix only once. The 
evaluation of the error functions associated with the pixel data can also be further reduced to a one time process, as 
the terms depend only on the distance of each pixel to the new interpolation points, and thus these terms can be 
computed only once, and then stored for further use. While these techniques reduce the computational overhead 
associated with the interpolation, the cost is still prohibitive because of the size of the data files to be processed in 
image interpolation require that a large matrix be inverted. 
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Further computational speed-up is possible by introducing a blocked Bernstein interpolation algorithm, in which the 
domain is decomposed into several smaller regions, each of which is interpolated using Bernstein functions. In this 
paper, the application of these ideas to image interpolation is carried out, mindful of the efficiency issue, and the 
need to preserve image quality across blocks, which introduce difficulties in building a completely smooth 
interpolant. 

BLOCK DECOMPOSITION OF THE INTERPOLATION 
The cost for inverting a matrix of order an3 where a is 1/3 for Gaussian Elimination, and it varies depending on 
different algorithm. Because ex does not make any difference to the block algorithm, we ignore it. Suppose an n by n 
image is scaled by factor m (which needs not be an integer). First, interpolate each row from n pixels to be mn pixels 
for all n rows. Next, interpolate each of resulting mn columns using the same approach. The inversion cost for row 
interpolation is 

and the inversion cost for column interpolation is 

So, the total matrix inversion cost is 

(m+l)*n*n3 = (m+I)n', 

which will intolerably slow down the whole process especially when n is large. 

To speed up the inversion process, break down each row and column into multiple blocks. The size of the block can 
vary. Suppose the size of each block is b. For an n*n image, a row or column has a size of n. After breaking down to 
blocks each with size b, there are nib blocks. If b is not an integer factor of n, there are (n lb+ I) blocks. This does 
not change the order of computation, however it does add a remainder block onto each row and column. The result 
is nib blocks for each row and column, and the inversion cost for each block is b3

, the total cost for each row or 
column is 

Because there are n rows and m*n columns to be interpolated, for the whole inversion process, the cost is 

Because b usually can be as small, e.g., 4,6,8, 10 (usually chosen to be 8), b2 usually is much less than n, sot that the 
total cost is significantly less than n4. As expected, blocking improves the computational efficiency. The problem is 
that it introduces errors since the blocking affects the smoothness of the interpolated data. 

The following is the c++ code segment for implementing the block algorithm: 
int count = O; 
double •new_data[num_of_blocks]; 
for(int i = O; i < nwn_of_blocks; i++} 
{ 
if(i = num_of_blocks • I) 
new_ data[i] = interpolate_ end->solve _by_ BF( old_ data+count); 
else 
new_ data[i] = interpolate->solve _by_ BF( old_ data+coW1t); 
count+= block_size; 
} 
In this algorithm, interpolate is an instance of the class Interpolate, solve by BF is a public method of this class, 
which returns a double pointer pointing to the beginning of the data of the new block, old data is a double pointer to 
the beginning of the row or the column data (the pixel data of each row or colwnn has to be read out using the 
library routine according to the type of image and converted to double based on the byte). The first time when old 
data+count is passed to solve by BF, the count is 0, so it points to the beginning of the first block. Subsequently, 
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it always points to the beginning of the next block. interpolate end is another class instance which is used to handle 
the last block, which is usually not the same size as the other block's, unless b divides n and m exactly. 

The two graphs shown in Figure 1 and 2 show the cost difference between block algorithm and the ordinary 
algorithm without blocking. In both graphs, the top line represents the perfonnance of the Bernstein interpolation 
algorithm without blocking, and the bottom line represents the performance of the block algorithm. The first graph 
shows the results when scaling a 91 by 69 PNG image by factor from 2 to 16. The second graph shows these results 
when scaling a 162 by 150 PNG image by factor from 1 to 6. It is obvious from the two graphs that the performance 
of block algorithm improves as the size of the original image to be scales increases. 
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where tn is the elapsed time to interpolate without blocking, and tb is the elapsed time to interpolate with blocking, 
and where n is the scaling factor. Then £2 is 3.27 for the 91 by 69 image and 4.65 for the 162 by 150 image, £6 is 
3,11 for the 91 by 69 image and 5.85 for the 162 by 150 image. 
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PATCHING THE DISCONTINUITY 
Although the block algorithm speeds up the matrix inversion, it creates another problem, namely that of 
discontinuities between any two neighboring blocks. Discontinuities become more obvious when the scale factors 
becomes larger. To illustrate the problem, examine the smaller picture in the comer ofFigure 3 which is extracted 
from the larger picture. Applying the block algorithm to this picture and scaling the image by a factor 8, the result is 
shown in Figure 4 on the left. Note carefully, the edges that exist along block boundaries in this image. 

Bernstein Function Interpolation preserves the two end points of the original pixel data. Thus, the two end points of 
interpolated block are unchanged, however, because many more points are inserted inside each block between the 
two end points while none are inserted between the end of one block and the beginning of the next block, when the 
image is enlarged a discontinuity between neighboring two blocks can develop. 

Figure 3: PNG image of a molecule showing the close-up region to be zoomed. 

To solve the discontinuity problem, interpolate each block starting from the end point of the last block, creating an 
overlapping of the block boundaries. With clc++, this technique is easily implemented by using pointers. Without 
the use of pointers, it would be necessary to predetermine the starting and ending points of each block. The 
algorithm for accomplishing this is 

int count = O; 
double •new_data[num_of_blocks]; 
for(int i = O; i < num_of_blocks; i++) 
{ 
if(i = num_of_blocks - I) 
new_data[i] = interpolate_end->solve_by_BF(old_data+count); 
else 
new_ data[i] = interpolate->solve _by_ BF( old_ data+count); 
count+= block_size - l; 
} 
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The image on the right of Figure 4 shows the result of using an overlapping approach, and it is obvious that the 
discontinuity problem has been solved, at least in part. 

Figure 4: Zooming on the molecule without block smoothing on the left, and with block smoothing on the right 

DISCUSSION OF RESULTS 
While a simple modification of the block decomposition algorithm used to implement a Bernstein interpolation 
image data improved the quality of the results, while at the same time providing large gains in efficiency, the 
approach which is described is only intended to demonstrate the utility of the approach. To fully appreciate the 
motivation for doing Bernstein interpolation in the first place, it is necessary to recognize that the technique can 
yield smooth interpolants (i.e., interpolating the function and all of its derivatives so as to yield a smooth function, 
i.e. one which is C"'). The goal is to accomplish this across the entire image. 

In its present form, the overlapping of the block boundary data provides only for C 0 continuity across the block 
boundaries, with C"' continuity of the image within each block. Using a cubic spline across boundaries would yield 
C"' continuity (i.e., the function, and its first two derivatives would be continuous). The need for this level of 
smoothness is motivated by a desire to postprocess the enlarged images, and the ability to construct enlarged images 
which are free from edges (detectable by discontinuities in the higher derivatives) has merit. 

The Bernstein interpolation which is presented in this study also lacks definition. One of the reasons for using 
Bernstein interpolation is that all of the derivatives of a function are readily available, for analysis, and equally it is 
possible to tune the interpolation to preserve edges (i.e., to smooth less, or none at all, along the image boundaries 
that are detected). While the current study does not address these, it does point the way increasing the efficiency of 
the method without necessarily sacrificing its attributes. We are presently in the process of developing a more 
sophisticated method which achieves blocked at the level of the deconvolution-convolution process, i.e., it does 
not segment the data, but instead segments the linear mappings used to construct the interpolation. We believe this 
will be a more productive approach, however at the very least blocking the data does yield excellent results, and we 
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have begun using this technique for enlarging and shrinking images where high quality results are desired. The 
blocking described in this paper, while not absolutely smooth, does suffice for many applications. 
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PARALLEL PROGRAMMING ENHANCEMENTS FOR PROCESSING HYDROGRAPHIC DATA 

M.J. Miller, Geary Layne, Dave Fabre and Krzysztof Sarnowski 
The Naval Research Laboratory, The Naval Oceanographic Office and 

The University of Southern Mississippi Hydrographic Science Research Center 

ABSTRACT 
Parallel programming techniques have been used for years to develop processing software that does the same work 
in only a fraction of the time. The research in this paper focuses on the 1/0 problem associated with a parallel 
application writing to a single physical disk. Included in our research are the original ideas that led to the first 
version of the parallel software, subsequent versions of the software derived from lessons learned from benchmark 
results, and speedup results of each version. The platform used was a custom built Linux Beowulf cluster running a 
standard Linux kernel and the MPICH parallel message-passing library. The underlying purpose of this software is 
to process hydrographic data having a complicated, multi-tiered format. The data processing involves reading tens to 
hundreds of files containing raw data, filtering out extraneous data values, and writing the filtered data to a single 
file used in additional processing. The problem is not computationally intensivt, but bound by the system's file 
writing capability. Subsequent versions of the parallel software developed exploit the strengths of the system's 
hardware to write the output file in the most time efficient manner. Each software version uses advanced software 
architecture schemes to achieve better results. Results show that the more responsible the software was for 
organizing the data before writing, the better the speedup. The critical factor for writing data efficiently involved the 
limitation of writing data over a single 1/0 controller. Our parallel software has fantastic utility where system 
specifications do not allow for the use of parallel file systems, or writing data over multiple 1/0 controllers. 

INTRODUCTION 
The Naval Research Laboratory's (NRL) Code 7440 Production Enhancement Team at the Stennis Space Center has 
been tasked to develop ways to speedup hydrographic data processing at the Naval Oceanographic Office (NA VO) 
[Depn02]. This paper presents the final development of a parallelized version of the Pfm_loader application 
customized to run on a Beowulf cluster. 

This paper specifically covers software development efforts in early FY02 [Sam02 ]. In a series of algorithms, called 
Schemes D, E, and F, a parallel algorithm previously implemented in Scheme C (see Figure I) has been integrated 
with an improved version NAVO's of the Pure File Magic (PFM) library. Former versions of this software not 
mentioned, namely Schemes A and B, were used as a design platform for the software architecture found in Scheme 
C. The main goal of this work was to increase the writing rate of binned data to a physical disk. The final software 
version is Scheme F. 

The final parallel code of Scheme F achieves the best speedup for the largest available test dataset. The simple runs 
(no filtering) exhibited a speedup of 10 as compared to the original, serial algorithm. Runs with swath filtering 
showed a top speedup of 8. Runs with area filtering reached a speedup of 6.5. Runs with both swath and area 
filtering showed a top speedup of 7. In all cases, data strongly suggest that greater speedups could be achieved for 
larger than tested input datasets. 

Section 2 of this paper is devoted to Scheme D. Section 3 presents results on an implemented threaded version of 
Scheme D. Section 4 deals with results for Scheme E. Section 5 describes Scheme F. Detailed results are presented 
on the perfonnance of Scheme F when swath and area based filtering are enabled. Section 6 presents results 
illustrating the effect of the physical disk's 1/0 throughput rates on speedup results. Section 7 discusses results and 
future plans. 

SCHEMED 
In Scheme D, as in Scheme C, nodes are assigned one of the following roles - a master node, an I/0 node, or a 
slave node. In general, more of the functionality of the original PFM library has been assigned to the slave nodes in 
Scheme D than in earlier schemes. 
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• Each slave node sorts read-in sounding data according to bin index and compresses them in the same way 
as is done in the original PFM library. The sending buffer is now in the form of a character string. 

• The VO node receives sounding data in the PFM compressed fonn and copies them into the PFM-style 
depth blocks consisting of six sounding data and a continuation pointer. 

• The master node role has not been changed from Scheme C. 

Results 
Figure 2 illustrates achieved speedups for different loads. The test datasets are denoted, as previously, by "L" (the 
Liberty dataset), "12" (12 files), "24" (24 files), "48" (48 files), and "74" (74 files). Timings have been averaged 
over four runs. Speedup figures are created by comparing parallel and serial runs. In the case of algorithm speedups, 
the comparisons are made with corresponding timings for three Message Passing Interface (MPI) processes. 
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Figure I: Scheme C (the precursor to the schemes presented in this paper) 
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Speedups exhibited by Scheme D reach about 7 for the four larger dataset loads. For the smallest dataset, Scheme 0 
shows a speedup of around 5, cutting the run time from around 2 min to 23 sec. For the largest input dataset tested, 
the measured speedup is 7 fold, reducing execution time from around 24 min to 3 min 20 sec. The optimal number 
of MPI processes is 9 for this scheme. 

THREADING 
Initial Plan 
The overall processing flow can be improved by grouping tasks into at least two threads on the 1/0 node and a slave 
node. Tasks related to MPI communication can be accomplished by a separate thread. A testing program mixing 
MPI and threading confinned that MPI Chamleon (MPICH) allows only a single thread to execute MPI calls. On the 
VO node, a separate communication thread would take care of receiving buffers. The other thread would be 
responsible for writing data to the PFM output file. On the slave node, a communication thread would send full 
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buffers to the 1/0 node. The second thread would transfer and process sounding data from input files to buffers. 
Tests are planned to check if the currently used dual-CPU system boards will efficiently support two application 
threads. A quad system board for the 1/0 node could be used if that proved beneficial. 

Threading the 1/0 Node: Algorithm 
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Only one part of the above plan has been implemented: Scheme D has been tested using Linux Posix threads on the 
1/0 node only. Processing on the 1/0 node has been separated into two threads. The second thread submits data to an 
output PFM file. The main thread does all necessary initialization and then creates one additional thread, called the 
1/0 processing thread. The main thread acts as the 1/0 communication thread. All MPI function calls are done only 
by the 1/0 communication thread. The 1/0 communication thread receives buffers from worker nodes and submits 
them to a work queue. The 1/0 processing thread checks the work queue for any full buffers, and uses PFM 
function calls to write data to the PFM output file. An empty buffer is returned to the work queue area. The 
algorithm implements reuse of buffers in order to avoid reinitializing buffers. All access to the work queue is 
safeguarded by "a mutex lock" (Mutually Exclusive Access Lock) mechanism, a standard tool available in the 
thread library. A set of a few empty buffers is initialized in advance on the 1/0 communication side. If all empty 
buffers on the 1/0 communication node are used, that thread enters the work queue and gets their empty buffers. If 
no empty buffers are available in the work queue area, the 1/0 communication thread initializes a fresh buffer. Only 
if initializing the fresh buffer fails, the 1/0 communication thread waits for the 1/0 processing thread to return a 
buffer. The creation of additional buffers is always expected because PFM library operations are the slowest part of 
processing (since these library operations require multiple accesses to the physical disk drive). 

Threading the 1/0 Node: Results 
Figure 3 illustrates achieved speedups for different loads. The test datasets are denoted, as previously, by "L" (the 
Liberty dataset), "12" (12 files), "24" (24 files), "48" (48 files), and "74" (74 files). Speedup values for the Scheme 
D-Threaded version are noticeably smaller than the original Scheme D. Such results could be attributed to the 
additional overhead of the thread library. However, results for the largest test dataset ("74") are especially 
disappointing, due to the lack of control of the memory usage on the 1/0 node in the threaded code. This 
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preliminary threaded version has no control on the number of buffers used to keep incoming buffers on the 1/0 node. 
Since worker nodes deliver buffers much faster than the UO node could possibly write them to a (slow) physical 
disk, incoming buffers forced the operating system on the UO node to use disk swap space, causing a significant 
slow down in processing. 
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Figure 3: Achieved speedups of Scheme D-Threaded for different loads 
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The improved version of the PFM library, as well as the original library, writes data to the physical disk in fixed 
length blocks. Each block can hold up to six sounding values (the value of six is configurable). To take advantage of 
these blocks, sounding data are sent in groups of six (with the same bin index). At first, slave nodes send depths 
grouped into packets of six (with same bin indexes) to create full depth records in PFM style. When all input file 
names have been distributed (and most of the files have been already processed) the finishing slave nodes have some 
leftover depth data. Separately, each node cannot create a final full depth record containing 6 sounding values for 
one bin index. Under the direction of the master node, the first slave node to finish processing becomes a sorting and 
grouping node. Then, the other slave nodes send their leftover data to that sorting node for consolidation. 
Subsequently, full records are sent to the sorting and grouping node (the one which currently is accepting data) with 
the final leftover data sent to the UO node. This additional effort of sorting into groups of six depths has the 
advantage of increasing speed of writing the data to disk as well as avoiding any need to reread and rewrite partially 
empty depth records. Further improvements include a new interface function to the PFM library to accommodate 
direct writing of blocks to the PFM file. Also, slave nodes are given the additional task of creation of complete depth 
blocks. This improvement reduces the UO node's task to simply updating the continuation pointers before writing 
data to disk. 
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Speedup of Scheme E 
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Figure 4 illustrates achieved speedups for different loads, compared with the original serial application. The test 
datasets are denoted, as previously, by "L" (the Liberty dataset), "12" (12 files), "24" (24 files), "48" (48 files), and 
"74" (74 files). The timings have been averaged from four runs. A comparison between speedup numbers for 
Schemes D and E shows that values for Scheme E are noticeably smaller, except for the largest test dataset. For the 
smallest dataset, Scheme E shows a speedup around 4.5, reducing the run time from around 2 min to 26 sec. For the 
largest input dataset tested, the measured speedup is around 7, reducing execution time from around 24 min to 3 min 
19 sec. The optimal number of MPI processes is IO for larger datasets in Scheme E. 
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Filtering, Recomputing Steps and Final Tune-up 
The original filtering functionality works well in the Beowulf cluster environment. The original swath filtering was 
being handled separately for each input file. Thus the new distributed scheme of processing input files by a group of 
slave nodes has no effect on swath filtering. The same has been found for the recomputing step and area based 
filtering, which run without any changes to the code because they are executed in the serial phase, on the VO node, 
only after the PFM file has already been created. 

SCHEMEF 
A tuned version of the new PFM library was used in Scheme F. Scheme F was tested with four different setups, 
involving two possible filtering procedures: swath filtering, area filtering, both swath and area filtering, and no 
filtering (called "simple runs"). Each of these four setups has been tested with the standard five data test loads: "L" 
(the Liberty dataset), "12" (12 files), "24" (24 files), "48" (48 files), and "74" (74 files). Results with no filtering are 
illustrated in Figure 5. 

It was found that Scheme F achieves the best speedup for the largest available test dataset. The simple runs (no 
filtering) exhibited a speedup of 10. Runs with swath filtering enabled showed a top speedup of 8. Runs with area 
filtering reached a speedup of 6.5. Runs with both swath and area filtering enabled showed a top speedup of 7. In the 
simple runs, swath filtering and area-based filtering are tumed off. Figure 6 illustrates achieved speedups for 
different loads and filter processing. For the smallest dataset, when swath filtering is turned on, worker nodes filter 
the sounding data by swath before assembling them and sending to the I/0 node. Since swath filtering puts 
additional processing onto worker nodes, such code behavior is to be expected. Worker nodes perform swath 
filtering on sounding data read from the input files. When area filtering is also turned on, the I/0 node also performs 
area filtering of sounding data. Since area filtering is done exclusively by the UO node after all sounding data has 
been written to the PFM file, the area filtering is performed in the serial phase of overall processing. 
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Number of Generic Sensor Format (GSF) input files 
7 I 12 I 24 I 48 I 74 

Timings of serial code, before BIOS upgrade 

125.106 I 203.57 I 439.253 I 946.034 I 1607.132 
Timings of serial code, with BIOS upgrade 

118.439 I 192.216 I 412.311 I 893.726 I 1433.211 

Percentage change 
5.33% I 5.58% I 6.13% I 5.53% I 10.82% 

Table I: Timings of change in hard drive perfonnance 

THE ROLE OF HARD DRIVE PERFORMANCE 
This section presents arguments to support the claim that the application Pfm _ loader is 1/0 bound. When Scheme D 
was developed, upgrading the BIOS on each Beowulf cluster node resulted in significant improvement in the 
throughput of cluster IDE (AT A l 00) disks. These changes significantly affected the run time of parallel codes as 
well as the original serial code. The changes for the original serial code are in the range from 5% to 11% (see table 
l). The resulting speedup is presented in figure 7. Speedup numbers are derived by comparing parallel and serial 
runs. In the case of algorithm speedups, the comparisons are done with corresponding timings for three MPI 
processes. The changes range from 29% to 57%, which at least triples that of corresponding percentage changes for 
serial runs. 

Speedups using Filtering 

12 
l 

10 I 

8 
CL 
:::, 

'CJ a, 
a, 
CL 

6 

Cl) 
4 

2 

0 
7 12 24 48 74 

-None 4.4 6.7 7.2 8.2 9.6 

- - - -Swath 3.5 5.5 5.8 7.2 8.3 

- - -Area 3.5 4.1 4.6 5.6 6.5 

- - Both 3.3 4.8 5 .2 6.4 7.3 

Number of Flies 

Figure 8: Scheme F performance with combinations of filters. 
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SUMMARY 
The optimal number ofMPI processes for the simple runs with large datasets is 9.6. When area filtering is turned on, 
the 1/0 node filters sounding data by geographic area. Since area filtering is done exclusively by the 1/0 node after 
all sounding data has been already written to the PFM file, this processing adds to the length of the serial phase in 
the overall processing. The serial processing nature of area filtering causes the greatest reduction in performance. 
The results generated by testing two of the four types of processing provide argwnents for increasing the size of the 
Beowulf cluster. These two processing types are: (a) processing with swath filtering enabled, and (b) processing 
with both swath and area filtering enabled. For the largest test dataset, both processing methods achieved their best 
speedups when running with the maximal possible number of MPI processes. However, the same data indicates the 
speedup increase would be modest. 

In all cases, the data strongly suggests that a speedup greater than 10 could be achieved for larger datasets. This 
property is a positive characteristic of the current parallel code. It also strongly suggests that the five test datasets 
have not yet pushed the current code and cluster configuration to its limits. 
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THE VALUE OF INFORMATION TECHNOLOGY TO RELATIONSHIP MARKETING 

John R. Patton 
Florida Institute of Technology 

ABSTRACT 
To attract, acquire, leverage and retain customers, companies are developing and managing customer relationships 
with use of the Internet and advanced software technology for applications and integration of business processes as 
well as allowing for customer-centric organizations. With the use of mass customization and privatization, 
companies can provide their customers with more unique and responsive products and services. Yet, the hazards of 
getting to close to the customer involve overstepping the normal bounds of privacy laws and here again technology 
is contributing to these concerns. This paper reviews some of the advances in the technology that contributes to 
profit margins for many businesses and allows for much more customer engagement in the overall business 
transaction process. 

INTRODUCTION 
Today, customers· are in charge. It is easier than ever for customers to comparison shop and, with a click of the 
mouse, to switch companies. The average company loses half its customers every five years and it generally costs 
five to ten times as much to obtain a new customer as to keep an existing one. As a result, customer relationships 
have become more important to maintain lifetime value of customers and to satisfy and surprise the existing 
customers while simultaneously attracting new customers. Creating a customer-focused company starts with 
customer relationship management (CRM) strategy, which is described in this paper. The Internet makes it possible 
to proceed to the next step, mass customization, where mass-market goods and services are uniquely tailored to the 
needs of the individuals who buy them. Additional technology applications permit firms to move toward 
privatization of their offerings in an attempt to keep customers happy by giving them a product that they want and 
cannot be compared to a competitor's. In this move to avoid commodity product offerings and to get closer to the 
customer, a constant threat is invading the privacy of individuals. The paper concludes with the necessity for firms 
to allow customers to opt-in to their database strategies and open communications dialogue and establish trust with 
the customers. 

CUSTOMER RELATIONSHIP MARKETING 
CRM is considered an important tool for survival in a bad economy. Such systems are designed to integrate and 
automate the sales, marketing, and customer service processes within an organization. As companies try more and 
more to focus outward toward customers and partners, CRM systems are expanding to include a new breed of 
collaborative, web-focused infrastructures. The goal ofCRM remains the same. To help companies get the 
maximum value from each customer relationship. In a recent Yankee Group study, only 55 percent of respondents 
were offering customer service and support functions on their Web site. Because 46 percent of survey respondents 
indicated that their management didn't consider the Web to be important to their overall business strategy, getting 
management support for web-enabled CRM remains a challenge. But if a company is trying to provide e-commerce 
functionality they simply must add support functions to their Web site. This is important as a customer retention 
strategy perhaps best illustrated through a popular analogy referred to as the "leaky bucket theory." A bucket with 
multiple holes in it near its base is bound to have water escaping through these holes and the fastest and most 
efficient way to fill the bucket would be to plug the holes. Likewise, in "filling the bucket" with new clients others 
may be escaping unless the firm plugs the holes in the bucket - that is, the firm must understand why clients are 
leaving and must devote marketing efforts in keeping them (Kalakota & Robinson, 200 l; Kotler, Hayes, & Bloom, 
2002; Nykamp, 2002; Parkes, 2002). 

CRM exists within the larger umbrella of ERP systems. According to Dataquest IT Services, CRM application sales 
are now the top software applications in the world, having surpassed ERP applications in 200 I. Responding to the 
new push for customer-centric organizations (rather than the process-centric organizations in which ERP systems 
thrive), many ERP vendors are attempting to downplay CRMS importance while shuffling to add this same 
technology to their own product offerings. Until recently, CRM adopters typically built their environments by 
piecing together best-of-breed products for each CRM-related function. Major CRM vendors are working to change 
this by providing single, integrated CRM solutions, or application suites. Often these suites are based on rapid 
acquisitions and operational equipment maintenance (OEM) agreements rather than lengthy in-house technical 
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development. While organizations have focused on providing sales, marketing, and customer service automation, 
CRM technology is rapidly expanding to encompass content management, personalization, channel management 
and order management functionality (Parkes, 2002). 

INTEGRATION OF SYSTEMS 
For a company's CRM infrastructure to contribute to profit margins, there must be customer application integration 
and the following technologies, as a minimum, must work together: legacy systems, computer telephony integration, 
data warehousing, and decision support technology (Kalakota & Robinson, 2001). 

The broadened scope of ERP technology comes with new challenges. These different operational, analytical and 
collaborative CRM-related channels must be able to communicate with one another and share a single view of the 
customer, regardless of touch point. From this need was born customer data integration (CDI) technology. It 
provides cleansing, standardization, de-duplication and matching technology for building and maintaining a single, 
accurate customer record across multiple CRM systems. CDI has enjoyed strong market acceptance since its 
introduction. IDC estimates that worldwide markets for CDI technology will grow at a 29 percent compound annual 
growth rate through 2004 (Parkes, 2002) 

MASS CUSTOMIZATION 
Mass customization is a broadly based tenn encompassing vast changes in manufacturing, distribution and delivery 
of products. It is the process through which mass-market goods and services are individualized to satisfy a very 
specific customer need, at an affordable price. Simply stated, it is about choice - about giving customers a unique 
end product when, where and how they want it. During the last decade choice has become an important ingredient of 
consumer purchasing decisions. Ergo, mass customization has become an enormously attractive proposition for both 
the consumer and the manufacturer. Consumers get a product built just for them at a reasonable price; manufacturers 
employ mature supply chain management processes, and as a result, are able to reduce their inventories and costs 
Companies throughout the world have embraced mass customization in an attempt to provide unique value to their 
customers one or more of the following four approaches: collaborative, adaptive, cosmetic, and transparent. 
Collaboration is where a 'customer is consulted and together with the vendor a customized product is decided upon 
and furnished. Adaptive customization exists when the vendor or merchant offers one standard product, but can be 
alters for different uses by customers themselves. Cosmetic approaches involve a standard product being presented 
differently to different customers. Finally, the transparent approach provides individuals with unique goods or 
services without letting them know explicitly that those products and services have been customized for them 
(Gilmore & Pine, 1997; Krivda, 2002). 

Producers are faced by an uninterrupted trend toward personalization - a way for more affluent consumers with 
choices and information to express their personality by means of individual product choice. This trend is pushing 
many traditional manufacturers to create product programs with an increasing number of variations, and the need to 
process their customers individually, fulfilling their wishes right down to production of units of one. 

Traditionally, a producer would opt to provide customized products for a much higher price to defray the additional 
costs involved and to maximize profitability in providing added-value services to the individual customer. Today, 
this traditional cost-benefit relationship changes because buyers demand higher standards of quality, service, and 
variety while, at the same time, only considering a sales price that is comparable to that of mass production goods. 
However, manufacturers see an opportunity to serve a niche market, meeting the needs of every individual for a 
personalized product (differentiation) at costs roughly equal to those of standard mass produced goods. The 
information collected in the process of this individualization serves to build up a lasting customer relationship with 
each customer. The practical implementation of mass customization is based on the potential offered by new 
technologies in manufacturing and information management. New manufacturing technologies (i.e., computer
integrated production and flexible manufacturing systems) reduce the trade-off between variety and productivity. 
But as mass customization enters more and more consumer markets, the expanded use of current and new 
information technologies will be its main enabler. One of the older technologies is data mining and it is powering 
the shift toward the personalization of products and services across every industry. With information technology 
advances and automation sweeping into every business sector, together with the Internet, the ability to process, and 
present data in real time has created a growth industry to furnish even more sophisticated tools. Of course, the idea 
is to use technology to free people up to solve more complicated problems (Krivda, 2002; Magretta, 1998; VanScoy, 
2000). Mass customization, in all of its peripheral aspects, can be regarded as the most important factor for the 
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implementation of mass customization. While there are different conceptual methodologies to implement mass 
customization, all methods lead towards a sharp increase in the amount of information maintained by, and 
communications between all parties involved. Mass customization is successful only when it can cover this need for 
infonnation and communication efficiently. Mass customization can be seen as closely related toe-business and 
many new possibilities connected with the Internet economy. The use of the Internet as a communication medium 
makes possible the efficient production of customized goods as well as the personalization of customer 
relationships. The vital role of information technology, in particular Internet technology, categorizes mass 
customization as an application of electronic commerce and an e-Business strategy. 

Companies successfully pursuing mass customization integrate as many important tasks as possible into their ERP 
system. A firm should be integrating the customer into the value creation processes and gain information that not 
only covers one transaction but uses information gathered during the fulfillment of a customer-specific order to 
improve the knowledge base of the customer at the firm. According to Gilmore & Pine ( 1997) the following five 
requirements should be included in the information cycle of a successful mass customization venture. First, listen to 
your customer. A major point of mass customization is that the producer does not realize the wishes of every 
customer (that would be traditional customization at premier prices); it is important to listen carefully to prospective 
customers to design a set of product variants and personalized options that has enough possibilities for 
customization, but that is as simple as possible in order to reduce assembly complexity, one of the main cost drivers 
of mass customization. The second requirement is to transfer the customers' wishes into concrete product 
specifications. During this phase the configuration is checked through production planning to establish realistic 
delivery dates based on inventory availability and programmed process time. After an order has been placed, the 
third requirement begins with manufacturing planning whereby the configuration is translated into specific 
manufacturing tasks. The production tasks are transferred to the responsible process units, whereby suppliers may be 
integrated in the customization of some parts if required. The fourth requirement is production and supply chain 
integration. Now assembly and manufacturing activities begin. Fifth, after the end product is delivered to the 
customer, the customer relationship management (CRM) process must continue in earnest. 

The numerous hazards faced by customers in mass customization markets have encouraged third party services to 
appear to manage these risks. Driven by the market potential, intermediaries like "getcustom-com" or "digchoice
com" try to overcome many of these obstacles through the use of proprietary software and proven business models 
to improve specific transaction processes and allow the manufacturer and/or assembler to concentrate on the core 
competencies. 

From the customer's point of view the implementation ofan intennediary can be connected with several advantages. 
Many customers do not have the necessary know-how to find a configuration corresponding to their desires. Often 
they are not even able to express their particular needs. An important task of intennediaries is their assistance in the 
configuration process. Interacting and serving each customer separately is a totally new task for traditional mass 
producers connected with major organizational and business process changes. The Internet-fueled New Economy 
was supposed to eliminate the middleman. But as we see here, the intermediary still serves a vital role in the 
distribution of products in the various channels of distribution. Through the leveraging of the intermediaries on-line 
competency, using their special skills and knowledge connected to the conduct of e-commerce, the company may 
mitigate some implementation risks. Contracting, payment, privacy policies are fields which are subject to continual 
shifts in regulation and therefore hard to capture by non-specialists. The downside to outsourcing the infonnation 
intensive areas of a mass communication venture is the possibility of loss of control over the acquired customer data 
and the integration benefits that accompany it (Strauss & Frost, 200 I). 

When Dell Computer Co. shifted from a call-center-based sales model to Dell Online, it found that e-business 
enhances efficiency of business processes. It resulted in faster communications throughout the value chain (from its 
vendors to its customers). This increase in speed and accuracy of information resulted in both faster order-delivery 
cycle times and reduced working capital requirements. It also led to outsourcing of subassemblies and therefore 
reduced investments in fixed costs. The result has been sustained improvement in financial perfonnance. Dell's 
supply chain management (SCM) process becomes more efficient because it is enabled by data and information 
generated through its CRM process. Thus, Dell has integrated SCM and CRM processes to develop a more 
defensible competitive position (Fahey & Srivastava, 2001). 
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PERSONALIZATION 
Personalization can be defined as the set of actions that tailors a company's website to a particular user of group of 
users. Some vendors are attempting to differentiate themselves in the CRM market by focusing more deeply on Web 
integration and personalization is growing rapidly. Although personalization on the Web is closely tied to e-CRM; 
personalization is different from customization. It can be viewed as a step beyond customization. Customization is 
about giving what a customer has explicitly asked for. Personalization is about predicting and anticipating consumer 
needs and providing value-added services. Customization can happen based on infonnation provided by the 
customer. Personalization can be done based on customer purchase history or click-stream data (Venkatesh, 2001). 
The goal of personalization is to create customized value not customer value. Customer value is about delivering 
value to a general customer. Customized value is about creating and delivering value solutions for each customer or 
customer group. The Internet has accelerated the creation of customized value through personalization and this 
technique will help differentiate the Web as a new medium going forward. There are different degrees of 
personalization: personalization of infonnation, product, service, and relationship. Although companies have been 
trying to customize their offerings with limited success before the advent of the Internet, the Web has spawned new 
technologies that now allow companies to offer these different degrees of personalization (Venkatesh, 2001). 
Personalization efforts are appropriate when a companies customer needs are differentiated and the lifetime value 
(LTV) of customers is widely distributed. When the needs are undifferentiated and the LTV of customers is similar, 
mass marketing is practiced. If the needs are differentiated but the distribution ofL TV is similar, niche marketing is 
the right strategy. When customer needs are undifferentiated but there is wide variability in LTV, frequency 
marketing or loyalty programs are appropriate. If customer needs are differentiated and the distribution of LTV is 
different, personalized marketing is the best approach. Personalization is evolving based on progress in two 
dimensions, namely, content and product. When a company offers all of its customers the same product and almost 
the same Web content, we have a case of mass marketing. From mass marketing, personalization is moving to high 
product or high content personalization. Many companies differentiate product but still deliver the same content on 
the Web to all their customers, thus practicing differentiated marketing. If product remains the same, but the content 
is personalized to reflect differences in preferences for information among customers, then the company is engaged 
in personalized marketing. However, successful companies will be those who move to high personalization in 
content and product, a differentiated, personalized marketing approach. When considering whether to personalize or 
not, the three factors that should be considered include: (1) the variance in customers' LTV, the differences in 
customers' needs, and the complexity of product attributes (Venkatesh, 2001). 

By using Web personalization technology to modify the Web pages presented to each customer, marketers can 
achieve the benefits of using individual salespeople at dramatically lower costs. Personalization can also help firms 
form lasting relationships with customers by providing individualized content, information, and services. Many Web 
sites today are using personalization technologies to deliver Web pages with content and banner ads geared to the 
specific interests of the visitor 

PRIVACY ISSUES 
Personalization is raising privacy issues. First of all, consumers are concerned about misuse of their personal 
information. Over 70 percent of on line users, as well as many other nationalities, find on line solicitations a nuisance 
rather than a help. Second, there could be a potential backlash for those customers who perceive they do not receive 
special treatment. Companies have to strike a balance between total personalization and respect for privacy. They 
have to be sensitive and realistic about privacy laws and customs. The ability to remain anonymous in today's 
society is something that we as Americans hold dear (Venkatesh, 200 I). 

CONSUMER PROFILING ON THE INTERNET 
With the advent of the electronic age and a time where many of our day-to-day business and personal transactions 
are conducted via electronic means, the privacy of our personal infonnation has become a key issue around the 
globe. The central issue of e-commerce privacy is how marketers can use infonnation collected on individuals for 
personalized marketing appeals without violating the privacy rights of individuals. Concern that some sites will not 
use personal infonnation in responsible ways has brought calls for legislation in the U.S. The Federal Trade 
Commission assembled a report covering five principles of information technology privacy, to include: ( 1) 
Notice/Awareness; (2) Choice/consent; (3) Access/Participation; (4) Integrity/Security; and, (5) Enforcement 
/Redress. The Children's Online Privacy Protection Act (COPPA), which specifically addresses acceptable 
information collection and use practices for children under age 13, was enacted in the United States in 1998. Also, 
the Electronic Communications Privacy Act and the Computer Fraud and Abuse Act prohibit intercepting data 
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communications messages, stealing or destroying data, or trespassing in any federal government computer system. 
Since the Internet includes federal computer systems, lawyers argue that the laws also require notifying consumers if 
a company intends to monitor or track Internet usage. Finally, there are privacy standards within the Health 
Insurance Portability and Accountability Act of 1996, implemented by President Bush in early 2001, and the privacy 
provisions in the Graham-Leach-Bliley Act of 1999, enforced in earnest starting in 2001 (Haag, Cummings, & 
McCubbrey, 2002; O'Brien, 2003; Tedeschi, 2001). 

There are several tools that companies use to track potential clients including cookies, web bugs, and spyware. 
Using these tools, Internet web servers save a "log file" on their hard disks that contain a list of all the locations 
visited by someone who has been to their website. This data can then be converted into statistics about a visitor's 
interests, which then enables the website to target their advertising. In order to collect this data about a person or 
computer, the person must be able to be electronically "tracked." Tracking a computer begins with an identifier 
called an internal protocol (IP) address. The TCP/IP network (i.e., the Internet) routes messages based on the IP 
address of the destination site. The information that is contained in the IP-address is captured by other computers on 
the Internet. It is formatted as a 32-bit numerical address written as four numbers separated by periods. Each number 
can range from Oto 255. As an example, the IP address for Yahoo! is: 204.71.200.69. IP addresses are divided into 
classes A, B, and C. Class A contains the largest portion of network addresses, with 16 million available addresses. 
Classes B and C are for much smaller networks and contains 65 thousand and 225 addresses, respectively (Laudon 
& Laudon, 2002). 

There are currently three registries for assigning an IP address to a person or a business: ARIN, RIPE, NCC and 
APNIC. Because of the growing demand for IP addresses, a classless IP address called CIDR is currently in 
development. Since attempting to recall every IP address for the websites to visit or advertising a business based 
solely on a number would be a challenge, the designers of the web were smart enough to designate domain names 
for websites (i.e., www.yahoo.com, IP address: 204.71.200.69). The domain names are translated by the TCP/IP 
protocol into the IP address. This has made searching, researching, and remembering website addresses 
infinitesimally easier. Tracking a computer is relatively simple. A business only needs to visit any number of 
"WHOIS" websites and enter the domain name to get a multitude of information about that domain, including the IP 
address. If the computer does not have a domain name, it is slightly more difficult to trace the IP address to the 
computer. Several different methods can be used to trace a computer's IP address, however, including DOS 
commands (netserv-n), e-mail headers, and using a service to trace the address. Companies use IP address's to find 
the location of a computer. In order to track the user's interests, they use other tools. Intelligence recommendation 
agents are based on collaborative filtering and researchers in computer science and marketing are studying a variety 
of methods for improving the performance of these sophisticated tools (Baloglu, 2002; Kwak, 2001; 

http://www.accesswhois.com/search.asp ). 

COOKIES 
The most popular tool for collecting infonnation is a "cookie. Cookies are small text files deposited on your hard 
drive by a Web site containing information about you. Sometimes its personal information (e.g., user name and/or 
password) for the site that lets you log on faster. Sometimes it is about your behavior on the site. These cookies are 
placed on the computer in a file, usually named "cookies" by a Web site that has been visited. When returning to 
that Web site, the cookie stored on the computer is read and transmitted to the Web-server. The Website that the 
user is visiting can then automatically target advertising, give shopping suggestions, as well as display personal 
information on ordering forms. Cookies were originally intended to increase speed, efficiency and convenience for 
repeat visitors to a particular website (Haag, Cummings, & McCubbrey, 2002; Siebel & House, 1999). 

Amazon-com has used cookies to help their customers with shopping ideas and checking out. The data that is 
collected is used to make suggestions for items that other customers with a similar profile have purchased. Amazon
com also uses cookies to store their customer's personal information so that when they use the ordering process, 
there is nothing for them to fill out. The number that Amazon-com has saved from the cookie file is matched to the 
customer's name, address, and even credit card number. While this may be a time saver, it is also security risk that 
some customers are not willing to take. While some Internet companies have used cookies to help their customers, 
Amazon-com, other marketing companies like DoubleClick.com have manipulated the use of cookies into a 
business. A relatively large Web site like Amazon.com may get about 100 million hits per day. The site gets about 
200 bytes of information from each hit. That's about 20 gigabytes of information per day. To handle this level of 
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data many new software and hardware systems are being developed to provide enterprises with the information they 
need to personalize their offerings (Haag, Cummings & McCubbrey, 2002; Strauss & Frost, 2001). 

Apart from being able to collect its own information about you, a company can access consumer information 
elsewhere. Credit card companies, hospitals, mailing list companies sell such information. Web traffic tracking 
companies such as DoubleClick follow you around the Web and then sell the information about where you went and 
for how long. It can over time get to know you quite well so they can provide their customers with a highly refined 
profile. It also became a major ad-server company on the Web. Its computers inserted banner ads and other 
promotional messages on about 1,500 websites. Those messages (pop-up ads) could be precisely aimed at the most 
likely customers, based on their cookie-derived profiles of about 100 million people. In late 1999, DoubleClick paid 
$1.7 billion for Abacus Direct Corp., a data warehouse company that had off-line records on consumers' catalog 
purchases, including name and address data. Thus, the combined entity not only knew where customers went online 
and what they did there, but also who the customer was, where they lived, and their phone number. This kind of 
packaged information was a goldmine for direct marketers. In early 2000, a lawsuit was filed alleging violation of 
privacy rights and deceptive business practices against the firm and the FTC investigated. In response, DoubleClick 
reversed its policy and promised it would no longer connect personal information with data gathered by customers' 
actions on the Web. Profiling should be permission-based; people should opt-in rather than be forced-in. the 
consequences of law-breaking and unethical business ventures can result in law enforcement actions (Thompson & 
Cats-Baril, 2003; Vanscoy, 2000; Venkatesh, 2001). 

Another, more insidious type of tracking tool is a web bug. Web bugs are almost undetectable tracking tags that 
generally cannot be found by anti-cookie filters. This type of tracking device is a transparent GIF file that is placed 
somewhere on a web page and also collects information, like cookies. Web bugs allow a site to pinpoint the IP 
address of the person's computer (clearly identifying their Internet Service Provider (ISP), university or company, 
and thereby their location), the type of computer being used, the person's name and email address, etc. This 
information is then transmitted back to the website or to another company. Web bugs are used less frequently than 
cookies, but are growing in popularity. One can see why a person would feel violated by the use of a web bug. At 
least with cookies, it is possible to see them and accept or reject them at will. 

While cookies and web bugs are potentially unethical tools to use in order to collect information about web surfers, 
spyware is the intentional misuse of software to collect data about a person. It is any technology that aids in 
gathering information about a person or organization without their knowledge. On the Internet, spyware is 
programming that is put in someone's computer to secretly gather information about the user, logs oil to the Internet 
and downloads any requested information from the marketing firm or software company. An example of where 
spyware is commonly used is by free Internet access companies. Users who use a free ISP have been bombarded 
with advertising every time they log on. Advertising dollars, after all, is how they make their money. This 
advertising is targeted to the customer's web surfing tastes. Although it is annoying, generally, the free ISPs disclose 
in their privacy statements exactly what personal data will be collected and used. The problem arises when 
companies conveniently do not disclose what type and how much information is being collected and sent to them. 
Even with full disclosure by companies, consumers can never be sure what data they are collecting. Because of the 
way spyware works, it is not possible to tell what information is collected and sent and, currently, there is no way to 
pick and choose what data can be divulged or kept. 

CREEPING PERSONALIZATION 
In creeping personalization, individual user preferences and usage patterns are silently tracked without user 
initiation. Although such an approach can potentially help websites anticipate customer needs and tailor their 
offerings better, consumers can become uneasy of such "eavesdropping" moves (Venkatesh, 2001). 
While there are many clandestine ways that companies can get personal data, the one that users have the most 
control over is personal input. Companies will often dangle free product offers in front of a customer, if they just fill 
out a small questionnaire about themselves. Often the nature of the questions can be quite personal, including how 
much annual income. Another method of collecting data is by forcing visitors to register in order to use a website. 
While registering is "free," the data gathered usually includes the visitor's name, address, daytime phone, work 
phone, and e-mail. With this data, the web site can target advertising on future visits to the web site, or they can sell 
customer data to marketing firms. When that data is sold, registered users may start getting a stream of e-mail spam, 
U.S. mail, and phone calls. 
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There are many ways that you can be tracked on the Internet, both obvious and covert. But the issue is that 
collecting data from a person without their knowledge is a violation of a person's right to protect their personal 
infonnation. One of the basic principles that America was built on is that people have the right to keep their personal 
infonnation private and others do not have the right to gather information without their consent. In many cases, 
companies are collecting data and using it without permission and without explaining exactly what will be done with 
it. Legitimate companies will divulge this information clearly in a privacy policy, and will not use a person's 
personal information for malicious reasons, but there are also dishonest people and companies out there who will 
steal information and use it in a harmful way. 

CONCLUSIONS 
The Internet has enabled new companies - the so-called dot-com companies - to create fresh and flexible 
organizations with the customer as the center of their business and they have forced the bricks-and-mortar 
companies to rethink their enterprises. Many of these traditional companies, while acknowledging the virtues of 
personalization and one-to-one marketing, are still very much distant from their customers and remain organized 
pretty much around products, not customers. They are the ones that find ERP and the process management of the 
business to provide a competitive edge; however, with technology providing more customer-centric e-business tools 
these new entrepreneurial and very nimble and agile firms have created new customer experiences and customized 
value. In doing so, they are forcing many bricks-and-mortar companies to reshape themselves as hybrid clicks-and
mortar organizations. The Web is not just a touch points and to continuously grow customized value (Venkatesh, 
2001). 

In this digital age, it's often easy to lose touch with your customers. One of the challenges in this electronic world is 
for business enterprises to maintain a customer focus and manage their relationships with customers. The idea of 
personalization is that an Internet site can know enough about a customer's likes and dislikes that it can fashion 
offers that are more alluring to individual customers. CRM is a major customer-centric business strategy. It uses 
information technology to create a cross-functional enterprise system that integrates and automates many of the 
customer serving processes in sales, marketing, and product services that interact with a company's customers. 
CRM systems also create an information technology framework that integrates all of these processes with the rest of 
the company's business operations. CRM systems consist of a family of software modules that perform the business 
activities involved in such front office processes. CRM software provides the tools that enable a business to provide 
fast, convenient, dependable, and consistent service to customers. 

Recent surveys have indicated that while customers of many services are interested in being "relationship 
customers," they also require that the relationship be balanced in terms of loyalty, benefits, and respect for privacy. 
As opportunities for creating value in e-business settings continue to grow around capturing customer knowledge 
and redesigning customer interaction processes, CRM software may become the driving backbone of enterprise IT 
architecture. This opportunity has not escaped ERP vendors, who have rushed to integrate ERP with CRM through 
internal development projects or acquiring CRM vendors or by forming strategic alliances. The CRM vendors, 
however, claim that ERP systems are not geared for customer relationships but rather for back office resource 
efficiency and process transactions. In an era when knowledge management is becoming critical for improving 
enterprise and supply chain processes, CRM front-office software will add the most value to business processes ( El 
Sawy, 2001 ). 

It is no secret that consumers are becoming more edgy about privacy issues. Some individuals consider privacy an 
absolute right, and many are concerned about their privacy in an abstract sense. It is important for companies to 
consider the ethical issues surrounding the tradeoffs in trying to collect more data on each individual and respecting 
individuals' rights (Hagel & Rayport, 1997). In addition to advanced technology to protect consumers the growing 
knowledge that customers and marketers now have is strengthening the case for permission marketing. This respects 
consumers' choice to either opt-in by granting permission or by opting-out and being left to make their marketing 
choices without relationship marketing. 
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DATA MINING: TURNING PATTERNS INTO PROFITS 

John Wang, Qiyang Chen, Ruben Xing 
Montclair State University 

ABSTRACT 
This article presents an overview of the state of art in the knowledge discovery in database fields. The advantages 
and potential organizational pitfalls in data mining are analyzed. Approaches to data mining are varied and often 
confusing. Data warehouse applications have become business-critical. Data mining can squeeze even more value 
out of these huge repositories of infonnation. 

INTRODUCTION 
Data and document warehousing provide for a deeper level of understanding by offering the ability to spend less 
time finding infonnation and more time analyzing it. Thus, the interest in warehousing is exploding as enterprises 
seek to better understand their businesses, to better serve their customers, and to increase their effectiveness. The 
average Fortune 500 company manages over a terabyte of electronic information on a daily basis - that's between 20 
and 500 million document pages and records each day [3]. Data warehousing currently provides an excellent 
approach for transforming data into useful and reliable information to support information discovery and the 
enterprise decision-making process. Springing from the competitive need to quickly analyze enterprise information, 
data warehouses organize enterprise data to answer questions about why things happen, not just what things 
happened. This provides the base for the powerful analytical and decision-making techniques that are so important 
in today's competitive environment, such as data mining and multidimensional data analysis, in addition to more 
traditional query and reporting. 

A data warehouse is a subject-oriented, integrated, time-variant, non-volatile collection of information to support 
management's decision-making process. Warehousing is the acquisition of information from potentially multiple 
cross-platform sources, centralizing corporate data so that users can have timely and accurate information. 
Documents are translated to a common format and information is managed in a single database. This centralized 
repository is designed for complex data analysis. It also offers more flexibility for satisfying new information 
requirements and is easier to manage. In most enterprises, raw data is stored in a variety of locations and formats: 
hierarchical databases, flat files, and COBOL data sets, to name a few; and they are not integrated (4]. Data from 
heterogeneous sources must be blended to create an information warehouse capable of delivering decision support. 
A data warehouse cannot simply be bought and installed. Its implementation requires the integration of many 
products within data warehouse architecture. Users increasingly will be empowered with information retrieval 
applications over the next several years, and warehouses will play an important role. Warehouses pull data from 
legacy systems. The plan to create a data warehouse is simple: merge data from multiple sources, reformat the data, 
and then structure that data in a way that users can browse easily. 

Data warehousing, valuable as it is, only provides analysis for and access to structured data (about 10 percent of 
corporate information). To enable companies to access the remaining 90 percent of their information, a different 
concept is required [2]. Document warehousing is the marriage of document management and analysis technology 
that is used to enhance the value of the enterprise's information assets by replacing archival data with a 
multidimensional decision-making aid. The constructs that we apply to structured data warehouses are equally 
appropriate in application to unstructured documents. To move from the concept of document storage and retrieval 
to the reality of decision-making, document warehouse software/hardware solutions must accommodate this 
fundamental notion: Users must be able to ask any question of any information in the enterprise that improves 
analysis and supports the decision-making process. The ability to ask questions in a real-time, iterative fashion is 
critical to the success of decision support. Digital document storage and retrieval will become more and more 
prevalent. This is, in part, due to the fact that the cost of electronic storage and retrieval for many enterprises has 
become competitive with the cost of paper storage and retrieval. 

The technical challenges to design efficient software for automated document retrieval are much more complex than 
simply establishing a classification scheme and cataloging items by keywords, as is employed by traditional 
document management information systems. In the near future, "browsing" through information files, as practiced 
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by today's network surfers, will no longer be practical, and SQL databases are deficient at handling unstructured 
data. 

Natural language query systems will need to be developed to take the fullest advantage of modem data storage 
technology; yet we have just begun to understand the fundamental issues surrounding such systems. Computing 
power now provides the ability to move beyond the current document management paradigm of store, query, 
retrieve, and research to warehouse, discover, inform, and decision-making. The complexity of data or docwnent 
warehouse installations is staggering hundreds of gigabytes, terabytes, or petabytes of storage capacity can be 
involved. It can be the largest investment that an enterprise will make in computer technology. Yet, as enterprises 
strive to improve their information collection and decision-making process, the interest and investment in data and 
document warehousing will continue to grow [l). 

Digital document technology, which is fragmented in many organizations today, will go through a convergence 
shift. The document will be transformed from simple to intelligent to virtual. The increase of objects will make the 
creation and management of the document more ubiquitous and the creator/user of the document will be able to 
handle the document in any situation. The need to find faster, more comprehensive and efficient ways to access and 
manage enterprise information has given rise to a variety of new architectures and approaches. 

POWER OF DATA MINING 
Over the last 40 years, the tools and techniques to process structured information have continued to evolve from 
databases to data warehouses to data mining. The tools for data mining are mature and established, but absolutely 
depend on an accurate and complete structured database of rows and columns. Mining yields information regarding 
associations, sequences, classifications, clusters, and forecasting. It discovers infonnation within data warehouses 
that queries and reports can't effectively reveal. The last ten years have seen a new set of technologies emerge 
focused on unstructured information or documents. The problem of searching the semantics of structured data is 
quite different from the problem of searching the semantics of unstructured documents. The challenge is to analyze 
unstructured documents with the same rigor as structured data. This concept allows users to be recipients of 
information rather than requesters of documents. This is the power of document mining. 

Data mining is the process of extracting previously unknown information from large databases or data warehouses 
and using it to make crucial business decisions. Data mining tools find patterns in the data and infer rules from them. 
The extracted information can be used to form a prediction or classification model, identify relations between 
database records, or provide a summary of the database(s) being mined. Those patterns and rules can be used to 
guide decision making and forecast the effect of those decisions, and data mining can speed analysis by focusing 
attention on the most important variables. 

Data mining is taking off for several reasons: organizations are gathering more data about their businesses, the 
enormous drop in storage costs, competitive business pressures, a desire to leverage existing information technology 
investments, and the dramatic drop in the cost/performance ratio of computer systems. Another reason is the rise of 
data warehousing. In the past, it was often necessary to gather the data, cleanse it, and merge it. Now, in many cases, 
the data is already sitting in a data warehouse ready to be used. There are four basic mining operations supported by 
numerous mining techniques: predictive model creation supported by supervised induction techniques; link analysis 
supported by association discovery and sequence discovery techniques; database segmentation supported by 
clustering techniques; and deviation detection supported by statistical techniques [5) [6). To these techniques one 
has to add various forms of visualization. Even though this tool does not automatically extract information, it helps 
the user to identify patterns hidden in data, as well as to better comprehend the infonnation extracted by the other 
techniques. 

The common types of information that can be derived from data mining operations are associations, sequences, 
classifications, clusters, and forecasting. Associations happen when occurrences are linked in a single event. In 
sequences, events are linked over time. Classification is probably the most common data mining activity today. It 
recognizes patterns that describe the group to which an item belongs. It does this by examining existing items that 
already have been classified and inferring a set of rules from them. Clustering is related to classification, but differs 
in that no groups have yet been defined. Using clustering, the data-mining tool discovers different groupings within 
the data. All of these applications may involve predictions. The fifth application type, forecasting, is a different form 
of prediction. It estimates the future value of continuous variables based on patterns within the data. A number of 
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tools are used in data mining. These include, but are not limited to, neural networks, decision trees, rule induction, 
factor analysis, genetic algorithms, and data visualization. Another tool is supervised induction. Other tools are 
based on combinations of these methods. 

Using the described data mining tools, an organization can access and analyze the 10 percent of its information that 
is structured. To access the rest, a different technique is required -- document mining. The transition from data 
mining of structured information to document mining of unstructured information is not trivial. Text, collections of 
words meant to convey meaning to humans, is a much more complicated subtle beast than numbers, time-series, 
etc., with which data mining traditionally deals. Taking a tool for data mining numbers and applying it to data 
mining of text is not going to work, and, whatever it is you want, you have to be very humble about what could 
possibly be achieved. There are very fundamental limits to our understanding of how text conveys meaning to 
humans. We arc even more limited in understanding how text could convey meaning to machines. Though 
documents contain the majority of corporate information, reaching that information is difficult. The problem of 
searching the semantics of numerical/ coded data is quite different from the problem of searching the semantics of 
documents, which may be text, audio, video, etc. In contrast to data mining, document management indexes 
documents using some predetermined model for how those documents will be retrieved in the future, and that index 
is searched using key word queries. Document management responds to simple questions. The query identifies the 
source document wherein the information is contained - query and retrieval. This is not the same as discovery and 
decision, which we associate with data mining. 

For example, a database index can be queried and all documents with a specified key word retrieved. Additional 
specificity may be obtained through application of some fonn of Boolean logic (and, or, but, not) to document 
indices. Provided the key word was identified in the index, all documents with the key word or words will be 
retrieved. If, through lack of foresight or as a result of changing requirements, the key word is not in the index, it 
must either be entered (hugely labor intensive) or ignored (lost opportunity). At this level, documents identified 
through the key word index search need to be retrieved and reviewed to identify where the key word(s) occurred for 
cross-correlation to other documents. This is query and retrieval against the database, not against the warehouse of 
data. 

The next level of indenture employs data mining and pattern recognition to reveal the rules and patterns in a given 
database, predicting future cases on the basis of these rules. This means that somehow the documents must be 
reduced to traditional rows and columns, exactly what we are trying to avoid, because this mines the database and 
not the warehouse. 

What are we left with? Perhaps the greatest ally to document mining is the Web. Here, Internet image and text 
search engines abound and vie for user attention. Most offer a Boolean search engine software to call up documents 
of interest. More sophisticated post-Boolean search engine software will find synonyms, disambiguate, and build an 
internal thesaurus dynamically and interpret text on the discourse level. It is easy to imagine that the Internet will 
have a profound impact on our ability to respond to the growing need to extract infonnation from documents with 
the addition of new Web technologies. These technologies include metatags for HTML, push technology, intelligent 
agents, and multifunctional browsers which include all the helper applications for voice and video. In all of this we 
begin with a key word and are left with a document to read. Though becoming more intelligent all the time, this is 
still search and retrieval, not discovery and decision. 

You can see the problem. Most of the advanced text-processing technology available today is aimed at the problem 
of infonnation retrieval -- finding a relatively small number of documents on a specific topic. As the volume of 
electronic text increases, the effectiveness of retrieval technology for browsing (looking for interesting information 
in a broader topic area) decreases. 

ORGANIZATIONAL ISSUES 
In addition to the legal, privacy and data quality issues that are associated with data mining, there are a number of 
organizational factors and issues that also serve as drawbacks and limit data mining's implementation and 
effectiveness. Organizations implementing data mining systems must view the project as an enterprise-wide 
endeavor. Monitoring and feedback will give a company the information necessary to determine if it is encountering 
any of the potential pitfalls and develop corrective strategies to take through the implementation, monitoring, 
feedback loop. 
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According to a recent 2001 Arthur Andersen survey of retail infonnation technology, approximately 53% of 
companies responding indicated that they are utilizing data mining to a certain degree. This number reaches 75% for 
companies with revenues exceeding $500 million, but trails off substantially for smaller finns. Only 35% of 
companies with revenues between $50 million and $199 million are utilizing data mining, only 20% for companies 
with revenues below $50 million. More importantly, this study indicated that of the companies using data mining, 
53% have attributed no benefit to the bottom line from data mining. 20% of respondents indicated that data mining 
has contributed very little, while only 8.4% of the respondents indicated that data mining has contributed 
substantially to profitability. Additionally, 64% of all companies responding indicated that they do not plan to use 
dedicated technology to manage their customer relationships. 

The lack of bottom line results can be partially attributed to a nwnber of organizational factors. First, start up costs 
for implementing data mining projects are very high, and create a barrier that many corporations choose not to 
overcome. There are short-tenn and long-tenn administrative costs associated with data mining. The infonnation 
and output provided by data mining systems must be delivered to end users within the organization in a meaningful 
form; otherwise the infonnation will not be useable, or worse, used inappropriately. This can actually lead to a 
reduction in the return on investment. Organizations implementing data mining systems must view the project as an 
enterprise-wide endeavor, rather than a department endeavor. Failure to address these problems will limit a firm's 
ability to successfully implement data mining initiatives and recognize the benefits to their profitability. 

Given these costs, corporate executives who are looking to cut expenses and contain losses are not looking to invest 
the large amounts of time and money needed for developing a system that can take a few years to implement and 
would not have an immediate impact on the finn's profitability. This becomes even more difficult because even with 
all of the money being spent on data mining projects, many companies have not been able to figure out what kind of 
return on investment they are getting on their systems. Return on investment is difficult to track because, as one 
executive explains, "you are looking at infonnation you never had before." As a result, corporate executives are not 
viewing data mining projects in the appropriate manner, as long-term strategic investments. 

The financial requirements of implementing data mining systems are especially burdensome on small firms. The 
costs of intellectual property, licensing, hardware and software represents a much larger percentage of small firm's 
revenues, and this places a greater importance on the small firm's ability to identify and realize measurable results 
quickly. Failure to do so can jeopardize the company's survival. This requires extreme patience, vision and 
long-range planning to build a successful system, or else the project will be doomed to failure. The move by 
corporations to data mining has added to the administrative burdens of, already, overworked IT staffs. Data mining 
requires that data is accessible 24 hours a day, 7 days a week, and that it is adequately protected at all times. This is 
a very difficult task given the shortage of personnel available for around-the-clock management. Before the project 
even begins, it is vital that IT staffs qualify the current network hardware and software, particularly in tenns of how 
much data will be held on the servers. Additionally, they must qualify the amount of data that will be handled on a 
daily basis, the devices that are already in place to perfonn data backup and recovery, and the software running 
those devices. Careful analysis must be given to the current network configuration, the number of servers, their 
location, where they are administered from, and where and how the data are backed up. Administrators must also 
analyze future needs for the corporation, such as employees, functions and business processes. 

There are pitfalls involved when initiating Web-based projects. Successful Web-based projects require two 
components: appropriate technical expertise and an appropriate technical infrastructure for the Web. Most problems 
can be traced back to either issue. A couple pitfalls include: inadequate technical expertise, inadequate planning, and 
inadequate security. Finally, disaster recovery plans must be analyzed. This may result in the need to redesign data 
backup management techniques to accommodate business growth. Once a coherent plan to accommodate the current 
and future business needs of the corporation has been developed, it must be implemented quickly. Administrators 
must know that the backup systems that are in place will work each time and that the data are properly protected. 
These systems must be reviewed once or twice per year to ensure that it is delivering the protection that the business 
needs in the most cost-effective manner. 

There are high administrative and maintenance costs to the firm for data mining in tenns of both time and money. 
Failure to recognize the investment necessary to maintain the system can lead to data corruption and system failure. 
To have a successful impact on an organization, a data mining system must be speedy, accessible, and user friendly. 

295 



Proceedings of the 2003 IEMS Conference 

In today's highly technological society, many of these systems employ very sophisticated tools running against data 
stored on high-end systems, but it is important that management can interpret the end results. The infonnation 
desired must be accessible quickly through a PC or Web browser. If the end users have difficulty using a system, or 
cannot pull up the infonnation they need in a few seconds and be able to fonnulate a solution, hey will abandon the 
application altogether and the benefits will not be realized. 

Another organizational factor that can be a problem to data mining is not viewing the project as an enterprise-wide 
endeavor. In many failed data mining projects, companies viewed data mining as an IT project that was relegated to 
a specific department, rather than an enterprise-wide initiative. Most data mining initiatives have been fragmented; 
implemented within departments without a cross-organizational perspective. Given the cost and scope of data 
mining projects, it is essential that all facets of the business have representation in the design of the system. 
Customer infonnation is vital to the overall success of sales, marketing and customer service, and this infonnation 
must be shared across the organization. If one or more departments are excluded from this design process, there will 
be an inclination to not accept the finished product, or departments will lack the required knowledge to operate them 
successfully. With data mining, the same process should be applied as with any other organization development tool. 
Once a data mining process has been implemented a company should take the steps needed to monitor the process 
and obtain feedback from all elements of the process. 

CONCLUSION 
In summary data mining changes data into infonnation, while Statistics makes inferences to a population. The basic 
tenant of data or document mining is to find answers to questions that you haven't thought to ask - to discover 
information within warehouses (data or document) that queries and reports can't effectively reveal and yield 
information regarding associations, sequences, classifications, clusters, and forecasting to support the decision
making process. The potential payoffs from data or document mining are enormous if you pick the right tools and 
use them effectively. 

The future of document mining will be detennined by the availability and capability of the available tools. Parallels 
between data mining and document mining can be drawn, but document mining is still in the conception phase, 
whereas data mining is a fairly mature technology. In the realm of documents, mining document text is the maturest 
tool. Image, pattern recognition, audio, and video mining tools are not yet available or in their infancy. 

The future will witness an explosion of modem information and database systems containing everything from 
medical infonnation to the arts. And while many companies have implemented sophisticated systems to manage 
record-based data, the transition to electronic document management, document warehouses, and document mining 
has been slower and more haphazard. With 80- to 95 percent of corporate information located in paper and 
electronic documents, there is a substantial productivity gain to be realized by organizations that are willing to shift 
their view of information management from "data-centric" to "document-centric." 
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EMPLOYMENT ARBITRATION: PRESENT AND FUTURE 

Steve Bourne 
Bluefield State College 

ABSTRACT 
The emergence of employment arbitration as a management system in nonunion work environments is a relatively 
recent development, particularly when compared to labor arbitration. There is a growing trend for employers to 
require as a condition of employment that prospective and/or current employees agree to submit work-related 
disputes to arbitration. This paper examines various dimensions of employment arbitration, including the historical 
context, legal issues seemingly resolved by Supreme Court decisions, the significant remaining legal issues 
confronting employers adopting employment arbitration, and the practical implementation issues involved in 
creating an effective employment arbitration system. 

HISTORICAL CONTEXT 
The advent and growth of employment arbitration was a reactive strategy by the business community to deal with 
the increased level of employment litigation in the past three decades. This litigation is a by-product of both 
increased legislative activity, subjecting business to a heightened expectation of conduct, and the continued erosion 
of the employment-at-will doctrine at the state level. Since few corporations or industries adopted employment 
arbitration systems prior to these developments, it is understandable that some assess the promulgation of 
employment arbitration as an attempt by corporations to mitigate the impact of these developments, while to some 
extent reestablishing control over the employment relationship. 

While viewed by the business community as the lesser of two evils, certain advantages attributed to employment 
arbitration have created an impression that it is preferable to the litigation alternative. Given arbitration's focus on 
compensatory damages, and a reluctance to impose obligations appearing to be punitive, it is understandable that 
employers find employment arbitration a more attractive system than do individual employees and organizations 
representing the interests of employees, such as the American Civil Liberties Union. 

A starting point for gaining the proper historical perspective on employment arbitration is an examination of the 
labor arbitration provisions found in the collective bargaining agreements between unions and corporations. Labor 
arbitration has been an accepted practice in unionized work environments for decades. Both parties to the collective 
bargaining agreement readily accept arbitration as an alternative to adjudication of disputes in the court system, with 
federal and state governments endorsing this process as well. The inherent advantages of arbitration over litigation 
are widely accepted, with lower costs, more timely decisions, and the informality of the process being most 
prominent among those advantages. 

Over the years, the labor arbitration system has become refined as the parties have adjusted to one another and to 
court decisions, particularly at the federal level. The finality doctrine established in 1960 with the landmark 
Supreme Court Trilogy decisions has endured the test of time, despite the few very limited exceptions carved out by 
the court in subsequent decisions.1 Of course, the most notable exception to the finality doctrine occurred with the 
Supreme Court's 1974 decision in Alexander v. Gardner-Denver Co., in which the Court held that an arbitration 
clause negotiated into a labor agreement by the union could not waive an individual's right to pursue a statutory 
employment discrimination claim.2 

Whereas the "rules of the game" in the labor arbitration arena are clearly enunciated and accepted by all those 
involved, such is not the case in employment arbitration. However, it is worth noting that the Trilogy decisions 
were rendered 25 years after the passage of the National Labor Relations Act, and 18 years after the establishment of 
the War Labor Board and the promulgation of federal policy that mandated the use of arbitration in labor disputes 
during the World War II period. Since most parties implementing arbitration during this period continued its use 
after the war, the time lapse between 1945 and 1960 indicates a lengthy process of defining the parameters of labor 
arbitration. 

In essence, it is that same process that we are enduring today with respect to employment arbitration; and, given the 
volume and complexity of employment legislation during this period, no one should be surprised that the rules of the 
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game are evolving as individual cases presenting new questions come before the courts. Certainly this evolution is 
complicated by the fact that a large body of employment legislation and case law preceded any significant corporate 
adoption of employment arbitration. Given the high visibility granted those cases in which employees received 
extremely large monetary awards, particularly in discrimination cases involving Title VII of the Civil Rights Act, 
one should not be surprised to fmd critics who characterize employment arbitration as a step backward for individual 
employees in the United States. 

However, it is noteworthy that labor arbitration did not evolve without similar protests, particularly from unions that 
preferred using their economic clout by initiating strikes when dissatisfied with management's reaction to 
grievances. The no-strike clause that accompanied the adoption of a labor arbitration provision in the vast majority 
of collective bargaining agreements was defied by many unions who engaged in unauthorized work stoppages 
known as "wildcat strikes." The federal courts enforced the labor agreements, ordering unions back to work in such 
situations, and finding them in contempt of court when they did not comply. Ultimately, it became clear to all 
parties that public policy favored the arbitration of employment disputes. 

RESOLVED LEGAL ISSUES 
The fundamental question confronting courts with respect to employment arbitration was whether such agreements 
are enforceable, either in total or in part. Employers have asserted that employment arbitration agreements are 
enforceable under the Federal Arbitration Act (FAA) as contracts deserving the same treatment provided to other 
private contractual arrangements. The FAA was legislated in 1925 with the intent to alter the hostility of the courts 
toward arbitration agreements, and is the basis for most court decisions fmding employment arbitration provisions 
enforceable. 

Critics, on the other hand, suggest that Section 1 of the FAA, known as the exclusionary clause, provides sufficient 
justification to find that most employment arbitration clauses are invalid. Section 1 states that "nothing herein 
contained shall apply to contracts of employment of seamen, railroad employees, or any other class of workers 
engaged in foreign or interstate commerce."3 Opponents of employment arbitration argue that the references to 
"contracts of employment" and "any other class of workers engaged in foreign or interstate commerce" negate 
employment arbitration agreements for all but a narrow group of employees. 

However, the Supreme Court has disagreed with this position, choosing to narrowly apply the exclusionary clause to 
those workers engaged in transportation, and provide general support for employment arbitration. The Court 
consistently has stated that Section 2 of the FAA demonstrates a clear Congressional bias toward a liberal 
application of the Act with respect to employment contracts, and by extension, employment arbitration clauses. To 
compel arbitration under the FAA, a litigant need only to show four elements: ( 1) the existence of a dispute between 
the parties; (2) the dispute is covered by a written arbitration agreement, (3) the transaction involves interstate 
commerce, and ( 4) the other party to the agreement refuses to arbitrate. 

In 1991, in Gilmer v. Interstate/Johnson Lane Corp., 500 U.S. 20 (1991 ), the Supreme Court considered the first of 
several cases addressing a variety oflegal questions regarding employment arbitration. Gilmer's registration with 
the New York Stock Exchange required arbitration of any employment dispute, including termination. After being 
terminated at age 62, Gilmer sought redress under the Age Discrimination in Employment Act of 1967 (ADEA), but 
his employer contended that he was legally bound to submit his claim to arbitration since he had voluntarily agreed 
to the employment arbitration provision. The Supreme Court agreed with the employer, noting that Congress could 
have specifically prohibited arbitration of claims under the ADEA, but in failing to do so, rendered the FAA 
standards controlling in such situations.4 

In 2001, the Supreme Court was again asked to examine an employment arbitration agreement in Circuit City 
Stores, Inc. v. Adams, 532 U.S. 105 (2001). The Supreme Court held that the reference to "contracts of 
employment" in the exclusionary clause of the FAA did not preclude the use of employment arbitration clauses.

5 

Therefore, employment arbitration contracts that are carefully constructed to provide fairness and equal protection to 
employees are valid under the FAA. This decision was consistent with many similar decisions by federal circuit 
courts, except the Ninth Circuit in San Francisco, which has consistently rejected mandatory arbitration clauses 
constructed by employers. The Ninth Circuit has a history of animosity toward business, thus the negative rulings 
toward employment arbitration provisions are not surprising. 
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In January, 2002, the Supreme Court rendered another decision concerning employment arbitration in Equal 
Employment Opportunity Commission v. Waffle House, Inc. 2002 WL 46763. In this case, Eric Baker contested his 
dismissal from a Waffle House restaurant after suffering a seizure just 16 days after his employment. Baker filed a 
complaint with the EEOC, alleging that his discharge violated the provisions of the Americans With Disabilities Act 
(ADA). Following an investigation and a finding of probable cause, the EEOC brought action against Waffle House 
in federal court. The EEOC sought both injunctive relief and specific relief on Baker's behalf, including a request 
for punitive damages. Waffle House sought to stay the EEOC action, and compel Baker to submit his claim to 
arbitration, but the district court denied the motion. On appeal, the Fourth Circuit found that Baker's agreement to 
arbitrate did not preclude the EEOC from fulfilling its statutory duty, since the EEOC was not a party to the 
agreement to arbitrate. However, the Fourth Circuit did limit the EEOC to injunctive relief, denying specific relief 
in Baker's interest. The matter was then processed before the Supreme Court.6 

The Supreme Court decision in this matter enumerated several findings that provide guidance to employers and 
others in determining the extent to which individual employment arbitration provisions restrict EEOC action on 
behalf of those individuals. The Court ruled that the EEOC was not restricted by the arbitration clause, since Title 
VII gives the EEOC control over the choice of forum in such actions. The Court also found that the EEOC could 
seek both injunctive relief and specific relief, based on the existence of a compelling public interest in this type of 
action. Since the EEOC was not a party to the arbitration agreement, the Commission was not prevented from 
taking whatever action it felt necessary to protect both the interest of the individual in the particular dispute and the 
interests of the public at large.7 

However, it is noteworthy that the Court did not challenge the fundamental validity of employment arbitration 
clauses, but carved out a statutory exception to their use based on the language of Title VII, as amended. This is 
consistent with the Court's action in regards to labor arbitration, as evidenced by the Court's findings in the 
Alexander v. Gardner-Denver Co. decision referenced above. 

UNRESOLVED LEGAL ISSUES AFTER EEOC V. WAFFLE HOUSE 
Despite the general finding in support of employment arbitration clauses, additional unresolved legal challenges to 
employment arbitration remain. In some cases, these issues pose threats to the overall validity of employment 
arbitration, while others represent structural and process concerns that employers should consider when creating an 
employment arbitration system to insure its validity should challenges arise. 

Concerns about the due process nature of employment arbitration clauses include a structural element related to the 
selection and control of arbitrators. In Hooters of America, Inc. v. Phillips, 173 F.3d 933 (1999), the Fourth Circuit 
found the company's attempts to control the process undermined the neutrality of the process, resulting in the 
court's ruling that the employment arbitration clause was unenforceable. The company retained a unilateral right in 
selecting the arbitrator and a unilateral right to move for summary judgment. 

Furthermore, the company also limited the employee's right to discovery prior to the arbitration hearing.• This and 
other circuit court cases have established that, while supporting employment arbitration as a process, the courts will 
insist that such procedures must maintain general fairness, and protect both the procedural and substantive due 
process rights of employees. While recognizing that arbitration can provide an adequate forum in which an 
employee's rights can be asserted, the courts expect employers to insure this outcome. Should an employee assert 
that his/her due process rights have been violated, the burden is on the employer to prove that the employee received 
the same degree of due process as might be expected in court. While the courts accept that the informal nature of 
arbitration does not directly compromise the due process rights of employees, they also will not allow this 
informality to be used by an employer as a tool to lessen the due process standards. 

Another issue of concern to the courts is a desire that an employee subject to employment arbitration is not denied 
access to the forum due to excessive costs resulting from "fee-shifting." In labor arbitration, it is customary for the 
union and the company to split the cost of the arbitration process. Since the union receives dues from its 
membership, the financial burden of an arbitration proceeding for any one member is actually borne by all members 
of the union. Individual employees obviously do not have this luxury; therefore, if the employment arbitration 
process is structured in such a way that the cost to an individual employee is so great as to make it either impossible 
or extremely difficult for that employee to pay, the court must determine if that employee's due process rights have 
been violated. 
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The existence of arbitration as the only forum available to the employee requires that significant care be taken to 
protect access to that forum. Otherwise, the employer has the best of all worlds since the employee is denied the 
forum of the courts and cannot afford the forum of arbitration. The lower courts have been very diverse in their 
opinions on this issue, with some taking a very strong stand against fee-shifting, while others have endorsed the 
concept. The Tenth, Eleventh, and District of Columbia have opposed fee-shifting, while the Second Circuit and 
others have upheld fee-shifting clauses. Still others, like the Fourth Circuit, have taken a compromise position in 
arguing that the equity of fee-shifting must be examined in a case-by-case basis in light of the employee's ability to 
pay.9 Given the diversity of opinions among the courts on this issue, it is likely that the Supreme Court will need to 
render a decision in the near future clarifying the parameters of fee-shifting; and, it would not be surprising to see 
the Supreme Court utilize its certiorari powers in this situation. 

From a practical perspective, many employers have decided to reduce the significance of this issue as a potential 
challenge to their system by requiring employees to pay only a filing or forum fee, with the employer paying the 
remaining costs. Given the obvious concern this could lead to the filing of frivolous or capricious claims, other 
employers stipulate in the employment arbitration clause that the arbitrator can impose additional financial costs on 
the employee if the arbitrator determines the employee did not file the claim in good faith. Under such provisions, if 
the employer administers its own employment arbitration system, the question of unilateral control of the 
proceedings again becomes an issue of concern. 

However, utilizing an outside agency like the American Arbitration Association (AAA) will rebut any assertions 
that the system is biased in favor of the employers. In fact, recent innovations in AAA employment arbitration 
procedures are designed to lessen concern over both the fee-shifting and control issues. Effective January I, 1999, 
the AAA established the Due Process Protocol for Mediation and Arbitration of Statutory Disputes Arising Out of 
the Employment Relationship. The Due Process Protocol was the result of a joint task force that included 
representatives from the AAA, the American Civil Liberties Union, the Ameican Bar Association and the National 
Employment Lawyers Association.10 Effective November 1, 2002, the AAA implemented new rules to protect 
employees from paying excessive costs in arbitration proceedings. The employee is required to pay a case filing fee 
that is now capped at $125 .00, with the employer paying all administrative fees unless the arbitrator determines the 
employee's claim was patently frivolous or filed to harass the employer. If the arbitrator finds the employee guilty 
of filing a claim in bad faith, the arbitrator can use his discretion to allocate the cost of the proceedings.

11 

As to the issue of management control of the arbitration process, corporate executives point to the professionalism 
of arbitrators as a sufficient basis for insuring neutrality of the process. Certainly arbitrators concur with this 
assessment, pointing out that an arbitrator's reputation for integrity as a neutral is the most critical criterion for 
continuance in the field. For some critics convinced that an employer-administered plan is not acceptable either in 
appearance or practice, the AAA and other independent agencies, like the National Academy of Arbitrators, provide 
an acceptable alternative. These agencies are widely respected for their neutrality in such situations; and given the 
large number of arbitrators on the rosters of such agencies, arbitrators are unlikely to be assigned to the same 
company with any frequency. 

An additional unresolved legal issue is that of class action litigation. An employment arbitration agreement 
generally has been held by the courts to be an individual contract between the company and employee, which would 
seem to preclude using this contract as the basis for any class action. For the most part, the U.S. Supreme Court and 
other federal courts have agreed with this position. In Gilmer, the Supreme Court rejected an argument that 
arbitration provisions are invalid because they cannot adequately provide for class actions; finding that all 
individuals adversely affected had an individual right to seek redress of any grievances. Even the Ninth Circuit has 
found that employees signing an individual contract cannot expect to later combine with other litigants in a class 
action, even where the agreements were identical. 

Recent guidance in this area was provided by the Fourth Circuit in Adkins v. Labor Ready, Inc., involving an 
employee of a temporary employment agency who brought suit against his employer alleging violations of federal 
and state wage and hour laws. Mr. Adkins also sought class action status for his complaint. Based on the fact that 
all employees had signed an arbitration agreement upon employment, and the court's view that each agreement was 
valid and enforceable individual agreement, the court rejected the plaintiffs' argument. The court instructed that any 
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action must be taken on an individual basis, and within an arbitration forum. Ofnote in this case is the simplicity of 
the company's arbitration provision. The provision read: 

I understand that my employment with LABOR READY, INC. is on a day-to-day basis. That is, 
at the end of the work day, I will be deemed to have quit unless and until I request and receive a 
work assignment at a later date. 

I agree that any disputes arising out of my employment, including any claims of discrimination, 
harassment or wrongful termination that I believe I have against Labor Ready and all other 
employment related issues (excluding only claims arising under the National Labor Relations Act 
or otherwise within the jurisdiction of the National Labor Relations Board) will be resolved by 
arbitration as my sole remedy. The arbitration shall be conducted by the American Arbitration 
Association under its Commercial Arbitration Rules and the decision of the arbitrator shall be final 
and binding. I understand that Labor Ready also agrees to arbitrate in the same manner any claims 
which the company believes it has against me.'2 

Unlike some arbitration agreements that may require legal training in order to be understood, the Labor Ready 
provision is very simple and straightforward. Mr. Adkins sought to have the agreement set aside based on an 
inequality of bargaining power between himself and Labor Ready, Inc. However, the court rejected this argument, 
finding nothing about the agreement to be unconscionable. It is also interesting to note that this agreement did not 
mention the distribution of costs for any proceedings, yet the court made no comment on this issue. 

One final legal concern with employment arbitration rests with attacks on the process based on traditional principles 
of contract law. Where an employer unilaterally imposed arbitration provisions, some courts have determined there 
was no consideration on the part of the employer to support the employee's obligation to arbitrate. This is 
particularly true for current employees. While one can argue that individuals signing an arbitration agreement at the 
initial hire date received employment as consideration, the same is not true for existing employees. Most courts 
have found that as long as the employer puts current employees on notice as to the initiation of the employment 
arbitration system, and they continue to work for the employer, a sufficient contractual "meeting of the minds" 
exists. 

In addition to extensive court activity concerning employment arbitration, it is worth noting that critics of the 
process have brought pressure on Congress in recent years to legislatively reduce the impact of individual 
employment arbitration provisions. While such efforts have not yet been successful, continued efforts in this 
direction are anticipated in the coming years. 

IMPLEMENTING AN EMPLOYMENT ARBITRATION SYSTEM 
Employers should take great care in designing and implementing an employment arbitration system, both for legal 
and practical reasons. This paper has examined the legal status of employment arbitration, and will combine this 
perspective with the practicality of the author's experience as a labor arbitrator to provide recommendations in this 
regard. 

The first step taken by corporate executives should be an identification of the desired outcomes of the system. Is the 
system designed primarily as an attempt to avoid litigation in the courts, or is it intended to provide an impartial 
arbiter of disputes between the employer and its employees. Both of these alternatives are legitimate, but the 
decisions concerning significant components of the system can be impacted by the goals of the system. For 
example, a system designed to avoid litigation will seek to meet the letter of the law in maintaining the system's 
validity, but may not be as concerned with employee perceptions of the system. This approach is distributive in 
nature, seeking to maximize the rights of the employer to the greatest extent possible within the parameters of the 
current legislative environment. A system designed with an integrative view of the employment relationship is more 
likely to take steps to insure that the system is accepted by the employees of the firm as having face validity. One 
might anticipate that decisions concerning due process protections, fee-shifting, and process control will be 
impacted directly by the organization's perspective in determining the system's desired outcomes. 
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The second step to be taken is to identify the measures to be used in assessing the success of the system. Will 
success be measured by dollars spent for administering the employment arbitration system versus estimated dollars 
saved by avoiding litigation, or will measures such as employee satisfaction and turnover provide a more accurate 
measure of success/failure? In the labor relations arena, arbitration is the final step of an industrial jurisprudence 
system that tries to solve employer-employee disputes at the lowest level possible. Employment arbitration can be 
used in this manner, but the vast majority of companies do not place this arbitration as the final step, but the only 
step. Whereas in unionized environments arbitration is seen as the option of last resort, employment arbitration is 
often the first and only option. Again, this can affect employee perceptions that the employer is doing only what is 
in the best interest of the employer. 

A third recommendation is to keep the employment arbitration provision as simple as possible. A review of court 
decisions indicates that this approach reduces the likelihood that an employment arbitration provision will be ruled 
unenforceable. While your attorney certainly should review any employment arbitration provision prior to 
distribution, avoid the use of legal jargon that will call into question the employees' ability to understand the 
provision. Courts have consistently ruled that such employment arbitration provisions will allow successful 
challenges by employees. 

A fourth recommendation is to utilize the AAA or a similar agency to administer your system. Given the remaining 
legal questions concerning employment arbitration, this provides a measure of protection against charges that 
arbitrators will be biased toward the party determining neutral selection. The recent procedures enumerated by the 
AAA protect the rights of all parties, and support the integrity of the employment arbitration process. As indicated 
above, these guidelines call for the employee to pay only a modest forum fee, with the employer paying the 
remaining costs. 

A final recommendation concerns those employers who act contrary to the previous recommendation to utilize an 
outside agency. These employers still should require that employees pay only a filing fee, and the employer should 
assume the remaining financial burden. Since the process is used by most employers only in the event of employee 
discharge, the costs associated with arbitration are not extensive when compared to a wrongful discharge 
proceeding. Given the court's divergent views on fee-shifting, the more prudent alternative in this situation is 
employer payment for the process. 

There is a marked trend of increased utilization of employment arbitration provisions by employers, primarily as a 
tool to gain more control over the employment relationship. However, as the rules of the employment arbitration 
game continue to evolve, employers should exercise caution in designing and implementing such systems. As is the 
case with any effective management system, careful internal scrutiny and attention to relevant external 
developments will increase greatly the probability of success. 
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TRENDS IN THE PUBLIC POLICY EXEMPTION TO THE EMPLOYMENT-AT-WILL DOCTRINE 

Edward H. Hemandez1
, Alfred R. Petrosky1 and Robert Page2 

1
California State University Stanislaus and 2Southern Connecticut State University 

INTRODUCTION 
Employment-at-will was considered the status-quo throughout U.S. workplace history. The right to hire and fire an 
employee without cause was considered to be a parallel to the right of a worker to join and quit an organization 
without warning. The U.S. Supreme Court in (Adair v. U.S., 208 U.S. 161) upheld this assumption. 

The Wagner Act of 1935, along with more pro-union collective bargaining agreements, provided for the first 
statutory exceptions from the at-will doctrine. Companies reacted by creating "yellow-dog" contracts, where 
prospective employees were required to refrain from union membership as a condition of employment. However, 
when the yellow-dog contracts were outlawed the groundwork for establishing legal disclaimers was set. Much of 
the original logic for outlawing yellow-dog contracts is still used as arguments for exemptions to at-will 
arrangements (e.g. Hilbert, I 991) 

Throughout recent U.S. history the protections from at-will tenninations were enjoyed by only a small percentage of 
workers. It wasn't until the 1970's when attempts were made in state courts to expand the legal concept of 
'exceptions' to at-will to include: 

• Employees where the terminations violated 'public policy' 
• Employees who refuse to commit unlawful acts 
• Employees who exercise a statutory right or privilege 
• Those reporting statutory violations 
• Members of protected classes other than those identified in title VII. (Buckley and Weitzel, 1988; Flynn, 

1996; Saul, 1984) 

Given the large number of employees potentially covered by an exemption, it appeared that employment 
relationships took on a contractual nature, with terminations viewed as violations of this contract. By the 1970's 
individuals began to sue their former employers based on expectations that they had a reasonable expectation of 
continued employment, and were safe from random termination. There were some cases where the simple existence 
of an application fonn established a contractual obligation where the employees was reasonable allowed to expect 
benefits form the employer(Jennings, 1988). 

CURRENT LITIGATION TRENDS 
The most common method for challenging a employment termination where the employer claims at-will protections 
is to bring a tort claim for the violation of public policy. The premise of a public policy claim is that the former 
employee was acting in the public good or in the best interest of society. Upon acting in this capacity an employer 
chooses to terminate an employee. The reasons why there are so many court challenges on this issue is because both 
the employee and employer rarely agree on what is in the 'best interest of society. One Illinois case Palmateer vs. 
International Harvester the Illinois Supreme Court defined public policy as " .. what is right and just and affects the 
citizens of the State collectively." The public policy exception can also mean that an employee cannot be fired for 
perfonning a legal duty or exercising a legal right. 

Some examples of what might constitute a firing in violation of public policy are: 
• Terminating an employee for filing a worker's compensation claim, 
• Tenninating an employee who has requested medical attention for an on-the-job injury, 
• Tenninating an employee who has brought or threatened a lawsuit against the employer, 
• Tenninating an employee for absence from work for jury duty or for refusing to commit perjury as 

instructed by the employer, 
• Terminating an employee who refuses to perform an illegal act, and 
• Terminating an employee for "blowing the whistle" on the employer. 
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This is an important issue for employers, and they must take significant efforts to full understand the nature of a 
'public policy'. Ignoring these issues has resulted in some very significant punitive damage awards when an 
employee wins in court. 

One interesting trend is for employees to claim protections under whistle-blowing doctrine. In this type of claim the 
discharged employee claims that the tennination was a penalty or retaliation for acting in the public good by 
whistle-blowing or revealing an illegal or dangerous act on the part of the employer. As it pertains to arbitration, 
there is some evidence that arbitrators tend to view whistle-blowing claims as 'biting the hand that feeds you" 
http://www.iit.edu/departments/csep!perspective/pers2 12 jun82 2.htrnl 

However the courts have recognized anti-retaliatory provisions which specify penalties against employers who 
tenninate or penalize employees far notifying authorities of employer violations under the respective statutes. The 
statutes with these provisions are listed below: 

• National Labor Relations Act 
• Fair Labor Standards Act 
• The Age Discrimination in Employment Act 
• Title VII of the 1964 Civil Rights Act 
• Occupational Health and Safety Act 
• Federal Mine Safety Act 

The courts have not been allowing public policy claims to be interpreted broadly. For example, one case did not 
allow public policy claim using the Federal Mine Safety Act because the plaintiff complained to her boss and not the 
Federal employee in charge of monitoring the FMSA. This was generally considered an attempt to narrow the 
interpretations of public policy. Overall, the courts have both widened and targeted interpretations. 

The Virginia Supreme Court in Bowman v. State Bank of Keysville, 229 Va. 534,331 S.E.2d 797 (1985) allowed for 
claims to be made on the basis of public policy. Since this case other cases have used the 'Bowman' claim in a 
series of controversial cases. In this case Betty Bowman claimed that her company violated Federal securities laws 
and filed false financial statements. She made this claim to back up her public opposition to her own company's 
merger with NB Corporation. Bowman was ultimately discharged from her position. She filed a lawsuit against her 
employer claiming that her discharge was retaliation against her legal rights to act as a stockholder for her own 
company. The courts, after appeals, ruled for Bowman claiming that she had the right to act as a stockholder 
without any influence or pressure from outside. In this case the company had the power to fire her if she voted in 
ways they did not approve. 

The Bowman standard has influence many other cases using this logic to justify decisions or comment on possible 
future actions. For example, in Kerns v. Shirley Well Drilling. 11 V.C.O. 15 (Frederick County 1986), the Frederick 
County Circuit Court suggested that a Bowman claim could be established if an employee could show that he was 
tenninated as retaliation for a workers' compensation claim for a work-related injury. Also, in Shifflett v. Lewis 
(Rockingham County Cir Ct. (McGrath) 8112/98), the court accepted a Bowman claim based on the right to consult 
a lawyer). 

Currently, challenges to employment tenninations based on public policy are uniquely popular. Plaintiffs are not 
achieving the success rates that were expected based on predications made from the 1970s and early 80's. For the 
most part the courts are supporting the whistle-blowing cases when the plaintiffs have a vested interest in the 
outcome of the claim. Outside of this the plaintiffs have achieved little success basing public policy claims on 
whistle-blowing principles. 
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ETHICAL DECISION MAKING MODELS IN BUSINESS AND ENGINEERING 

Ewa A. Rudnicka 
University of Pittsburgh at Greensburg 

ABSTRACT 
A number ofresearchers ( Ferrell & Gersham, 1985: Trevino, 1986; Hunt &Vitell, 1986; Bommer, Gratto, 
Gravender &Tuttle, 1987; Ferrell, Gersham &Fraedrick, 1989; Dubinsky & Loken, 1990; Fritzsche, 1991; Jones, 
1991 and Brass, Butterfield & Skaggs, 1998 have developed desriptive (positive) models based on the cognitive 
processes individuals use in making decisions involving ethical judgments. Positive models describe what actually 
occurs in the organization and identify those variables that actually influence the ethical decision making process. 
Normative models address what should occur. This paper provides a review of selected positive and normative 
models for ethical decision making. 

NORMATIVE MODELS 

Cavanagh, Moberg and Velasguez's The Ethics of Organizational Politics Model 
Cavanagh, Moberg and Velaz.ques, 1985, used the three theories of utilitarianism, rights and justice in a decision tree 
for incorporating ethics into a decision model. They have studied the concept of power in organizations and 
developed a model for making decisions that reflect that reflect the optimum political behavior alternative (PBA). 
While their model may be helpful in analyzing the ethical dimensions of a conflictual situation, it does not eliminate 
the need to confront ethical dilemmas to the extent of one's cognitive capabilities and is not a substitute for 
individual discretion 1

• 

Manner 
2 

collected and studied over fifty procedures described in the literature representing a variety of decision
tree like approaches to ethical decision -making. Most of the procedures were designed to meet specific needs for 
specific persons in certain types of situations. 

POSITIVE MODELS 

Ferrell and Gersham's Contingency Model 
Ferrell and Gersham's model j focuses on the contingent factors ( knowledge, values, intentions, and attitudes) that 
affect the individual decision maker as well as on the organizational determinants of significant others (differential 
association, role-set configuration) and opportunity (professional codes, corporate policy, rewards and 
punishments). The model suggests that management has control over ethical decision making in the organization. 
Ferrell and Gersham 's Contingency Framework is a" multistage model of ethical decision making behavior. It 
describes a first order interaction between the nature of the ethical situation and the characteristics associated with 
the individual, significant others, and the opportunity to engage in unethical behavior . ... The model suggests that the 
less distance (fewer boundaries) between the individual and significant others, the more influence the latter will have 
on the individual's decision." 4• 

The model assumes that an ethical issue or dilemma arises within the social and/or cultural environment. The model 
is process oriented. "The decision that emerges from this process leads first to behavior and next to evaluation of 
behavior, which, in turn, is the starting point for a feedback loop to individual and organizational factors" 5. 

Four propositions from the contingency framework are presented: 
"Proposition I : The more individuals are aware of moral philosophies for ethical decision making, the more 
influence these philosophies will have on their ethical decision. 
Proposition 2: Significant others located in role sets with less distance between them and the focal individual are 
more likely to influence the ethical behavior of the focal person. 
Proposition 3: In general, differential association (learning from intimate groups or role sets) predicts 
ethical/unethical behavior. 
Proposition 4: The opportunity for the individual to become involved in unethical behavior will influence reponed 
ethical/unethical behavior." 6 
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A Janus-Headed Model of Ethical Theory 
Until 1985, traditional models of ethical theory presented utilitarianism and fonnalism (deontology) as antagonistic 
and mutually exclusive methods. The Janus-headed model proposed by Brady, views the ethical relationship 
between business and society as a process and allows for a new classification of business/society issues by pointing 
out their dual nature. lt takes its name after the Roman god Janus, the god of gates and entryways, depicted as 
having two faces -one looking forward and the other backward. A Janus-headed model portrays the social process 
of resolving ethical issues as simultaneously looking to the past as well as to the future. The model classifies 
utilitarians as looking forward while fonnalists are characterized as oriented primarily to the past. Utilitarians 
approach ethical issues by looking to the future for anticipated results, opportunities, and innovation. The model 
stresses that business leaders confronted with the ethical dilemma are doing two things at once: 

I. "As formalists they are looking to the cultural heritage established by law, language, and tradition and 
assessing the relevance and adequacy of the store of knowledge to the issue at hand. 

2. As utilitarians they are simply seeking to discover a solution that will give the best possible results according 
to some idea of what it means to be fully human.".7 

Hunt and Vitell's General Theory of Marketing Ethics 
Hunt and Vitell 1developed a general theory of marketing ethics. The focus in this model, is one way in which an 
individual perceives the situation, alternatives and consequences. They suggest that once the individual perceives the 
set of alternatives a deontological evaluation and teleological evaluation takes place. Deontological norms represent 
personal rules or rules of behavior which range from beliefs about such things as cheating, product safety, honesty 
and confidentiality of data. In deontological evaluation the individual evaluates the inherent rightness or wrongness 
of the intended behavior. Preposition six of this model states that deontological nonns are a function of the 
individual's personal experience, organizational environment, industry environment and cultural environment. The 
teleological (i.e., consequences) evaluation has four constructs: the perceived consequences of each alternative for 
various stakeholder groups, the probability that each consequence will occur, the desirability or undesirability of 
each consequence, and the importance of each stakeholder group. The teleological evaluation results in forming a 
belief about the relative goodness or wrongness brought about by each alternative as perceived by the individual. 
Hunt and Vitell suggest that combinations of both deontological and teleological perspectives rather than strict 
adherence to one or the other dominate moral decision making by individuals. The model also proposes that ethical 
judgments may often differ from intentions as the teleological evaluation can operate independently affecting 
intention construct. Proposition three states that the likelihood that an individual will engage in a particular behavior 
is a function of situational constraints and of the individual's intentions. The model further suggests that when 
behavior and intentions are inconsistent with ethical judgments, one of the consequences the individual will 
experience will be guilt. 

Trevino's Person-Situatjon lnteractionist Model 
Trevino's 1986 model is interactionist in nature because it combines individual variables with situational variables 
to explain and predict ethical decision making behavior of individuals in organizations. This model is based on 
Kohlberg's cognitive moral development model. Trevino considers Kohlberg's cognitive moral development theory 
as "the most popular and tested theory of moral reasoning" 9• 

Kohlberg identified three levels of moral development each with two stages (see Table 1 ). An individual's level of 
cognitive moral development has an effect upon perceptions of ethical situations. The model assumes that the 
individual's cognitive moral development stage" detennines how an individual thinks about ethical dilemmas, ... 
and how additional individual and situational variables interact with the cognitive component to determine how an 
individual is likely to behave in response to ethical dilemma". '0 The individual factors include ego strength, field 
dependence, and locus of control. The situational factors involve immediate job context (reinforcement and other 
pressures), organiz.ational culture (normative structure, referent others, obedience to authority, and responsibility for 
consequences), and characteristics of the work (role taking and resolution of moral conflict). Both individual and 
situational variables moderate the relationship between the stage of cognitive moral development and 
ethical/unethical behavior. Trevino's model has no component from moral philosophy. 
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Leve I : Stage I: Punishment and Obedience Orientation 
Preconventional Stage 2: Instrumental Relativist Orientation 
Level 2: Stage 3: "Good Boy/Nice Girl" Orientation 
Conventional Stage 4: Law and Order Orientation 
Level 3: Stage 5: Social-Contract Legalistic Orientation 
Postconventional Stage 6: Universal Principle Orientation 

Rest's Ethics Model 
Rest

11 
developed his ethics model based on the theoretical development of Kohlberg's theory of cognitive moral 

development and Ajzen & Fisbein's theory of reasoned action 12
• The premise of the model is that behavior is 

preceded by behavioral intentions that are, in tum, preceded by individual moral judgments when a moral issues has 
been recognized. 

Bommer, Gratto, Gravander and Tuttle's Behavioral Model of Ethical/Unethical Decision Making 
Bommer et al.13, proposed their Behavioral Model of Ethical/Unethical Decision Making in 1987. The decision 
making process is influenced by a number of environmental factors: work, professional, personal, government/legal, 
and social. Together, with individual attributes (personal goals, personality, motivation mechanism, position /status, 
self concept, life experiences, and demographics) environmental factors are regarded as significant influencers of the 
decision process and resulting behavior. At the same time it is recognized that they have different levels of degree of 
influence onto the behavior of the individual. 

Ferrell, Gersham and Fraederick's Synthesis Integrated Model (SIM) of Ethical Decision Making in Business 
Ferrell, Gersham and Fraederick, 14 developed Synthesis Integrated Model (SIM) based on the previous findings of 

Ferrell and Gersham, and Hunt and Vitell. The model contains components of models developed by Ferrell and 
Gersham, Hunt and Vitell, and Kohlberg. Five stages that occur in the ethical decision making process are 
identified: identification of ethical issue (awareness), cognitions (stage of cognitive moral development), moral 
evaluations (deontological, teleological judgments), determination (intentions), and action (ethical/unethical 
behavior). In the second stage individual's level of moral development determines how that individual will deal with 
the dilemma. In the third stage the individual selects the moral philosophy (Hunt and Vitell model). Intentions from 
stage four detennine actions in stage five. Organizational culture, opportunity and individual moderators affect 
reasoning process through all four stages. " The use of micro as well as macro constructs blends the cognitive moral 
development and social learning theories into a more comprehensive view of ethical decision making .... How 
individuals recognize ethical dilemmas is an important issue addresses by the synthesis model''. 15 

Dubinsky and Loken's Model for Analyzing Ethical Decision Making in Marketing 
Dubinsky and Loken 16 developed their model based on the theory of reasoned action. The model starts with 
behavioral beliefs, outcome evaluations, normative beliefs, and the motivation to comply. The first two components 
affect attitudes toward ethical/unethical behavior while the other two affect subjective norms toward 
ethical/unethical behavior. Intentions to engage in ethical/unethical behavior are result of the individual's evaluation 
of behavior and beliefs about significant others' approval. 

Trevino and Youngblood's lnteractionist Model of Ethical Decision Making in Organizations 
Trevino and Youngblood's 1990 model took an approach based on social learning theory in which individuals are 
assumed to learn vicariously by observing what happens to others17

• 

The factors related to individual tendencies in ethical decision making included: vicarious reward, vicarious 
punishment, outcome expectancy, locus of control, cognitive moral development, and ethical decision-making 
behavior. Their findings determined that one's "locus of control exhibited the single strongest direct effect on ethical 
decision•making, nearly double that of all the other factors". 11 

Fritzsche's A Model for Decision Making Incorporating Ethical Values 
Fritsche's 1991 model19 is focused on the set of personal values held by the decision maker. In business those values 
are meditated by forces within the organizational structure. The model offers a way to understand how 
organizational forces interact with the values of individual decision makers and how they influence their decisions. 
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Jones' Issue Contingent Model 
Jones20 proposed an integrative model of ethical decision making. The foundation of Rest's model lies in a four
stage process that integrates various models developed by Ferrell and Gersham (I 985, Trevino (1986), Hunt and 
ViteJI (1986), and Dubisky and Loken (1989). Jones builds upon this model by introducing the concept that ethical 
decisions are contingent upon factors that define the characteristics of an ethical dilemma. Jones collectively refers 
to these characteristics of moral issue as 'moral intensity'. These characteristics include: 

1. Magnitude of Consequences: The "sum of harms (or benefits) done to the victims (or beneficiaries) of the 
moral act in question." 

2. Probability of Effect: "The probability of effect of the moral act in question is a joint function of the 
probability that the act in question will actually take place and the act in question will actually cause the 
harm (benefit) predicted." 

3. Social Consensus: The "degree of social agreement that a proposed act is evil (or good)." 
4. Temporal Immediacy: Temporal immediacy is the amount of time between the act and its consequences. 
5. Concentration of Effect: According to Jones ( 1991) "cheating an individual or a small group of individuals 

out of a given sum has a more concentrated effect than cheating an institutional entity, such as a 
corporation or government agency, out of the same sum." 

6. Proximity: Proximity is defined as a feeling of"nearness" that the moral agent has toward the victim of the 
unethical act. 

He speculates that moral intensity affects every stage of ethical decision making process. Robin, Reidenbach, and 
Forrest 21 evaluated moral intensity and found that the level of moral intensity had a significant impact on both 
ethical judgments and intentions. One notable feature of the model is that there is no feedback loop following moral 
behavior. 

Brass, Butterfield, and Skaggs' Model of Unethical Behavior 
Based on the premise that ethical decision- making is inherently a social process that affects the interests, well
being, and expectations of others Brass, Butterfield and Skaggs22 proposed a model of unethical behavior. In their 
ethical decision- making model, they integrated organizational, relational, and individual factors among social 
actors. They suggested that ethical/unethical behavior is affected by the structure of relationships and the types of 
relationships between actors. 

OTHER MODELS 
Rodgers and Gago's Throughput Model 
Rodgers and Gago 23proposed a throughput model that captures and integrates the decision-making process with 
ethical reasoning of an individual. The throughput model includes four major concepts: perception (P), information 
(I), judgment (J), and decision choice (D), and suggests how they interact. Most of the models described here have 
assumed serial processing of infonnation, while this model assumes parallel information processing. Six general 
pathways represent six major philosophies:" 

l. P➔ D represents psychological egoism that stresses individuals are always motivated to act by their 
perceived self-interest. 

2. P➔J➔D depicts the deontological view-point that emphasizes the individuals' rights and judgments 
associated with a particular decision process, rather than on its choices. 

3. I➔P➔D highlights the relativist perspective, which assumes that the decision-makers use themselves or 
the people around them as their basis for defining ethical standards. 

4. I➔J➔D reflects the utilitarian position, which is concerned with consequences, as well as the greatest good 
for the greatest number of people. 

5. P➔l➔J➔D underscores the virtue ethics outlook, which is the classical Hellenistic tradition represented 
by Plato and Aristotle, whereby the cultivation of virtuous traits of character is viewed as mortality's 
primary function. 

6. l ➔ P➔ J ➔ D represents the ethic~ of care philosophy, which focuses on a set of character traits that are 
deeply valued in close personal relationships, such as sympathy, compassion, fidelity, love, friendship, and 
the like" (p.358-359). 

Depending upon their philosophical viewpoint individuals may weigh certain pathways heavier than others may. 
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Tsalikls, Seaton, Shepherd's Research Model of Ethical Behavior in Organizations 
Tsalikis, Seaton and Sheperd's 24 research model for investigating ethical behavior in organizations is a synthesis of 
the Jones (1991) model and the scenario approach. The model has two major components: the observer/evaluator 
and the situation/scenario- in ethical situation. Ethical situations have three elements: 

I. The transgressor/moral agent: This is the person(s) and/or organization, which are committing the 
questionable act. 

2. The issue type and its intensity. 
3. The victim: This is the person(s) and/or organization, which will be adversely influenced by the 

questionable act. 2s(Tsalikis et al. 2001, p.234). 
The "observer" is the respondent. In an organization, the observer is the evaluator of the person p¢onning the 
transgression. The observer's perception of the situation may be moderated by the observer's individual factors and 
organizational factors. This model is intended as a guide for future research, and not as a positive model of 
individual ethical behavior. 
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ORGANIZATIONAL TASK ENVIRONMENTS: CURRENT DILEMMAS IN RESEARCH 

Randall D. Harris 
California State University, Stanislaus 

ABSTRACT 
The organizational task environment (OTE) construct is currently facing a number of significant dilemmas. First, 
there is no commonly accepted theoretical framework. Second, various measures abound. Third, significant doubt 
has been cast upon currently utilized measurement models. This article reviews these current dilemmas in OTE 
research, and suggests a future direction for theoretical and empirical research on the OTE construct. 

INTRODUCTION 
Conceptualizing and measuring the task environment of organizations has been a central research question in the 
administrative disciplines (Dill, 1958). The conceptualization and meas1.rement of the organizational task 
environment, however, continues to generate disagreement in the literature (Tosi, Aldag & Storey, 1973). The 
discussion surrounding the conceptualization and measurement of the organizational task environment (OTE) can be 
summarized into three main points: (I) there is a loose consensus in the literature regarding the relevant dimensions 
of the organizational task environment (Bluedom, 1993), (2) there is little consensus regarding how these loosely 
defined dimensions should be measured (Sharfman & Dean, 1991a), and (3) there remains uncertainty regarding the 
interaction and effect of the organizational task environment on the organization (Dill. 1958; Dess & Rasheed, 
1991). 

The discussion surrounding the conceptualizatim and measurement of the environment also has implications for 
strategic management research (Bluedom, et. al., 1994). Environmental characteristics have major implications for 
every aspect of management, including finn strategy, structure, processes andoutcomes (Goll & Rasheed, 1997, p. 
583). In addition, adequate controls for industry effects have not been utilized in many strategic management studies, 
and one method suggested to control for these effects has been to utilize dimensions of the organizatonal task 
environment (Dess, Ireland & Hitt, 1990). 

Most organizational theorists acknowledge that the organizational task environment is composed of multiple 
dimensions (Boyd, 1995). The loose consensus in the literature that has emerged regarding the cmceptualization of 
the organizational task environment generally acknowledges that there are three environmental dimensions: 
munificence, dynamism and complexity (Bluedom, 1993). The study that developed these three dimensions, based 
heavily on Aldrich {1979), was Dess & Beard (1984). 

The measurement and validation of these dimensions, however, is another issue (Boyd, Dessand Rasheed, 1993). 
Several researchers have acknowledged Dess & Beard (1984) as an accepted method for objective (archival) 
measurement of the task environment (Lawless & Finch, 1989; Boyd, 1990; Boyd, 1995). Sharfman & Dean (I 991 a; 
1991 b ), however, have raised a number of questions regarding the measurement and validity of the Dess & Beard 
( 1984) OTE construct, and have suggested a set of revised measures, combining both archival and perceptual 
sources. The revised measures of Sharfinan & Dean ( 1991 a), and their underlying theoretical rationale, are also 
disputed (Dess & Rasheed, 1991 ). 

Many questions also remain regarding the relatiomhip of the OTE variables munificence, dynamism & complexity to 
organizational strategy, structure, processes and outcomes. These relationships have been explored (Keats & Hitt, 
1988; Lawless & Finch, 1989; Boyd, 1990; Boyd, 1995; Goll & Rasheed, 1997), blt hypothesis testing has yielded 
different or inconsistent results depending upon the approach used to conceptualize and measure the environment 
(Boyd, Dess & Rasheed, 1993, p.204). 

THEORETICAL FOUNDATIONS 
Approaches to the conceptualization and measurement of organizational task environment dimensions generally fall 
into two categories. The first, the objective approach, assumes that the environment is capable of being measured in 
a logical manner using quantifiable indices, usually based upon aggregate fnancial infonnation. Boyd, Dess & 
Rasheed ( 1993, p.205) refer to these measures as "archival" because even an objective approach to measurement, 
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using secondary data sources, implies some degree of subjectivity. It has been suggested that researchers whofocus 
on organizational outcomes would benefit most from the use of objective measures (Boyd, Dess & Rasheed, 1993). 

Researchers have increasingly turned to objective measurement in recent years (Bluedorn, 1993). Keats & Hitt 
( 1988), for example, use the variables munificence, instability and complexity in a causal model linking 
environmental dimensions to organizational characteristics and firm performance. Lawless & Finch (1989) use 
environmental data from the original Dess & Beard (1984) study to test mtegy-environment fit. Boyd (1990) 
constructs the variables munificence, dynamism and complexity in a test of the resource dependence model. Boyd 
( 1995) also uses the variables munificence, dynamism and complexity in a study of the CEO dualityperformance 
relationship. Other researchers have also used objective environmental measures in studies of various factors 
affecting finn performance (Goll & Rasheed, 1997; Li & Simerly, 1998). 

The second approach to the conceptualization and measurement of the orgatizational task environment focuses on 
"subjective" or perceptual measures. Top management perceptions of their task environment are often measured in 
this approach (Sutcliffe & Huber, 1998). Subjective measurement has been recommended in studies that focis on 
firm actions, such as executive infonnation search or decision-making (Dess & Rasheed, 1993). Unfortunately, many 
subjective measures have also been compromised by problems with regard to generalizability, reliability and validity 
(Tosi, Aldag & Storey, 1973). 

Subjective measures of the task environment, particularly perceived environmental uncertainty, abound. Some early 
studies that develop perceptual measures of the environment include Lawrence & Lorsch ( 1969), Duncan ( 1972) and 
Miles & Snow (1978). 

Combinations of objective and subjective measures of the task environment have also been tried (Tung, 1979). 
Objective and perceived measures, however, often diverge widely (Tosi, Aldag & Storey, 1973). Boyd, Dess & 
Rasheed (1993) have articulated several propositions and a theoretical model regarding the reasons for the 
divergence between objective (archival) and perceptual measures of the environment. 

Dess & Rasheed (1991) state that two issues are central to the further development and understandingof 
environments and their impact on organizations. The first, and most pressing, issue is to develop more reliable and 
valid measures of organizational task environments. 

The second unresolved issue in the literature is that the linkages between the tasc environment and organizational 
strategies, structures, processes and outcomes should be subjected to further theoretical and empirical inquiry (Dess 
& Rasheed, 1991, p. 708). Advances have been made with regard to the relationship of the environment to 
characteristics of the organization (Lawless & Finch, 1989; Boyd, 1990; Boyd, 1995). However, this research has 
proceeded without the debate regarding the conceptualization and measurement of the underlying environmental 
dimensions being resolved. As a resul, research regarding the relationship of the environment to the organization 
cannot confidently proceed until the underlying environmental dimensions are empirically validated. 

DISCUSSION 
Where to begin? Perhaps a return to the approach suggested by Alctich ( 1979), who describes a framework of six 
environmental dimensions: 

Environment Capacity: The relative level of resources available to an organization within its environment, 
varying from Jean or low capacity to rich or high capacity environments. 

Environmental Homogeneity - Heterogeneity: The degree of similarity between the elements of the 
domain population, including individuals and organizations. Varies from undifferentiated or homogeneous 
to highly differentiated or heterogeneous environments. 

Environmental Stability - Instability: The degree of turnover in environmental elements. (Note that high 
turnover may still be patterned and is thus predictable). 
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Environmental Concentration - Dispersion: The degree to which resources, including the doman 
population and other elements, are evenly distributed over the range of the environment. Varies from 
random dispersion to high concentration in specific locations. 

Domain Consensus - Dissensus: The degree to which an organization's claim to a specific domain is 
disputed or recognized by other organizations. 

Environmental Turbulence: The extent to which environments are characterized by an increasing 
interconnection between elements and trends, and by an increasing rate of interconnection. 

(Aldrich, 1979, p.74) 

Building upon Aldrich (1979), it may be possible to reconcile the myriad of approaches currently in use and build a 
theoretical construct that encompasses a large part of the various frameworks. 

This theoretical framework should possess a number of different qualities. First, it should be capable of generating 
empirically testable variables. This would allow for careful and systematic replication and theory development 
(Tsang & Kwan, 1999). Second, the construct should be longitudinally stlble, or exhibit temporal validity (ibid, 
p.769). 

Third, it should be capable of being generalizable to all industrial economies, and not just the United States. Dess & 
Beard (1984) base their work on the Census of Manufactures, and hence the US economy.However, it is unlikely 
that their work in its current form is representative of the UK or other developed economies. Various economies of 
the world exhibit their own distinctive characteristics, and a truly encompassing OTE framework would be capable 
of subsuming these various economies into one broad theoretical framework. As a corollary, it should also perhaps 
be capable of addressing industrial structure imposed by various national governments (e.g., the legal and regulatory 
environment). 

Last, it should exhibit nomological (predictive) validity (Venkatraman & Grant, 1986). Debate surrounding the 
predictive validity of the organizational task environment framework has been contentious (Sharfman & Dean, 1991a 
& 1991 b; Dess & Rasheed, 1991 ). Future research must be capable of clearly articulating and substantiating the 
relationship of the OTE construct to dependent variables of interest. 

Unfortunately, the two most common approaches to measuring the organizational task environment, archival and 
perceptual measures, have shown very little correlation to the other (Boyd, Dess & Rasheed, 1993). Further, 
subjective measures have been compromised by problems with regard to generalizability, reliability and validity 
(Tosi, Aldag & Storey, 1973), and archival measures have shown limitations due to data aggregation, a lack of data 
recency and a lack of correspondence between the underlying theoretical constructs and their measurement (Boyd, 
Dess & Rasheed, 1993, p. 206). The problem of data aggregation is parti:ularly problematic. Firms classified into 
the same 4-digit Standard Industrial Classification (SIC) may be widely different from each other with regard to size 
and competitive strategy. When various segments within a 4-digit SIC are combined, the resulting index may not 
represent either segment (ibid). 

One alternative to this problem is to attempt to combine archival and perceptual measures of the task environment 
(Tung, 1979). Archival and perceptual measures, however, are often widely divergent when emprically compared to 
each other (Tosi, Aldag & Storey, 1973). Boyd, Dess & Rasheed (1993) have articulated a theoretical model 
regarding the reasons for the divergence between archival and perceptual measures of the environment, but it has not 
been empirically tested. Reconciling the archival and perceptual approaches to measurement of the OTE construct, 
therefore, represents a critical area for future research. 

Then there is the organization-environment interface. The OTE variables or some variant have b~n utilized in the 
literature (Keats & Hitt, 1988; Lawless & Finch, 1989; Boyd, 1990; Boyd, 1995) to model organization-environment 
interaction. This paper argues that there is a need for a systematic re-evaluation of the underlying theory and 
measures before research in this area can confidently proceed. 
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The research agenda that this review suggests is daunting. However, building a valid and reliable set of empirical 
results regarding dimensions of the organizational task environment is clearly a pressilg agenda item for future 
research. Accomplishing this is in a systematic and meaningful manner is perhaps unlikely, however, until there is a 
clear consensus regarding the theoretical foundation of the underlying OTE dimensions. There continues to be a 
stated need in the literature to develop more valid and reliable measures of organiz.ational environments, as well as to 
systematically investigate their impact on the organization (Dess & Rasheed, 1991 ). 
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ADOPTING ADVANCED TECHNOLOGY DURING AN IT DOWNTURN - A CASE STUDY 

P.E. Doherty 
Wilfred Laurier University 

ABSTRACT 
North American industry is constantly being challenged by the need to maintain and/or strengthen its position in 
manufacturing. In particular, many companies need to continuously adopt advanced technology in order to improve 
the quality of their products, the speed at which products are designed and produced, at a time when there are strong 
pressures to reduce costs. With each passing year this is becoming more and more difficult because many fixed 
costs, including labor and material have been rationalized to a point where there often seems to be little, or no room 
for improvement. However engineered-to-order assemblies such as machines, structures, and pressure vessels often 
bear a high hidden component of engineering expense, a cost that is now threatening to undermine the 
competitiveness of many companies in the global marketplace. For example in the case study reviewed in this paper, 
we found that technical human resources can consume up to I 0% of a manufacturer's annual revenue in engineering 
and applications sales. This can occur while delivery lead-time for quotations and production can stretch for weeks. 

In order to effectively compete companies need to be innovative, adaptable and use enabling technologies.
1 

This is 
particularly difficult during a technology sector downturn when companies need to find and justify approaches to 
generate business when resources are difficult to obtain. "Business Intelligence" software has been identified as one 
of six new emerging technologies that may boost business results as we emerge from the current IT recession.

2 
New 

revolutionary software-based business-enabling technology (BET) is now available to minimize this cost by 
automating product design processes and costing for custom manufacturing. Manufacturers with the vision to apply 
design & costing automation (DCA) could benefit from dramatic reductions in costs and delivery lead-time. 
Unfortunately these products and services are becoming available at a time when companies are having significant 
difficulty in justifying expenditures during an IT downtum.3 This paper reviews a novel approach that could have a 
significant impact on how manufacturers of engineered products do business and the implications for the future. 

Details of how a manufacturer of pressure vessels adopted a new design & costing automation (DCA) technology 
and reduced engineering lead-time by 90% and internal fixed costs by approximately 5% of annual revenue will be 
discussed. The case study company had marketed its engineered-to-order products worldwide but was losing 
business opportunities. This was often due to delays in the standard design and quoting processes used. It was 
recognized that automating some of the repetitive design process could enable the company to respond very quickly 
to requests for engineering changes and shorten delivery lead-time. In this case the DCA technology was quickly 
implemented and within months detailed designs for any variation in one product line was in place. Now the 
company has 10 product lines defined in the DCA platform and can design and cost any variation in less than an 
hour. The return on investment (ROI) for this particular system was less than six months. However even with this 
type of success many companies that supply DCA type technology platforms are having difficulty in justifying their 
approach to other companies, some of which have even greater potential. The reasons for this are discussed in detail. 

INTRODUCTION 
In the past decade business-enabling technologies (BETs) have become a more important part of business 
transactions. For example the use of"Expert Systems" and data handling software has risen sharply in engineering 
based applications and is projected to reach $13B by 2004.4 The potential for manufacturing companies to 
experience time and cost savings is significant. However this has not necessarily resulted in a smooth or steady 
transition for applicable businesses. This is because management often thinks that their value and logistics chains 
have been rationalized to the point where there is little or no room for further substantial savings. However based on 
this and other case studies, we believe that it is possible to make significant savings in production and sales cycle 
management of many manufacturing companies through a new innovative and novel approach described below. 
Figure I illustrates a general trend in market capitalization of IT companies over the history of the modern computer 
age. In the 1960s and 70s, IBM was the dominant player with products and expertise in both hardware and software. 
The computer industry then was so complex, that disparate systems could not be integrated economically. The 1980s 
and 90s gave rise to new IT companies that developed infrastructure products that could be integrated at relatively 
low cost. Here, companies life Microsoft, Intel, Oracle, etc. built businesses with combined market capitalization 
significantly larger than that of IBM. 
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Figure 1 - General trends in the value of IT technology 

The dashed part of the curve in Figure I represents an extrapolation of the recent history of IT capitalization. The 
infrastructure components became commodities during the last cycle and will be further integrated by emerging IT 
companies engaged in embedding human intelligence in easy-to-use technology platfonns. The author believes that 
the next trend will be based on development of true computing intelligence perhaps in parallel with smaller 
multifunctional computer systems. 

ENGINEERED PRODUCTS 
There are a number of arguments that value chain management has been optimized to the point where there are 
diminishing returns, even after the application of further investment in technology and manpower. This is based on 
the premise that management may accurately know all the elements in their supply chain. This is often the case with 
respect to known factors such as transportation and material costs, actual production time, and labor costs. These 
factors are usually accurately known, measured and controlled. However Figure 2 provides an illustration of the 
numerous inputs from personnel in any given order process for an engineered product, i.e. the process that occurs 
between the time an order is taken for an engineered product, until the time it is produced and delivered to the 
customer. Our study indicates that there is one major hidden factor, i.e. engineering process redundancy. We have 
found this to be particularly true for manufacturers operating in engineered-to-order industries that produce products 
that are 80 - 90% "standard" with some degree of customization. 

HIDDEN ENGINEERING INEFFICIENCIES 
With the right approach and multi-disciplinary expertise it is possible to positively identity areas where there are 
huge inefficiencies in manufacturing front-end processes even though they can be difficult to spot and quantitatively 
measure. Problem areas require insight and the appropriate knowledge and approach, including detailed knowledge 
of many areas including, sales, product configuration, engineering design, production planning, procurement, and 
shop floor fabrication. For example, it was found that 80% of all engineering drawings are produced using time
consuming manual processes even with the availability of computer-aided design (CAD) systems. The author has 
found several cases where "highly efficient," productive and profitable manufacturing companies had significant 
hidden inefficiencies/costs. 
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Figure 2 - General Summary of some of the Personnel Involved in Building an Engineered Product 

It is clear that there can often be significant redundancy built into many infonnal processes and many are difficult to 
measure. This type of redundancy appears to have become more entrenched in recent years as a result of job 
insecurity and a downturn in the manufacturing sector and engineering work. Given such a scenario, there are huge 
possibilities for further extraction of waste and efficiency improvements in conventional manufacturing operations. 
This has the potential to competitively disrupt traditional business approaches. It is envisaged that once the extent of 
the impact of this problem is fully understood, it will force companies to become more compliant with this type of 
technology and approach. The increase in competitiveness of visionary companies adopting this approach is 
expected to have a revolutionary effect on how many manufacturers do business. This article reviews a specific 
solution to the problem. 
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Figure 3- Traditional Quote Preparation Process for Highly Engineered Products 

Figure 3 represents the traditional approach to winning and delivering orders for engineered products. The following 
steps are often repeated multiple times while a complex designed is iterated to a final, price-optimized configuration: 

1. The sales representative interacts with the prospect to collect specifications, which will dictate the detailed 
design of the desired product. 

2. The sales representative persuades the Engineering department to assign personnel to respond to a 
particular request for quotation. 
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3. A dedicated engineer develops a preliminary product design. Uncertainties in the process include quality 
of input as well as qualifications, experience, and dedication of the engineer. The efficiency of the process 
is highly dependent on the sophistication and ease-of-use of traditional engineering software tools such as 
CAD and analysis routines. In many cases, one senior engineer supervises the activities of a team of less 
qualified technologists / engineers. Due to the large number of inputs and variables in many engineered 
products there are numerous viable designs that can comply with customer requirements and production 
capability. They are not always optimized for minimum cost and maximum utility. Furthermore, if more 
than one design project is being processed at any given time, there is more potential for design inefficiency 
and error. (Its was noted in our study that systematic errors of this kind are very common. These errors are 
often reflected in Engineering Change Orders that invariably delay purchasing and production.) 

4. The engineer then extracts a Bill of Materials from the preliminary design, submitting this critical costing 
data to a Purchasing agent. The medium of transmission is often paper, a spreadsheet, or an ERP database. 
Discrepancies in part numbering, typographical errors, or unwitting omissions often interfere. Secondly, 
the engineer creates one or more drawings to depict the physical product configuration so that the 
production department can formulate a plan for product fabrication and assembly. This infonnation is 
generally created interactively using CAD technology or even paper. 

5. The purchasing agent refers to the manufacturer's standard cost records to calculate the cost of procured 
components and raw materials. Without detailed dimensional infonnation and material specifications, 
there is potential for significant variations in costing. Repeated communication between the engineer and 
the purchasing agent is often required to isolate a specific requirement. This is the traditional engineering 
approach and is endemic in the majority of manufacturing companies. 

6. Concurrent with procurement costing, an estimator reviews the draft production drawings and summarizes 
the anticipated total labor and machine processing content of the finished product. After several iterations, 
and often punctuated with engineering design change, the production planning department commits to an 
estimate for shop capacity requirement to meet a delivery date. 

7. Because several functional departments are involved in this complex process, a project manager is often 
required to correlate design documentation and dependent costing data. Before a firm quotation can be 
mustered for delivery to the prospect, the Sales / Engineering / Estimating teams are required to do a final 
review. It is also likely that an approval drawing must be generated to serve as a contractual document 
accompanying the itemized quotation. 

8. The sales representative finally collects the raw data representing the cost of purchasing materials, 
fabrication, assembly, and testing, and adds the profit margin to present a finn quotation to the prospect. If 
price and/or functionality do not meet the customer's expectations, the entire process may be repeated. 

Assumptions of the nature of the engineered product being defined and priced in the foregoing process, include: 

• Approximately l 0% or less of all quotations win a purchase order. 

• The end sale price is greater than $10,000 per unit. 

• Material cost is approximately 30% of selling price. 

• Net margin before taxes averages l 0%. 

• Quotation delivery lead-time minimum l day, average 3 weeks. 

• Delivery lead-time proportioned as 50% engineering, 50% production. 

• Orders are often lost due to delay in responding to requests for quotation, or unacceptable product delivery 
lead-time. 

• Systematic errors result in unforeseen engineering and production rework. In extreme cases this can result 
in losses due to unexpected delays, material ovetnlns, rework and errors. 
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THE BUSINESS-ENABLING TECHNOLOGY (BET) MODEL 
It is approximated that manufacturing companies with annual revenues greater than $1 OM spend at least 5% of sales 
in overhead functions dedicated to design and costing.11 In mature markets, where there is little differentiation, profit 
margins are often slim and this fixed cost has the potential to make or break a company. Success is often dependent 
on a differentiation strategy in customer service, product quality, and minor product differences. However in many 
cases the low-cost producer approach is now in danger of being superceded. This is because it is often not possible, 
with the global economy, to find significant differences in material costs and production time. Indirect labor content 
can be the differentiator. As a result, specific types of manufacturing are in steep decline in many parts of the 
developed world. 

The BET model recognizes the fixed cost impact of indirect labor where it is required to deliver high-knowledge 
technical services. It is clear from the cases evaluated to date that engineering time for many applications is not as 
efficient as once thought. For example, in the case study discussed in this paper, it was found that there was 
approximately 80% redundancy in several traditional approaches. Management was totally unaware of the 
inefficiencies inherent in this particular plant. Additional studies have proven this situation to be ubiquitous in any 
plant that requires some customization of traditionally standard engineering practices. For example, in Figure 2 
above, management was fully unaware of the redundancy of many of the routine work activities of personnel in 
Sales, Engineering, Purchasing, and Estimating. It is clear from our studies that many engineers and technologists 
have an entrenched interest in maintaining the status quo and that management is not fully aware of this fact. 

TECHNOLOGY PLATFORM USED IN THE CASE STUDY 
The "Expert System" technology that successfully overcomes the limitations of the traditional model described 
above, supports the functions of various departments with features including: 

I. Internet browser-based providing ease of use by non-technical personnel and for operation on multiple 
computer platfonns 

2. Reproducible, automatic generation (for any allowable product configuration) of; 

a) a detailed CAD digital prototype representing an assembled product from pre-programmed 
configuration options 

b) a Bill of Materials with part numbers and component factors (or quantities) 
c) a compact browser-viewable 3-dimensional model of the generated assembly 

d) any number of2-dimensional detailed drawings of the CAD assembly 

3. Access to the CAD digital prototype for further design refinement following a design automation session 

4. A convenient multiuser webserver platfonn comprised of a Intel-based Microsoft Windows computer 
connected via TCP/IP to an existing network environment. 

MARKET POSITION OF DESIGN & COSTING AUTOMATION (DCA) TECHNOLOGY 
The position ofDCA within the Business Intelligence System" (BIS) marketplace is described in Figure 4. 
Established industrial technologies and projected 2004 market sizes are included. Technology acronyms used in the 
figure are: 

• ERP - Enterprise Resource Planning 

• PDM - Product Data Management 

• CAD - Computer-Aided Design 

• BIS - Business Intelligence Systems 

• DCA - Design & Costing Automation 

The dashed curve represents the envelope of emerging technologies that make only incremental improvements on 
ERP, PDM, and CAD. This is because they are still interactive technologies, relying on many skilled workers to 
operate them on a regular basis. 
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DCA crosses into the BIS space with high-value knowledge automation directed at support for manufacturing. 
DCA 's niche is estimated at $58 by 2004 using the following assumptions: 

a) An estimated that 100,000 North American manufacturers with annual revenues of$IOM or more are 
prospects for this technology 

b) Assume 20%, or 20,000 are ready to buy each year. 

c) The revenue model assumes a total sale of$250k (conservative) per installation. 

d) Market size is 20,000 x $250k • $5 billion. 

DCA technology is expected to take advantage of the current industrial trend to outsource products and services. 
·outsourcing, once seen as strictly a cost-cutting move, is fast becoming an accepted business strategy." 

APPLICATION OF THE DCA MODEL 
Figure 5 schematically illustrates how DCA technology works. Described by the CEO of the Case Study Company 
as its "engineer in a box," DCA technology uses an "Expert System" approach which virtually eliminates 
redundancy by reproducibly generating detailed, complex 3D geometric designs, which confonn to all pre
programmed rules for product design and manufacturing. As a result, data required for costing and fabrication is 
inherently accurate as it is intimately tied to the variational dimensions and material specifications mustered by the 
automation process. 
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Figure S - Novel DCA Quote Preparation Process for Highly Engineered Products 
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The implementation ofa DCA platfonn demands unique skill sets to fonnalize product definition as it applies to 
each manufacturer. The full description of all possible configuration options of a given product must be described in 
relation to commercially available components and materials. The author noted that for many applications designs 
were not fully understood or documented (often as a result of experience based decision criteria as opposed to using 
fonnal documentation) and this caused several problems in DCA implementation because there were gaps in the 
infonnation required to do an effective analysis. 

SYSTEM DESIGN OF THE DCA MODEL 
DCA technology demands the construction of a detailed product knowledge model (PKM) or "Expert System" 
describing all possible variations of a specific product family. A unique combination of conventional database 
alphanumeric entries and a pool of associated 3D CAD geometry fonn the knowledge components of a DCA 
system, segregated into 4 categories is provided below: 

l . Product specifications 
2. Product structure template 
3. Rules base 
4. Component specifications 

The computer environment that supports a DCA knowledge base is web-based. Commercial software components 
include an SQL database, a 3D parametric assembly solids CAD engine, multiple document format translators, and 
an Internet browser with miscellaneous utilities. The DCA platform is concentrated in the rules-based expert system 
and the data formats, which allow flexible integration of geometric and non-geometric data into a comprehensive 
product definition. Figure 6 below illustrates a typical DCA technology architecture. 
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The Case Study Company has been manufacturing filtration pressure vessels since 1985. The company found that its 
business opportunities shrank by 20% in recessionary times. In 2000, sales were stagnating even though there were 
market opportunities in the vessel sector. Cost competitiveness, delivery lead-time, and responsiveness to RFQs 
were found to be deciding factors in many cases. In addition, many manufacturing activities were not fully 
optimized or documented due to an informal Engineering process used traditionally in the company. Management 
realized that the situation needed to be rectified and investigated potential knowledge engine providers in their 
immediate geographic area. Fortunately a company that was involved with expert systems was able to review their 
designs and processes and in a short period of time designed and implemented a company specific DCA system. 
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Product Filtration Pressure vessels ($ I 0,000+/unit) 
Configurability 80% of sales are standard variations 
Cost Elements Engineering, Material, Welding 
Annual Revenue $12,000,000 (240 units/year) 
Quote Success 10% (-2,400 quotes/year) 
Sales Staff $350,000 
Estimating staff $100,000 
Engineering staff $350,000 
Staff Costs Total $800,000 (12 people excluding overhead) 
Cost of Std. Variations@ 80% S640,000 fixed annual cost 

Table I - Company characteristics 

Table l provides a general summary of the case study company's characteristics. This company encountered 
difficulties in implementing DCA because there were many serious deficiencies in their engineering paperwork. The 
company had no formal product definitions supported by production and process standards. Much of the technology 
was limited to company know-how, experience, and empirical knowledge. This was their traditional approach, 
which, by definition, is highly inefficient, prone to error, and subject to abuse. In addition, the company's existing 
design software systems were used only for 2-dimensional electronic drafting, which, while adequate, did not 
differentiate them from competitors. In fact, this, coupled with their traditional approach to designing engineered 
products, resulted in a highly inefficient error-prone process. Other case studies have shown this to be a common 
practice. 

The first step for the company was to work closely with the design automation consultants to fonnalize product 
definition, configuration, and Bill of Materials relationships between the design geometry and the purchased 
materials and components used in manufacture of relatively complex assemblies. The project manager found that 
relatively simple processes were in fact much more complex and detailed than previously thought. As a result of this 
process it was possible to encapsulate previously undocumented know-how and process knowledge in fonnal 
computerized data architecture. In a period of 3 months, the company processes were transformed into a DCA 
technology-driven system. The coincident resignation of the company's Engineering Manager had little or no effect 
on operations, an unlikely result if it had occurred six months earlier. 

Significant improvement in I) sales, 2) design, and 3) production activities was demonstrated by comparing before 
and after results at the company. With respect to sales, it was found that prior to implementing DCA, it took an 
average of 3 weeks to deliver a quotation to a customer. This process was dramatically altered to take Jess than an 
hour. In engineering, work on quotations was historically cursory, performed only in enough detail to estimate 
material and labor requirements and was subject to error and numerous corrections. Due to time and resource 
constraints, it was common for a design to be entrenched with the result that optimized cost I performance was not 
achieved. With the DCA expert system, it was found that not only was it possible to quickly determine the 
appropriate design for a customer's requirement, the system had the capability of designing for production at the 
time of quotation, and could simultaneously produce numerous alternatives that met or exceeded the requirements, 
in an iterative processes taking only minutes instead of days. Finally, design documents delivered to production 
prior to DCA implementation were informal and conceptual in nature, relying on experienced shop hands and know
how to actually build the desired products and eliminate built-in error. After implementation, there was a phase shift 
from draft conceptual paperwork to build-to-spec error-free documentation. While any one given area would be 
expected to provide some increased efficiencies, it was found that the combination of all three resulted in dramatic 
cumulative cost-saving benefits to the company. 

The cost-saving benefits were so significant that management had difficulty in understanding and believing the 
effectiveness of the new approach. Instead of minor cost and production efficiencies, there was a significant leap in 
improvement that had hitherto been assumed to be impossible. A broad-brush comparison of relevant process steps 
between traditional and DCA approaches, is provided in Table 2 below. 
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Traditional Approach DCA Technology 
Features Less accurate design and cost estimates Precise cost-base pricing of purchases, processes, 

labor 
Optimized design rarely the final result, Supports optimized, error-free design in minutes 
systematic desil?ll errors endemic for each iteration 
Undocumented know-how produced different Bill of Materials and labor content calculated 
results by different staff precisely derived from 3-d digital prototype 
No central searchable records to facilitate design Design retained electronically from first quote to 
iteration production-ready documentation 
Sales visuals and quote drawings interactively Browser-viewable sales visuals and drawings 
produced at great expense generated in minutes for each iteration 
Cumulative quotation lead time average of 3 Automatic design & quoting system accessible 
weeks via Internet in minutes 

Time 80% x 12 staffx 250 man days/yr 
= 2 400 man davs for Quotes & desi.ui 10 minutes to produce quote documents, same for 
2,400 man days / 2,400 quotes/yr iterations 
= I mayday per quote or desi211 
500 minutes 10 minutes 

Result 
98% time reduction 
98% x $640,000 = $625,000 savings: $625,000 I $12,000,000 • 5.2% of sales 
5% of Annual Revenue reduction in fixed costs 

Table 2 - Comparison of traditional versus DCA results 

DISCUSSION 
North America has experienced a significant IT downturn in the past 2 years. For example, Autodesk is a leading 
engineering design software company, and its sales plunged 23% in its 4lh fiscal quarter of2003.6 Many other 
engineering design software companies are experiencing similar difficulties at a time when productivity increases in 
engineering can be achieved through processes such as, defining and formalizing the engineering rules that are 
applied to select structural section size and strength and design a component to meet a given set of customer 
specifications. In addition a product structure template that represents all optional substitutions for assemblies and 
components that make up an end product can be fonnalized and designed. Associative assembly drawing templates 
to detail any design variation in a 'family' could be created as well as computerized sales input form that allows 
non-technical people to interact with a prospect to define the final detailed configuration of a product. Labor 
processes can be quantified with respect to variable configurations of3D CAD geometry both at the component and 
assembly level. By integrating the collection of rules and data into an Internet browser-driven system it should be 
possible for numerous new applications to automatically design a component and create a precise 3D digital 
prototype using a common modem CAD engine, generate a detailed Bill of Materials (with internal part numbers 
referenced against cost standards on the company's existing MRP system), generates sales visuals, (3D web
viewable models to serve as installation documentation) and maintains a history of every transaction. 

Companies can benefit from the DCA approach, especially those that produce structures and components that 
require some degree of customization (up to 20%) have two alternatives: I. They can design and systems of their 
own using their IT Department, consultants, and own engineering and estimating staff. This will involve; (a) in
depth review and documentation of design processes, (b) documentation of engineering rules and component data, 
both geometric and non-geometric, (c) review, benchmarking, and purchase ofseats of3D CAD solid modeling 
software, (d) user training and months of defining and constructing standard library components, (e) at least a year 
of software and database development (without benefit of experience in this field) and (f) testing, refinement, and 
deployment of a new technology platform or 2. They can invest in a proven generic engineering automation 
platform customized and delivered, ready to operate, within 6 months, purchasing the technology and 
implementation services from an experienced, reputable vendor. 

Based on a review of several small companies, investing in business intelligence technology appears to make very 
good economic sense. Automatic design and estimating to handle routine tasks should be many times faster (and 
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more accurately) than is currently possible with informal internal processes. Many businesses in several industries 
can grow rapidly with a moderate one-time investment that for most will have a short return on investment. 'Soft' 
benefits that also translate to an improved bottom line include, ( l) dramatic leverage of existing technical staff 
through automation (no need to add new staff), (2) protection in the event of departure of key technical employees 
because their knowledge is contained in the automation platform, (3) ability to respond to peak-season demand for 
quotations and engineering services, (4) higher appeal to the distribution channel because quotes are easy and quick 
to do, (5) better market image with 'high-tech' automation of the crucial design and quoting function and (6) less 
waste in production with detailed building designs validated before fabrication. 
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PRIORITIZATION OF KEY ORGANIZATIONAL FACTORS IN TERMS OF RAPID TECHNOLOGY 
ASSIMILATION IN TWO INFORMATION TECHNOLOGY UNITS OF A LARGE AUTOMAKER 

Constantine Kontoghiorghes and Pamela Feurig 
Oakland University 

ABSTRACT 
This study attempted to prioritize key organizational factors in terms of rapid technology assimilation in two 
information technology units of a large automaker. Frequent introduction and use of technology in quality efforts as 
well as a risk taking and innovation driven culture were found to be the strongest predictors of rapid technology 
assimilation. 

INTRODUCTION 
In their quest to attain competitive advantage organizations today frequently rely on technologies to enhance 
efficiency and effectiveness of operations. Such technologies are expected to reduce operating costs and cycle
times, make the operational processes of the organization more flexible, and improve productivity, quality, customer 
satisfaction, and employee wages. Furthermore, technologies are expected to help decision-makers resolve complex 
problems, respond to crises and seize opportunities on a timely basis, and even facilitate employee empowerment 
(Beede & Young, 1998; Cardinali, 1998; Castle & Sir, 2001; Harper & Utley, 2001; Hottenstein, Casey, & Dunn, 
1997; Martinsons & Chong, 1999; Sambasivaro & Deshmukh, 1995; Udo & Ehie, 1996; Werther, Berman, & 
Vasconcellos, 1994). 

Given the high expectations, organizations invest a sizeable portion of their resources on technology acquisition and 
implementation. Despite high expectations, however, the literature often reports that technology related initiatives 
fail to deliver the expected outcomes. For instance, "General Motors spent $90 billion during the 1980s on 
technology in the form of plant, equipment, and acquisitions while losing more than ten points of market share" 
(Werther et al., 1994, p. 20). Another company, FoxMeyer Drug, a large pharmaceutical company filed for 
bankruptcy "as a consequence of a $65 million IT investment that went disastrously wrong" (McDonagh & Coghlan, 
2001, p. 41). McDonagh and Coghlan further noted that three and half years into the project, and after a total of 
$125 million had been invested, Hilton Hotels Corporation, Marriott Corporation and Budget rent-A-Car 
Corporation "cancelled what had become a major IT failure" (p. 41). 

It has been reported that the failure rates in infonnation technology-based initiatives approach 70% (Davenport, 
1995). Citing the work of Clegg et al. (1996), McDonagh and Coghlan noted that "40% ofIT projects fail or are 
abandoned completely, 80% are delivered late and over budget, and 90% fail to deliver espoused business benefits. 
The percentage of IT initiatives which actually deliver business value in accordance with agreed perfonnance 
criteria is disappointing ... only 10% of IT projects meet all success criteria" (p. 42). Further, the general sentiment is 
that the multi-trillion dollar investments in computers and telecommunications have done little to raise white-collar 
productivity in the international business community (Davis, 1991; Martinsons & Chong, 1999). 

It has been argued that the high degree of failure of IT technologies to a large extent can be attributed to human and 
organizational aspects rather than the technology itself(Martinsons & Chong, 1999; McDonagh & Coghlan, 2001). 
McDonagh and Coghlan reported that "technical failure, as in hardware and software, accounts for no more than 7% 
of IT-related failure" (p. 42). This figure is in agreement with one provided by Bikson and Gutek (1984) who after 
studying more than 2000 U.S. finns concluded that fewer of 10% of information systems failures are attributed to 
technological problems (Martinsons & Chong, 1999). 

As far as the non-technical factors causing IT failure are concerned, a variety of conceptual frameworks have been 
utilized when attempting to explain this phenomenon. Most of these conceptual frameworks mostly pertain to 
factors associated with the organizational culture, structure, and practices and fall under the organization 
development (OD), change management, and learning organization approaches. The main premise of these 
frameworks is that most of IT-related problems occur because executives and the IT community focus almost 
exclusively on economic and technical criteria when making IT investment decisions and are unaware that human 
and organizational factors account for the vast majority of IT-related underperformance and failure. By failing thus 
to address the human and organizational issues, which are critical for the effective introduction of IT, the IT-related 
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change effort becomes exclusively technically driven (McDonagh & Coghlan, 2001}. The latter is in direct contrast 
to the core principle of sociotechnical systems theory, one of the most widely used and effective OD approaches 
(DeSimone, Werner, & Harris, 2002), according to which an organization must optimize both subsystems, the 
technical and the social, in order to optimize perfonnance at the system level (French & Bell, 1999; Harvey & 
Brown, 2001; Pasmore, 1988). 

According thus to OD theory, IT-change initiatives will have a better chance of being successful if the IT effort is 
treated as a multi-dimensional approach, which in tum focuses not only on the technical, but also the political, 
cultural, and structural systems of the organization (McDonagh & Coghlan, 2001; Schein, 1996}. It is pointed out 
that IT interventions have an impact on the work of individuals, teams, between teams, and the organization itself. 
As Martinsons and Chong stated, "a single configuration of hardware, software, databases, and procedures is most 
unlikely to suit everyone. Individual adjustment factors can include facets of job involvement and satisfaction as 
well as organizational commitment" (p. 126). Martinsons and Chong further added that IT applications may also 
affect the distribution of power and authority, task performance as well as task management. Not surprisingly then, 
"the organizational culture, the performance management system, and the change management process have all been 
cited as common causes of IS failure" (Martinsons & Chong, 1999, p. 126). Its therefore argued that successful 
management of the process ofIT change will depend "on individual organizational members' responses to the IT 
change agenda and the subsequent participation in teams and group meetings, their negotiation of outcomes across 
interdepartmental group, and ultimately their participation in the technology as active users'' (McDonagh & 
Coghlan, 2001, p. 45). 

Another perspective that can facilitate the understanding of the technology assimilation process is the one pertaining 
to learning organization theory. A learning organization can be defined as "an organization in which everyone is 
engaged in identifying and solving problems, enabling the organization to continuously experiment, improve, and 
increase its capability" (Daft, 1997, p. 751 ). According to the learning organization perspective, the success of 
technology adoption will depend on the organization's ability to learn (Woiceshyn, 2000). Hence, factors that 
promote and facilitate a continuous learning culture at the individual, team, and organizational level are perceived to 
be of critical importance under the learning organization framework. One of these key factors is motivation to learn 
(Woiceshyn, 2000). Without motivation to learn no learning can take place at any level in the organization. Hence, 
such practices as rewards for learning are highly emphasized when building the learning organization. 

In general, a learning organization can be described by at least five different organizational dimensions: structure, 
information systems, human resource and human resource development practices, organization culture, and 
leadership (DeSimone, Werner, & Harris, 2002). In terms of structure, learning organizations are known to remove 
hierarchical barriers and promote such collaborative structures as self-managed teams and cross- functional teams. 
Further, learning organizations institute structures and practices that encourage information sharing and retention 
while at the same time implement reward systems that reinforce long-tenn performance and the development and 
sharing of new skills and knowledge. The culture ofleaming organizations is characterized by an emphasis, 
promotion, and reinforcement of learning, risk taking, and tolerance of failure. In terms ofleadership, learning 
organizations rely on visionaries "who can move the organization toward the kinds of culture, systems, and practices 
that are needed to support this philosophy" (Desimone et al., 2002, p. 600; Woiceshyn, 2000). 

PURPOSE OF THE STUDY 
Despite the demonstrated importance of the human and organizational factors for successful technology 
assimilation, very limited empirical research has been conducted to identify and describe such factors. As 
Martinsons and Chong (1999) put it, "a particular paucity of field studies with a focus on HR issues in the IS 
adoption process is evident. Those managing the change process associated with IT assimilation and dealing with 
the consequences, which may be anticipated or unanticipated, favorable or unfavorable, must do so with a limited 
amount of empirically-derived advice" (p. 135). Given the described research gap, the main purpose of this 
exploratory study was to identify, prioritize, and describe the key organizational factors that could facilitate or 
prohibit rapid technology assimilation in two infonnation technology units of a large automaker. 

THEORETICAL FRAMEWORK 
Aside from the earlier described learning organization theory, the theoretical framework of this study was also based 
on the sociotechnical systems, and Total Quality Management (TQM) theories, which together assisted in assessing 
the extent to which the organization functioned as a "high performance work system". The main thesis of STS 
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theory is that organizations are comprised of two interdependent subsystems, a social system and a technical system, 
and that changes in one system affect the other system (French & Bell, 1999). Thus, an STS organization is viewed 
as an open system of coordinated and interrelated human and technical activities, which in tum cannot be considered 
in isolation (Harvey & Brown, 2001). 

According to STS theory, the social system is comprised of the people that work in the organization. What is 
studied under this system is their needs, skills, knowledge, interpersonal relations, commitment to the organization, 
and everything else that is related to the human being and can have an impact on the operations of the organization 
(French & Bell, 1999; Harvey & Brown, 2001; Pasmore, 1988). Thus an intervention in the social system will 
involve all aspects of human life that are related to the organization. According to Pasmore (1988), the social system 
is the source of all innovation and adaptation. It is imperative then that in order for organizations to tap human 
creativity they should be designed to enhance human commitment through participative practices rather than 
through control of employee behavior. Therefore, the social system should receive as much attention during 
sociotechnical system design as the technology and the external environment (Pasmore, 1988). 

The technical system of the organization consists of the technology, tools, techniques, procedures, devices, and 
knowledge that are utilized by the organization in its operations. Further, the technical system determines where 
people are put to work, how they are going to work, with whom, doing what, and so forth. The technical system 
also has a direct effect on the production system of the organization (Pasmore, 1988). The effects of technology on 
organizational behavior can be observed at the individual, functional unit or departmental, and organizational level. 
At the individual level, the function of technology is to increase productivity as well as the reliability of individual 
performance. By setting limits on acceptable behavior in order for it to functioo efficiently and predictably, 
technology determines how satisfied an individual is with the work he or she is doing. Pasmore ( 1988) states that the 
design of jobs will be more stimulating and consequently produce higher productivity, better quality, and greater 
reliability of operations in the long run when the technology: 

(1) demands a variety of skills on the part of employees; (2) demands higher level skills which 
require time to learn and master; (3) requires higher levels of interaction among employees; (4) 
involves greater variability in inputs, conversion processes, and outputs; (5) is subject to 
continuous change or modification; (6) is designed to provide more direct and immediate 
feedback; (7) allows greater flexibility in geographic movement and in work patterns; and (8) 
leaves a significant degree of decision making to employees. {p. 58) 

In addition to the observable effects the technical system has on the individual, Pasmore ( 1988) also stresses the 
indirect effect of the technical system. Given that an individual's identity and sense ofse)f.worth are frequently 
related to the work he/she does, it is believed that the design of the technical system also influences the 
psychological contracts that are developed between the individual and the organization. These psychological 
contracts in turn influence the level of effort and commitment the individual will demonstrate in pursuing 

organizational goals. 

At the departmental level, the technical system affects employee role structures, physical layouts, interaction 
patterns, and supervisory behavior. Hence, at this level the technical arrangements often create boundaries among 
employees, which are expressed in the form of job descriptions and structural arrangements. In general, these 
boundaries are often associated with differences in time at which different activities occur, the territories in which 
work is performed, or the type of technology utilized in different parts of the operation. It is important that such 
boundaries are properly diagnosed and identified because difficulties caused by them are often responsible for the 
lack of spontaneous problem solving at the lower levels of the organization. Such boundaries also create barriers to 
cooperation either among peer groups or between supervisors and subordinates. Thus due to boundaries caused by 
technologies, supervisors often find themselves spending considerable amounts of time trying to motivate 
employees in jobs that are not designed to create motivation naturally and pleading for cooperation from other 
department heads who may have different or conflicting interests (Pasmore, 1988). 

At the organizational level, technologies can influence the relationships among departments, organizational 
structure, reward systems, organizational flexibility, and overall organizational performance. More specifically, 
some departments may be viewed as more important and subsequently more powerful than others if their 
technologies are directly related to the primary or core tasks of the organization. If that's the case, then support or 
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peripheral departments usually resort to political means of influence in order to meet their needs (Pasmore, 1988). In 
tenns of structure, organizational design and fonnalized policies and procedures are often a product of political 
decisions with regard to the distribution and utilization of resources. Since political decisions are frequently based 
on the technological differences among departments, it can be concluded that technologies can also have an effect 
on organizational structure. In general, the more technologies an organization utilizes the more complex its 
structure will be since more political battles among supporters of each technology will take place (Pasmore, 1988). 

As in the case of organizational structure, those departments or people that perfonn work that is closer to the core 
rather than peripheral tasks will tend to be more highly compensated. At times though this differentiation in reward 
systems may prove detrimental to the organization if the introduction of new technologies requires the upset of the 
existing status quo. As far as organizational flexibility and overall performance are concerned, these are also 
influenced to a large extent by the technical system. As Pasmore (1988) puts it, "technologies which prescribe 
narrow roles for individuals, produce psychological contracts which preclude learning or change, and are reinforced 
by structural arrangements which interfere with cooperative problem solving may result in total immobilization. 
Under such circumstances, changes of almost any kind are threatening, since they may undercut the personal or 
political security associated with traditional arrangements." (P. 58) 

Other core principles of STS design pertain to the fonnation of autonomous work groups and flatten hierarchies, 
training group members in multiple skills, giving information and feedback to the people doing the work, designing 
challenging and motivating jobs, organizing around process-not tasks, rewarding team performance and learning, 
controlling variance at its source, and be customer driven (French & Bell, 1999; Harvey & Brown, 2001; Lawler & 
Mohrman, 1998; Pasmore, 1988). 

As far as TQM theory is concerned, this theory embodies principles, ideas and tools from a variety of disciplines, 
including psychology, sociology, statistics, management, and marketing (Dervitsiotis, 1998). The main objective of 
TQM interventions is to develop organizations, which create value through greater satisfaction of all relevant 
stakeholders, internal or external. "Through well structured processes, TQM aims to create an environment that 
encourages people to grow as individuals and learn to bring about both small but continuous (Kaizen) and drastic or 
breakthrough improvements" (Dervitsiotis, p. 112). 

Some key characteristics ofTQM are: (I) TQM is organization-wide and visibly supported by the CEO and other 
top managers; (2) there is a primary emphasis on the external customer; (3) organizational members treat each other 
as valued customers across functional lines as well as within units; (4) TQM is ingrained as a value in the corporate 
culture; (5) there is an emphasis on participative management practices, team and teamwork, as well as continuous 
training; (7) partnership with customers and suppliers is encouraged; (8) there is an emphasis on measurement using 
both statistical quality and statistical process control techniques as well as making decisions based on fact; (9) there 
is an emphasis on continuous improvement and doing things right the first time; ( 10) there is a continuous search for 
sources of defects with a goal of eliminating them entirely; ( 11) there is an emphasis on competitive benchmarking; 
(12) no single formula works for everyone. Each organization is unique and hence off-the-self programs tend not to 
work; and (13) quality is seen as a means of gaining a competitive advantage (Dervitsiotis, 1998; French & Bell, 
1999; Harvey & Brown, 2001; Lawler & Mohrman, 1998; Lindsay & Petrick, 1997). In all, the main objective of 
TQM interventions is to develop organizations, which create value through greater satisfaction of all relevant 
stakeholders. 

Based thus on the above described theories and related research, a survey instrument was developed which in tum 
helped assess all relevant variables and constructs pertaining to the extent to which the organization was functioning 
as a high perfonnance work system and hence capable of assimilating new technologies rapidly. In short, high 
performance work systems are multifaceted and embody different combinations ofSTS, continuous improvement, 
and other organization development strategies (Desimone, Werner, & Harris, 2002; French & Bell, 1999). High 
performance work systems have also been defined as "excellent human systems" or systems that perfonn at 
unusually high levels of excellence (Harvey & Brown, 200 I). 

The underlying assumption of this study is that new technologies will be more readily accepted and assimilated if 
they are introduced in an STS designed organization within which both, the social and the technical subsystems are 
optimized and considered of equal importance. Given the emphasis TQM places on continuous improvement, this 
study further assumes that new technologies will be more readily accepted and assimilated if introduced in quality 
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driven systems within which newly introduced technologies will be perceived as part of the continuous improvement 
and customer satisfaction efforts. Lastly, since technology assimilation also depends on an organization's ability to 
learn, this study assumes that new technologies will be more rapidly assimilated by organizational systems that 
function according to learning organization principles and design. 

For this study the work environment was operationalized in terms of the foUowing sociotechnical, quality 
management, and learning organization dimensions: management practices, technology management, change 
management, employee involvement, communication systems, information sharing, reward systems, job design, job 
motivation, job satisfaction, organization commitment, innovation practices, teamwork climate, ethical work culture, 
continuous improvement climate, learning environment, knowledge management, and training transfer climate. The 
technology assimilation variable was measured in terms of the extent to which the participants perceived their 
organization capable of assimilating new technologies on a rapid basis. 

RESEARCH QUESTIONS 
In short, this study attempted to answer the foUowing research questions: 
1. Which of the identified sociotechnical dimensions can serve as key predictors of rapid technology assimilation? 
2. Which of the identified TQM dimensions can serve as key predictors ofrapid technology assimilation? 
3. Which of the identified learning organization dimensions can serve as key predictors of rapid technology 

assimilation? 

METHODOLOGY 
Instrument 
The instrument of this study consisted of a I 09 Likert item questionnaire, which was designed to assess the 
organization in terms of the earlier described dimensions. The instrument further assessed organizational 
performance in terms of indicators pertaining to the foUowing dimensions: quality, productivity, innovation, and rate 
of change adaptation. Many of the dimensions were assessed with scales that were described in previous I iterature 
or research (Buckingham & Curt; 1999; Hackman & Oldham, 1980; Kontoghiorghes, 2003; Kontoghiorghes, 2002; 
Kontoghiorghes, 2001a; Kontoghiorghes, 2001b; Kontoghiorghes & Dembeck, 2001; Lindsay & Petrick, 1997; 
Macy & Izumi, 1993; Pasmore, 1988; Rouiller & Goldstein, 1993; Tracey, Tannenbaum, & Kavanagh, 1995; 
Whitney & Pavett, 1998), while several were designed specifically for this study. The instrument utilized a six-point 
scale that ranged from "strongly disagree" to "strongly agree". The first version of the questionnaire, which 
consisted of99 Likert items, was originally pilot-tested on a group of 15 participants for clarity. Furthermore, a 
group of seven experts reviewed the instrument for content validity. Upon revision, the instrument was then 
administered to a group of 129 members of four different organizations. Reliability tests were conducted and the 
instrument was further refined and expanded to 108 items. The instrument was next administered to 505 employees 
of three different organizations. Upon further refinement and expansion the instrument was then used for the 
purposes of this study. As stated earlier, in its final format the instrument consisted of I 09 Likert items. 

Subjects 
The sampling frame of this study consisted of 300 employees of the information technology division of a large 
automaker. In all, 198 of the prospective participants returned the survey and the response rate was thus calculated at 
66%. In all, 75.1% of the respondents were males and 24.9% females. In terms of education, 21.2% had a high 
school degree, 20.7% an associates degree, 43% a bachelors degree, and 14.5% a masters degree. One respondent 
did not indicate an educational level. In tenns of position held in the organization, the frequency distribution 
identified 2.0% of the respondents as senior management personnel, 7.7% as middle managers, 13.3% as 
supervisors, 41.3% as salaried professionals, 1.5% as administrative personnel, and 34.2% as contract employees. 

Data Analysis 
With regard to data analysis, the instrument was construct validated through a principal components analysis, which 
utilized a varimax rotation. The generated organizational factors were in tum used to build a stepwise regression 
model pertaining to rapid change adaptation. Thus, through stepwise regression analysis the most important 
sociotechnical, quality management, and learning organization dimensions for rapid technology assimilation were 
identified, prioritized and described. It should be noted that only factors that had an eigenvalue of I or greater were 
retained for this study. 
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RESULTS AND FINDINGS 

Principal Component Analysis 
The principal component analysis that utilized a varimax rotation produced a I I-factor solution that accounted for 
68.3% of the total variance. The sample size utilized for the principal components analysis was 178 for which the 
critical value for significant loadings was calculated at I0.381. Each rotated component had loadings above the 
critical value, with 0.396 being the lowest factor loading. In all, the factorial solution was able to differentiate 
between the assessed dimensions and thus construct validated the scales used. The reliabilities of the produced 
factors as well as the number of items comprising each factor are shown in Table I. As shown, the majority of the 
factors had a coefficient alpha in the 0.82 to 0.90 range. Since the knowledge management factor (Factor 11; 
coefficient alpha - .57) was found to exhibit a relatively low reliability, it was excluded from further analysis. 

Table l. Reliability Coefficients of Produced Factors 

Factor Number of Items Coeff. Alpha 

I. Job motivation and satisfaction 11 0.90 
2. Open communications between departments and infonnation sharing 7 0.88 
3. Risk taking and innovation driven culture 7 0.89 
4. Quality driven culture 10 0.89 
5. Positive training/learning transfer climate 6 0.82 
6. High perfonnance team environment 6 0.84 
7. Rewards and recognition for new ideas, teamwork, and perfonnance 6 0.85 
8. Supervisory support for personal development 5 0.82 
9. Frequent introduction and use of technology in quality efforts 3 0.82 
10. Rewards for learning 2 0.87 
11. Knowledge management 2 0.57 

Regression Analysis 
The stepwise regression model pertaining to the "rapid technology assimilation" variable is depicted in Tables 2 and 
3. As shown, the model incorporated 7 of the 10 independent factors in its design. Collectively, the 7 factors 
accounted for 53.3% of the total variance of the dependent variable. At 3.6% shrinkage is considered fairly small. 
Given that the produced factors are uncorrelated, multicollinearity is not a problem for this regression model either. 

Accounting 26.7% of the total variance, "frequent introduction and use of technology in quality efforts" was found 
to be by far the strongest predictor of rapid technology assimilation. The second and third strongest predictors of 
rapid technology assimilation were those pertaining to a "risk taking and innovation driven culture" and "open 
communications between departments and infonnation sharing". These two factors accounted for 7.8% and 6.5% of 
the total variance respectively. The next four factors selected by the regression model were "rewards and 
recognition for new ideas, teamwork, and perfonnance", "high perfonnance team environment", "rewards for 
learning", and "job motivation and satisfaction". The amount of variance accowited for by each one of these factors 
was 4.2%, 4.0%, 2.3%, and 1.8% respectively. The three factors that were not selected by the regression model 
were "quality driven culture", "positive training/learning transfer climate", and "supervisory support for personal 
development". 

333 



Proceedings of the 2003 IEMS Conference 

Table l . Stepwise Regression Model of Rapid Technology Assimilation••b,e 

Varl■blts 

Model Entered Removed R Rl 
Adjusted 

Rl 

Frequent introduction and use 517 
of technology in q.iality efforts 

.267 .263 

2 Risk taking and innov■ion .S88 .34S .338 
driven culture 

3 Open communications between .641 .410 .400 
depts and information shanng 

4 Rewards and recognition for new . 672 .4S2 .439 
ideas, teamwork and perfonnanc:c 

s Hig!i perfonnancc: team .702 492 .478 
env1ronmait 

6 Rewards for learning .718 .SIS ,498 

7 Job motivation and satisfaction 730 .S33 .514 

:- Dependent Variable: Rapid Technology Assimilation; N"' 177 
. Method: Stepwise (Criteria· Probability-of-F-to-cnter <"' .OSO, Probability-of-F-to-rcmove >= 100). 

e_ F • 27.7, p < 0.001 

Table 3. Beta Coefficients for Rapid Technology Assimilation Regression Model 

Unstandardized St1nd1rdlzed 
Coefficients Coefficients 

Model B Std. Error Beta 

(Constant) 391 .062 

Frequent iltroduction and use of technology .613 .062 .517 
in quality efforts 

2 Risk taking and innovation driven culture 331 .062 .279 

3 Oi!en communications between depts and 302 .062 .2S5 
infonnallon sharing 

4 Rewards 111d recoJnition for new ideas, 242 .062 .204 
teamwork and pc ormance 

5 High perfonnance team environment .238 .062 201 

6 Rewards for learning .178 .062 ISi 

7 Job motiv•ion and satisfaction .158 .062 .133 

SUMMARY, DISCUSSSION AND CONCLUSIONS 

Std. Error 
ofthc 

Estimate 

1.02 

0.96 

0.92 

0.89 

0.86 

0.84 

0.83 

Signinuncc 

63.118 .000 

9.865 .000 

S.323 .000 

4 862 .000 

3.901 .000 

3.829 .000 

2.871 .OOS 

2.541 .012 

As indicated earlier, the main purpose of this exploratory study was to identify, prioritize and describe the most 
important organizational factors that could facilitate or prohibit rapid technology assimilation in two infonnation 
technology units of a large automaker. According to the results of the regression analysis, frequent introduction and 
use of technology as a primary support in meeting customer expectations and in quality efforts was found to be by 
far the strongest predictor in the regression model. The implication stemming from this finding is twofold. First, and 
not surprisingly, that rapid technology assimilation will be more likely to occur in organizations that exhibit a 
technology driven culture and thus introduce and utilize new technologies on a frequent basis. The second, and 
perhaps more important implication that stems from this finding, is that the new technology will be more rapidly 
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assimilated if the users perceive it to be directly contributing to the achievement of strategic organizational goals. If 
viewed from the expectancy theory perspective, according to which people chose to put their effort into activities 
that they believe they can perfonn and that will produce valued outcomes (Vroom, 1964), this finding suggests that 
a new technology will be more rapidly assimilated if its users understand its purpose and how it contributes to 
valued organizational outcomes. Hence, it may be concluded that involving employees in the decision with regard to 
the need of the new technology, and also educating them of how the latter contributes to valued organizational 
outcomes, may prove to be an effective strategy when rapid technology assimilation is desired. 

As far as the second strongest predictor entered into the model is concerned, the results of this study suggest that 
new technologies will be more rapidly assimilated if introduced in an organizational culture that promotes 
innovative and risk taking behaviors. Since new technologies constitute a form of innovation, it is not surprising that 
such technologies will be more rapidly assimilated in an innovative culture. However, it is also important to note 
that the results of this study further suggest that implementation of new technologies will be a bigger challenge in 
non-innovative, bureaucratic organizations within which such an intervention could be perceived as a threat to the 
status quo and the prevailing political alliances in the organization. 

The extent to which the organization is characterized by open and constant communications across levels or between 
departments, as well as is sharing information with employees, was also found to be a strong predictor of rapid 
technology assimilation. It is interesting to note that the same factor was found by at least two recent studies to be a 
strong predictor of rapid change adaptation (Kontoghiorghes & Hansen, 2003; Kontoghiorghes & Hansen, 2002). 
Hence, it is safe to conclude that an organization will be able to more rapidly adapt to technical change in particular, 
and change in general, if its culture is characterized by participative practices and open communications. This 
finding can be considered especially useful for information technology interventions since such interventions greatly 
and directly affect the communication systems of the organization. Simply put, in organizations where 
communications are open and information is freely shared, IT interventions will be viewed as an extension of 
existing practices and they will therefore be more readily accepted and assimilated. 

Together, the last four factors selected by the regression model suggest that new technologies will be more rapidly 
assimilated in the organization if the users of such technologies a) receive rewards and recognition for their ideas, 
teamwork, and performance; b) are members of high performance teams within which members genuinely care and 
are deeply committed to one another's personal growth and success; c) they receive rewards for their learning; and, 
d) they find their job motivating and satisfying. When examined in conjunction with the previously described 
findings, these four factors reveal that successful technology implementation does indeed depend on organizational 
factors that go beyond the technical subsystem. This study provides empirical evidence that optimization of the 
social subsystem should be a priority before and even after the new technologies are introduced. As implied, how 
satisfied and motivated the employees are will impact how readily they will accept the new technologies. At the 
same time, the results of this study suggest that how the new technology will impact group dynamics, the job itself, 
and how the latter is rewarded will also play a role on how successful the new technology intervention will be. 

In sum, this study identified the following organizational factors to be the most important predictors of rapid 
technology assimilation: frequent introduction and use of technology in quality efforts; a risk taking and innovation 
driven culture; open communications and information sharing; a high perfonnance team environment; rewards and 
recognition for new ideas, teamwork, and performance; rewards for learning; and, job motivation and satisfaction. 
Collectively, these factors attest to the holistic nature of successful technology assimilation and exemplify the need 
to optimize both, the social and technical subsystems of the organization when rapid technology assimilation is the 
ultimate goal. 

LIMITATIONS OF THE STUDY 
A limitation of this study was the fact that the data was collected from a single source with a predominantly male 
population. Thus, replication of this or parts of this study in different organizational settings and industries with 
different demographics will help determine the validity of its results. 
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UNDERSTANDING PROJECT MANAGEMENT MATURITY MODELS 

Timothy Kotnour and Catherine Vergopia 
University of Central Florida 

ABSTRACT 
This paper contributes a description and evaluation of project management related maturity models. Project 
management maturity models (PMMMs) are designed to help organizations successfully, consistently, and 
predictably bring projects to completion. This paper looks at the most commonly used PMMMS. This paper 
describes, analyzes, and compares those models in order to provide a quick but complete reference to the decision 
makers. PMMMs enable organizations to evaluate their project management maturity level by offering tools to 
detennine which specific areas in project management need to be changed/improved in order to attain a higher 
maturity level. The assumption behind the models is that by reaching predetennined goals in specified key areas of 
project management, an organization will be able to improve project perfonnance on a consistent basis. Even though 
the PMMM concept is relatively new in the project management area, many models have already been developed. 
Most PMMMs incorporate the project management processes detailed in the Project Management Body of 
Knowledge (PMBOK) guide and are based on the Software Engineering Institute's Capability Maturity Models 
(CMMs). However, they all have some unique aspects differentiating them from other PMMMs. A manager can use 
this paper to assist them in deciding which model would be the most helpful for their organization. 

INTRODUCTION 
Project management is increasingly viewed as a part of overall organizational management practices, similar in 
importance as practices in the financial, marketing, or human resource management. Many tools and practices have 
been developed to help organizations efficiently manage their projects. However, organizations are often confused, 
unsure which tools to use for their own application (lbbs and Kwak, 2002). The evolutionary structure of maturity 
models was first detailed by Crosby ( I 979) in "Quality is Free" where he described five stages in adopting quality 
practices in an organization. He stipulated that the introduction of new practices in an organization must take place 
in five stages: 1) the organization is aware of the new practice, 2) the organization learns more about it, then 3) tries 
it in a pilot testing, 4) implement it across the organization, and 5) finally masters its use. Others, like W. Humphrey 
at IBM realized that software product quality was directly related to the quality of the process used to develop it, 
while Dr. Deming introduced continuous process improvement practices to obtain better organizational quality 
management. However, it was in 1993, when the well-known Capability Maturity Model (CMM) of the Software 
Engineering Institute was developed after years of research. CMM was the first staged, standardized process model 
developed to continuously improve software development. CMM provides recommended practices in a number of 
key areas that have been shown to enhance software process capability. Since its creation, various others project 
management maturity models have been introduced. Most of them are inspired by CMM, and have been adapted to 
fit specific industries or to address different management areas such as human resource management. Others also 
incorporated project management practices as detailed in the Project Management Body of Knowledge (PMBOK) 
guide like the Berkeley model. In all cases, authors have recognized the need for continuous project management 
process improvement in today's economy, and have tried to develop models that would help organizations detect 
what project management processes they must improve and what project management practices must be addressed. 

This paper reviews the most commonly used PMMMs. The paper provides a summarized description of the models 
to give a quick but complete reference to decision makers and assist them in selecting which model would be the 
most helpful for their organization. 

PROJECT MANAGEMENT MATURITY MODELS 
To help a decision maker understand maturity models, we identified and reviewed thirteen models. Based on our 
analysis, the models can be grouped into three categories: 

I. Staged: The staged models provide guidance as to an organization's maturity and the activities to be 
performed within a level. However, it is sometimes criticized for being overly prescriptive and doesn't take 
into account different process improvement priorities for different organizations. 

2. Continuous: The continuous models provide description of process areas. These process areas are not 
grouped into maturity level, but are individually rated by how well it is performed. These models provide 
more flexibility for organizations to focus on the specific process it intends to improve without having to go 
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through all the other process areas of the same maturity level. However, continuous representation models 
do not indicate the chronology to follow to perfonn activities, nor do they provide a single organizational 
grade for process improvement. 

3. Hybrid (combination of staged and continuous): Hybrid/Integrated models try to offer the best of both 
worlds by providing an architecture of staged and continuous roadmaps for project management maturity 
models. 

Table 1 provides a summary of the models reviewed. 

Table 1. Summ uv ofmaturitv models. 
Structure Model Focus Primary targeted Levels 

industries 
Staged CMM Software Software industry 5 

develooment 
Berkeley Project management Project-driven 5 

or2anizations 
P-CMM Human resource Any 5 

mana~ement 
SA-CMM I Software acquisition Software buying 5 

onzanizations 
PMMM Project management Project-driven 5 
(Kerzner) or2.anizations 
ProMMM Project management Project-driven 5 

oritanizations 
PM3 Project management Project-driven 5 

oraanizations 
OPM3 Project management Project-driven Under 

ornanizations construction 
SPICE( constru Requirements Construction Industry 5 
ction) mana~ement 

I 

PMMM Project management Project-driven 8 
(Pmsolutions) ori anizations 

Continuous SE-CMM Systems engineering Systems engineering 6 staged 
organizations levels, 3 

continuous 
areas 

Hybrid CMMI Project management, Software developing, 5 staged 
Software acquiring, systems levels, 4 
development, engineering continuous 
Systems engineering or2anizations areas. 

Trillium Software Acquisition Software organizations 5 staged areas, 
8 cateiwries 

Capability Maturity Model for Software (CMM) 
CMM helps organizations gain control over their processes for developing and maintaining software. It provides a 
conceptual structure to improve management and development of software products in a consistent and organized 
fashion. It helps software organizations improve their software process strategies by detennining their current 
software process maturity level, and selecting the set of activities that will enable them to improve their software 
processes. CMM has five maturity levels (i.e., precise evolutionary steps toward mature software process). Each 
maturity level is composed of"Key Process Areas" (KPAs). The KPAs identify issues that must be addressed and 
satisfied to achieve a maturity level. Each KPA is organized by five "Common Features" which describe the 
attributes indicating whether or not the institutionalization of the key processes is effective, repeatable, and lasting. 
The common features are: commitment to perfonn, ability to perfonn, activities perfonned, measurement and 
analysis, verifying implementation). Each common feature contains "Key Practices" or activities and infrastructure 
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necessary to achieve the most effective KPA implementation and institutionalization, also referred to top-level key 
practices. CMM has four uses: 

1. Assessment teams use CMM to identify organizational strengths and weaknesses. 
2. Evaluation teams use CMM to evaluate the risks associated with contractor selection, and contract 

monitoring. 
3. Upper management team use CMM to understand the necessary activities to launch and maintain an 

organizational software process improvement program. 
4. Technical and process improvement teams use CMM to help define and improve software process from a 

technical and technological point of view. 

CMM's five maturity levels are described in Table 2. 

Table 2. CMM maturity levels. 
Level Description 
Level 1: Initial Level The organization doesn't have an infrastructure that provides for consistent 

and repeatable software development and maintenance processes. Project 
success results from individual capabilities, such as an exceptional project 
manager. No methodology has been developed to facilitate project success 
throu2hout the omanization. 

Level 2: Repeatable Basic project management processes are established to track cost, schedule, 
Level and functionality. Basic project management guide has been developed 

throughout the organization, but its use is not yet widespread for all 
projects. 

Level 3: Defined All projects use an organized, documented, and standardized set of 
Level activities, consistent throughout the organization. Organizational-wide 

project training programs are implemented. Both software activities and 
management practices are repeatable. 

Level4:Managed Detailed time, cost, and other metrics are developed and systematically 
Level collected and used to quantitatively manage software development. The 

organization has a quality focus with tools and training to support 
development. 

Level 5: Optimizing The entire organization is focused on continuous process improvement. It is 
Level achieved through quantitative management. Technology and process 

improvements are planned and managed as ordinary business activities. 

Skipping maturity levels is considered counterproductive because each maturity level fonns a foundation from 
which to achieve the next level. 

CMM is targeted for software development companies. However, being among the first articulated maturity models, 
and given the wide scope of its coverage, it has often been used as a basis for later models. 

Berkeley PM Process Maturity Model 
The Berkeley model is used to evaluate organizational maturity levels. The Berkeley model illustrates a series of 
steps necessary to incrementally improve overall PM effectiveness. The model breaks up the PM process and 
practice into the eight knowledge areas and six PM process phases of PMBOK. The model is not industry specific. 
The model helps organizations evaluate what maturity level they are at, and what processes and requirements they 
need to have to achieve higher maturity levels. The Berkeley Model five maturity levels are described in Table 3. 
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Table 3. Berklev model maturitv levels. 
Level Descriotion 
Level 1: Ad-Hoc No formal PM procedures. Project activities are poorly defined. No 
Stage systematic PM data is collected. No formal guidelines or steps to ensure PM 

success. PM tools are inconsistent and irre2t1larly aoolied. 
Level 2: Planned Infonnal processes are used. Need for better organizational PM process 
Stage management is recognized. Project mangers understand the basics PM 

requirements. However no organizational documented processes exist, 
therefore project management and planning rest solely on individual project 
managers. There is very little room for control for projects or for project 
portfolios. Organization is more team-related at this stage than at level I, 
but cross-functional teams are rare. 

Level 3: Managed PM processes are more systematically planned and controlled. PM-related 
Stage data is collected across organization for project planning and control. Cross-

functional teams are used for project successes. 
Level 4: Integrated PM processes are fonnal and systematically implemented. All project 
Stage processes and procedures are well defined and quantitatively measured. 

Project data is methodically gathered and documented for thorough control, 
analysis, and evaluation. PM steps and guidelines are used throughout the 
organization across all projects, which facilitate multiple project control and 
success. Strom!. cross functional team spirit exits. 

Level 5: Sustained At this stage, an organizational is continuously trying to improve its PM 
Stage processes by automatically collecting, analyzing, and evaluating project 

data on an on-Jl.oim! basis. 

People Capability Maturity Model <P-CMM} 
This model, based on the Capability Maturity Model for software (CMM), has been developed to provide a 
framework for organizations to implement different techniques in an effort to move towards a more strategic 
approach to human capital management. Today, organizations compete not only for the products or services they 
provide, but also for the human talent required to produce or perform those products and services. Not only is it now 
imperative to efficiently recruit and retain talented people, but also it is necessary for organizations to render their 
workforce agile by giving it the skills and knowledge necessary for rapid adjustments, and the eagerness to acquire 
new competencies. P-CMM is an organizational change model providing a road map for better workforce practices. 
Just like CMM, the P-CMM's maturity levels are composed of Key Process Areas (KPAs). The KPAs are groups of 
related practices that, when performed collectively, achieve the goals of the maturity level. In addition, each KPA is 
also defined by Key Practices, which offer guidelines for achieving the maturity level goals. The P-CMM's five 
maturity levels are described in Table 4. 

Software Acquisition Capability Maturity Model (SA-CMM} 
SA-CMM is a collaborating project created by the SEI, individuals from the government (DOD), industry, and 
academia. This model based on the same concepts as CMM. It represents the "other side" of the software buying 
process; the software buyer can use SA-CMM as a roadmap to improve its software acquisition process, while the 
software supplier can use CMM to improve its software development process. SA-CMM is fairly nonspecific and 
can be applied to both government agencies and industrial organizations. SA-CMM's architecture is very similar to 
that ofCMM, while somewhat simpler. SA-CMM has five maturity levels. Each has key process areas (18 key 
process areas all together) with specific goals that must be achieved in order to successfully implement the key area 
processes. In order to institutionalize the key process areas capabilities, four features ( commitment to perform, 
ability to perform, measurement and analysis, and verification) define into more details what each key process area 
goal needs to achieve. The maturity levels are: Level I: Initial, Level 2: Repeatable, Level 3: Defined, Level 4: 
Quantitative, and Level 5: Optimizing. These levels are similarly defined as in the CMM. 

SA-CMM is a very generic model. It does not prescribe how an organization should improve its acquisition 
processes. However, it specifies the process improvement action prioritization at each maturity level. It also stresses 
the fact that the quality of a product is highly dependent on the quality of the processes used to acquire, develop, and 
maintain it. 
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Table 4. P-CMM maturity levels. 
Level Description 
Level l: Initial Level The organization has difficulties keeping talented individuals. Managers are 

not prepared to perform their workforce responsibilities, and are usually 
inconsistent in how they treat people. At this stage, organizations view 
workforce activities as administrative burden and minimize time spent on 
interviews, reviews, or training. Because there is no organizational 
workforce policy, career-oriented individuals will pursue their own 
agendas. 

Level2:Managed Managers take their workforce activities as high responsibilities of their job 
Level description. They focus on their unit-level to make sure that issues such as 

staffing, resource allocation, skill development, etc. are addressed. By 
implementing basic practices at the unit level and addressing immediate 
problems, managers are preparing for implementing more sophisticated 
practices a higher maturity levels. At this level, good relationship between 
managers and their unit team are developed based on more rational 
workforce practices, which helps them see the organization as a vehicle to 
promote their career objectives. 

Level 3: Defined The organization develops an organization-wide infrastructure to best tie the 
Level workforce capabilities and the strategic business objectives. It first 

evaluates and describes the workforce competencies needed for current and 
future strategic goals. Training and development practices are more 
systematically developed to focus on the knowledge, skills, abilities needed 
for those competencies. Workforce practices implemented at Level 2, are 
now standardized throughout the organization 

Level 4: Predictable The organization manages the capability cr~ated by its framework of 
Level workforce competencies establishes at level 3. Quantitative measurements 

for competency-based process performance are developed. These measures 
are use to establish process performance baselines, which are utilized to 
monitor performance, take corrective actions if necessary. This data allows 
management to make more accurate predictions about future performance, 
better strategic decisions. 

Level 5: Optimizing The organization is continuously trying to improve performances. Not only 
Level does the organization assure that performance is continuously improved at 

all levels (individuals, units, functions, et.), it must also make sure that 
performance is aligned with the organizational goals. At this level, the 
quantitative data collected at level 4 is used to detect instances of 
misalignment. At this level, the organizational culture is such that everyone 
strives to improve their own capabilities, while optimizing the their 
workgroup performance, and their organization. 

Project Management Maturity Model fPMMM} by H. Kernzer 
Today, organizations excelling in project management know that project management must be treated as a strategic 
competency. According to Kermer, in order to excel in project management, an organization must develop a 
repetitive methodology for project management, while laying the foundations for a supportive organizational culture 
that believes in the methodology, and always seeking to improve it. PMMM provides provide guidance for 
organizations to improve their project management. The model is intended for any organization in any industry that 
uses project management. The five maturity levels in PMMM are described in Table 5. 

Unlike CMM, not all activities need to be accomplished sequentially as described by the maturity levels. Some do 
overlap. The magnitude of the overlap will depend on the amount risk the organization is willing to take. 

Three other staged maturity models are being developed. 
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Table 5. PMMM maturi: v levels. 
Level Descriotion 
Level I: Common At this level, the organization recognizes the need for a good understanding 
Knowledge of the basic knowledge of project management and its terminology. The 

emohasis is on trainine; and education. 
Level 2: Common The organization recognizes that in order to be ab!e to repeat successful 
Processes processes from project to project, it must develop and define those common 

processes. Also the organization realizes that project management principles 
can also used along other process improvement methodologies such as 
TQM,or JIT. 

Level 3: Singular At this level, the organization realizes that it will benefit from synergetic 
Methodology effects by combining all corporate methodologies into a singular 

methodology centered on project management. This combination of all 
methodologies also facilitates process control throughout the organization. 
However, in some organizations, the IT division might still have a separate 
methodolollV, 

Level 4: Benchmarking must be performed on a continuous basis. The organization 
Benchmarkin2 must decide what to benchmark and how to benchmark. 
Level 5: Continuous The organization continuously obtains quantitative data from benchmarking 
improvement that it uses to analyze r:irocess results and imzirove the orocesses. 

ProMMM 
ProMMM, developed by PMProfessional Solutions Limited, is intended for organizations to evaluate their project 
management process adequacy, and compare them to best practices. This model is still being developed. The four 
levels of this model are described in Table 6. 

Table 6. ProMMM maturity mode s. 
Level Descriotion 
Level l: Naive. There is no structure for project management. The organization has not yet 

reco,mized the need for project manai!ement. 
Level 2: Novice. Top management is not yet convinced of the benefits of project 

management. Some project management processes are used, but no formal 
processes are in place. Project management effectiveness depends on the 
limited experience of a few individuals. 

Level 3: Normalized: The organization values the benefits of project management. Generic and 
formal processes have been developed and are in place. Project 

. manat ement armlication is routine and consistent across oroiects. 
Level 4: Natural. The organization has developed a project-based culture that fully support 

project management best practices for all projects. All staff use project 
mana~ement best practices and is widelv trained at it. 

UY 
PM3 is designed for organizations desiring to improve their project management competencies, the PM3 is being 
created by the WISDM Corporation. The five levels of this model are described in Table 7. 

Table 7. PM3 maturity levels. 
Level Descria>tion 
Level0 Each project is conducted indeoendentlv. 
Level 1 An overall nroiect mana2ement framework is established 
Level 2 Standards within the framework are established and enforced (activities in 

risk mana2ement, configuration mana2ement, i,roiect plan develooment. .. ) 
Leve13 1 Projects are organized into nortfolios. 
Level 4 Senior management is organized into portfolio management body (vs. 

functional) and oversees all related projects. 
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OPM3 
OPM3 is currently being developed by the Project Management Institute. Its goal is to create a widely endorsed 
maturity model recognized worldwide as the standard to assess project management capabilities of an organization. 
The model will include a step-by-step method of increasing and maintaining an organization's ability to deliver what 
it promises. 

Standardized Process Improvement For Construction Enterprises (SPICE) 
SPICE is based on CMM, and is to be use in the construction industry. The purpose of applying the CMM approach 
to the construction industry is to improve "briefmg" practices (i.e., capturing client requirements throughout the 
project life-cycle). SPICE uses a process management approach towards improving requirements capture. SPICE 
wants to use the evolutionary continuous process improvement of CMM versus revolutionary measures typified by 
business process re-engineering strategies. As CMM, Spice has five maturity levels. Each level has Key Process 
Areas, which contain Key Practices called Management Features. The maturity levels are: Level I: Initial/Chaotic, 
Level 2: Planned & Tracked, Level 3: Well Defmed, Level 4: Quantitatively Controlled, and Level 5: Continuously 
Improving. 

Project Management Maturity Model by PM Solutions 
This model can be used to measure the ability of an organization to efficiently manage projects enterprise wide. The 
model describes the required level of development in the eight project management processes detailed in the Project 
Management Body of Knowledge (PMBOK) guide (i.e., scope, time, cost, human resources, risk, quality, 
procurement, and communications management) plus four additional processes (project integration management, 
project office, management oversight, and professional development.). The model's eight maturity levels are 
described in Table 9. 

Table 9. PMMM by PM Solutions maturity levels. 
Level Description 
Level I: Non- No PM processes are in place 
Awareness 
Level 2: Initial Ad hoc processes. There is some awareness for basic PM need. 
Process 
Level 3: Basic Basic PM processes are put in place. 
Process 
Level 4: Repeatable Most processes are standardized and almost used throughout the whole 
Process organization. 
Level 5: Advanced All processes are standardized and used enterprise-wide for all projects 
Process 
Level 6: Well- PM processes are integrated with corporate processes with an organizational 
Defined Process focus. 
Level 7: Managed PM information is used to support strategic decisions. 
Process 
Level 8: Optimizing Continuous Improvement. 
Process 

Systems Engineering Capability Maturity Model (SE-CMM} 
SE-CMM describes the indispensable elements an organization must have in order to develop efficient and effective 
systems engineering processes. This model also specifically enables organizations to assess and improve its systems 
engineering capabilities. The model was developed to help systems engineers, process developers for any businesses 
or government agencies. SE-CMM has been developed starting 1993 by SEI members as well as decision makers 
from organizations such as GTE, Texas Instrument Incorporated, Lockheed Martin Corporation, etc. SE-CMM 
believes that the quality of a product is directly linked to process, technology, and people capability. In order to 
support as many organizations as possible, SE-CMM defines characteristics necessary for sound systems 
engineering processes, but it does not defme/impose any specific process. It is not intended to change organizational 
culture. SE-CMM is composed of two aspects: 1) domain portion (systems engineering process specific) and 2) 
capability portion (generic process management, and institutionalization capability). 
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Within the domain aspect of SE-CMM, there are 18 Process Areas (PA). PAs are major topic areas necessary for 
effective systems engineering. The 18 PAs are grouped into three categories: engineering, project, and organii.ation 
process areas. Each PA is composed of Base Practices or mandatory characteristics that must be implemented in 
order to satisfy that PA. Table 10 provides a listing of the PAs within each category. The choice ofa PA and the 
order in which an organii.ation will focus on a PA will depend on its unique situation. SE-CMM doesn't prescribe 
any particular process or sequence. 

T bl 10 SE CMM a e . - orocess areas. 
En2ineerine Process Areas Project Process Areas 1 Organizational Areas 
Analyze Candidate Solution Ensure Quality Coordinate with Suonliers 
Derive and Allocate Manage Configurations Define Organii.ation's SE 
ReQuirements Processes 
Evolve System Architecture Manage Risk lmrpove Organization's SE 

Processes 
Integrate Disciplines Monitor and Control Technical Manage Product Line 

Efforts Evolution 
Integrate System Plan Technical Effort Manage SE Support 

Environment 
Understand Customers' needs Provide On-going Knowledge 
and expectations and Skills 
Verifv and Validate System 

Within the capability portion of SE-CMM there are six process capability levels within each PA. The levels are 
subdivided by Common Features or grouping of generic practices appropriate for each capability level. Generic 
practices are a set of activities addressing process management, measurement and institutionalization. The six 
capability levels apply to all PAs, and describe the change that a process should go through when increasing 
capability. The six capability levels are described in Table 11. 

Table 11. SE-CMM maturitY levels. 
' Level Descriotion 

Capability Level O: There are no common features, perfonnance is not consistent especially when 
Not Perfonned key individuals are absent or tasks are more complex. 
Level. 
Capability Level 1: . Base practices are generally perfonned, but consistent planning and tracking 
Perfonned is not perfonned. Therefore repeatability and transferability are rare. 
Infonnallv Level. 
Capability Level 2: The organization recognizes that to assure SE process successes, it must 
Planned and implement, plan and manage base practices. It is however not applied 
Tracked Level. throue.hout the organization. 
Capability Level 3: Organization-wide, standard processes that implement the characteristics as 
Well defined described by base practices are used throughout the organization. Data from 
Level. using the process is collected and used to determine if the process should be 

modified or improved. The capability to perform an activity is transferable to 
new proiects within the or2anization. 

Capability Level 4: At this level, quantitative, measurable process goals are established as well as 
Controlled Level. each work product. The data is collected and analyzed to quantitatively 

understand the orocess and oredict future oerformance. 
Capability Level 5: Quantitative and qualitative process goals have been established and aligned 1 

Continuously to long-term business strategies. Continuous improvement uses timely 
Improving Level. quantitative performance feedback, as well as pilot testing of innovative new 

ideas, and planned new technolollV introduction. 

s;apability Maturity Model Integration <CMMD 
CMMI is an incorporation of several capability maturity models. It has been {and still is) developed by a 
development team composed of government agencies (DOD), industry organizations such as Boeing, Pacific Bell, 
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ADP, Inc, etc., and the Software Engineering Institute (SEI). It is a collaborative effort to provide models to achieve 
process and product improvement. The main goals ofCMMI are: to eliminate any inconsistencies between models, 
and reduce redundancy, to simplify and integrate the models for multi-disciplinary organizations, to increase clarity 
and understanding of project management maturity models by using common tenninology, components, style. 
Unlike CMM, it has two representations: staged and continuous. The staged representation is very similar to the 
maturity level of CMM. 

The continuous representation organizes Process Areas in four process categories instead of five maturity levels, and 
allows smaller companies to use some assessment of CMM without having to go through all process areas of a 
specific maturity model. CMMI was created to provide a single integrated set of models. The three source models 
are: CMM for Software (SW-CMM), Electronic Industries Alliance Interim Standard (EIA/IS) 73l(mostly to ensure 
that the model requirements are acceptable by ISO-IEC standards (International Organization for Standardization, 
and International Electro-technical Commission. 

The staged representation is based on organizational maturity level or combined capabilities of specific key process 
areas that must be satisfied to achieve the next maturity level. Each maturity level has key process areas with 
specific goal and specific practices. In addition, each process area also has generic goals (e.g., institutionalize a 
managed process at level 2, and institutionalize a defined process for level 3 to 5) with general practices organized 
in four common features (i.e., commitment to perform, ability to perform, directing implementation, and verifying 
implementation). The maturity levels are described in Table 12. 

Table 12. CMMI sta~e-reoresentation maturity levels. 
Level Description 
Level l: Initial Ad Hoc Processes 
Level 2: Basic Project Management 
Repeatable 
Level 3: Defined Process Standardization 
Level 4: Mana~ed Quantitative Management 
Level 5: Continuous Process Improvement 
Optimizing 

Within the continuous representation, the models consists of the same 22 process areas as the staged representation, 
but they are organized into four categories (process management, project management, engineering process, and 
support process) instead of being specifically assigned to a maturity level. This gives flexibility to organizations to 
choose the areas they wish to improve, as well as the extent to which they wish to improve the process. As the 
staged representation, each process area has specific goals with specific practices assigned to them. However, each 
specific practice is assigned to a specific capability level, which applies only to this capability level and the ones 
above. In addition, each process area also has generic goals with generic practices, which will improve the process 
area. Those generic goals and practices will vary according to the organizational desired process capability level. 
The capability levels are described in Table 13. 

Table 13. CMMI bT capa 1 1ty eve s. 
Level Description 
Level 0: Process is either not performed or partially performed 
Incomplete 
Level 1: Performed Process satisfies all specific goals of the process area 
Level 2: Managed Process is planned and executed in accordance with policy, monitored, 

controlled, and evaluated. 
Level 3: Defined Process standards and procedures are applicable to all projects throughout the 

or~anization. 
Level 4: Processes are controlled using statistical and other quantitative techniques. 
Quantitatively 
Managed 
Level 5: Processes are continuously improved through incremental and innovative 
Ootimizini technological improvements. 
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CMMI offers a broader coverage for process standardization across the organization than other models. 

Trillium Model 
The model has been developed by the partnering of Bell Canada, Northern Telecom, and Bell-Northern Research. Its 
goal is from a customer perspective to assess the software development process of existing and prospective suppliers 
as a means to minimize risk and ensure the timely delivery of software systems purchased (this includes software, 
hardware, documentation, training, and support services). The process of the software process assessment relies on 
benchmarking, comparing suppliers' practices with the best and successful organizations. The model is used by Bell 
Canada. This model is primarily staged, but it also has a "continuous" aspect through its structure. The model is 
based on the SEI CMM model. It has five "Trillium" levels for each of its eight capability areas. To achieve a 
"Trillium" level, an organization must satisfy at least 90% of the standards in each of the capability areas. In 
addition, lower "Trillium " levels must be achieved before an organization can move upward to the next level. Each 
capability area has "roadmaps" or a set of related practices focusing on an organizational area. Within each roadmap 
are practices which vary depending on the respective "Trillium " level. The "Trillium" scale is described in Table 14. 

Table 14. Trillium maturity scales. 
Level , Descriotion 
Level I: Ad hoc process. Success is based on individual capability versus 
Unstructured: orl!.anizational infrastructure. 
Level 2: Repeatable Project management planning and control are in place, but they may not be 
and Project Oriented. vet used thromzhout the or2.anization. 
Level 3: Defined and Project management best practices and methodologies are applied 

. Process Oriented. throu.i hout theor2anization. 
Level4:Managed Project analysis is used as an important project improvement procedure; 
and Integrated. Quality planning including defect prevention programs are fully 

incoroorated into the software development orocess. 
Level5:Fully Fonnal software development procedures are fully used throughout the 
Integrated. organization. Constant project analysis and tracking allows for continuous 

imorovement. 

CONCLUSION 
Most models are based on the principles of the CMM. It is one of the most detailed models for product development 
and successfully links software development project success to project management process excellence. Additional 
models were developed to address other processes, such as software acquisition, human resource management, etc., 
while others were specifically created to be very generic as to apply to any project management organization such as 
the Berkeley model or Kermer's PMMM. Furthennore, it became evident that there was a need to simplify and 
integrate·the models for multi-disciplinary organizations. This resulted in the creation of CMMI. However, the need 
for further model simplification, and flexibility is still apparent. It has also become clear that project management is 
no longer just a set of tactical procedures that help organizations improve their project deliveries, but it is also at the 
center of strategic management. Therefore any new project management maturity model will not only have to help 
organizations successfully execute their projects according to customers' expectations, but also be a means to 
translate top-level strategic objectives. 
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HOW PERCEIVED PRIORITIES RELATE TO BEST PRACTICES IN THE 
CONCEPT DEVELOPMENT ST AGE 

Michael Stoica and Ramona Anderson 
Washburn University and AGI, Inc. 

ABSTRACT 
The paper investigates the following research question: How do entrepreneurs prioritize act1,1ities in the concept 
phase (preliminary development, idea stage) of the start-up process? The question is important especially in the 
present highly competitive and turbulent environment characterized by rapid chauge, disruptive events, with shorter 
product life cycle and diminishing investor confidence. 

The literature offers empirical evidence that suggests that start-up finns are more successful at the innovation process 
because they are not dependent on an existing product line and do not have an existng customer base. Therefore the 
search for applications can provide immediate profitability. Entrepreneurial firms have low overhead, fixed costs, 
and can focus on a single technology. 

The paper represents a step towards a methodology to asses the venture's potential for success by examining four 
key areas: the technology, the market, the management, and the finance of the venture. The focus is on technology 
oriented Startwups. 

Several hypotheses are developed. Those that intend to start a new venture to introduce a new product are likely to 
select or prioritize initial activities that are related to their area of interest or expertise, that are easily acted on, and 
have more immediate payoffs. Perceived priorities will be influenced by functional areas <fskill or expertise. 

INTRODUCTION 
The literature shows two opposite points of view regarding the differences between large, mature companies and 
startups and new ventures when it comes to innovation, product development and commercialization of new 
products. 

Walsh and Kirchhoff (2002) argue that new entrepreneurial finns, hightech oriented, can find profitability in 
replacement substitute products directed at filling the needs and wants of customers of established, market dominant 
finns. Empirical evidence suggests that startwup independent firms are more successful at the innovation process 
because they are unaffiliated with an existing product line, do not have an existing customer base, and so search for 
applications where their technology can provide immediate profitability. This "fresh start" advantage means that The 
Innovator's Dilemma (Christensen, 1997) provides major opportunities for independent, technology oriented, 
entrepreneurial firms. 

In the new, independent, entrepreneurial finn, the linlage of technology to markets is the responsibility of every-one 
(Matsuno, Mentzer, and Ozsomer 2002), especially the founders, of the finn. Start-ups and entrepreneurial finns, 
have low fixed costs, low overhead, a single technology focus, and willingly rik current income for potential capital 
gains they will receive if successful. 

With a lower cash bum rate, new entrepreneurial firms have longer staying power and no customer base to attend to 
while pursuing commercial acceptance. And success can generat phenomenal increases in firm valuation simply 
because the potential revenues are not diluted by a wide variety of other product sales. Historically new 
entrepreneurial firms have handled the commercialization process more successfully. Research on prodwt 
innovations introduced in the early l 970s showed that small independent firms produced 2.5 times more innovations 
per employee than large firms (Walsh and Kirchhoff2002). 

If new, small, independent technology intensive firms outperfonn their larger moe established and resource rich 
competitors in the commercialization of disruptive technologies, then the source of their advantage should be 
searched out and identified so that technological progress of such firms can be enhanced. Especially important are 
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questions about the technologies selected and the commercializ.ation methods that new firms apply. Formulated in 
strategic terms, we need to learn what core competencies and capabilities successful new, tech intensive small firms 
use. And, we need to know what market strategies they choose and why they choose these. It is possible that 
appropriate identification of the innovation process can provide a foundation for improved effectiveness in launching 
new disruptive technologies. 

However, small businesses and startups do not have the technical and commercialization resources established, large 
companies have (Olson and Seale 2000). Therefore, they will have to struggle to identify and use scarce means and 
assets to develop and market products especially in a high-technology environment. Entrepreneurs are not aware of 
nor do they readily use best practice activities to assist with idea generation, product concept development, product 
development and commercialization (Herbert 2000). 

BEST-PRACTICE ACTIVITIES AND THE VALLEY OF DEATH 
Big or small, entrepreneurial startups or mature businesses, all have to generate new product ideas, use resources to 
do technological as well as market research, develop the concept of the new product, test and demonstrate its 
feasibility, develop and implement a plan to take the new product to the market. Bestpractice companies have 
developed an effective and systematic new product processes in place to select among projects. They build gates to 
rate and prioritize projects and engage management in the decision process (Cooper, Edgett, and Kleinschmidt 
2002). 

Companies put in place stage-gates to help with the selection process. The majority of companies have too many 
projects and not enough resources to do them well. Often the list of"must do" projects is bigger than the 
implementation capability the company has. Small businesses and startups (SBSU) often rely on only one project, 
one product that can make or break their future. They can focus on one project but they have less a no expertise to 
deal with the Valley of Death. 

The Valley of Death is the gap between the technical invention or market recognition of an idea and the efforts to 
commercialize (Markham 2002) Big companies have the resources for technological developmentwhich appear on 
the left side of the valley. They also have resources for such activities as production, sales, promotion, and 
distribution. A II appear on the right side of the valley under commercialization resources. The Valley of Death 
between discovery and commercialization represents a fuzzy area that lacks structure and expertise (Figure I). 

Both established, large companies and small startups have to cross the Valley of Death. Resource availability (such 
as existence of product champions, procedures, plans, unique capabilities) will make the difference. A substantial 
body of literature analyzes the way big companies design and implement the necessary steps that take a product idea 
to the market. Stag~gate processes (Cooper, Edgett, and Kleinschmidt 2002) with cross-functional review 
committees that will follow go/kill procedures from the standpoint of technology, marketing, management, finance 
(Buggie 2002) will select the projects with merits for commercialization. Markham (2002), in an detailed a1d very 
welt founded manner, extends the discussion and elaborates on the way established companies can cover the gap 
with available resources (product champions, formal planning, formal and systematic processes, expert teams, etc.). 
Best-practices activities have to be identified. Resources have to be used to reduce risk. 

However, small business and start-ups struggling with the adoption of new technology and products do not have the 
readily available resources nor do they have the experience "older'' corq,anies accumulated over time (Dooley, 
Anderson and Riley 1999). They can cross the Valley of Death if they can recognize commercially viable 
technologies, evaluate market opportunities, and plan for how the product will enter the market and then expand it 
(Dahl and Moreau 2001 ). 

We know how best-practice companies take a product idea to the market, How do entrepreneurs prioritize activities 
in the concept phase (preliminary development, predevelopment, idea stage) of the startup process? 

STARTUPS AND NEW VENTURES ENTREPRENEURIAL HOMEWORK 
How do entrepreneurs perceive best practices and how do they prioritize the fron~end activities? 
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A best-practice model, called Entrepreneurial Homework, has been developed based on prior research that identified, 
analyzed and classified best-practice activities present in a vast body of literature. Champions have to acquire 
relevant market intelligence and obtain reactions form prospective users. They have to ensure that the new product 
candidate can actually be developed, replicated, and produced cost-effectively. They have to establish a set of 
specific success criteria which defme, in advance, all the essential attributes and desired characteristics of the ideal 
new product. They have to cover the fmancial goals thit the new product must meet (Figure 2), the venture's 
technology which the product should leverage, the management and production processes it should use, the kind of 
market the company is targeting, the suitable means of implementation (the combination oiesources needed and 
available for execution). 

We have identified a number of best-practice activities that are critical to fill the gap and help the company cross the 
Valley of Death. A summary of these activities is presented in Table I. We have conveted these activities into a set 
of questions that the product champions should answer (Table 2). The product champions that startups and small 
businesses have are the entrepreneurs (owners/managers or founders). Small business champions are likely to selet 
or prioritize best-practice activities based on their perceptions related to their area of interest or expertise. Therefore, 
unlike bets-practice companies that developed procedures (stagi>gates) to help with the concept development (Figure 
2), new ventures will develop only the activities that are perceived as being priorities by the champion. 

Between 22 and 45 percent of new companies fail because of lack of quality execution with many key activities 
omitted or corners cut (Cooper 2001). The quantity and quality of front end activities significantly impacts the 
success of companies with new products. Stat-ups and small businesses fail to do their "homework" before investing 
time and money in product development and commercialization. Individuals that iltend to start a new venture to 
introduce a new product are likely to select or prioritize as front end activities those that are related to their area of 
interest or expertise, that are easily acted on, and have more immediate pay-offs. 

Perceived priorities will be influenced by functional area of skill and expertise and will depend on the level of 
awareness of issues in the functional area of education or training. Owners/managers of new ventures will assign 
more importance to activities in functional area they are familiar with. 

We developed a set of hypotheses that addresses the research question. The set includes general hypotheses as well 
as specific hypotheses in each functional area. The set of hypotheses include: 

H 1: Perceived priorities are determined by functional areas of skill and expertise of the owner/manager. 

H2: High-tech startups and entrepreneurial small businesses will place the highest priority on technological 
best practices. Management best practices and finance best practices will have the lowest priority. 
Variables J through 10 under Technology, in Table 2, will have a higher priority than variables in the 
management, marketing and finance functional areas. 

H3: Priority will be given to best-practice activities in the development, testing, and launch stages as opposed 
to commercialization and financial viability. 

H4: Management and.finance best-practice activities will be carried out based on the awareness of issues in the 
functional area of education and training of the owner/manager. 

H5: Marketing best practice activities relating to market opportunity and potential/or growth will take priority 
over those that relate to the marketing mix. 

H6: Best practices in the finance fanctiona/ area will be adopted based on the need for investment. Preliminary 
financial assessment and business model are more likely to be performed and will get a higher priority 
than the financial and economic analysis. 

The questionnaire that will collect the data for analysis is under construction. Foi:ed choice between functional 
areas, between hard skills and soft skills, and between short term and long term activities are considered. The goal of 
the analysis is to detect the best-practice activities that new venture champions embark on with the highst priority 
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and, therefore, consider important. We want to compare the outcome of the new venture champion set of best 
practices to the ideal model followed by bes~practice companies. Since new ventures are, at times, more successful 
in the commercialiution of new technology based products, it is important to identify what in the bestpractice 
model is used with priority. Success could be explained, besides the low fixed costs, low overhead, a single 
technology focus, and willingly risk current income, bya looking at what is specific for new ventures in the best
practice model. 

If new, small, independent technology intensive firms outperform their larger more established and resource rich 
competitors in the commercialiution of new technologies, then thesource of their advantage should be searched out 
and identified so that technological progress of such firms can be enhanced. 

New ventures often do not succeed in developing and marketing new products. This analysis could bring an 
explanation from the "best-practice point of view." Small businesses and startups do not have the variety and 
quantity of resources available for large companies to cross the Valley of Death. Therefore, they have to be more 
creative in their struggle to identify and use altemalive means and assets to develop and market new products. 
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Figure I. The Fuzzy Front End and Entrepreneurial Homework 
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Table I. Entrepreneurial Homework- Best Practice Activities 

Code Best Practice Activitv* Source 
I MGT Defining company strategic image/identity (vision, principals' expectations, Lundquist (2000), Mello (2002), Smith and Reinertsen (1998), 

mission) SIRTl(2000) 
2 MGT Intentional new product development strategy for rapid commercialization Cooper (200 I), Mello (2002), Smith and Reinertsen ( 1998), 

Benjamin and Maroulis (1996), 
3 MGT Cross-functional input (balance of activities) Cooper (200 I), Mello (2002), Smith and Reinertsen ( 1998), 

Dooley, et.al. (2000) 
4 MKT Ideation; Product idea (function, desie.n, minimum oerformance desc.) Cooner (2001), Mello (2002), SIRTI (2000), Bueeie (2002) 
5 MKT Preliminary market assessment; Market opportunities, pre-market Benjamin and Margulis ( 1996, Cooper (200 I), Mello (2002), 

assessment (like-substitutes, problems, potential improvements, value); SIRTI (2000), Matsuno and Mentzer (2002) 
sie.nificant 1?.rowth ootential, conceot testinl!.. 

6 TECH Preliminarv technical assessment; ooeratine. environment Coooer (200 I), SIRTI (2000), Comstock and Dooley ( I 998) 
7 FIN Preliminarv financial assessment Coooer (200 I), Mello (2002) 
8 MGT, FIN Preliminary business assessment; expected life cycle, patent/regulatory Benjamin and Margulis ( 1996), Cooper (200 I), Mello (2002), 

issues; size of market, economic trends, industrv trends SIRTI (2000) 
9 TECH, MGT, FIN Project screening Coooer (200 I), Mello (2002), Armbrecht et.al. (200 I) 

10 MKT Customer involvement throughout including concept evaluation Dooley (2000), Benjamin and Margulis (1996), Cooper (1999), 
LundQuist (2000),. Mello (2002) 

ti MGT, MKT, FIN Business model Markam (2002) 
12 MKT User needs & wants studv (combine with detailed market assessment) Cooner (200 I), LundQuist (2000), Mello (2002), 
13 MKT Comoetitive analvsis Cooper (200 I). LundQuist (2000), Mello (2002), 
14 MKT,MGT Value orooosition assi,med LundQuist (2000), Mello (2002) 
15 MKT Market analysis; size, target markets., needs, buying preferena:s, pricing Benjamin and Margulis ( 1996), Cooper (200 I), Lundquist 

factors (2000), Mello (2002) 
16 MKT Distribution channels evaluated Mello (2002) 
17 MKT Detailed market assessment Cooner (200 I), LundQuist (2000), Mello (2002) 
18 TECH Detailed technical assessment Cooner (200 I), Murtha, Lenwav, and Hart (200 t) 
19 MGT Production assessment; Prod. Requirements (equip., space, lab, equip., off, Cooper (200 I), SJRTI (2000) 

communications, process capabilitv) 
20 MGT Concept testin~ Mello (2002), Say, Fusfeld and Parish (2003) 
21 MGT,FIN Detailed business & financial analysis strategic direction; revenue size, Benjamin and Margulis (1996), Cooper (2001), 

match, ROI, resource/cost reQuirements 
22 MGT Product life cvcle defined, conceot throue.h distribution Mello (2002), Murtha, Lenway, and Hart (2001), SIRTI (2000) 
23 TECH,MKT Product definition/ descriotion includes value orooosition assie.ned Coooer (200 I), LundQuist (2000), Mello (2002) 
24 TECH, FIN Project plans (technology development Cooper (200 I), Bogan and English ( I 994) 

25 MGT PrereQuisite variety of activities (critical mass) Coooer (200 I), Murtha, Lenwav, and Hart (200 I) 

26 TECH, MGT, MKT Project justification (viability, feasibility) screenimz; feasibilitv Beniamin and Mare.ulis ( 1996), Cooper (2001 ), SIRTI (2000) 
27 MGT,MKT Action_itl~Jor develooment (commercialization) Coooer (200 I), Mello (2002) 

*Best Practice activities limited to concept development, pre-development, "homework," preliminary activities prior to decision to invest in development 
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A Technology 
1 Concept screening 
2 Tech. Assessment 
3 Different. Charac. 
4 Technical barriers 
S Concept Design 
6 Product Description 
7 Product life cycle 
8 Initial Res. Alloc_ 
9 Potential produc. 
10 Tech. Dev. plan 

B Manaaement 

I Product champion 
2 Project venture team 

3 Stakeholder support 

4 Cross-funct. design 

S Rapid commercializ. 

6 Cross-funct. design 

7 Protect from compet. 

8 Commercial viab. 

9 Commercializ. plan 

10 Commercializ. Re~. 

C Marketing 

1 Initial prod_ descrip. 

2 Prelim. market anal. 

3 Market potential 

4 Market interest 

s Initial compet. Anal. 

6 Market barriers, issues 

7 Initial market strategy 

8 Internal promotion 

9 Distribution channels 

IO Pre). Est_ of res./costs 

D Finance 

I Economic trends 

2 Business model 
3 Pricing curve 

4 Initial fin. targets 

5 Initial cost project_ 

6 Initial rev. project. 

7 Initial Budget 

8 Internal resources 

9 Financial tools 

10 Concept fin . viable 

Table 2. Entrepreneurial Homework Variables 

Did you evaluate the concept before starting development? 
Has an initial assessment been performed to determine technical feasbility? 
Can you identify the advantages that differentiate your product concept? 
Did your assessment identify technical barriers that need to be resolved? 
Is your concept designed at a high performance level? 
Does your product description clearly show the tech. elem. that make your product valuable? 
Have you estimated the product's life cycle of your technology? 
Do you have an estimate of initial res. required to complete the development of the prototype? 
Is it realistic to produce this product? 
Do you have a product development plan? 

Do you have a product champion? 
Do you have a project venture team? 

Do stakeholders support the project? 

Have you completed an initial business analysis of your concept? 

Is the project team structured to support rapid commercialization? 

Is there cross-functional input into the product design? 

Can your concept be protected from direct competition? 

Is your product commercially viable? 

Do you have a commercialization plan? 

Do you have the required resources to complete product development? 

Does you initial product descripion incorporate market appeal? 

Have you done a preliminary market analysis? 

Is there enouah market potential to support this product!service? 

Do you have evidence of market interest? 

Have you completed an initial assessment of your competition? 

Have you identified market barriers that may impede your ability to enter the market? 

Have you designed the product to meeta specific market need? 

Have you identified key stakeholders that must be sold on the concept? 

Have you identified potential distribution channels for this product? 

Do you have a preliminary estimate of resources/costs required to market your product? 

Do you have a process for tracking economic trends? 

Have you determined a business model most appropriate to meet your fin. objec:wes? 
Have you determined the price elasticity curve for this product? 

Have you established financial targets for this project? 

Do you have an initial cost projection for continuing developnent? 

Are the initial revenue projections supported by external documentation? 

Have you established an initial budget? 

Have you identified res. to cover the costs of dev. your concept for the next 18 months? 

Have you used standard financial tools to project the concept's potential as a product? 

Can you demonstrate your concept is financially viable? 
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MARKETING LOY ALTY PROGRAMS 

John R. Patton 
Florida Institute of Technology 

ABSTRACT 
Finns today are increasingly seeking to enhance service quality in order to satisfy and delight their customer base, 
acknowledging that such customers will evince loyalty. These efforts are becoming more feasible due to better 
understandings of customer relationship marketing (CRM) based on trust; the topic of this paper. 

INTRODUCTION 
Marketers have practiced relationship marketing for some time; however, Internet technologies made it possible to 
manage consumer relationships one at a time. Finns use CRM to build relationships with conswners, business 
customers, lateral partners, and final consumers. The highest level ofCRM involves creating structural bonds that 
thereby raise switching costs and build loyalty. An important trend in CRM is its integration with supply chain 
management. When the firm's front end, back end, and supply chain all focus on the consumer, value is delivered, 
satisfaction is increased, and at this point a competitive e edge is realized. Advantages of CRM are loyal repeat 
customers, increased profits, higher referral rates from satisfied customers and synergy with business partners. 

Most of the literature on strategic alliances grows out of what might be called the "product differentiation" 
paradigm, where the purpose of the alliance is to give companies a competitive market advantage over the 
competition. Marketers are now beginning to adopt an alternative, "relationship marketing," paradigm. In the 
"relationship marketing" paradigm, companies seek profits by selling more to existing customers. Hence, they seek 
alliances that are designed to help a company deliver customer value rather than market superiority. Marketers who 
adopt the "relationship marketing" paradigm develop alliances that are much more likely to involve collaboration 
with potentially competing finns. 

CUSTOMER RELATIONSHIP MARKETING 

Building Customer Relationships 
With advanced technology and the progression of marketing management there has been a major shift in marketing 
thought: from mass marketing to individualized marketing, and from focus on acquiring lots of new customers to 
retaining and building more business with fewer loyal high-value customers. This way of doing business has been 
practiced by many finns in the industrial market for a long time, it has spread to the consumer market for services 
and now even marketers of consumer-packaged goods are considering how to build long-term customer 
relationships. Internet technologies facilitate relationship marketing in ways not possible a decade ago. Relationship 
marketing is marketing seen as relationships, networks, and interaction. Relationships require at least two parties 
who are in contact with each other. The basic relationship of marketing is that between a supplier and a customer 
(Gambeson, 1999; Nykamp, 2001; Strauss and Frost, 2001). 

CRM Defined 
In its original definition, CRM is about establishing, maintaining, enhancing, and commercializing customer 
relationships through promise fulfillment. Usually finns try to build profitable relationships in the long term and 
always the relationship is mutually beneficial. Promise fulfillment means that when firms make offers in their 
marketing communications programs, customer expectations will be met through product experiences. CRM is 
viewed as a business strategy, one that envisions a customer-centric business to properly select and manage 
customers to maximize their long-term value to an enterprise. Furthermore, CRM applications must ultimately help 
the firm satisfy end-customers (Thompson, 2000). 

Today CRM involves much more than promise fulfillment. CRM first involves research to gain insights to help 
identify current and potential customers. The second step is to use that information to differentiate between high
value and low-value customers. Finally, finns customize marketing mix offerings to meet the needs of individual 
customers. CRM is a process of identifying and differentiating customers based on needs and value to the finn, and 
then customizing marketing mixes to meet individual needs. It means two-way communication with individual 
stakeholders, one at a time. A company using CRM focuses on share of mind, share of customer, share of wallet, not 
share of market, and it differentiates individual customers based on need rather than differentiating products for 
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target groups. It is generally more profitable for such a firm to identify its best customers, get to know them 
individually, and suggest additional products based on their needs than to try to acquire new customers. Marketing 
dollars are spent on customer retention versus money on customer acquisitions. In today's increasingly networked 
and competitive marketplace, the traditional focus on market share is already shifting to 'customer share' the amount 
of individual customer spending captured by a particular supplier. Gathering, monitoring, and evaluating 
comprehensive infonnation on individual customers is next to impossible without advanced CRM systems, which in 
tum rely on the transition from traditional operations to advanced e-supply chains. Companies making the transition 
from traditional operations face new challenges but - opportunities to reach new customers and better serve existing 
ones is driving the changeover to CRM (Adding value, 2000). 

BUSINESS-TO-CONSUMER (B2C) RELATIONSHIP MARKETING 
In a recent study of customer loyalty in a B2C context, the researchers identified eight factors (the eight Cs -
customization, contact interactivity, case, community, convenience, cultivation, choice, and character) that 
potentially impact e-loyalty and developed scales to measure these factors. After analyzing the data collected from a 
sample group of 1,211 online customers, the researchers concluded that all of the factors except convenience impact 
e-loyalty. Further, the data analysis suggests that e-loyalty has an impact on two customer-related outcomes: word
of-mouth promotion and willingness to pay more. Recent years have brought about a proliferation of loyalty 
programs: consumers are offered incentives in exchange for increasing business. Yet, even as the usage of such 
programs has increased, there effectiveness has become a topic for debate. Mixed results have led some researchers 
to conclude that loyalty programs may work for some organizations and under certain conditions. However, which 
organizations, under what conditions, and at what times, make gain detennination somewhat of a mystery. The 
traditional trend is in employing loyalty at the level of the individual consumer. The theoretical background for this 
trend is that at the individual level brand loyalty is a function of individual memory. More specifically, brand 
knowledge is developed from associations, brand-related ideas, and so forth - and brand loyalty is thought to 
achieve positive associations across successive purchase occasions. Along these lines, it is said that loyalty occurs 
when favorable beliefs and attitudes for the brand fosters repeat buying behavior for the brand (Raphel & Raphel, 
1995; Roehm, Pullens, & Roehm, 2002; Thyfault, 200 I). The Boston Consulting Group found that it costs about $7 
to market to existing customers via the Web versus $34 to acquire a new Web customer. This research indicates that 
e-commerce firms spend, on average, $250 in marketing and advertising to acquire one customer; gross income 
from a typical customer is just $25 in the first quarter but accounts for $53 in every succeeding quarter. However, 
the research also indicates that nearly 65 percent of all online customers never make repeat purchases. ( Alinen, 
1997; Thompson, 2002). 

BUSINESS-TO-BUSINESS (B28) RELATIONSHIP MARKETING 
In B-2-B markets, long-term relationships between buyers and sellers are a common fonn of organizing economic 
exchange. Exchange occurs within established buyer-seller relationships, rather than with a new partner each time 
the need for exchange arises. In the academic research of marketing, long-term buyer-seller relations have recently 
aroused considerable interest. The attraction of negative asset intensity (a business model that does not require 
investment in much of a physical plant or in inventory) is attractive in the B2B model. It is also attractive as a 
business model based on community knowledge. The firm can leverage knowledge that it acquires about customers 
with similar needs, enabling the firm to anticipate what an individual customer wants, even before the customer 
realizes it. These groups are virtual constructed by profiling software that captures information that each web site 
visitor supplies and it is entered into a database to identify and actually create the community groups. The profiling 
can be more niches oriented than user surveys, and the virtual communities allowing the identification of much 
clearer target markets. This leads toward the opportunity for customization; a more refined version of community 
profiling and marketing. To get to any customer one-to-one, the process begins by identifying her interest group that 
implies a process of differentiating it from similar groups (Siebel & House, 1999). 

CUSTOMIZATION 
Mass customization, a term coined by Stan Davis, author of Future Perfect, represents the convergence between the 
increasing need for speed and/or value and increasing customer need for a unique solution. 

There has been a seismic shift in the customer base with the advances of information technology. Customers are no 
longer passive players in obtaining value rather they have choices and can use options such as customization to 
create their own customized product on a Web page like the one run by Dell Computer. The empowered consumer 
wants it all: customized products and attentive service without the luxury prices that usually accompany them. In 
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sectors as diverse as computers, clothing, and vitamins, manufacturers and retailers are deploying new technologies 
and business models to provide custom-made products and personalized experiences at competitive prices (Loewe & 
Bonchek, 2001 ). Examples of pushing customer involvement further upstream - to provide more control and 
involvement over the delivery, often at lower prices - are plentiful. Today it is pump your own gasoline and pay for 
it at the pump, make your own salad, do your own banking, etc. (Siebel & House, 1999; Whiteley & Hessan, 1996). 

PERSONALIZATION 
The key is organizing and building customer data stores and attaching those stores close to the customer interaction 
and really personalize the experience. A key challenge facing banks is how to offer the service provided by the old 
one-to-one relationship a customer had with their bank manager, but at service delivery costs shareholders will 
support. Bank services and products have largely become commodities so banks looking to differentiate may choose 
to further define their brand, follow a lowest cost delivery strategy, look to offer a more personalized service to the 
customer, or a combination of the three (Wells, Wolfers, & Riecken, 2000). 

THE IMPORTANCE OF TRUST IN RELATIONSHIP MARKETING 
CRM is based on trust. Customers must believe that the infonnation they give companies on Web forms, in e-mail, 
or in other ways will be used responsibly. This means using the information to improve the relationship by tailoring 
goods, services, and marketing communications to meet individual needs. It means allowing consumers to request 
removal of their information from databases, to opt-out of e-mail lists, and not sharing information with other 
companies unless pennission is granted. Another important privacy issue concerns intrusions into people's lives. 
Junk mail, spam, repeated phone calls requesting a switch of long distance provider-these are all examples of 
marketing messages that can be upsetting to consumers. Permission marketing, on the other hand, dictates that 
customers will be pleased to receive e-mail for which they have opted-in (Strauss & Frost, 2001 ). It is now argued 
that social capital represented by trust will be as important as physical capital in the very near future. As our 
economy and economies throughout the world become more centered on services, trust is the capital by which 
individuals will purchase services that they cannot touch, see, feel, or inspect. However trust is something that is 
earned and built over time. Trust is established through a firm's actions and deeds (Agee, 2002; Kotler, Hayes, & 
Bloom, 2002; Krivda, 2002; O'Dell & Pajunen, 1997; Reinartz & Kumar, 2002). 

An experiential study was designed to assess the impact of customer equity considerations on perceived quality, 
satisfaction, loyalty and trust with respect to service recovery across different service industries. Findings reveal, in 
general, distributional fairness and procedural fairness during the service recovery significantly improve scores for 
service quality, cost satisfaction, customer loyalty and trust, whereas inter-action fairness only enhances customer 
trust perceptions. Satisfaction with service recovery is achieved by meeting, or exceeding, customers' expectations. 
Consumers have a choice to buy good or bad customer service. Peters and Waterman ( 1982) pointed out that 
service, quality, reliability are strategies aimed at loyalty and long-term revenue stream growth. They also noted that 
superior customer service depends on keeping a constant eye on market changes (Lash, 1989; Ruyter, 2000). 
Although many streams of research have characterized the process of evaluation as a cold reasoned assessment and 
weighing of the component qualities of the target, there is increasing evidence that people also perform evaluations 
by monitoring their subjective affective responses (feelings and emotions) to the target. Studies on the "How do I 
feel about it?" heuristic have shown that people sometimes infer their direction of their preferences (liking versus 
disliking) from the valence of their feelings toward the target. People may additionally infer the strength of their 
preferences by monitoring the intensity of these feelings, that is, the level of arousal elicited by the target. According 
to the affect-as-information framework, people rely on their feelings because they perceive these feelings to contain 
valuable judgmental infonnation. Evidence for this interpretation comes from studies showing that people's feelings 
cease to influence their judgments and decisions whenever people doubt that the feelings were elicited by the target 
itself, or when people consider their feelings toward the target to be immaterial for the judgment or decision to be 
made (Tuan Pham, 2001 ). 

The affect that people experience at the time they receive information about an object can influence the manner in 
which they process this information and, therefore, the judgment that follows. This influence has been detected in 
both consumer judgment and elsewhere. In some cases, affect has been shown to have a direct effect on people's 
judgments. That is, people judge a product more favorably when they are feeling happy than when they are not, 
regardless of the information they received about it. However, affect can also have an indirect influence on 
judgments through its impact on the way specific pieces of product infonnation are treated. For example, consumers 
might give a piece of information more weight when its evaluative implications are similar in valence to the affect 
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they are experiencing for other reasons. (That is, happy individuals may weight favorable pieces of infonnation 
more heavily than unfavorable pieces when making a judgment, whereas unhappy persons may give relatively more 
emphasis to unfavorable pieces than to favorable ones). Current research provides evidence of this differential 
weighing and in so doing, provides an explanation that differs from the previously proposed memory-based 
explanations (Adaval, 2001; Parrish & Weiner, 2001; Reichheld, Markey, & Hopton, 2000; Scott, 2001). 

As firms shift toward customer equity management, their attention tends to focus disproportionately on managing 
customer retention. Although firms may articulate various reasons for their emphasis on retention, data limitations 
are a practical factor that motivates firms to disproportionately emphasize retention as opposed to customer 
acquisitions. Specifically, outside the direct marketing industry, many firms have yet to develop sophisticated 
databases that contain detailed interaction data on prospects as well as customers. Many of the databases that exist 
tend to have data only on existing customers. The development of customer-focused strategies based only on an 
analysis of existing customers imposes the assumption that the customer acquisition process does not influence the 
customer retention process. If this assumption does not hold, the results from the retention analysis will be biased. 
The basic premise of current research along these lines is that the customer acquisition process affects the customer 
retention process (Thomas, 200 I). 

THE IMPORTANCE OF BRAND LOY AL TY 
A brand-loyal customer is eight to ten times as profitable as a brand-disloyal customer and marketers have to be 
choosy about where they invest their resources. By spending marketing dollars carelessly, one can inadvertently 
educate consumers to move down the loyalty ladder by, in effect, spending more on disloyal consumers and 
rewarding them for disloyalty. Research has illustrated the danger of taking loyal customers for granted. In a recent 
study the subjects' brand loyalty was gauged from year to year. Among those who exhibited low brand loyalty, 87 
percent were still disloyal the next year. More importantly, of those who exhibited high loyalty, 47 percent were not 
loyal the following year. (Schwartz and Heath, 200 I). 

Loyalty is defined as "share of category requirements"; that is, households that bought a brand as a percentage of 
purchases in this product category that are devoted to this brand. This is purely a behavioral measure of loyalty 
without attitudinal components. Change in loyalty is defined as a brand's customer loyalty from one year to another 
and may be positive or negative, depending on whether loyalty increased or diminished. On average, brands that 
grew loyalty, grew share of market; brands that held loyalty, held share. Loyalty strongly leverages the effects of 
market penetration. 

Today brands exert a strong influence on both customer attraction and customer retention. In fact, the main driver of 
customer loyalty is often brand commitment. Managing the brand as an asset is a critical component of any effective 
CRM strategy. The strongest brands are those that elicit emotional attachment from customers. Brands do count but 
in a world of ever-shortening product life-cycles, brands alone cannot create customer loyalty. Building customer 
loyalty- one customer at a time - is the wave of the future. Building a strong brand with great equity provides a 
host of possible benefits to a firm, such as greater customer loyalty and less vulnerability to competitive marketing 
actions or marketing crises; larger margins; more favorable customer response to price increase and decrease; 
greater trade intermediary cooperation and support; increased marketing communications effectiveness; and 
licensing and brand extension opportunities (Taylor & Wacker, 1997). 

Benefits to the Customer 
Most customers desire brand loyalty as much as do the finns they patronize. Today one is constantly bombarded by 
marketing communications and unlimited product choices. Often, from a consumer's perspective the basic tenet of 
CRM is choice reduction. Customers want to patronize the same store, mall, and service providers simply because 
doing so is efficient. Many consumers are "loyalty prone," searching for the right product or service and then 
sticking with it as long as the promises are more or less fulfilled. Companies generally receive a positive return on a 
marketing budget that is focused on the retention ofloyalty-prone customers as long as it is used to build 
relationship and not purely to discount price. Most customers like to patronize stores, services, and Web sites where 
they are treated like individuals with important needs and where they know those need will be met, "satisfaction 
guaranteed." When Amazon.com writes that it has a new book by an author a customer enjoys, the action seems like 
the company cares and the e-mail builds brand loyalty. Of course, firms must learn to answer e-mails sent from 
customers as well. Listening to hundreds of thousands of customers, one at a time, can be difficult and expensive, 
but it satisfies customers (Strauss and Frost, 200 l ). 
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While attracting new customers is critical, companies are recognizing the equally important need to build loyalty. 
Best-in-class finns bolster customer loyalty through a comprehensive, integrated set of service recovery practices: 
(1) incorporating recovery into hiring, training, and empowennent, (2) establishing recovery guidelines and 
standards, (3) providing systems that provide easy access and effective responses, and (4) maintaining customer and 
product databases. Service recoveiy is not good just for customers; it is profitable for finns. (Brown, 2000). 
As intellectual capital assumes greater and greater competitive weight in more and more industries, the loyalty
based business paradigm is expected to grow steadily more compelling. Over the next few years, thousands of 
businesses will come to realize that their most important assets are their human assets - their customers, employees, 
and investors - and that to build winning strategies, they have to find ways to attract and develop the right human 
assets and earn their loyalty (Reichheld, 1996). 

Loyalty is critically important as a measure of value creation and today marketers must make constant efforts to 
understand what customers' value and how well competitors are delivering that value. Since standard tools of 
market research, such as satisfaction surveys, and other tools are inadequate for this task, other ways of measuring 
loyalty need to be understood since a fum's success is tied to loyalty much more today (Reichheld, 1996). Research 
has indicated that a 5 percent increase in customer loyalty can result in a 100 percent increase in profitability. But 
the newest research indicates that creating merely "satisfied" customers is no longer enough to ensure loyalty. Only 
customers who are "extremely satisfied" are likely to be loyal. USAA is an insurance company that targets military 
personnel. In order to boost retention with such a mobile group, the organization has invested heavily in databases 
and customers continually experience USAA as an organization that cares enough about their business to keep track 
of them and their families. The customer retention rate hovers around 98 percent at this ever-expanding financial 
services firm today (Whiteley & Hessan, 1996). 

CREATING VALUE FOR CUSTOMERS AND FOSTERING THEIR LOY ALTY 
On average, U.S. corporations now lose half their customers in five years, half their employees in four, and half their 
investors in less than one. Disloyalty, at current rates, stunts corporate perfonnance by 25 to 50 percent, sometimes 
more. By contrast, businesses that concentrate on finding and keeping good customers, productive employees, and 
supportive investors continue to generate superior results. Loyalty, in essence, remains one of the great engines of 
business success. 

Creating value for customers is the foundation of every successful business system. Creating value for customers 
builds loyalty, and loyalty in tum builds growth, profit, and more value. The only way to achieve sustainable 
improvements in perfonnance is by building sustainable improvements in value creation and loyalty. Stemming the 
customer exodus is not simply a matter of marketing; it demands a reconsideration of core strategy and operating 
principles. Loyalty provides the unifying framework that enables an executive team to modify and integrate 
corporate strategy and operating practices in ways that will better serve the long-term interests of customers, 
employees, and investors. Even more important, perhaps, the loyalty framework pennits a set of practical measures 
that executives can use to manage the company's value creation process, the upstream source of all profits and 
growth (Reichheld, 1996). 

The good news is that more companies are buying into the idea that interweaving their flow of knowledge and 
infonnation with customers' and suppliers' knowledge isn't just a good thing but an essential element for success. 
Some industry-leading companies are now trying to complement their competitive spirit with an enhanced level of 
customer-centered strategy. The current profit theory approach to business is yielding ground to the value-creation 
theory of business since the latter helps to unify the disparate perspectives of investors, accountants, marketers, and 
human resource managers. The new theory also makes loyalty a litmus test of corporate perfonnance more so than 
profits ever could do. Profits alone are an unreliable measure because it is possible to raise reported short-tenn 
earnings by liquidating human capital. Pay cuts and price increases can boost earnings, but they have a negative 
effect on employee and customer loyalty and so shorten the duration and worth of those assets. Since the only way a 
business can retain customer and employee loyalty is by delivering superior value, high loyalty is a certain sign of 
solid value creation. The basic principles of loyalty have been around for centuries but today there exists a new 
calculus of loyalty. Loyalty-based finns certainly live in a different world from today's business schools, which 
emphasize profits and shareholder value to the virtual exclusion of all other overarching goals (Reichheld, 1996; 
Seybold, 1998). 
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THE NEW MODEL OF MARKETING LOYALTY PROGRAMS 
The practice of carefully selecting customers, employees, and investors and then working hard to retain them 
provides the success loyalty leaders have encountered and has led to a new business model. What drives this new 
model called "loyalty-based management" by Reichheld (1996) is not profit but the creation of value for customers 
and the businesses together, and their very existence depends on it. Because of the linkages between loyalty, value, 
and profits, these forces are measurable in cash flow tenns. Loyalty is inextricably linked to the creation of value as 
both a cause and an effect. As an effect, loyalty reliably measures whether or not the company has delivered superior 
value: Customers either come back for more or they go elsewhere. The guiding business principle of loyalty leaders 
seems to be a commitment to creating so much value for customers that there is plenty left over for employees and 
investors. 

Tom Peters and Nancy Austin ( 1985) state that a business sells a quality service or product. The way to create and 
sustain superior performance is by exceptional care of customers via high-grade service and quality along with 
constant innovation - all built on a foundation of"listening, trust, and respect for the dignity and the creative 
potential of each person in the organization." The service cycle, which begins at the first point of contact between 
the customer and the organization, is defined by Karl Albrecht and Ron Zane (1985) in Service America as the 
repeatable sequence of events in which various people try to meet the customer's needs and expectations at each 
point. In today's economy, excellent customer service provides the competitive edge; without it, any organization 
may fail. 

The feelings customers have when they interact with a brand helps in determining their loyalty. To establish and 
sustain a strong customer experience that customers' love is a way to ensure customers remain loyal. Customer 
loyalty is rooted in experiences - the experience that each customer has - in learning about, acquiring, using and 
sharing products and services with others. A satisfying customer experience is one of the most important elements in 
building a loyal customer, a customer who is loath to change her habits. Yet customers have become much more 
demanding. Customers want a higher quality, predictable experience combined with high value products and 
services (Sybold, 2001}. 

CONCLUSIONS 
During the 1980's and most of the 1990's, executives believed that reducing costs was the answer to increased 
global competition. Reengineering was in vogue but after reducing layers of middle management these executives 
decided that this was not a formula for long-term success. They have now rallied behind the focus of delivering 
more value and increasing customer loyalty wherever possible (Thompson, 2002). 

The development of marketing theory and practice has undergone a paradigm shit from transactional to a 
relationship orientation. Practicing relationship marketing requires a different set of skills where customization and 
personalization are both in vogue. Trust is critical in this new format as well (Sheath & Parvalyar, 2000}. 
Vendors have sought over the years to develop profiles of their customers and prospects in order to better determine 
who might wish to purchase their products. Marketers have access to lots of information about every customer and 
prospect today, and that information can be easily stored in a database and used for direct-marketing 
communications. Data mining involves the extraction of hidden predictive information in large databases through 
statistical analysis. Marketers just ask the software to find patterns of interest. And, customer profiling uses data 
warehouse information to help marketers understand the characteristics and behavior of specific target groups. All 
this information is very tempting to marketers, yet it is balanced by the need to satisfy customers and not anger 
them. The burden rests on marketers to use customer and prospect infonnation responsibly. In one study of 1,000 
adult Internet users, 92 percent said they were very concerned about misuse of personal information and did not 
want it shared with others unless they gave permission (Siebel & House, 1999; Tedeschi, 200 l ). 

Understanding consumer needs and identifying the most profitable customers are driving forces in most companies. 
That's why CRM practices and applications hold so much promise. Bain's Consultants survey of senior business
technology executives found CRM application usage is expected to double this year over last. Yet, few CRM users 
achieve quick success, and many initiatives have failed to help companies better understand their customers. Gamer 
Group found that 55 percent of CRM programs failed to deliver ROI on programs that typically cost $60 million to 
$130 million. And CRM was in the bottom of25 information technology tools evaluated by nearly 500 senior 
executives participating in this survey. One-fifth ofCRM users had abandoned the tools altogether (Rigby, 
Reichheld, & Berez, 2002}. 
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There's often a misunderstanding between the corporate vision for CRM and the actual implementation. The top 
management of the organization needs to support the paradigm shift and develop an action plan for achieving a 
successful business transfonnation. A cross-functional project team and mid-level management steering team should 
be assembled and these individuals should be tasked with identifying opportunities for customer-based value 
creation. The follow-on marketing loyalty programs should be well targeted and positioned as well as monitored for 
success (Rigby, Reichheld, & Berez, 2002) .. 

In order to retain existing customers, the most common solution seems to be some type of loyalty program offering 
points, prizes, or rewards. Loyalty and reward programs are so pervasive a firm without one appears destined to fail 
in the competitive marketplace. But, do these programs really create loyalty for the firm, product or service and are 
they worth the investment? Research over an extended period oftime suggests that loyalty programs are merely 
sales promotion efforts and that they do not really create loyal customers. Generally, customers who can be bribed 
with reward programs can be bribed away- the so-called butterfly customer. Evidence suggests that in the short run, 
they do create incremental sales, however, returns over the long term are debatable at best. Part of the problem is an 
accounting one. In many firms they create long-term liabilities since points given away today are carried as 
liabilities until they are redeemed. 
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THE ETHICAL USE OF FEAR APPEALS 

Kaylene C. Williams 
California State University, Stanislaus 

INTRODUCTION 
An appeal is the motive to which an ad is directed. Its purpose is to move the audience toward a goal set by the 
advertiser. The primary message in a fear appeal is "do this (buy, believe, value, recommend to friends, change 
behavior, etc.) or something negative will happen to you (social disapproval or physical harm)." (Glascoff, 2000) 
That is, advertisers invoke fear by identifying the negative results of not using the product or the negative results of 
engaging in unsafe behavior. Fear appeals are effective in increasing ad interest, involvement, recall, and 
persuasiveness (LaTour et al., 1996). However, appeals using emotion or fear rather than logic are often viewed as 
not being in society's best interest (Olson, 1995). As such, the use of fear appeals in advertising is not universally 
accepted and can backfire or have unintended negative ethical effects on consumers (LaTour et al., 1996). The 
purpose of this article is to examine the ethical implications of fear appeal use. In so doing, the paper includes the 
following sections: introduction, definition and use offear appeals, the ethics of fear appeals, improving the ethical 
use and effects of fear appeals, and summary. 

DEFINITION AND USE OF FEAR APPEALS 
A fear appeal posits the risks of using and not using a specific product, service, or idea. Fear appeals are defined by 
Kim Witte (1992, 1994), a prominent author in this area, as "persuasive messages that arouse fear by depicting a 
personally relevant and significant threat, followed by a description of feasible recommendations for deterring the 
threat" (Gore et al., 1998, 34) The premise is that fear appeals rely on a threat to an individual's well-being which 
motivates him or her toward action; e.g., increasing control over a situation or preventing an unwanted outcome. 

Advertisers have used fear appeals for many products, services, ideas, and causes. Some examples include smoking, 
personal safety, safe driving practices, financial security, social embarrassment, and anti-drug abuse. Specific 
advertising examples of fear appeals include Michelin tires and the baby, Talon zippers and "gaposis," Wisk and 
ring around the collar, Bayer aspirin and heart attack prevention, drug use portrayed as eggs frying in the pan, and 
J&J Advanced Care cholesterol test product. 

The use of fear appeals is common in many types of marketing communications. Huhrnann and Brotherton ( 1997) 
have conducted a content analysis of popular magazine advertisements. They found that of 2,769 magazine ads 
examined, 131 contained fear appeals (4.8%). While this study was done on magazine ads, it should be remembered 
that television serves the largest audiences of any mass media and is the primary source of infonnation for many 
Americans (Abernethy and Wicks, 1998). With regard to television, fear appeals are perhaps the most common 
tactic used in public service announcements (PSAs). In these PSAs, threats of physical harm, injury, and death are 
used more frequently than social threats (Treise et al., 1999). 

Fear can be used as an effective motivator. "In the typical fear appeal context, fright and anxiety in the target 
audience can result because danger to themselves is perceived by members of the audience" (Bagozzi and Moore, 
1994, 56). In fact, stronger fear appeals bring about greater attitude, intention, and behavior changes. That is, 
stronger fear appeals are more effective than weak fear appeals (Higbee, 1969). In addition, fear appeals are most 
effective when they provide (I) high levels of a meaningful threat or important problem and (2) high levels of 
efficacy or the belief that an individual's change of behavior will reduce the threat or problem (Witte and Allen, 
2000). However, too much fear can lead to dysfunctional anxiety (Higbee, 1969). In general, there is a direct 
relationship between low to moderate levels offear arousal and attitude change (Krisher et al., 1973). Weak fear 
appeals may not attract enough attention but strong fear appeals may cause an individual to avoid or ignore a 
message by employing defense mechanisms. Importantly, extreme fear appeals generally are unsuccessful in 
bringing about enduring attitude change. (Ray and Wilkie, 1970) 

THE ETHICS OF FEAR APPEALS 
In general, individuals differ in their attitudes toward advertising and an ad's perceived ethicality. However, 
attitudes toward advertising and its ethicality seem to be declining as a whole. The challenge is to create advertising 
communications that increase ad persuasiveness while not engendering perceptions or attitudes that are negative or 
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unethical, e.g., overly dramatic and graphic, lacks social responsibility, exploitative, stimulates unneeded demand, 
and involves inappropriate manipulative techniques. (LaTour et al., 1996) This balance of persuasiveness and 
ethics is important because individuals who dislike an ad are likely to resist its efforts to increase the favorability of 
their attitudes toward the product itself (Aaker and Stayman, 1990). Treise et al. (I 994, 59) note "consumer opinion 
that a specific advertising practice is unethical or immoral can lead to a nwnber of unwanted outcomes, ranging 
from consumer indifference toward the advertised product to more serious actions such as boycotts or demand for 
government regulation." In addition, "perceived ethical problems with a controversial ad stimulus negatively 
impacts attitude toward the ad and attitude toward the brand as well as purchase intention" (Henthorne and LaTour, 
1995, 561 ). Unethical fear appeals also can damage the credibility of advertisers and create unfounded fears and 
worries among audience members (Hyman and Tansey, 1990). As such, unethical ads can have very negative short 
and long-tenn effects. 

In order to create more ethically sound advertising and fear appeals, an understanding of ethics in general is needed. 
Snipes et al. (1999, 274) have noted "ethics generally focuses on whether the conduct of an individual, group, or 
marketer is deemed as morally 'right' or 'wrong; as determined primarily by the stable inner values ofan 
individual. The individual's unwavering response to situations over time is based on his/her moral philosophy, 
which is determined, to a great degree, by an individual's social background and life experiences." Taylor (I 975, I) 
has def med ethics as "injury into the nature and grounds of morality where the term morality is taken to mean 
judgments, standards and rules of conduct." Gaski ( 1999) suggests that ethics is primarily what is consistent with 
the law and/or self-interest. 

According to Malhotra and Miller ( 1996), there are four classes of philosophical theories of ethics: teleology, 
deontology, hybrid approaches, and objectivism. From the teleology point-of-view, ethicality depends on the 
outcomes or actions that result from the decision or ad, i.e., the end justifies the means. As such, the moral weight 
of a judgment is determined by the degree to which the result is the best result for all affected parties. Deontology 
focuses on the means, methods, intentions, and humaneness used to pursue a particular alternative rather than the 
results of a decision. In this ethical approach, preservation of individual rights at any cost is of paramount 
importance. (Duke et al., 1993) The hybrid theory encompasses both of the first two approaches, i.e., a dual focus 
occurs wherein both the means and the end determine the ethicality of a decision. Objectivism is based on what is 
happening in the real world at the moment, i.e., one deals with the unethical behaviors that exist rather than 
worrying about what ought to be. Collins (2000, 10) has noted "a general conclusion is that many factors impact a 
person's ethical sensitivities. Giving credit to any one factor is too simplistic. On the other hand, giving credit to 
all of the factors is meaningless from a practical perspective." 

How are these ethical theories made practical? Continho and Leme (1999, 166) note that "ethical limits seem to be 
restricted to the codes of ethics, to the legislation of each country, or to the habits and customers detected by 
research or sensibility. Little or no attention seems to be given to the natural law, to the people's values and beliefs, 
mainly when dealing with the consumer market." Dunfee et al. (1999) discuss Integrative Social Contracts Theory 
(ISCT) as a coherent framework for resolving ethical issues that arise among different communities, e.g., boundary
spanning relationships and cross-cultural activities. That is, ISCT provides a systematic way to encourage a 
decision maker to consider all possible groups/stakeholders who may have an interest in the decision. 

Within the discipline of marketing, the American Marketing Association (AMA) has adopted general guidelines or a 
Code of Ethics for ethical behavior. It addresses these fundamental areas: basic responsibilities of the marketer, 
honesty and fairness, rights and duties of parties in the exchange process, and organizational relationships. This 
includes not knowingly doing harm and avoiding false and misleading advertising. It is important to note that 
Ferrell and Skinner ( 198 8, I 07) have stated that the "existence and enforcement of codes of ethics are associated 
with higher levels of ethical behavior." In addition, Robin and Reidenbach (1987) note that ethics needs to be 
incorporated into the strategic marketing process. The authors offer as a guideline, "make and market products you 
would feel comfortable and safe having your own family use" (44). Smith (1995) offers the consumer sovereignty 
test (CST) as an ethical guideline in evaluating marketing decisions, i.e., is the consumer's interest promoted and is 
the consumer capable of exercising infonned choice. In addition, Brenkert (1998, 15) contributes "marketers may 
not target those who are specially vulnerable in ways such that their marketing campaign depends upon the 
vulnerabilities of that specially vulnerable group." 
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Laczniak and Murphy ( 1993, 49-51) propose that the following questions be used to evaluate the ethics of marketing 
practices: 

1. Does the contemplated action violate the law? (legal test) 
2. Is this action contrary to widely accepted moral obligations? (duties test) 
3. Does the proposed action violate any other special obligations that stem from the type of marketing 

organization at focus? (special obligations test) 
4. Is the intent of the contemplated action harmful? (motives test) 
5. Is it likely that any major damages to people or organizations will result from the contemplated action? 

(consequences test) 
6. Is there a satisfactory alternative action that produces equal or greater benefits to the parties affected than 

the proposed action? (utilitarian test) 
7. Does the contemplated action infringe on property rights, privacy rights, or the inalienable rights of the 

consumer? (rights test) 
8. Does the proposed action leave another person or group less well off? Is this person or group already a 

member of a relatively underprivileged class? Gustice test) 
lfthe answer is "yes" to any of these questions, then the marketer's decision is probably wiethical and should be 
reconsidered. This approach suggests that the assessment of marketing ethics should be norm focused (as in the 
above eight questions) rather than issue focused (Dunfee et al., 1999). 

What determines whether or not an ad is ethical? Hyman and Tansey (1990) have argued that fear appeals are 
unethical when they expose a person against his will to harmful or seriously offensive images. Other authors have 
noted that because advertising contributes to the development of social norms via "social statements," it has an 
obligation to better society. As such, fear appeals are wiethical when they are intended to elicit negative and 
possibly even unhealthy responses in consumers. (Duke et al., 1993) Bush and Bush (I 994, 3 I) state that the 
"advertising community is still producing ads that certain segments of our society are questioning, perhaps because 
there is a perceived need to take risks in creating attention-grabbing and innovative advertisements." Accordingly, 
ad creators need to be acutely aware of the positive and negative reactions of their target audience to the use offear 
appeals. In so doing, advertisers must keep in mind that "ethics is an orientation, that is, a way of thinking about 
and acting on ethical dilemmas. Moral reasoning cannot be reduced to a formulaic process of applying abstract 
principles that guarantee moral outcomes." (Thompson, 1995, 187) Thompson ( 1995) also notes that ethics in 
advertising should reflect a desire to be responsive to the interests of those likely to be affected. 

While fear appeals generally increase ad effectiveness, little attention has been given to their ethicality in particular 
(Snipes et al., 1999). To a large extent, the ethical assessment offear appeals has been based on intuition with little 
structured guidance available to aid in developing reactions from varied audiences (Duke et al., 1993). As a 
consequence, Duke et al. (1993) have developed a proactive structural framework for evaluating the ethical 
consequences offear appeals, i.e., the ethical effects reasoning matrix (ERM). The ERM uses multiple interest 
groups or stakeholders (macro social system level, institutional/organizational level, and individual level) and 
multiple ethical reasoning perspectives (utilitarian cost/benefit, Golden Rule, Kantian rights analysis, and 
enlightened self-interest wherein the individual tries to maximize net benefits for self in a way that minimizes 
detriment to others). The matrix helps to visualize and evaluate a fear appeal without ignoring a particular 
consequence, stakeholder, or ethical reasoning approach. As such, the matrix can help to isolate and identify 
conflicts that may arise among various ethical perspectives involving many interested publics. 

Snipes et al. (1999, 280) found that "the use of strong fear appeals may not be perceived as unethical if consumers 
feel self efficacious regarding the ad's recommended coping response. In other words, if the consumer feels he/she 
can use the product to effectively eliminate the threat posed by the ad, the ad is more likely to be perceived as 
ethical." Also, Nebenzahl and Jaffe (1998) examined the ethical dimensions of advertising executions, specifically 
focusing on disguised (e.g., hidden or masked fear appeal, product placement in movies) and obtrusive advertising 
(e.g., very strong fear appeal, billboards in sports arenas when games are broadcast), advertising deception, and 
advertising content. They found that 

"as the degree of disguise increases, consumers are less able to apply defense mechanisms against the ad 
and therefore their motivation to attend to the ad increases. Moreover, the use of affect-laden executional 
cues, rather than strong message arguments in disguised ads may be effective in producing brand 
attitudes ... Most advertising messages are designed so that the intended audience perceives them at the 
conscious level. However, we have shown that high obtrusive advertising messages may be perceived at 
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unconscious or subattentive levels. Therefore, like the case of disguise, as the degree of advertising 
obtrusiveness increases, consumers increasingly attend to the ads at the subconscious level." (813) 

IMPROVING THE ETHICAL USE AND EFFECTS OF FEAR APPEALS 
The modal finding of 50 years research is that fear appeals are generally effective (Cox and Cox, 2001). However, 
fear appeals have been criticized as being unethical, manipulative, exploitative, eliciting negative and unhealthy 
responses from viewers, and exposing viewers to offensive images against their will (LaTour et al., 1996). As such, 
the ethical use of a fear appeal can and should be improved. Listed below are various techniques and/or 
understandings that may improve the advertisers' persuasive yet ethical effect when using a fear appeal. 

(I) Know your target audience's reaction to a fear appeal - Advertisers should be aware of positive and negative 
reactions from their target audience toward the use of potentially controversial and unethical ad stimuli. The 
literature conventionally agrees that more effective fear appeals result from a higher fear arousal followed by 
consequences and recommendations to reduce the negativity. However, Keller (1999) has fo1D1d that this finding 
needs to be modified by the characteristics of the participants. That is, this ordering is effective for those who are 
already following the advocated recommendations but not for the unconverted. Lowering the level of fear arousal 
and reversing the order of the consequences and recommendations more effectively converted the unconverted. As 
noted by Keller (1999, 403), "unconverted participants who received either a low fear appeal or recommendations 
preceding consequences perceived themselves to be more susceptible, perceived the consequences as more severe, 
regarded the recommendations as more efficacious, believed they were more able to follow the recommendations, 
and were less likely to refute the message claims." 

It should be noted that differences among fear appeal research results often can be attributed to individual 
differences in thought processes. That is, fear may be idiosyncratic or unique to the individual (Rotfeld, 1989). For 
example, Peracchio and Luna ( 1998) found that child-directed ads should be pretested so that children can 
comprehend the ad. Also, the authors note that nonsmoking ads should be directed to children 12 and under who 
have not begun to make decisions about smoking. Keller and Block (1996) have stated "results indicate that teenage 
smokers do not have concrete internal images of the negative health effects of smoking, but nonsmokers do seem to 
have such images. If attempts to communicate the long-term negative health effects of smoking are to influence 
potential future smokers, they must portray those effects in a way to which children can relate. Care should be 
taken, however, to ensure that ads do not provoke high levels of arousal or anxiety, which may have a negative 
effect on persuasion." (Peracchio and Luna, 1998, 55) 

A person's appraisal of a fear appeal is a function of both severity of the threat and individual vulnerability 
(Rindfleisch and Crockett, 1999). For example, more educated consumers were influenced more by positively 
framed messages (half full) while less educated consumers were influenced more by negatively framed messages 
(half empty) (Smith and Petty, 1996). Also, Schneider et al. (2001) found that "gain-framed messages about 
smoking in visual and auditory modalities shifted smoking-related beliefs, attitudes, and behaviors in the direction of 
avoidance and cessation. Health-communication experts, when promoting prevention behaviors like smoking 
avoidance or cessation, may wish to diverge from the tradition of using loss-framed messages and fear appeals in 
this domain, and instead consider using gain-framed appeals that present the advantages ofnot smoking." (Schneider 
et al., 2001, 667) Additionally, Roberson and Rogers (1988) found that a negative appeal was more persuasive than 
a positive appeal; however, a positive appeal was superior to a negative appeal for building self-esteem. As such, it 
is imperative to know one's target market and their reaction to a fear appeal in order to create effective and ethical 
fear appeals. 

(2) Understand the target audience's beliefs and prior experience - A target audience's beliefs and prior experiences 
can predispose its ethical assessment of and response to a fear appeal. Huang (1995, 1730) found that "(l) the more 
extreme the prior product evaluations and familiarity, the simpler and more compartmentalized the product 
categories; (2) the simpler and more compartmentalized the categories, the more extreme the affective and 
evaluative reactions toward ads; and (3) the stronger negative affect experienced, the more extreme the evaluative 
reactions toward ads." Kruglanski and Webster (l 996) suggest that people engage in motivated reasoning when 
their prior beliefs are incompatible with stimulus infonnation. Motivated reasoning describes a reasoning process 
that is biased by the desire to hold on to prior beliefs. Motivated reasoning brings about discounting of the source, 
message information, and message relevance. (Kunda, 1990) Keller (1999) found evidence that an individual's 
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prior behavior determines the extent to which he will discount the message as well as the strategies he will use in 
doing so. 

"When the unconverted are confronted with a conventional fear appeal fonnat that is incompatible with 
their prior behavior, they will question their susceptibility, the severity of the consequences, and the 
efficacy of the message recommendations and will be more likely to refute the message [and] inclination to 
discount the message by the unconverted increases and persuasion decreases with an increase in the level of 
fear arousal. .. The findings also indicate that conventional wisdom for designing fear-arousing messages 
are more effective for those who are already persuaded, the adherent, than those such messages are 
typically targeted toward, the unconverted. That is, in contrast to the unconverted, when confronted with a 
message that is compatible with prior behavior, the adherents do not lower their intentions to follow the 
recommendations in response to a more fear-arousing message or a message in which the consequences 
precede the recommendations." (Keller, 1999, 412) 

(3) Test the arousal effects offear appeal stimuli - Fear appeal design seeks to energize potential customers to take 
action. That is, increasing tension generates energy up to a certain threshold; beyond that threshold, increasing 
tension arouses anxiety that begins to deplete energy. Fear appeals contain a deliberate and questionably unethical 
attempt to arouse anxiety. As such, a strong fear appeal may inadvertently and adversely arouse an individual and 
activate a fear-denial response {LaTour and Pits, 1989). Rather than relying on intuition to establish a fear arousal 
threshold, the advertiser will need to test fear arousal effects and find the "threshold" within a given target market to 
gauge effectiveness. (Henthorne et al., 1993) 

"We believe that commercials differ in their ability to create an impact and be retained in memory. To plan 
a media strategy based on 'generalizations' (e.g., burst versus drip), with no feedback from the market, is in 
our opinion, irresponsible media planning. Commercials should instead be treated as individual entities, 
with unique response characteristics and decisions relating to continuity versus pulsing, and reach versus 
frequency should be made on an individual commercial-by-commercial (case study) basis. Post-test 
measures, such as in-market recall, should then be interpreted relative to the media schedule that preceded 
the research and then compared against nonnative data." (Ewing et al., 1999, 35) 

That is, arousal effects need to be tested in tenns of their persuasive effect and ethicality. 

When testing the arousal effects of fear appeals, it is important to distinguish among type of threat, literal 
communication stimuli, and the actual fear arousal response or level of fear. Probably much of the ambiguity 
regarding the effectiveness and ethicality of fear appeals is due to this lack of distinction. In the past, the 
confounded measurement ofa fear appeal may have used one or more of these three distinctions or aspects of fear. 
In particular, threats are undesirable results from certain behaviors (e.g., injury or illness). As such, threats are 
appeals to fear. Fear is an emotional response to a threat that can impel changes in attitudes and behaviors. People 
fear different things and, hence, respond in different ways. (LaTour and Rotfield, 1997) 

(4) Monitor the level of fear- Increased levels of fear are generally associated with changes in behavior, attitude, 
and intention (LaTour and Rotfield, 1997). Too much fear can trigger anxiety that causes individuals to avoid the 
ad. However, for low to moderate levels of fear, a direct relationship exists between fear and attitude enhancement. 
(LaTour et al., 1996) In general, it appears that the emotional response offear and persuasion are related positively 
and linearly (Boster and Mongeau, 1984). That is, low levels offear may be ineffective because they contribute to 
low levels of elaboration of the negative consequences. Moderate levels of fear may elicit higher levels of 
elaboration and, hence, be effective. However, very high levels of fear may require too much elaboration of the 
harmful effects that interfere with the processing of the recommended behavior change. (Keller and Block, 1996) 
Careful field-testing should be employed to verify the audience's specific reactions to various levels of fear as well 
as their perception of the ad's ethicality. 

(5) Balance executional elements with persuasive elements - Execution is how advertising messages are presented 
creatively, e.g., picture package, product alone, product in use, product features, comparison, benefits, 
new/improved product, humor, testimonial, negative appeal, demonstration, testimonial, presenter, slice-of-life, 
lifestyle, animation, music, factual message, scientific/technical, personality symbol, fantasy, and dramatization. 
These elements as well as all aspects of the ad need to convey the message and not interfere with the persuasive or 
ethical elements of a communication. New/improved product was found to be the most effective persuasive 
elements in : 15 and :30-second commercials, with longer ads generally being more persuasive. (Stanton and Burke, 
1998) 
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When balancing the executional, persuasive, and ethical elements of an ad, the fear appeal should not overstate or be 
misleading. For example, the word "endanger'' automatically calls forth attention and a response. lf"endanger" 
overstates the situation, then do not use it as "crying wolf' may lead to resentful listeners and customers. A fear 
appeal that over-stimulates or over-promises can lead to dissatisfaction. This is particularly the case with some 
individuals who may be more susceptible to explicit and dramatic fear appeals. Larsen and Diener (1987) examined 
affect intensity and found that 

"certain individual's are predisposed to respond with significantly greater emotional intensity than others 
when exposed to emotion-eliciting stimuli. As predicted, the results demonstrate that when the ads were 
emotional, whether positive or negative, individuals who were classified as high Al had stronger emotional 
reactions than their low Al counterparts. In contrast, no significant differences in the intensity of emotional 
responses were observed when subjects were exposed to a nonemotional ad. We also found that high Al 
individuals had stronger positive attitudes toward the ad and greater levels of enjoyment only when 
exposed to a positive emotional ad and not in response to a negative emotional ad or a nonemotional ad. 
Interestingly, emotions served as the mechanism through which affect intensity influenced attitude only 
when subjects were exposed to a positive emotional appeal." (Moore and Harris, 1996, 43) 

(6) Use elaboration-enhancing interventions - Keller and Block ( 1996) found that the level of fear arousal is 
positively related to the propensity to elaborate. That is, low fear provides very little motivation to elaborate while 
high fear motivates subjects to elaborate on the problems and ignore the solution. More specifically, they found that 
self-reference (serious or important to the individual) and imagery processing increased the persuasiveness of a low
fear appeal by prompting elaboration. However, the impact of high fear appeals seems to be influenced by 
defensive behaviors individuals engage in when faced with a threatening message, e.g., will not happen to me, I 
counteract it, selective attention, discounting the threat, etc. In accordance, Keller and Block (1996) also found that 
the use ofreferences to others and objective processing suppressed elaboration of the high fear appeal and increased 
the persuasiveness by decreasing the extent to which consumers deny harmful consequences. Keller and Block 
(1996, 449) state that "an appeal generating low levels offear would benefit by more elaboration on the harmful 
consequences so that recipients are motivated to seek a solution. By contrast, a message that evokes high levels of 
fear would benefit from a decrease in elaboration of the harmful consequences and a focus on the solution." An 
understanding of elaboration enhancement can be used to balance persuasiveness and ethical considerations. 

(7) Incorporate emotional and cognitive responses - Both emotional and cognitive elements need to be incorporated 
into ethical fear appeals because these elements of persuasion have an influential role in the persuasion process and 
are intertwined rather than separate. Studies have debunked the cognitive psychologist's notion that cognition is 
primary to emotion. In general, emotional appeals are better recalled than rational appeals (Ewing et al., 1999). 

"Sensory inputs are transmitted directly to the amygdala, the emotional center of the brain, as well as 
indirectly from associational areas in the neocortex, where more complex cognition occurs. The pathway 
directly to the amygdala is shorter and quicker and allows emotional stimuli to be evaluated preconsciously 
and reacted to before one begins to think about how one feels, if one does at all. Neurophysiologists now 
believe that mental information processing takes place largely outside of conscious awareness, with only 
the end products reaching consciousness. Advertising research, however, has often focused on conscious, 
deliberate, and rational processing of product information, though in actuality the consumer is often 
unaware of what elements of an ad or attributes of a brand influenced their choice. Most processing of 
advertising messages is subconscious, implicit, and intuitive. Consumers usually do not engage in 
extensive cognitive and deliberate processing of product information even for expensive purchases or if one 
is a first-time buyer. The import of these research and marketplace findings is that emotion is a primary 
motivator of consumption behavior and that the affect attached to the ad or brand may play a more critical 
role in an ad's effectiveness than the attitude or thoughts about the brand." (Hazlett and Hazlett, 1999, 8) 

That is, feelings may affect attitudes, above and beyond the cognitive-based responses. Also, individuals may elicit 
seemingly contrasting emotions to different elements in an ad. But, the arousal of negative emotions can benefit 
advertisers in that negative feelings can have a positive effect on attitudes and behavior. (Burke and Edell, 1989) 
Consequently, it is important to balance emotional and cognitive elements within an ad. This balance should 
contribute to the ad's ethical perception. 

(8) Addictive behavior may not respond to fear appeals - Hankin et al. ( 1993) found that socially responsible 
warning labels regarding drinking while pregnant reduced reported consumption by light/nondrinkers. But, it did 
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not influence the risk drinkers' behavior. That is, the negative appeal did not have an impact on the women who 
needed it the most, the risk drinkers. It seems likely that addictive behavior cannot be outweighed by token efforts. 
Although most would consider it unethical, marketers can feed into an addictive weakness. Lascu and Zinkhan 
(1999, 9) note that "sources who are confident or appear to have a greater level of expertise are more successful in 
inducing conforming behavior" and "conformity messages would be appropriate for purchase decisions that are 
complex, difficult, or ambiguous." The authors continue by stating that "conformity-prone consumers are relatively 
insecure and have a great need to be liked and to belong. Thus, conformity messages may be more successful when 
aimed at younger audiences, in there tens and twenties. Once again, there are important ethical issues. Advertisers 
must be cautious to use targeting techniques responsibly, offering products that consumers need, rather than using 
fear appeals or appealing to consumers' insecurities." As such, marketers must consider the ethical ramifications of 
knowingly contributing to or manipulating individuals' vulnerabilities, weaknesses, and addictions. 

(9) Determine case-by-case whether the use of fear appeals is appropriate - Snipes et al. ( 1999) found that while 
stronger fear appeals generated significantly more tension, they had a more positive effect on consumers' attitudes 
toward the ad and purchase intentions. However, the stronger ad was not perceived as less ethical than a mild fear 
appeal. So, a strong fear appeal had superior performance and no perceived ethicality problems. As such, Snipes et 
al. ( 1999) stress the importance of assessing a fear appeal stimulus on a case-by-case basis by empirically testing the 
ad on representative samples rather than just dismissing the options due to fear of its backfiring. The authors 
suggest careful field-testing of performance and perceived ethicality variables. Also, the cumulative effects of fear 
appeals in today's environment may acclimate the audience to stronger fear stimuli. 

"Given the mass of stimuli competing for viewers' attention, the sponsorship of a carefully tested fear 
appeal ad may indeed be doing the viewership a service in terms of communicating very valuable 
information concerning personal safety, or in other instances financial security or relief from social 
embarrassment ... Given the intensity of social criticism of fear appeals, advertising agency clients may 
express reluctance concerning their use. In response to such concerns, advertising executives can use the 
current study as a mandate for serious, more objective consideration of fear appeals in conjunction with 
careful empirical assessment." (LaTour et al., 1996, 65) 

SUMMARY 
Fear appeals are used commonly as persuasive messages intended to move an audience toward a goal set by the 
advertiser. They are used because they contribute to ad interest, involvement, recall, persuasiveness, and changes in 
attitudes, intentions, and behaviors. However, the ethicality offear appeals has been questioned, i.e., too dramatic 
and graphic, manipulative, and creates unneeded demand. This paper focuses on the ethical implications of fear 
appeals. In particular, ethical approaches to examining fear appeal ads were presented as well as nine suggestions 
for improving the ethical use and effect offear appeals. Ultimately, ethics is an orientation consistent with the law, 
self, stakeholders, and society. 
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THEORETICAL BASES OF FEAR APPEALS 

Kaylene C. Williams 
California State University, Stanislaus 

INTRODUCTION 
Fear appeals are commonly used in the marketing of products, services, social causes, and ideas. The basic message 
is "if you don't do this (buy, vote, believe, support, learn, etc.), some particular dire consequences will occur." 
(Glascoff, 2000, 35) "Fear appeals are one of the most frequently used motivators to get people to help themselves" 
(Bagozzi and Moore, 1994, 56). In fact, fear appeals have grown in popularity because advertisers have found them 
to increase ad interest and persuasiveness (LaTour et al., 1996). Evidence also suggests that individuals "better 
remember and more frequently recall ads that portray fear than they do warm or upbeat ads or ads with no emotional 
content" (Snipes et al., 1999, 273). The purpose of this article is to review and examine the fear appeal literature. In 
particular, this paper will include the following sections: introduction, definition of a fear appeal, use of fear 
appeals, theories of fear appeals, overall fmdings from the fear appeal theories, and swnmary. 

DEFINITION OF A FEAR APPEAL 
Fear appeals are built upon fear. Fear is "an unpleasant emotional state characterized by anticipation of pain or great 
distress and accompanied by heightened autonomic activity especially involving the nervous system ... the state or 
habit of feeling agitation or dismay ... something that is the object of apprehension or alarm" (Merriam-Webster, 
2002). 

Even though many marketers can recognize an appeal based on fear, there is no agreement regarding what causes a 
message to be categorized as a fear appeal (Witte, 1993). In general, however, a fear appeal posits the risks of using 
and not using a specific product, service, or idea. Fear appeals are defined by Kim Witte, a prominent author in this 
area, as "persuasive messages that arouse fear by depicting a personally relevant and significant threat, followed by 
a description of feasible recommendations for deterring the threat" (Gore et al., 1998, 34) The premise is that fear 
appeals rely on a threat to an individual's well-being which motivates him or her toward action; e.g., increasing 
control over a situation or preventing an unwanted outcome. That is, a fear appeal is a type of"psychoactive" ad 
that can arouse fear in the participant regarding the effect of the participant's suboptimal lifestyle (Hyman and 
Tansey, 1990). 

A fear appeal is composed of three main concepts: fear, threat, and perceived efficacy. "Fear is a negatively 
valenced emotion that is usually accompanied by heightened physiological arousal. Threat is an external stimulus 
that creates a perception in message receivers that they are susceptible to some negative situation or outcome. And, 
perceived efficacy is a person's belief that message recommendations can be implemented and will effectively 
reduce the threat depicted in the message." (Gore et al., 1998, 36) Witte and Allen (2000) have concluded that fear 
appeals are most effective when they contain both high levels of threat and high levels of efficacy. That is, the 
message needs to contain (l) a meaningful threat or important problem and (2) the specific directed actions that an 
individual could take to reduce the threat or problem. 

Fear appeals can be direct or indirect. A direct fear appeal focuses on the welfare of the message recipient. An 
indirect fear appeal focuses on motivating people to help others in danger. Whether the fear appeal is direct or 
indirect, three factors contribute to success: (l) design ads which motivate changes in individual behavior, (2) 
distribute the ads to the appropriate target audience, and (3) use a sustained communication effort to bring about 
change (Abernethy and Wicks, 1998). 

USE OF FEAR APPEALS 
Fear appeals have been used for many products, services, ideas, and causes. Some examples include smoking, 
dental hygiene, personal safety, pregnancy warnings, child abuse, AIDS prevention, safe driving practices, 
insurance, financial security, sun exposure, social embarrassment, anti-drug abuse, immunization, smoke detectors, 
portable phones, safe sex, and regular health exams. Specific advertising examples offear appeals include Michelin 
tires and the baby, Talon zippers and "gaposis," Wisk and ring around the collar, Bayer aspirin and heart attack 
prevention, drug use portrayed as eggs frying in the pan, and J&J Advanced Care cholesterol test product. 
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Huhmann and Brotherton (1997) have conducted a contert analysis of popular magazine advertisements. They 
found that of 2,769 magazine ads examined, 131 contained fear appeals {4.8%). This was less often than other types 
ofappeals: testimonials (11%), humor (10.8%), comparisons (10%), and sexual appeals (8.6%). But, it was more 
often than aesthetic appeals (4.1 %) or before/after appeals (4%). While this study was done on magazine ads, it 
should be remembered that television serves the largest audiences of any mass media and is the primary source of 
information for many Americans (Abernethy and Wicks, 1998). With regard to television, fear appeals are perhaps 
the most common tactic used in public service announcements (PSAs). In these PSAs, threats of physical harm, 
injury, and death are used more frequently than social threats (Treise et al., 1999). 

Fear can be an effective motivator. "In the typical fear appeal context, fright and anxiety in the target audience can 
result because danger to themselves is perceived by members of the audience" (Bagozzi and Moore, 1994, 56). In 
fact, stronger fear appeals bring about greater attitude, intention, and behavior changes. That is, stronger fear 
appeals are more effective than weak fear appeals (Higbee, 1969). In addition, fear appeals are most effective when 
they provide ( l) high levels of a meaningful threat or important problem and (2) high levels of efficacy or the 
belief that an individual's change of behavior will reduce the threat or problem. Fear appeals work when you make 
the customer very afraid and then show him how to reduce the fear by doing what you recommend. (Witte and 
Allen, 2000) However, too much fear can lead to dysfunctional anxiety (Higbee, 1969). In general, there is a direct 
relationship between low to moderate levels of fear arousal and attitude change (Krisher et al., I 973). Weak fear 
appeals may not attract enough attention but strong fear appeals may cause an individual to avoid or ignore a 
message by employing defense mechanisms. Importantly, extreme fear appeals generally are unsuccessful in 
bringing about enduring attitude change. (Ray and Wilkie, 1970) 

Historically, fear appeals have been researched from the vantage point of four dimensions: (I) degree - high vs. 
low emotional arousal, (2) type - physical or social discomfort, (3) positioning - appeals describe undesirable 
actions leading to negative consequences or appeals describe desirable actions leading to avoidance of negative 
consequences, and (4) execution style (e.g., slice of life, testimonial) (Stem, 1988). In addition, fear appeals have 
been found to be moderated by source credibility, interest, value of communication, relevance, and ethics (Quinn et 
al., 1992). Additionally, Tanner et al. {1991) have found that the severity of the threat, the possibility of occurrence, 
coping response efficacy, and self-efficacy should be considered when developing fear appeals. Bagozzi and Moore 
( 1994) have noted additional mediating variables: internal control of reinforcements, self-monitoring, attitude 
toward the ad, sensory mode preference, media, product, and involvement. Schoenbachler and Whittler (1996) have 
further elaborated on sensation seeking and adolescent egocentrism as mediating variables in the response to fear 
appeals. One important conclusion is that although fear is a motivator for some people, the fear resides in the 
individual rather than in the message content (Denzin, 1984). 

THEORIES OF FEAR APPEALS 
The beginning of the fear appeal literature can be traced to the use of communication-persuasion models (Hovland et 
al., 1953; McGuire, 1980). McGuire's (1980) model depicts IO processes that may mediate the persuasion effect: 
"(]) must be exposed to the label; (2) given exposure, must attend to the message and (3) react affectively; (4) 
must comprehend the information provided in the message and (5) believe what the message says; (6) stores the 
information after initial instant of exposure; (7) when the moment to act arrives, retrieves the information; (8) 
decides on the action to be taken; (9) behaves according to the decision; and (10) anchors the beliefs." (Hankin et 
al., 1993, 11) From there, Leventhal (1970) and Rogers (1983) found that fear-arousing messages can be effective 
when "(1) the message is credible as it warns that if the current behavior continues, the probability of negative 
health consequences is high, and (2) the warning also provides the person an effective method of changing behavior 
that guarantees protection from the predicted aversive health outcome." (Hankin et al., 1993, 11) 

In continuing to understand the use and effectiveness of fear appeals, several theories or models have been 
postulated: (I) Drive Reduction Model (Hovland et al., 1953; Janis, 1967; Ray and Wilkie, 1970), (2) Parallel 
Response Model (Leventhal, 1970) and Extended Parallel Process Model (EPPM) (Witte, 1992, 1994; Witte and 
Morrison, 2000), (3) Protection Motivation Model (Rogers, 1975, 1983; Tanner et al., 1991), (4) Multidimensional 
Arousal Model (Thayer, I 967, 1986, 1996), (5) Mood-Congruent Learning Effect (Bower et al., 1981), (6) 
Situational Theory of Publics (Grunig, 1984), (7) U.S. Public Health Service Belief Model (Janz and Becker, 1984), 
(8) Transtheoretical Model (Prochaska et al., 2002; Prochaska and DiClemente, 1984 ), (9) General Theory of 
Emotion and Adaptation (Lazarus, 1991 ), and (I 0) Four-Stage Information Processing Model (Glascoff, 200 I). 
Each of these theories or models is presented below. 
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(1) Drive-Reduction Model (Hovland et al., 1953; Janis, 1967; Ray and Wilkie, 1970) 

The drive-reduction model (Hovland et al., 1953; Janis, 1967; Ray and Wilkie, 1970) states that 
"the persuasiveness of fear appeals can be enhanced if the message arouses • a level of fear sufficiently 
intense to constitute a drive state' and if the recipient's elaboration of the communicator's 'reassuring 
recommendation' was accompanied by a reduction in emotional tension. The drive-reduction model of fear 
appeals is based on two assumptions: (a) that when fear is sufficiently intense, it motivates instrumental 
responding, and (b) that any cognitive or behavioral response that reduces a negative state such as fear is 
inherently reinforcing. The first assumption is based on the premise that a low level of fear arousal will not 
sufficiently motivate the recipient to seek a method to reduce the fear. The second assumption suggests 
that a message containing recommendations on the appropriate cognitive or behavioral responses to reduce 
fear will be viewed favorably. The first assumption pertains to the relationship between level of fear 
arousal and persuasion; the second assumption speaks to the order of the health consequences and the 
recommendations." (Keller, 1999, 404) 

(2) Protection Motivation (PM) Theory (Rogers, 1975, 1983; Tanner et al., 1991) 

The protection motivation (PM) theory (Roger's, 1975, 1983; Tanner et al., 1991) is borrowed from psychology and 
has been adapted to predict people's behavioral intentions. The PM examines the cognitive processes by which fear 
impacts persuasion. The premise of PM theory is that people are motivated to protect themselves from physical, 
psychological, and social threats. Response to a threat is based on two cognitive processes: (I) threat appraisal 
(assessment of the individual's personal risk ofhann and severity of harm) and (2) coping appraisal (individual's 
perceptions of the recommended response's efficacy and an assessment of his/her ability to carry out this response). 
The model focuses on the cognitive/rational reactions or coping responses to fear appeals and points out that "fear 
may be considered a relational construct, aroused in response to a situation that is judged as dangerous and toward 
which protective action is taken" (Rogers, 1983, 93). That is, the fearful content of the message motivates the 
individual to think about ways of protecting himself, and change is not driven by feelings of fearfulness alone (Roser 
and Thompson, 1995). Accordingly, PM theory postulates that a fear/threat appeal initiates two cognitive processes: 
threat appraisal and coping appraisal wherein four stimulus variables are evaluated: (]) severity of the threat, (2) 
probability that the event will occur if no adaptive behavior is perfonned, (3) availability and effectiveness of a 
coping response that might reduce the threat, and (4) self-efficacy or the individual's perceived ability to carry out 
the coping behavior. Self-efficacy may be the most important dimension (Leventhal et al, 1967). Additionally, 
Bandura (1977) has proposed that three factors influence one's feeling of self-efficacy: actual experience, vicarious 
experience, and verbal persuasion. However, ads typically do little to enhance one's self-efficacy (Hunt et al., 1995) 

As such, PM theorizes that a fear appeal will provide an impetus for the individual to assess the severity of the 
event, probability of the event's occurrence, and belief in the efficacy of the message's recommendations. These 
three factors arouse "protect motivation" which then provides the incentive for change. (Keller, 1999) Accordingly, 
PM theory does help to explain the boomerang effect. That is, if individuals are threatened but have no effective 
way to protect themselves, then persuasion and intentions to change behavior are expected to be very low. In this 
case, the individual will resort to denial, avoidance, and wishful thinking. (Roser and Thompson, 1995) 

Tanner, et al. (1991) have further developed the role of social context on implications of the coping response to a 
fear or threat communication. The authors note that responses may be due to factors other than the communication 
itself and emphasized the role of emotion. That is, while Roger ( 1983) has assumed that coping responses are 
derived from the fear communication itself, Tanner et al. ( 1991) have added the premise that individuals may have 
knowledge or prior experience that gives them coping responses. 

(3) Parallel Response Model (Leventhal, 1970) and Extended Parallel Process Model (EPPM) (Witte, 1992, 1994; 
Witte and Morrison, 2000) 

The extended parallel process model (EPPM) is based on Leventhal's (1970) danger control/fear control model, i.e., 
parallel response model. The parallel response model (Leventhal, 1970) points out that the relationship between the 
emotional response of fear and persuasion is positive and linear. However, fear appeals that are too weak or too 
strong may be avoided or ignored, i.e., the boomerang effect. As such, 
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"the purpose of the EPPM is to explain why fear appeals fail to re-incorporate fear as a central variable and 
to specify the relationship between threat and efficacy in propositional fonns. By consolidating the earlier 
theoretical view of Janis (1967), Leventhal (1970), and Rogers (1975, 1983), the EPPM argues that fear 
leads to message rejection and that cognitions, such a perceived threat and efficacy, lead to message 
acceptance. Threat detennines the intensity of response, whereas efficacy determines the nature of the 
response." (Witte, 1992, 329) 

Witte ( 1994) tested the EPPM and found general support for the model. The author found that "( l) the emotion fear 
is associated with fear control responses and is not directly related to danger control responses, (2) perceptions ( or 
cognitions) about the recommended response are associated with danger control responses and unrelated to fear 
control responses, and (3) when efficacy beliefs are strong, perceived threat mediates the relationship between the 
emotion fear and behavior" (Witte, 1994, 113). Cognitions appear to lead to fear appeal success (i.e., changes in 
attitude, intention, and behavior) by way of the danger control processes. At the same time, the emotion fear leads 
to fear appeal failure (i.e., defensive reaction) by way of the fear control processes. 

In a further extension of the EPPM, Witte and Morrison (2000) found that an individual's inherent level of anxiety 
influences how one perceives both the threat and the efficacy of recommended responses. Trait anxiety/repression
sensiti.7.ation, however, appears to have no effect either directly, indirectly, or interactively on attitudes, intentions, 
behaviors, perceived manipulation, or message derogation. On the other hand, defensive avoidance appears to be 
directly related to one's characteristic level of anxiety. 

(4) Multidimensional Arousal Model (Thayer 1967, 1986, 1996) 

In general, fear appeals assume that some form of arousal is necessary for an individual's behavior to change. 
Thayer (1967, 1986) examined the underlying psychophysiological process and affective response to arousing 
advertising stimuli. He viewed arousal as being composed of four dimensions: tension, energy, calmness, and 
fatigue. He introduced energy arousal as a function of the psychophysiological response associated with feelings of 
"pep" whereas tension arousal reflects tenseness and jittery feelings. Supposedly, a nonexcessive stimulus causes 
tension that triggers a person's energy arousal, i.e., tension generates energy. However, if tension is excessive, then 
energy will be diminished. Or, energy produces positive feelings while high levels of tension produce negative 
feelings. 

Additionally, Thayer (1996) proposed that mood is based on infonnation we receive from our bodies about energy 
level and tension. He further stated that much of human behavior is geared toward regulating mood toward pleasant 
mood states and away from unpleasant ones. That is, a nonexcessive fear appeal will cause tension which generates 
energy which triggers a positive feeling toward the ad. If tension is increased beyond a threshold, then it will 
generate anxiety which results in dissipated energy which in turn produces negative feelings, i.e., an explanation for 
the boomerang effect. 

Henthorne et al. (1993) examined tension and energy dimensions as responses to print ads. They discovered that a 
strong threat print ad generated more tension and energy feelings and performed better than a mild threat ad. The 
premise was that as long as the tension level does not cross a hypothetical threshold, it will generate energy and 
result in positive feelings toward the ad stimulus. Consequently, energizing potential customers to take action 
should be of utmost importance in designing fear appeals. (Henthorne et al., 1993) 

(5) Mood-Congruent Leaming Effect (Bower et al., 198 l) 

According to Bower et al. ( 1981 ), "individuals who show a positive affect toward some elements at the learning 
stage will recall those elements better than they will recall other elements (the mood-congruent learning effect). 
Emotional states are represented as knots in the memory system that fonn an intricate and elaborate network and are 
related to expressive behaviors, verbal labels, inductive stimuli, and past events" (Chebat et al., 1995, 425). It 
appears that positive material is more integrated within memory and can trigger a wide range of associations. 
Elements that are associated with negative effects such as fear may be stored in relative isolation from other 
elements causing fear to stimulate very few thoughts relative to fear. (Chebat et al., 1995) On the other hand, the 
brain may be ordered by degree of fear or danger. In this case, events that are associated with greater levels of fear 
or danger will cause a reaction wherein stimuli may flood and even over-stimulate the system(s). This may explain 

380 



Proceedings of the 2003 IEMS Conference 

why masking attempts of fear on memorization may be curvilinear. From another perspective, fear is both a drive 
and a cue. As such, fear may be acting as a cue below the threshold and as a drive above the threshold. 

(6) Situational Theory of Publics (Grunig, 1982) 

The situational theory of publics (Grunig, 1982) explains differences in message processing and response among 
different segments of the public facing a similar problem. This theory distinguishes between individuals who 
organize and take action and individuals who remain apathetic. The author states that three individual 
characteristics (problem recognition, involvement, and constraint recognition) influence information seeking, 
message process and retention, attitude formation, and behavioral responses. Grunig ( 1982, 103) suggests three 
basic patterns of publics: "(a) latent publics are low in problem recognition and involvement; (b) aware publics are 
high in problem recognition, but vary on involvement and constraint recognition; and (c) active publics are high in 
problem recognition and involvement and low in constraint recognition." The author found that active publics seek 
and retain information, form attitudes, and take action. Over 60% of the latent public segment will passively or 
superficially process information on an issue. As such, Rosen and Thompson (1995) suggest that fear appeals may 
be effective for audiences who are relatively low in prior involvement, i.e., using high fear appeals may generate 
high emotional arousal among audience members. 

(7) U.S. Public Health Service Belief Model (Janz and Becker, 1984) 

The health belief model (Janz and Becker, 1984) was first developed by social psychologists in the early 1950s to 
understand why people were not accepting disease preventatives, screening tests, clinic visits, and medication 
compliance. "The model hypothesized that behavior depends mainly on two variables: (I) the value placed by an 
individual on a particular goal, and (2) the individuals' estimate of the likelihood that a given action will achieve 
that goal. These variables conceptualized in the context of health-related behavior, are (l) the desire to avoid illness 
(or to get well); and (2) the belief that a specific health action will prevent (or ameliorate) illness (i.e., the 
individual's estimate of the threat of illness, and of the likelihood of being able, through personal action to reduce 
that threat)" (Agrawal, 1995, 100). The model focuses on the influence of perceived susceptibility, perceived 
severity, perceived benefits, and perceived barriers. Janz and Becker (1984) found the model to have high validity. 

(8) Transtheoretical Model (Prochaska et al., 2002; Prochaska and DiClemente, 1984) 

The transtheoretical model (Prochaska et al., 2002; Prochaska and DiClemente, 1984) initially proposed six stages 
of change as a general model of intentional behavior change. The six stages individuals go through to successfully 
change are: (1) precontemplation (denial or unawareness of the need for change), (2) contemplation (recognition 
begins to dawn that an individual may want/need to change), (3) determination (an individual decides to change and 
begins to make plans and envisions the future), (4) action (individual starts to participate in the modified behavior), 
(5) maintenance (it can take a long time to change behavior, so training is important here), and (6) recycling 
(relapses are common so an individual needs ongoing support and training). Not all individuals are at the same 
point of adopting a specified new behavior. As a consequence, rather than being a linear process, most people cycle 
back through these stages before being able to eventually change their behavior. The first three stages are more 
motivational while the last three stages are action based. (Prochaska et al., 2002; HR Focus, 2002) 

(9) General Theory of Emotion and Adaptation {Lazarus, 1991) 

Lazarus' (1991) model proposes that appraisal processes of internal and situational conditions lead to emotional 
responses which in tum lead to coping activities. That is, appraisals lead to emotional responses which lead to 
coping. The author hypothesized that appraisal results in three possible outcomes: biological urges to act, 
subjective affect, and physiological responses. These three outcomes determine which emotion will result from an 
appraisal. Coping responses are two-fold: (1) problem-focused coping focuses on reducing the problem or 
undesirable situation (e.g., physical change, breaking off relationship, and persuasion) and (2) emotion-focused 
coping focuses on cognitive strategies to master, reduce, or tolerate an undesirable situation (e.g., denial, avoidance 
thinking, reconceptualization). That is, if information in a fear appeal is appraised as having significance for the 
individual's well-being, it becomes "hot information" and subsequent processing will occur; or, ads are perceived in 
emotion-laden terms. For example, exposure to fear appeal stimuli may produce the negative emotion of fear which 
results in the viewer coping with the fear through emphatic responses and a decision to help. (Bagozzi and Moore, 
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1994) Bagozzi and Moore (1994) also found that more emotionally intense ads stimulated a strong desire to help. 
These high-impact ads may require fewer exposures to evoke strong emotions and stimulate empathy. But, the 
advertiser will need to examine these ads for early wear-out and possibly negative attitudes toward the ad and 
sponsor. 

(10) Four-Stage Information Processing Model (Glascoff, 2001) 

Glascoff's (2001) model consists of four information processing stages: (1) preattention, (2) focal attention, (3) 
comprehension, and ( 4) elaboration/assessment. The author discusses four points in the model wherein individuals 
may stop intended messages from being received effectively. The first stop-point is attention avoidance or not going 
from pre-attention to focal attention. The second roadblock is blunting or the avoidance of comprehension which 
may occur when anxiety-producing words start a defensive reaction. The third hindrance is suppression or the 
avoidance of inference, or when the received information is not applied to him/herself. The fourth block is counter
argumentation which is the conscious rejection of the message content by the individual. The author states that 
"fear-appeal type messages will be most effective if they are interesting, attention-capturing, culturally sensitive, and 
cause the recipients to initially feel good about themselves, later sensitize themselves to their own risk, and then 
have their myths dispelled." (40) 

OVERALL FINDINGS FROM THE FEAR APPEAL THEORIES 
Each of these fear appeal theories or models presents some useful distinctions. Overall, the following 
generalizations are offered with regard to the current status of fear appeal theory. 

1. When people feel fearful, they are motivated to reduce the fear, threat, or danger. 
2. Fear appeals are built upon fear. That is, they identify the negative results of not using a product or the 

negative results of engaging in unsafe behavior. 
3. The use of fear appeals generally is effective in increasing interest, involvement, recall, and persuasiveness 

by potentially causing distress to the target audience. 
4. Hence, there is a considerable question as to whether or not the use of fear appeals is ethical. 
5. Overall, there is a curvilinear relationship between fear intensity and change in the target audience. If the 

fear is too low, it may not be recognized. If it reaches a threshold that is too high, the individual may 
engage in denial and avoidance. 

6. An individual's response to a threat is based on two cognitive processes: threat appraisal and coping 
appraisal. 

7. Fear appeals are most effective when they provide (1) moderate to high levels of meaningful threat and (2) 
high levels of self-efficacy or the belief that an individual's behavior change will reduce the threat. 

8. When tension becomes too high, fear appeals seem to become less effective. That is, high tension leads to 
energy depletion and negative mood. 

9. Fear appeal effectiveness also depends on the individual's characteristics. 
I 0. For example, individuals highly involved in a topic can be motivated by a relatively small amount of fear. 

A more intense level of fear is required to motivate uninvolved individuals. 
11. De mographics also influence fear appeal effectiveness, e.g., age, sex, race, and education. 
12. Individua Is with high self-esteem react more favorably to high levels of fear than do people with lower self-

esteem. Lower self-esteem individuals are more persuaded by low levels of fear. 
13. The more v ulnerable an individual feels, the less effective a fear appeal. 
14. Defensive avoidance appears to be directly related to one's characteristic level of anxiety. 
15. While the se are the general findings regarding fear appeals, many moderating variables have been studied 

with varying results, e.g., values and beliefs, prior knowledge and experience, aware vs. latent publics, 
presence of addictive behavior, what is "hot information" for the individual, whether it is a direct or 
indirect fear appeal, and the information processing capability of the individual. 

SUMMARY 
Fear appeals have been used successfully to increase advertising's effect on consumer interest, recall, 
persuasiveness, and behavior change. However, the inner workings of a fear appeal have not been fully agreed upon 
or understood. The purpose of this paper has been to review and examine the fear appeal literature. In particular, 
emphasis was given to defining a fear appeal and examining the use offear appeals. Thereafter, theories of fear 
appeals were presented with overall findings or conclusions derived from these theories. In essence, the bottom line 
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is that fear appeals work; however, an understanding of fear appeal theory can contribute to more effective 
advertising practices. 
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PLANNING CURRICULUM ENHANCEMENTS IN FINANCIAL ENGINEERING 

Colin 0. Benjamin, Sherman M. Curry and Curtis L. Manns 
Florida A & M University 

ABSTRACT 
We develop a Quality Function Deployment framework to identify contemporary tools and techniques in Financial 
Engineering and plan their incorporation into an MBA curriculum. Utilizing a combination of brainstorming, 
nominal group technique and surveys, we develop a model of a House of Quality (HOQ) to provide a framework for 
planning these curriculum enhancements. We illustrate the usefulness and limitations of this approach using a case 
study from the School of Business and Industry at Florida A & M University. We confirm the robustness of this 
planning methodology by employing sensitivity analysis and suggest extensions to provide an integrated approach to 
planning course development. 

INTRODUCTION 
Financial Engineering involves the application of mathematical methods and computer models to aid decision
making in financial markets and financial management. This field has attracted professionals from a variety of 
educational backgrounds e.g. business, economics, finance, industrial engineering, mathematics, computer science, 
statistics, and physical sciences. Career opportunities exist in a wide range of commercial settings including 
commercial and investment banks, brokerage and investment firms, insurance companies, consulting and accounting . 
firms, treasury departments on non-financial corporations, government agencies, software and technology vendors 
providing products and services to the financial industry. 

In recent years, several progressive business schools, e.g. MIT, University of Michigan, Georgia Institute of 
Technology have pioneered innovative curricula in Financial Engineering incorporating and integrating tools and 
techniques drawn from Statistics, Economics, Computer Science, and Financial Theory. These institutions ccµi serve 
as useful benchmarks for other institutions seeking to incorporate Financial Engineering enhancements into their 
curricula. However, the literature provides iittle guidance on the process that may be adopted by professional 
schools seeking to identify appropriate financial engineering tools and techniques relevant to their mission and to 
facilitate their suc_cessful incorporation into the business curricula. 

-In this paper, we propose a Quality Function Deployment framework to assist professional Business Schools in 
identifying relevant tools and techniques in Financial Engineering and planning their timely incorporation into the 
curriculum. We illustrate the usefulness and limitations of$is approach using a case study from the School of 
Business and Industry at Florida A & M University. _./ 

QUALITY FUNCTION DEPLOYMENT 
OFD - An Overview 
Quality Function Deployment (QFD) [I], a paradigm for integrated product development, was first developed and 
applied by the Japanese in the early 1970s. QFD helps multi-functional teams identify and prioritize customer · 
requirements and relate these needs to corresponding product or service characteristics. The House of Quality 
(HOQ), a series of matrices, is used to link relationships and provides a graphical summary, making it easier to 
utilize, analyze, and evaluate this information. QFD_ has also been a central feature in implementing TQM projects. 

Over the years, QFD has attracted attention from a wide range of progressive industrial organizations in the USA 
including Ford Motor Company, General Motors, Rockwell International, AT&T, DEC, Hewlett-Packard, and 
Polaroid [2]. Although most of the reported applications have been in the area of product development and 
improvement, QFD has also been successfully applied as a strategic planning tool for service improvement 
projects [3]. 

PLANNING CURRICULUM ENHANCEMENTS IN FINANCIAL ENGINEERING 

OFD in Academia 
Program directors in academia need to adopt the continuous improvement (Cl) philosophy to maintain a high quality 
of service to their "customers" - the students, faculty, and industry stakeholders. Developments in business practice 
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have occurred at a dizzying pace and have stimulated ongoing curriculum review and course development to address 
new concepts such as Electronic Commerce, Data Mining, Financial Engineering, Data Security, and Business 
Ethics. Decision-making on curriculum revisions must invariably be effected in groups operating in committees, 
task forces, or project teams seeking to attain the goals of higher education which are multi-dimensional, difficult to 
quantify, and often conflicting. 

As proposals for curriculum enhancements are being examined, course content should be carefully scrutinized to 
ensure that the curriculum delivers the requisite tools and techniques. Quality Function Deployment (QFD) [1], a 
planning and design tool traditionally employed to facilitate integrated product development, can be modified to 
provide a flexible, integrated planning framework in this domain. Recently, QFD has been used to facilitate 
planning in areas such as planning process improvement projects [4], planning for technology transfer on 
information technology projects [5], business planning in small companies [6], and manufacturing strategic planning 
[7]. 

Recently, we have seen several attempts to utilize QFD to provide a structured approach for planning in academia in 
areas such as incorporating engineering courses into non-engineering pr.ograms [8], developing laboratories for 
Computer Integrated Manufacturing (CIM) [9], revising mechanical engineering curriculum [ 1 O], research planning 
[11], course design [12], and planning enhancements to com_puter laboratories [13]. These applications all confirm 
that QFD can be used to facilitate effective communication, timely information transformation, and efficient 
resource utilization. In the following section, we describe an application of QFD via a case study of planning course 
development to incorporate Financial Engineering concepts into a business curriculum. 

THE PROPOSED QFD FRAMEWORK 
Our proposed QFD framework [8] for planning curriculum enhancements will typically proceed in the following 
phases: 

♦ Phase #1: Course Planning- which would measure the ability of the existing core curriculum to deliver 
coverage of the proposed curriculum enhancements; 

♦ Phase #2: Course Design - which would identify the preferred strategies to achieve the desired curriculum 
enhancements (e.g. new course development, course re-design, course enhancement) 

♦ Phase #3: Course Implementation - which would deploy the preferred strategies to obtain the desired 
curriculum enhancements: . · 

The QFD chart summarizing this integrated planning process is shown as Figure 1. In this paper, we will describe a 
case study to illustrate the decision-making associated with Phase #1, the Course Planning Phase of this integrated 
process. 

A CASE STUDY 

Background 
The School of Business and Industry (SBI) at Florida A & M University (F AMU) has developed a broad-based five
year professional MBA program and is continuously considering enhancement of its business curriculum. To 
maintain the quality and effectiveness of this very innovative program, a study was initiated to determine the most 
appropriate strategies for incorporating Financial Engineering (FE) Tools and Techniques into the MBA 
curriculum. QFD was adopted as a framework for planning this course development. 

The OFD Planning Process 
The steps adopted in the first phase of this QFD process for planning course development were as follows: 

Step #1- Define the customer: In this case, the customers were the students enrolled in SBI's five-year professional 
MBA program. 

Step #2 - Identify the WHATs and establish their importance. These are the critical FE techniques to be delivered to 
the students. Our team conducted a survey of SBI Finance faculty who identified 18 critical FE techniques. Table 1 
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provides summary definitions of these eighteen FE Tools and Techniques. Responses from the faculty survey were 
also used to gauge the relative importance of these FE techniques - the WHATs. 

Step #3 - Identify related courses in the core·curriculum-:- the HOWs. Following an examination of the SBI 
Business curriculum, our team identified twelve courses in our core curriculum which could potentially contribute to 
delivering competencies in the selected FE techniques. The courses were separated into the following categories:
Math Analysis & Quantitative Methods, Finance and Economics, Enginee~~g and Computer Information Systems. 

Step #4 - Map the HOWs into the WHATs 
Using input from the faculty members currently teaching those courses. we mapped the HOWs into the WHA Ts by 
assigning ratings on a 1-3-9 scale (1 - weak; 3 - medium; 9 - strong;) to indicate the relationship between each 
HOW and WHAT. This mapping indicates the contribution being made by each course in delivering FE 
competencies. 

Step #5 - Develop a House of Quality. 
We constructed a spreadsheet-based model of the HOQ. This facilitated computation of the row and column totals 
and the ranking of the core courses under consideration based on their perceived contributions. The HOQ obtained 
is shown as Figure 2. 

For Column j, 
n 

Absolute Score= L (wi Cij) 

i = 1 
............. . ................. ·: ..................... ........ (1 

where i = row number 
n = total number of rows/WHA Ts 

wi = weight assigned to the WHAT in Row i 
cij = rating assigned when mapping Row i and Column j 

Relative Score(%)= [Absolute Score/Total Score] x 100 ....... · .......... . ... ··········<2 

ANALY~S OF RESULTS 

Summary of Findings 
Examination of the results summarized in the QFD chart in Figure 2 revealed the following: 

Financial Engineering_ Tools & Techniques 
Although all 18 Financial Engineering Tools & Techniques were important, faculty assigned the greatest importance 
to Forecasting and Risk Management. On a five-point weighting scale, these techniques received a weight of 4.3. 
The lowest importance was accorded to Financial Institution Regulation and Statistical Inference. These received a 
weight of2.0. The other techniques were also quite important receiving weights ranging from 2.3 to 3.8. 

Examination of the Row totals would suggest that the courses in the core business curriculum provide greatest 
opportunities to cover Forecasting, Statistical Inference, Monte Carlo Simulation and limited opportunities to cover 
several important FE techniques such as Forward Rate Agreements, Interest Rate Futures, Interest Rate Swaps, 
Pricing of Derivative Securities, Credit Risk Management, Exchange Trade Contracts, and Finite Difference 
Methods. -

Related Courses in Business Curriculum 
The scores obtained by the twelve FE related courses in the core business curriculum ranged from a low of 1.22 % 
to a high of 25.00 %. As expected, the highest scores (25.00 % and 15.23 %) were obtained by the Finance courses 
viz. Theory of Finance and Investments. Corporate Finance, another Finance course, also made a significant 
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contribution, securing a relative score of 9.10%. On the other hand, Market Theories, the Economics course in the 
core business curriculum, provided limited contribution to Financial Engineering. Modest contributions were 
provided by the Quantitative Methods courses (10'.81 % and 9.05 %) and Management Engineering courses (10.68 
% and 8.69 %). The Computer Information Systems courses received much lower scores (4.73 % and 1.22 %). The 
Calculus courses emerged as making the least contribution with relative scores of 2.43 % and 1.85 %. 

These results suggest that although the traditional Finance courses are making significant contributions to 
incorporating FE enhancements to the business curriculum, expanded contributions are required from the several 
related courses in the Economics, Quantitative Methods, Engineering and Computer Information Systems areas. 

Sensitivity Analysis 
Sensitivity tests were conducted to ascertain the impact of variations in the weights assigned to the FE tools and 
techniques (the WHA Ts) and the rating scale used to map the HOWs into the WHA Ts. Four scenarios were 
investigated. Scenario 1 used the weights obtained from the original survey data collected from the faculty survey 
and a rating scale of 1-3-9 to map the HOWs into the WHA Ts. In Scenario 2 all WHA Ts were assumed to be of 
equal importance and were assigned a weight of three (average importance) on a five point scale. In Scenario 3, all 
weights adopted in Scenario I were reduced by 30%. In the final case, Scenario 4, the weights of the WHA Ts were 
similar to those obtained in the original survey. In this case, however, a 1-3-5 rating scale was used ( I - weak; 3 -
medium; 5 - strong;) to map the HOWs into the WHATs. 

The results summarized in Table 2 confirmed that the proposed planning framework was very robust. Although the 
four scenarios investigated incorporated significant changes in the input planning data, there was little impact on the 
output - the ranking of the HOWs. The top-ranked (#1 to #3) and lowest-ranked courses (#8 to #12) remained the 
same in all scenarios. However, there was some minor switching among the middle-ranked courses (#4 to #7). 

Further Work 
The QFD Course Planning matrix shown in Figure 2 is the first phase of an integrated three-phase QFD 
methodology proposed for planning course development in academia. In the subsequent phases, a Course Design 
matrix and a Course Implementation matrix will be developed to provide a structured approach to realizing these 
proposed developments. 

DISCUSSION AND CONCLUSION 
QFD has proven to be an effective tool in managing product/service development in manufacturing industry, in 
software development, and in service industries. If can provide a powerful framework for enhancing effective 
communication, defining clear and accurate tasks, and achieving effective resource utilization. This makes the 
technique attractive for adoption as a planning tool to enhance any group decision-making process. However, the 
paper's primary contribution is in illustrating the flexibility of the QFD process in providing a methodology for 
planning course developments in academia. 
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Phase #1 
Course 

Planning 
Phase #2 
Course 
Design Phase #3 

Course 
Implementation 

Figure 1: Integrated 3-phase Curriculum Planning Process 

Scenario #3 
Scenario #1 Scenario #2 Reduce Scenario #4 

Courses in Core Business Base Case Equal Weights Weights by 1-3-5 Rating 

Curriculum 30% 

-TheHOWs Score Rank Score Rank Score Rank Score Rank (%) · (%) (%) (%) 
1. Calculus I 1.85 10 1.71 10= 1.85 10 2.14 10 
2. Calculus II 2.43 9 2.29 9 2.43 9 2.82 9 
3. Quantitative Methods I 10.81 3 12.00 3 10.81 3 10.88 3 
4. Quantitative Methods 11 9.05 6 7.43 7 9.05 6 6.96 7 
5. Corporate Finance 9.10 5 10.86 4 9.10 5 10.56 4 t 

6 .. Investments 15.23 2 - 14.29 2 15.23 2 14.96 2 

7. Theory of Finance 25.00 1 24.00 1 25.00 1 29.03 1 

8. Market Theories 1.22 11= 1.71 10;: 1.22 11= 1.41 11 = 

9. Management Engineering I 10.68 4 9.14 5 10.68 4 8.84 5 
10. Management Engineering II 8.69 7 8.00 6 8.69 7 7.37 6 
11. Introduction to Business Systems 1.22 11= 1.71 10= 1.22 11= 1.41 11 = 

12. Systems Analysis 4.73 8 6.86 8 4.73 8 3.61 8 

Table 2: Results of Sensitivity Analysis 
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Table 1: Preferred Financial Engineering· Tools & Techniques · 

Convertible Long-term debt instruments that are not secured by collateral and that are convertible into other 
Bonds assets of the issuer, usually common stock. 

Credit Risk Management of the general risk that a counterparty will default and not honor a contract 
Management 

Database The use of database software as it relates to the implementation of investment management 
Systems strategies. 

Derivative A generic term to describe a wide variety of financial instruments ranging from standardized, 
Securities exchange-listed products to custom made, over-the-counter instruments whose values depend 

on, or are derived from, the price or value of one or more underlying assets 

Exchange- Standardized derivatives that trade on designated futures and options exchanges, as opposed 
traded to custom made derivatives that trade over-the-counter. 
contracts 

Financial Discussion of the regulatory requirements for financial institutions and associated risk inherent in 
Institution the industry. 
Regulation 

Finite Methods of solving a finite difference equation that has applicability in solving for the value of 
Difference certain derivative contracts, particularly options. 
Methods 

Fixed Income Any security that meets one or more of the following tests: (1) pays a fixed sum periodically; (2) 
Securities pays a fixed sum at maturity; (3) pays a formula-determined amount periodically; or (4) pays a 

formula-determined amount at maturity. 

. Forecasting Prediction techniques using causal or time series models to analyze financial related _data 

Forward Rate An interest-rate forward contract written on a notional principal and cash settled on the basis of 
Agreements the difference between the fixed contract rate and the value of the reference interest rate on the 

settlement date. 

Interest Rate Futures on debt instruments or interest rates. 
Futures 

Interest Rate Agreements between two parties to engage in a series of interest payment exchanges on the 
Swaps same notional principal denominated in the same currency. 

International Discussion of investing in securities that are issued by non domestic entities 
Capital Markets 
Market Risk Risk arising from price changes on marketable assets e.g. stocks, bonds, foreign exchange, 

futures & options. 

Monte Carlo A risk analysis technique in which probable future events are simulated on a computer, 
Simulation generating estimated rates of return and risk indexes. 

Risk Set of techniques for measuring and controlling risk 
Management 
Statistical The use of statistical methods as it relates to determining optimal investment strategies. 
Inference 
Stochastic Models that place a value on future cash flows in which the size, the timing, or both the size and 
Models the timing of said cash flows are uncertain. 

Sources: 
E. Brigham & J. Houston, "Fundamentals of Financiat Management," Harcourt College Publishers, 
Fort Worth, 2001 

K.Cuthbertson & D. Nitzche, "Financial Engineering: Derivative and Risk Management," John Wiley & Sons, New 
York, 2001 • · 

J. Marshall, "Dictionary of Financial Engineering," John Wiley & Sons., New York, 2000 
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A METHOD FOR REGRESSION ANALYSIS WITH CENSORED RESPONSE DATA 

Nasser S. Fard and Abdul H. Chowdhury 
Northeastern University and University of Windsor 

ABSTRACT 
A method for analyzing and modeling censored data from highly fractionated experiments is pre1mted. This paper 
presents an alternative method for analyzing censored data, using a regression-based technique for imputation of 
censored data. We also discuss the importance of analyzing censored data along with the justification for developin_g 
a flexible alternative methodology to deal with a specific type of censored data. This method deals with censoring in 
the response variable and could be used in other applications where multiple regression or least squares procedure is 
applicable. The proposed procedure is demonstrated through reanalyzing censored data from a real industrial 
experiment. 

First, we present a brief discussion of the existing methods for analyzing censored data. Then, we describe our 
proposed regression-based proposed procedure, followed by a numerical example to demonstrate the application of 
this method. Finally, some concluding remarks are given regarding the adequacy of the new approach in comparison 
to the existing methods. _ 

INTRODUCTION 
The design of experiments (DOE) appears to have seldom been used in the life tes_ting experiments as well as in 
reliability theory, although it has received a great deal of attention as a product or process improvement tool. The 
DOE is the major means of achieving high quality and improving reliabilty. Until recently, only a few pul:>lished 
papers dealt with the DOE in reliability theory. Lawless (1983) reviewed some of the advances made during the past 
twenty-five years in the statistical ·treatment of reliability problems and discussed the impact ofstatistical methods on 
reliability. It is very surprising that the application of the DOE techniques is ignored in all these papers. Genichi 
Taguchi is the first who advocates the use of DOE in improving reliability as well as achieving robust reliability. 

METHODOLOGY FOR ANALYZING CENSORED DATA FROM 
HIGHLY FRACTIONATED EXPERIMENTS 

Analysis of censored data has been a leading concern for statistician as well as for researchers for the last four 
decades. Often censored data is analyzed using .lhe standard least square method for complete data. In this case, the 
censored observations are treated as uncensored or are ignored altogether. Both of these procedures lead to biased 
estimates. Analyzing techniques for censored data are difficult, although it occurs conmonly in industrial 
experiments when all units tested have not faile·d by the end of the experiment. None of the existing methods 
provides closed form solutions or unbiased estimates. Existing methods, such as quick & dirty method (QDM), 
Hahn-Morgan-Schmee's (HMS) iterative least square (ILS) methods, Taguchi's minute accumulating analysis 
(MAA) procedure, Lu and Unal's (L&U) expectation modeling maximization (EMM) method, and Hamada & Wu's 
(H&W) iterative methods are computationally complex arid encounteredvarious difficulties. Therefore, it is 
desirable to search for another alternative method for analyzing censored data, which is simple in use and easy to 
explain. The main objective of this chapter is to develop an appropriate method in modeling censoredlifetime data 
from highly fractionated experiments (HFE) to improve product or process reliability. This chapter also discusses the 
importance of analyzing censored data along with justified reasoning of development of an appropriate, flexible and 
valid alternative methodology to deal with specific type of censoring. In section 4.3 of this chapter, a new method is 
developed for analyzing censored data when the experiments involve several factors and the response variable 
involves censoring. The proposed method is an improved version over some of the existing methods for analyzing 
censored data and the application of proposed methodology to a practical problem is shown in the next chapter. 

Regression modeling provides a methodology for analyzing lifetime daa in reliability studies (Lawless, 1982). 
Since regression modeling is one of the most widely used statistical modeling techniques for fitting a quantitative 
response variable Y; as a function of one or more independent (predictor) variablesx1, x2, ... , xk, this motivates us to 

. use regression modeling in the proposed methodology. In the regression modeling, independent variables are either 
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quantitative or are indicators of factor levels. Hence, one major reason of using regression analysis for the proposed 
procedure is because it contains diagnostic techniques for: 

(a) Identifying incorrect specifications of the model, 

(b) Assessing the influence of outliers on the fit, and 

( c) Evaluating whether redundancies (colinearities) among the predictor variables are adverselyaffecting 
the estimation of the model parameters. 

In the remaining section of this chapter, an analysis procedure is developed based on least square estimates of 
censored data. This method is developed because classical method for analyzing censored dataare not sufficient to 
justify the reason for treating censoring time as failure time. In practice, censored data are frequently analyzed 
through standard LSE as if they are complete. Moreover, most of the existing methods for lifetime data analysis 
assume that the censoring times are the actual failure times. The major difference between the proposed method and 
the existing methods is that, in the proposed method the imputation of censored data are performed through a 
r~gression imputation techniques before a suitable transformation of the data and the initial model selection. 
Nevertheless, initial model selection and model fitting were performed from an orthogonal setup of the whole 
experiment. Obviously, this method deals with censoring of the dependentvariable and it could be used to any 
situation for which multiple regression or least squares procedure are applicable. 

Regression Imputation for Initial Censored Data 
In any experiments when the data are censored, some modifications to the usual procedlres are necessary if the least 
square method is to be used. Let us suppose that the response variable Y; ~ N(µ, d) is normally distributed variable, 
denoted by CY1, y2, ···,Ym, Ym+J, ... , Yn), Suppose that the whole response variables could be divided into two groups 
such as the completely observed response variables and the censored response variables. 

In many regression situations, individual coefficients are of important, because they might have some particular 
significance and thus confidence intervals aid tests of hypotheses on these parameters are of interest to the 
experimenter. The basic assumption was made that the independent variables are measured without error and are 
often controlled by the experimenter prior to the original development of the gmeral linear regression problem. 
Often independent variables occur as a result of a planned DOE. In practice, increasing the effectiveness of the 
resulting prediction equation is possible through the use of a suitable experimental plan. 

Let us suppose that we consider the design matrixX; as defined in step 1 and now including the intercept 
term and rewrite that matrix to read 

X = [1, x1, x2, . .. , xJ, (1) 
where J represents a column of ones and x1 is a coiumn vector representing the levels of independent variable x1. If 

x~ xv ·= 0, u :;t v the variables x~ and xv are said to be orthogonal to each other. There are some advantages to 

have a completely orthogonal situation where by x~ xv = 0, for all possible u and v, u ~v, and in addition, 
n 

Lx1i = o, 1 = 1, 2, ... , k. 
i=l 

It should be noted that if two columns are orthogonal, the levels of the two corresponding variables are linearly 
independent. The implication is that the roles of the two variables are being assessed independently of each other. 
The resulting XX is a diagonal matrix and the normal equations are as follows: 

n 

n/Jo = LY; 
i=l 

n n 

ALx~; = Lx1;Y; 
i=l i=l 

(2) 

n n 

/Jk Lx! = Lxk;Y; 
i=l i=l 

395 



Proceedings of the 2003 IEMS Conference 

Now as an added advantage, we can easily partition SSR into single degrees-of-freedom, each of which corresponds 
to the ainount of variation in response variable Y; accounted for a given controlled variable. However, in an 
orthogonal situation we can write, 

n 

SSR = L(j\ - y) 2 

i=l 
n 

= LCA + fi.x1;+ ... +pkxki -f3o)2 
i=l 

n n · n 

= A2
Lx~ + Pi2 Lx;;+ ... +Pk

2
Lx;; · 

i=l i=l i=l 

= ;(/3..) + ;(/Ji )+ ... +;(Pk) 

(3) 

Where the quantity ~(/3J is the amount of SSR associated with a model involving a single independent variablexj. In 
an orthogonal situation, to test simultaneously for the significance of a set ofm different variables, SSR becomes: 

;(/3.. , /Ji , ···,Pm / Pm+ 1 , Pm+ I , ····,Pk ) = ;(/Ji) + ;(/Ji )+···+;(Pm) , ( 4) 
and when evaluating a single in_dependent variable, for instance, one can simplify for the first variable in the 
following way, 

;(/Ji I Pi 'A ' ... 'pk ) = ;(/Ji ) . (5) . 

Therefore, the contribution of a given variable or set of variables is essentially found by ignoring the other variables 
in the model. The total variation in the response data is partitioned· into single-degree-freedom components plus the 
error term with (n - k - 1) d.f. Nevertheless, each computedf-value is used to test the following hypotheses: 

Ho:Pj = 0} 
HA: pj "# O , J = 1, 2, ... , k (6) 

by comparing with the critical point fa (l,n - k -1). 

After performing ANOV A, we eliminate all insignificant variables from the rest part of the analysis. Because, 
deleting unimportant variables from the model improves the precision of esti.mttion for the parameter estimates of 
the retained variables. This is also true for the variance of the predicted response. We then consider all main and two 
factor interactions in the final model selection phase. 

Model Adequacy and Validity Assessment . 
In the model adequacy phase, a thorough and formal analysis was performed to verify the initial selected model. 
Checking model adequacy is important because 

(i) it examines the fitted model to make sure whether it provides an adequate approximation to the true 
system, and 

(ii) it helps to verify whether any of the least squares regression assumptions are violated or not. 

Residual analysis is used to assess the validity of data and how well the assumption of a model is satisfied. In the 
following section, a detailed description of residual analysis is provided with its purpos_e. 

The plot ·of residuals in time or run order versus each of the individual repressors helps to identify model inadequacy. 
If there is an indication of nonrandom pattern of this plot, then the nndel under study is inadequate. However, in 
some cases, transformation may stabilize the situation. 

Generally, using the residuals or residual plots, three types of violations of assumptions could be detected. These 
violati~ns are detection of outliers, heterogeneous error variance and model misspecification. 

In addition, the experimenter using regression analysis is also interested in deletion of variables when the situation 
· dictates that, because best regression involves only variables that are useful p-edictors. A commonly used criterion to 

illustrate the adequacy of a fitted regression model is the coefficie~t of multiple determination q_f). R2 indicates what 
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proportion of the total variation in the response is explained by the fitted model. On the otrer hand, sum of square 
regression (SSR) is used to give some indication concerning whether or not the model is an adequate explanation of 
the true situation. However, in the proposed method we use the Mallow'sCP statistic to select the final model 
because it takes into consideration the proper compromise between the excessive biases incurred when one underfits 
(chooses too few model terms) and excessive prediction variance produced when one overfits (has redundancies in 
the model). 

· Advantage of the Proposed Method 
The proposed method described in this chapter has some similarities to HMS method, H&W procedure and L&U 
method. In the proposed method, an attempt has been made to overcome difficulties involved in those methods. First 
of all, the HMS method treats censoring times as the actual failure time. Secondly, imputation phase is done after a 
model selection through standard LSE. The HMS method consists of a two-step loop-imputation followed by model 
selection. Obviously, those censoring times that aretreated as actual failure times primarily influenced initial model 
selection. Using regression based on LSE which is equivalent to QDM method does initial model selection. HMS 
method can perform poorly as the final model choice is unduly influenced by theinitial model choice. Moreover, 
when most of the observations are extremely censored, then it is advisable to handle carefully the application of 
HMS method to the general linear regression and subset selection problem. Because, in that case, an under estmated 

value of O" will occur which leads to inclusion of wrong terms in the model. 

Nevertheless, H&W procedure has some .deficiencies like HMS method, they also perform initial model selection 
phase before imputing censored data. In tha case, choice of initial model would be biased due to the inclusion of 
initial censoring time in the analysis. In addition, model selection phase lacks the rigorous theoretical justification. 
Beside this, in H& W procedure, data transformation is not handed in a formal way. 

Modeling censored data is inappropriate when treating them as if they are uncensored. In the proposed method, we 
impute initial censored data by modifying Yates (1933) techniques for missing data and then transforming the data 
for the purpose of analysis. 

REFERENCES 
1. Lawless, J. F. "Statistical Methods in Reliability," Technometrics, 25(4), 305 -316, Nov. 1983 
2. Hamada, M., and Tse, S. K. "When do Estimates Exists from Censored Data in Industrial Experiments," ~89-

03, Univ. of Waterloo, Institute for Improvement in Quality and Productivity, 1989 
3. Hahn, G. J., Morgan, C. B. and Schmee, J. "The Analysis of a Fractional Factorial Experiment with Censored 

Data using Iterative Least Squares," Technometrics, 23, 33 - 36, February, 1981 . 
4. Hamada, M. and Wu, C.F.J. "Analysis of Censored Data from Highly Fractionated Experiments," 

Technometrics, 33, 25 - 38, 1991 
5. Lu, J.C. and Unal, C. "Process Characterization & Optimization Based on Censored Data from Highly . 

Fractionated Experiments," IEEE Transactions on Reliability, 43(1), 145 - 155, March, 1994 
6. Taguchi, G. "System of Experimental Design," Unipub / Kraus Intemational ·Publications, New York, 1987 
7. Yates, F. "The Analysis of Replicated Experiments when the Field Results are Incomplete,"Emp. Journal of 

Experiments in Agriculture, 1, 129 - 142, 1933American Statistician, 26, 57 - 58, 1972 

397 



Proceedings of the 2003 IEMS Conference 

PROCESS IMPROVEMENT IN THE HOSPITAL 

Michael E. Opar and Thomas W. Hill, Jr. 
St Am~rose University 

ABSTRACT 
The health care industry provides significant opportunities for improvement using basic industrial engineering 
principles. When viewed in a general sense, a hospital is a collection of systems, all of which must work in 
harmony to yield quality health care. These systems range from less complex like linen management, through 
moderately complex such as medication delivery from the hospital pharmacy to the patient, or very complex, like 
surgery, which involves a large number of systems working over an extended period of time. This paper illustrates a 
methodology using the more simple systems. We will describe some projects at a metropolitan medical center in the 
Quad-Cities, the tools used from problem identification to recommended changes, and the effect these projects had 
on the hospital in general. Each project started with a general description of salient symptoms and a broad overview 
of the apparent system in question. A careful investigation followed, which included observation, interviews and 
quantitative data collection. An IDEF0 representation of the process was used to develop a symptom network to 
reveal the underlying problems. With the true, underlying problem identified, development of alternative solutions, 
and recommendations were straightforward and clearly provided resolution for the real issues. In all cases, the 
underlying problem, though related, would not have been resolved by simply addressing the salient symptoms. 
Critical to project success was team composition, unbiased input, and a highly supportive administration. The 
process used to improve these simple systems may also be applied to more complicated pervasive problems within 
the hospital setting. 

THE SOLE PROVIDER: REALITY OR MYTH 
Traditionally, the physician has assumed the entire responsibility of patient care. This concept of a sole provider 
may make us feel better when things go right, the doctor is a hero. When things go wrong, the doctor bears the 
burden of blame (Berwick, 1990). Although this may seem reasonable, it is an unrealistic model given the 
complexities of a modem hospital. There are complex interactions of caregivers, laboratory tests, complex 
equipment, consulting doctors and even environmental considerations. Worse~ the model does not help the hospital 
system improve in performance. The hospital is a collection of sub-systems, which must work in harmony to 
produce the desired result, care for patients that is prompt, correct and cost effective. From figure 1 it is apparent 
tha(the nucleus of the hospital is the patient's care, comfort, cure and cost. 

-------------- ---. 
Security Maintenance 

,.,,,.. Food'service~ ',, 

/// ~c!O; · __________ 'N, Phanna)cy ''', \ 

, I ~ _____ urse , 

,' Labs ,' Patients' \ '. 
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\ \ cost ,' Therapy ,' 

\, F;cility ..... _______ -~., Staff ,/ 

',, O.R. 
1

/ 

',,... ~Treatm t Inf_?. Sy;tems 
Environmental en , ' 

--- ---------------
Figure 1: Atomic representation of hospital sub-systems. 

Orbiting the_ patient, in this atomic representation, are sub-systems, which come in direct contact with the patient. 
Subsequent orbits represent support sub-systems with less direct interaction with the patient, which are essential to 
maintaining system harmony. This 'picture' of hospital operations provides a, useful way to view our methodology. 

. ( 
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The methodology is focused on gaining a complete understanding of the exchange of materials and information 
between the sub-system elements. Whenever these exchanges are out of balance, additional energy must be added in 
order to keep the sub-system exchanges functioning properly. In the short term the energy required is diverted from 
its intended receiver, the patient, and creates over heating. As this undesired situation becomes recognized, 
additional energy is provided to the sub-system, which then increases the overall cost of operation. These energy 
changes create instability in the atom. If one of the sub-systems is operating ineffectively, the system will break 
down (or as in the case of a split atom, result in an 'explosion'). 

ROLE OF QUALITY TOOLS 
When a sub-system is not performing as expected, the response may be to apply quality tools like histograms, pareto 
analysis, flow charts, cause and effect diagrams, concentration diagrams or statistical control charts to historical or 
newly collected data to discover the problem. Additional process quality tools such as failure mode and effect 
analysis (FMEA), fault trees and root cause analysis may help identify problems. Generally, these traditional quality 
tools are effective when used within a sub-system, but may not be effective when used between departments. Under 
the auspices of"Plan-Do-Act-Check," problematic sub-systems may be optimized to a point of perfection, but no 
longer serve the overall system and may actually make matters worse. What may be needed is a careful 
investigation of the sub-system in question, as well its interactions with other sub-systems. As with an atom, each 
component is essential, regardless of size, in maintaining balance. Therefore, in order to apply traditional quality 
tools effectively, the sub-systems interactions must be clearly understood and measures established. 

SYSTEMS APPROACH 
What is needed to be effective problem identifiers and solvers is a systems approach in which things are seen in their 
real context. The first step is an initial problem statement. This provides the investigator a broad framework to 
begin looking for the real problem. This initial statement is temporary and is expected to change as ·data is collected. 
The investigation begins with the initial problem statement. The system is examined closely, and a significant 
amount of time is spent understanding how the system is actually working. How the system was designed or how it 
is believed to function is of secondary interest at this point. The perspective of each individual involved in the 
system, both within the sub-system in question and between the interacting sub-systems, is important. Throughout 
the investigation hypotheses are posed to explain the existence of the initial problem statements. These hypotheses 
are investigated and new, lower level symptoms identified. A new quality tool, the symptom network, has been 
effective in finding the underlying problems between systems, when traditional methods have come up short. After 
a symptom network is created, the problem statement is redefined. Resolving the redefined problem will reduce or 
eliminate many of the identified symptoms and addre~s the initial problem, which prompted the investigation. 

A system is a set of interconnected elements that work together to accomplish a desired objective. In order to take a 
systems approach, it is essential to understand the sub-system in question. Drawing a schematic representation of 
the sub-system is an important step in understanding the sub~system function. This drawing is used as a 
communication tool to verify the components. A functional diagram can then be constructed to describe the 
system/sub-system as a collection of verbs and nouns. This functional diagramming method is formally recognized 
as IDEF0. After there is a basic understanding of the system, a symptom network is used to document salient 
symptoms (initial and subsequent). Hypotheses of where/why these ·symptoms exist ·are formed. The hypotheses are 
tested and supported or rejected and subsequent symptoms are formed. Finally the real underlying problem, the 
evasive, hidden problem that must be addressed is revealed .. 

Schematics 
A schematic is a representation of the system under examination, which uses both pictures and text. Generating a 
schematic is a basic, first step in investigating a system. The investigator must examine the actual system, ask 
questions, process the information and develop a graphical representation. After the first iteration is completed, the 
investigator then verifies his or her understanding of the system with thos·e directly involved. The graphical nature 
of schematics makes this an effective communication tool. An example of a schematic is shown in figure 2. Here is 
the process by which a physician schedules an operation, and the hospital is ensured that a valid health and physical 
report has been taken. This iconic representation is linked to a time line to show what should happen at various 
stages throughout the process. 
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Figure 2: Schematic of ensuring a valid Health and Physical report at time of surgery. 

Functional Diagram 
The functional diagram is used in conjunction with the schematic and provides greater detail. This is not a flow 
chart rather the functional diagram (figure 3) focuses on the activities (verbs and verb phrases) that are necessary for 
the sub-system to function. Input into the verbs are inputs: the thing which is acted on by the verb, controls: the 
rules by which the verb is regulated; mechanisms: the resources which are necessary for the verb to act, and output: 
the input that is transformed or generated by the verb. 

Control 

Output 
Verb Phrase 

Mechanism 

Figure 3: Components of a functional diagram. 

The functional diagram is a collection of verb phrases and nouns, interconnected to represent the sub-system. An 
example of one component is" Verb phrase: triage patient, Input: patient, Control: protocol for assessing patient, 
M~chanism: nurse, computer, forms, Output: tri~ged patient, initial chart. Greater detail can be obtained by looking 
inside "Triage Patient" to reveal lower level activities; this is decomposition. 

The functional diagram forces a representation of the system, as the system exists (figure 4)! This is important, as 
the system as it was designed, or as it is believed ( or hoped) to exist will not provide insight into system behavior 
and may be irrelevant when investigating problems. · 

Figure 4: Functional diagram of getting the health and physical to the operating room. 
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Symptom Network 
Humans are often influenced by bias and past experiences. In many cases, experience is seen as advantageous, but 
can lead to cognitive tunnel vision. The symptom network is a means of filtering bias. The symptom network 
begins with the salient symptoms of a problem, the reasons that the sub-system is being investigated. These 
symptoms are placed at the top of the network. The investigator then poses hypotheses as to why these symptoms 
exist. Each hypothesis is either validated or not. If validated, a lower level symptom is added to the network and 
connected to the affected symptoms (figure 5). As the symptom network is built, additional hypotheses will be 
generated. In our experience there are approximately 5~ 7 levels of symptoms until the underlying problem is 
identified. This underlying problem is often stated in very general terms. The level above the underlying problem 
provides insight into how to resolve the underlying problem. 

Confusing Regulations 

Figure 5: A symptom network for ensuring a valid health and physical prior to operating. 

ILLUSTRATIONS 
The following three illustrations show how a system understanding was necessary to identify and resolve the 
underlying problem. In Linen Management, the lack of understanding stemmed from communications problems and 
an inconsistent process. The Strains and Sprains project revealed how the proper use of quality tools was not 
enough to address the overall system concerns. The Medication Delivery project illustrates how sub-systems were 
not communicating effectively and frustrating the overall system: 

Linen Management 
The linen management project appeared straightforward. There were many theories as to why the problem was 
occurring and exactly who was to blame. This was our first application of the described method to reveal an 
underlying problem. The results were surprising to us as well as to the hospital personnel involved. 

Initial problem definition: "The hospital was experiencing escalating laundry costs and an increased amount of 
unused linen being sent to the laundry." The investigation began by identifying the salient symptoms (those which 
brought attention to the problem), which were: system running out of linen, and clean linen sent to the laundry. A 
series of hypotheses were posed and subsequently investigated. We found the following: 

• Linen is sent to the laundry folded and apparently unused, 
• Nurses are suspected of hiding clean linen, 
• Excessive amounts of linens stocked in patients' rooms and designated as "dirty" without being used 
• Excessive linen handling, 
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• The linen condition was; stained, rough and damaged, 
• Linens are in short supply on weekends and holidays, 
• Laundry is not delivered on Monday mornings, 
• Linen quality is checked after washing (launderer), upon arriving at the hospital (linen management), 

prior to being sent to floors (linen management), and upon arriving at the floors (nurses). 

At this point in the investigation, many employees were observed perfonning similar tasks .. There were comments 
from the launderer that often sheets had mucus residue and had to be r ewashed (at hospital cost). Further 
investigation revealed: 

• Management had replaced the mattresses in part of the hospital, 
• There are different linen disposal processes, disposed linen is not recorded, 
• Bad linen is in an infinite cleaning loop. 

The symptom network is shown in figure 6. This network has been simplified, but it is clear that the hypothesis of 
nurses hiding linen was not founded. In fact we found no evidence of nurses reserving a significant amount of linen. 

No effective linen 
tracking system 

I 

Inconsistent linen 
management process 

Excess linen in rooms 

Bad linen quality 

Figure 6: Linen management symptom network. 

The problem statement redefinition:" There is an inconsistent linen management system." This statement sounds 
general and of little use, but here is the value of the symptom network generated from the investigation. It is the 
level above the underlying cause (problem statement redefmition) that provides insight into what aspects of linen 
management need to be addressed: Linen tracking, and a means of purging bad linen from the system. The solution 
is now straightforward; allow nurses to eliminate bad linen from the system as they encounter it. By placing the bad 
linen in designated areas/bags, linen management can then account for the removed linen and replace it with new. 

This project illustrates three key challenges to be overcome: communication, missing data, and theories. There was 
a lack of communication between linen management and nurses. This was a difference in perception of "quality 
linen. The missing data was the change in mattresses. Management changed the old mattresses with slightly larger 
ones. Nurses, in. trying to fit small sheets on a big mattress r~sorted to using surgical tape to secure the sheets. This 
tape left a mucus-like residue on the sheets, which was difficult to remove in the laundry. The theory that nurses 
were hoarding linen and subsequently unloading their stocks when a "linen check" was invoked was held as fact by 
linen management until proven false. This problem would be very difficult to resolve without looking at the 
between sub-systems interactions. 
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Strains and Sprains 
The strains and sprains project presented challenges from the beginning. The initial problem statement: "The 
hospital was experiencing an increasing trend in the number of reported employee strains and sprains. The increase 
was unacceptable based on the hospital' s benchmark, and it was feared that not all injuries were being reported." 
This problem statement may appear to be a reasonable start, but in reality, it reflects desperation. On one hand the 
safety department is in trouble because the reported injuries are up, and they are also in trouble because all injuries 
may not be reported! This puts the safety department in an impossible situation if it hopes to get "out of trouble." 

The salient symptoms included; reported injuries increasing, people not reporting all injuries, job dissafsfaction 
when placed on alternative duty during recovery, and high expenses related to injuries. The system was investigated 
and many of the affected employees were interviewed to reveal: 

• Safety personnel developed a benchmark for the number of reported injuries, 
• All injuries are not reported because people don't know what to report and the amount of effort 

required may delay employee injury reporting, 
• Injuries are not reported in a timely manner for other reasons as well, 
• Employees are not using equipment or using it improperly, 
• People are careless, 
• There is job dissatisfaction on alternative work, 
• Increased work load in department after employee is injured, 
• Ineffective safety and equipment training, 
• Data used solely for OSHA reporting, 
• Ineffective policy and procedure training. 

The symptom network that was developed based on this investigation is shown in figure 7. The problem statement 
redefinition: "Lack of proactive measures" may again seem to have little value. It is the level of symptoms directly 
above that give the redefmition meaning; data used solely for OSHA reporting and training is informative, not 
instructive. These are the two areas were proactive measures must be developed in order to reduce employee injury 
and reduce cost. 

Reported Injuriest 

People hurt themselves 

Not using equipment 

Clutter 

People not reporting 
in timely manner 

People don't know what to 
report. 

Cause of injury is 
not addressed 

Data not being used for 
process improvement 

Data used solely 
for regulatory purposes 

Limited staffing 
(health nurses) 

Lack of 
proactive measures 

Job dissatisfaction when 
placed on alternative 

work/days off 

Improper use of 
equipment 

Ineffective safety training 

~-~-- ) 

Training more informative 
than instructive 

Figure 7: Strains and sprains symptom network. 
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This project illustrates a number of challenges. The safety department was doing things the way they should with 
respect to quality. They developed a measure, used statistics to evaluate progress and fixed apparent problems. 
Each time an employee was injured and reported that injury, the safety department made certain that the medical and 
rehabilitation needs of the employee were met with urgency. They also made sure that all legal and reporting 
obligations were met. Yet, this group made no headway, and the rate of injuries increased. By developing a 
functional diagram of the system, it became obvious that important information was not being used to its fullest 
extent. The solution included linking the safety department to other departments as appropriate to fix problems, 
which led to the employee injury! Interaction between sub-systems was missing and may never have been revealed 
using traditional quality tools alone. Once these connections were made, new measures can be developed and now 
traditional quality tools can be applied effectively to further improve safety. Training had been administered 
during a new employee's orientation. This can be seen as informative, unless that employee practices with 
equipment on a regular basis. By determining the level of expertise each employee needs on the various equipment 
and developing a training/certification program around that classification, employees can then be effectively trained 
and subsequently use equipment safely. 

Medication Delivery 
The initial problem statement: " Both nursing an the pharmacy had noticed a delay in medication order processing 
and felt an improved method of medication ordering and delivery was needed." This problem seemed to be 
straightforward superficially, as· linen management had. The initial problem statement hints toward a solution rather 
than a problem, which could easily lead to a biased investigation from a single perspective. 

The salient symptoms, which brought this project forward included: lost medication orders, misdirected medication, 
delayed orders, illegible faxes, illegible orders. These symptoms could lead to concluding the ·initial problem 
statement was indeed correct. It was riot. The investigation began with system understanding (the interactions 
between sub-systems). The schematic is shown in figure 8. We have intentionally left textual descriptors off to 
illustrate the power of an iconic representation. , 

Figure 8: Iconic schematic of medication ordering and delivery. 

The investigation involved interviews of all involved employees across all three shifts. A tremendous amount of 
subsystem information was gathered during the third shift when the hospital was riot busy. This knowledge led to 
more meaningful questions across the other shifts and gave insight into where to look for discrepancies. The 
following facts were established: 
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• Medication orders are lost, 
• Some orders are misdirected, 
• . Orders are delayed due to errors on patient history form, missing allergy sheets, duplicate orders, 

apparent duplicate orders, illegible writing, fax legibility, 
• There is "fax heaven,' nurses' term for a place where some faxes go rather than to the pharmacy 
• Fax bottleneck: 23 nursing stations, each with a fax machine, 1 pharmacy with 2 fax machines, 
• Unfillable orders are set aside, 
• Patients moved to different rooms, 
• Order process had changed from the original design over time, 
• Pharmacy tries to deliver medications ASAP, 
• Nurses help each other, 
• Schedule considerations, and doctor rounds result in medication orders sent to the pharmacy in 

batches. 

The symptom network that was developed is shown in figure 9. The problem statement redefinition:" A lack of 
feedback;" again, an apparently simple statement, but one that must be addressed in order to improve the system. 
Early in the investigation, a team member suggested a hand held PDA would solve the problem. This solution was 
alluded to in the initial problem statement and would have added significant cost. It would have reduced some of the 
transmission issues with the fax machine, but the real issue was orders that had problems were set aside for 
clarification. The electronic solution would not have made any difference. To be successful, the feedback must 

Misdirected Delayed 
Meds Orders 

Room 
Changes 

No Real Time 
Notification 
of Changes 

Dupl. 
Orders 
in Rx 

No Record of 
Sent Faxes 

Illegible 
Fax 

Delayed Orders 
not Tracked 

Missing Feedback 

Figure 9: Symptom network for medication delivery. 

address the delays encountered in the pharmacy. To be effective the feedback must be readily obtained. An 
electronic solution would hide feedback in a computer terminal, which a nurse would then have to search. The 
recommended solution was a simple KANBAN system in which the pharmacy would either send the ordered 
medication to the nurse, or, if the order was delayed, send a card indicating a delay and cause. 

The challenges discovered with this project included communication, an inefficient order transmission system, and 
third party interaction; The underlying lack of feedback led to the nurses' theory of fax heaven and this belief 
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provided a means to avoid blame. There is no doubt that the fax system is inefficient, but that was not the 
underlying problem leading to the nurses (and patients') dissatisfaction. 

CONCLUSION 
A system is a collection of subsystems that must interact in a purposeful way in order to satisfy the overall system 
mission. Two issues regarding hospital operations were addressed in this paper. First, the vital insight that quality 
health care is a system problem, not an individual or departmental problem. In fact, there &re a significant number 
of complex subsystems in a hospital. To discover and solve the hospital system problems we must carefully examine 
the exchange of materials and information between the subsystems that are involved. Second, any solution must 
possess sufficient generality and insight to allow the creation of a meaningful quality measure that will keep the 
improved system working in the desired fashion. 
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RISK OF THE FAILURE MODES OF F-1 ENGINE AND PROPELLANTS SYSTEM 

Paul S. Ray and Hugh J. Brady 
The University of Alabama and Marshall Space Flight Center/NASA 

ABSTRACT 
July 16, 1969 emerged as a milestone in the history of space engineering, as the Saturn V launch vehicle hurled from 
the Earth to the Moon. The force that lifted the rocket overcoming the gravitational force during the first stage of the 
flight was provided by a cluster of five Rocketdyne F-1 rocket engines. Each of the five engines developed over 1.5 
million pounds of thrust (MSFC-MAN-507). F-1 Rocket engine used RP-1 (Rocket Propellant-I, commercially 
known as Kerosene) as fuel with lox (liquid Oxygen) as oxidizer. Since 1972 the focus of the NASA has been on 
Space Shuttle and Saturn V activity was terminated. The interest in rocket system has been revived to meet the 
National Launch System (NLS) program and a directive from the President to return to the Moon and exploration of 
the space including Mars. The new program Space Launch Initiative (SLI) is directed to drastically reduce the cost 
of flight for payloads, and adopt a reusable launch vehicle (RL V). To achieve this goal it is essential to have the 
ability of lifting huge payloads into low earth orbit. This may require boosters as strap-ons to a core vehicle, as was 
done for the Saturn launch vehicle. This study was to directed to identify the significant failure modes of F-1 engine 
and its propellant system. 

INTRODUCTION 
For the first time in human history, the Saturn V launch vehicle was hurled from the Earth to the moon on July 16, 
1969. The force that lifted the rocket overcoming the gravitational force during the first stage of the flight was 
provided by a cluster of five Rocketdyne F-1 rocket engines, each of them developing over 1.5 million pounds of 
thrust (MSFC-MAN-507). Since 1972 the focus of the NASA is_ on Space Shuttle and Saturn V activity was 
terminated. The interest in rocket system has been revived to meet the objectives of the new program Space Launch 
Initiative (SLI), to reduce the cost offlight for payloads drastically and adopting a reusable launch vehicle. To 
achieve this goal it is essential to have the ability of lifting huge payloads into low earth orbit. Probably it will 
require powerful boosters as strap-ons to a core vehicle, as was done for the Saturn launch vehicle. The logic in 
favor of adopting Saturn system a proven technology, to meet the SLI challenge is very strong, as F-1 engine was 
the largest and most powerful liquid rocket engine ever built and their performance was exceptional. This study was 
to identify the failure modes of this engine and its propellant system. 

F-1 ROCKET ENGINE FEATURES 
The F-1 engine was developed by Rocketdyne Division of North American Aviation, Inc., now Rockwell 
International, and had its flawless maiden flight on November 9, 1967. The F-1 engine is a single start 1,530,000 
pound fixed thrust, calibrated, bipropellant engine, which uses liquid oxygen as the oxidizer and RP-1 as the fuel. 
Engine features include a bell-shaped thrust chamber with a 10: 1 expansion ratio, and detachable, conical nozzle 
extension, which increases the thrust chamber expansion ratio o 16:1. The thrust chamber is cooled regeneratively 
by fuel, and gas generator exhaust gases cool the nozzle extension. Liquid oxygen and RP-1 fuel are supplied to the 
thrust chamber by a single turbo pump powered by a gas generator, which use~ the same propellant combination. 
RP-1 fuel is also used as the turbo pump lubricant and as the working fluid for thrust or the engine fluid power 
system. The engine contains a heat exchanger system to condition engine supplied liquid oxygen and externally 
supplied helium for stage propellant tank pressurization. An instrumentation system monitors engine performance 
and operation. External thermal insulation provides an allowable engine environment during operation (MSFC -
MAN-507). 

ENGINE OPERATION 
Engine operation includes starting, main stage, and cutoff. The starting and cutoff phases are periods of transition in 
which a sequence of activities occur. 

Engine Start up 
Engine start is part of terminal countdown sequence. When this point is reached, the ignition sequencer controls 
starting of engine. Checkout valve moves to engine return position. Electrical signal fires igniters ( 4 in each engine). 
Solenoid of 4-way control valve starts and directs ground supported equipment (GSE) hydraulic pressure to flow 
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through sequence valve to open gas generator ball valve. Propellants under tank pressure flow into gas generator . 
combustor. Propellants are ignited by flame of igniters. Combustion gas passes through turbo-pump, heat exchanger, 
exhaust manifold, and nozzle extension. Fuel rich turbine combustion gas is ignited by flame from igniters. · 
Combustion gas accelerates the turbo-pump, causing the pump discharge pressure to increase. As fuel pressure 
increases to approximately 375 psig, it ruptures the hypergolic cartridge. The hypergolic fluid and fuel are forced 
into the thrust chamber where they mix with the liquid oxygen (LOX) to cause ignition. 

Transition to Main stage 
Ignition causes the combustion zone pressure to increase. As pressure reaches 20 psig, the ignition monitor valve 
directs fluid pressure to the main fuel valves. Fluid pressure opens main fuel valves. Fuel enters thrust chamber. As 
pressure increases the transition to main stage is accomplished. The thrust OK pressure switch picks up at 
approximately 1060 psi and provides a thrust OK signal. 

Engine Cutoff 
The 4-way Control Valve stop solenoid is energized, which routes closing pressure to the following valves. Gas 
generator ball valve closes. Main lox valves (2 each) close, and Main fuel valves (2 each) close. The thrust chamber 
pressure decay causes the thrust OK pressure switch to drop out (3 each). Ignition fuel valve and ignition monitoring 
valve close (MSFC-MAN-507). The basic F-1 engine schematics is Illustrated in Figure 1 (Briggs, 1992). , 

Figure 1.Basic F-1 Engirie Schematics 

F-1 ROCKET EN_J;INE PROPELLANTS SYSTEM 
Propellants for the S-IC stage are RP-1 (fuel) and liquid oxygen (LOX). The propellant system includes hardware 
for fuel fill and drain operations, tank pressurization prior to and during flight, and delivery of propellants to the 
engines. The propellant system is divided into two subsystems, the fuel subsystem and the lox subsystem. Fuel 
loading is done by ground support equipment (GSE). Ground supplied helium for pressurization flows through the 
engine heat exchanger, and hot helium line to the fuel tank distributor. During flight, the source of fuel tank 
pressurization is helium from storage bottles mounted inside the lox tank. RP-1 delivery is accomplished through 
two 12-inch ducts, which connect the fuel tank to each F-1 engine. As the oxidizer in the bi-propellant propulsion 
system, lox is contained and delivered through a separate tank and delivery system. The 345,000gallon tank is filled 
through two 6-inch fill and drain lines. The pressurization gas used is helium (MSFC-MAN- 507). The pressure 
derived from the-Lox tank height establishes initial LOX flow rate. This initial flow through the Lox pump provides 
enough torque to the impeller to exceed breakaway requirements and begin to "wind-mill" the turbo-pump 
assembly. A gradual power buildup ensues at a rate determined by the engine propellant inlet conditions. Built up 
Fuel pressure is applied to rupture the inlet and outlet burst diaphragms of the hypergolic igniter and pushes the 
igniter fluid into the thrust chamber combustion zone where it spontaneously ignites upon contact with the already 
free flowing Lox. To help provide a slow and steady thrust buildup, the thrust chamber tubes are prefilled with 
ethylene glycol (antifreeze). In the final phase of the start sequence, the fuel pump discharge pressure exceeds the 
ground-supplied hydraulic pressure. This causes the ground supply to be terminated and engine fuel is substituted 
for hydraulic fluid for the remainder of the mission. The entire start from control valve activation to full power level 
takes about five seconds (Biggs, 1992). 
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FUNCTIONAL BREAKDOWN F-1 ENGINE (SATURN V- IC STAGE) 

Functional Breakdown 
Eight functional subsystems of the F-1 engine identified were: fuel feed, oxidizer feed, igniter fuel, Gas generator, 
vehicle pressurization, hydraulic control, electrical, and flight instrumentation (Rocketdyne, RAR 3181-1503 ). The 
subsystems are illustrated in Figure2. (RAR 3181-1503). 

SATURNV S-IC STAGE PROPULSION 
I 

I I F-1 OUTBOARD SUBSYSTEM 
4REQD. F-1 INBOARD SUBSYSTEM 
V-"IC-26a 1 REQD. 

V-IC-26b 

I I 

V-IC-26-100 FUEL FEED I 
V-IC-26-200 OXIDIZER FEED INBOARD AND 
V-IC-26-300 IGNITER FUEL OUTBOARD SUBSYSTEMS 
V-IC-26-400 GAS GENERATOR ARE IDENTICAL EXCEPT 
V-IC-26-500 VEHICLE FOR GIMBLE DEVICE FOR 
PRESSURIZATION THE OUTBOARD 
V-IC-26-600 HYDRAULIC CONT SUBSYSTEM ONLY. 
V-IC-26-700 ELECTRICAL 
V-IC-26-800 FLIGHT INSTR. 

Figure 2. Functional Breakdown of the F-1 Subsystem 

FAILURE MODES OF THE F-1 ENGINE SUBSYATEM 
Based on the Functional Block Diagrams (about 150 sheets) for the F-1 engine subsystems, the Failure Modes for 
Saturn V, S-IC stage consisting ofF-1 engines are summarized as follows (RAR 3182-1503): 

Failure Modes of Fuel feed subsystem {Y-IC-26-100) 
Twenty-five components of the fuel feed subsystem have been identified for failure modes analysis. Ducting and 
Connections (26-101) and Tubing including Fittings (26-102): Failure during operation was leakage. The effects of 
failure were delay in launch. The critical effect was Fire hazard in propulsion section. The severity was dependent 
on the amount, location, and altitude. The Thrust "OK" switch (26-601a) failure during operation could cause 
vehicle liftoff in spite of engine failure to achieve main stage thrust level. However, the use of three switches would 
allow the use of redundant circuit. The Thermocouple of Turbo-pump thrust bearing (26-103b) failure would stop 
monitoring the bearing temperature and might cause fire and damage the engine if continued. Heater, Turbo-pump 
bearing (26-104) failure would prevent engine to start. Improper heater opera~ion would be detected by instruments 
and corrected. This failure could cause launch delay. Thermostat, Turbo-pump (26-105) failure might be due to 
either short or open circuit. Three units would provide redundant ways, and incase of open circuit engine would not 
start. This failure could cause launch delay. Bearing Coolant Control Manifold (26-106) failure might be due to 
bearing check valve either failed to open or failed to close and would cause bearing failure due to overheating. Main 
Fuel Valve (26-107) failure due to poppet seal leakage could displace inert pre-fill fluid by RP-1 and cause thrust 
chamber rough combustion. This might result in some engine damage and launch delay. Main Fuel Valve (26-
107a) might fail to open or partially open causing engine failure to start. This might result in aborting the launch. 
Main Fuel Valve Position Switch (26-107b) failure due to open or closed circuit would cutoff S-IC Propulsion 
cutoff. This would cause delay or abort launch. Thrust Chamber (26-109a) failure would cause combustion 
instability and leakage of igniter fuel manifold or tubes between manifolds and injector orifices. This failure would 
cause severe engine damage and propulsion loss. Thrust Chamber Drain Plug Leakage would also cause fire hazard 
and engine damage. Thrust Chamber external tube leakage could result in combustion instability and fire hazard. 
Thrust Chamber internal tube leakage above or below throat could result in loss of inert pre-fill and combustion 
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instability leading to engine damage. Inert Fill Check Valve (26-110) might fail to open or close would be detected 
and corrected as well as redundancy would be provided. This failure could cause launch delay. 

Oxidizer Feed {Y-IC-26-200) 
The Oxidizer feed subsystem had eight components. Ducting, and Connections, (26-201 ). Minor leakage during 
operation would cause launch delay for correction. Possible loss due to freezing of hydraulic lines or operating 
valves might preclude start of the engine. The effects were Launch delay and/or launch abort. Due to incomplete S
IC stage propulsion shutdown and following short duration residual cfo•impulse might cause abnormal staging 
condition. Tubing & Fittings (26-202) failure might cause external lox leakage. The possible loss due to freezing of 
hydraulic lines and valves might preclude engine starting. Turbo-pump (Oxidizer Pump-26-203) failure would 
preclude the start of engine and result in launch delay. Main Oxidizer Valve (26-204a): might cause leakage of 
internal poppet or seal. It would be visually detected and corrected but cause delay or abort launch. Poppet valves 
might fail to close at a predetermined time or fail to open. The possible loss might cause short duration residual c/o 
impulse. Main Oxidizer Valve Position Switch (26-204b): failure before "Engine Prep. Complete" signal was 
obtained would make the signal unavailable. Failure after the signal would not affect the operation. This failure 
would cause launch delay. Orifice (26-205): No applicable failure mode was found. Thrust Chamber (Oxidizer 
Dome - 26-206): Failure might be seal leakage from Dome to Thrust Chamber or Dome to Main Lox Valve. This 
failure might cause freezing of hydraulic control lines and Gimbal control resulting to loss of stage propulsion. Main 
Oxidizer Valve Purge Check Valve (26-207): The failure might be either failure to open or to close the valve. 
Failure to open would cause delay for correction and failure to close will allow extra lox to flow to thrust Chamber 
and might result in engine damage by burning the turbine blades. 

Igniter Fuel {Y-IC-26-300) _ 
The subsystem consists of five components. Tubing and Fittings for Igniter Fuel (26-301): Failure might be leakage, 
causing launching delay or fire hazard. Override Mechanism (26-302a): Failure to actuate hypergolic diaphragm and 
would preclude opening of the ignition monitor valve and engine start. Thus the stage propulsion would be lost. 
Hypergolic Cartridge (26-302b): Could fail to rupture or lack ofhypergolic flow to the T/C.'This would cause 

· · failure to start S-IC stage propulsion and aborted. Launch. Igniter Fuel ShutoffValve (26-302c): Could Fail to open 
completely at cracking pressure, premature opening, delayed opening, or failure to close at cutoff. The possible loss 
due to failure to start S-IC stage propulsion subsystem would result in abort launch. Hypergol Cartridge Installation 
Switch (V-IC-26-302e): Failure to open or short circuit, or failure to drop out when diaphragm bursts. Engine would 
not start and would cause launch delay. 

Gas Generator {Y-IC-26-400) 
The subsystem consisted of twelve components. TJibing and Fittings (bootstrap assemblies and coolant fittings - 26-
401 ): Lox and Fuel leakage might cause Launch delay or abort. It might also cause fire hazard in S-IC stage 
propulsion section. Gas Generator (26-402): Leakage of additional fuel into combustor and would decrease the gas 
generator operating efficiency. This woulq result into S-IC stage propulsion performance degradation. Spark Plugs 
(26-403a&b ): Could fail to start operation of either plug. The engine would not start and the stage propulsion would 
fail. Spark Exciter-monitor (26-404): Failure to start operation of spark exciter or monitor would prevent engine to 
start. Loss of stage propulsion might cause launch abort. Gas Generator Control Valve (26-405a): Failure to open or 
close valve at prescribed time would cause launch delay. G.d Control Valve leakage below ball seal might hard start 
and cause damage to G.G. assembly. G.G.V. Position Switch (26-405b): Failure might be either short circuit or open 
circuit and will cause launch delay to correct the fault. G.G. Actuator Housing Purge Check Valve (26-406a): Could 
fail to open or close the valves. No effect on operation. G.G. Lox injector Purge Check Valve (26-406b): Valve 
could fail to open or close. This failure had a slight chance of causing lox injector manifold "pop" due to 
contamination and a possibility of momentary turbine over temperature. G.G. Fuel Purge Check Valve (26-406c): 
Could fail to·open or close. Fuel purge was checked-off by increasing injection pressure. No effect on operation. 
Turbine (26-407a): Hot gas internal leakage would cause slower purge discharge pressure build up and I?ight cause 
delay in thrust chamber ignition and engine cut off by ignition ~tart limit timer. External leakage might pose fire 
hazard and /or performance degradation. Turbine failed to operate at start might cause launch abort. Turbine 
stoppage of operation prematurely might result in fire or explosion. Speed Transducer (26-407b ): Pre-start check 
would detect the fault but it would cause launch delay. Hot Gas Duct and Turbine Exhaust Manifold (26- 408): Hot 
gas leakage during operation would cause fire hazard in lower altitude and engine performance degradation. Igniters 
(26-409a&b ): Failure to operate or remain in operation. The fault might not affect operation as the links are wired in 
series, requiring only one igniter link to break ~or condition of the engine start sequence. 
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Vehicle Pressurization {Y-IC-26-500) 
There were four components of this subsystem. Tubing and Fittings (26-501 ): Oxidizer leakage might freeze the 
engine hydraulic_control system;·resulting in failure of S-IC stage, and causing launch abort. Heat Exchanger 
(Helium-26-502a): Helium leakage had no effect on operation. Heat Exchanger Lox (260502b ): Leakage of liquid or 
gaseous oxygen might cause fire hazard in exhaust ducts, possible damage by burning through. Increased 
temperature and backpressure might affect turbine operation and stage propulsion. Lox Check Valve (26-503): 
Failure to open or close. The fault had possible negligible cutoff impulse effect. 

Hydraulic Control {Y-IC-26-600) 
The subsystem had seven components. Tubing & Fittings and Orifices (26-601 ): Failure during operation by 
leakage. It would cause fire hazard in lower altitude and also cutoff might abnormally sequenced or not occur at all. 
Orifices (3 required.): No applicable effect on operation. Engine Control 4-way Valve (26-602): Failure to open 
might result in engine non-start and failure to close might result in specific impulse at engine cutoff. Engine Control 
Filter (26-603a): No applicable failure effect. Check Valves (26-603b): Failure might prevent flow of ground 
supplied hydraulic fuel to high pressure fuel duct and cause lack of sufficient fuel pressure to 4-way valve start 
sequence and delay throttling valves. Engine damage might be possible due to hard start and cutoff of S-IC stage 
propulsion subsystem. Might cause launch abort? Engine fuel supply check valve might fail to open and prevent 
"Thrust OK" signal resulting shutdown of S-IC stage. The launch would be aborted. Checkout Valve (26-604): 
Failure of checkout valve would bind in either "engine" or "ground" position. Could cause delay for correction. 
Checkout valve in "Engine" position, external or internal leakage might cause propulsion cutoff by ignition stage 
limit timer and/ or fire hazard. G. G. Sequence valves (26-605): These were basically safety devices to assure that 
the Main Oxidizer valves were open prior to initiating gas generator operation. No effect of failure on operation. 
Ignition Monitor Valve (26-302d): Failure to open would cause Safe engine shutdown from engine safety circuitry 
when Main Fuel Valves failed to open. Might cause delay due to S-IC stage cutoff. 

Electrical CY-IC-26-700) 
This subsystem has three components. Start Solenoid (26-701 ): Fails to operate at prescribed time. Engine will not 
start. Expiration of the ignition stage limit timer will initiate safe cutoff. Actual loss may be launch abort. Cabling 
(26-702): All wiring is high temperature insulated and armor sheathed. No applicable failure mode. Stop Solenoid 
(Part of engine control valve): Fails to operate will not shutdown the engine until pre-valves close causing extended 
cutoff impulse. Extended propulsion system operation and/or damage will cause stage altitude instability and 
vehicle trajectory deviation. 

Flight Instrumentation (V-IC-26-800): The subsystem had two components. Primary Flight Instrumentation (26-
801 ): Fuel and hot gas leakage at pressure connections would cause fire hazard at lower altitude. Lox leakage at 
pressure connections might cause freezing of hydraulic control lines and preclude engine start. Auxiliary Flight 
Instrumentation (26-802): Fuel and hot gases leakage would cause fire hazard. Lox leakage at pressure connections 
might freeze hydraulic control lines and prevent engine start. Failure to operate instrumentation would not affect 
engine operation, however, due to failure, monitoring of engine parameters would be discontinued. Due to residual 
short duration specific impulse after S- IC stage propulsion cut off abnormal staging_conditions might result. 

F-1 ENGINE FAILURE MODES FROM RECORDS 
Rocketdyne conducted an analysis of 35 individual F-1 engine related failures of code 5 (possible launch abort or 
mission loss) and classified the failure modes into the following five types (Rocketdyne report# R-8099): 

Types of Failure Modes 
Table 1. Classification of Failure Modes 

Type of Failures Number of modes Percent of Total 
Fatigue Failures 12 34 
Seal Failures 9 26 
Structural Failures 8 23 
Functional Failures 4 11 
Hydraulic Phenomenon 2 · 6 

' 
Totals 35 100 
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As per this report (Rocketdyne R-8099), the most significant failure mode was fatigue failure (34% -Table 1.). The 
second most frequent failure was due to seal failure (26%-Table 1.), while the third most frequent failure was caused 
by structural failure (23%-Table 1.). 

The Distribution of Failure Modes by Design Area / Component IB- 8099) 

Table 2 . Distribution of Failure Modes by Design Areas IC omponents 
Design Area Number of Modes 

... , 
Percent of Total 

Engine Systems 10 29 
Turbo-machinery 9 26 
Thrust Chamber 4 11 
Gas Generator 4 11 
Valves 4 11 
Interconnections 2 6 
Electrical 2 6 
Totals 35 100 

The most vulnerable components in order of frequency were: Engine Systems, Turbo-Machinery, Thrust Chamber, 
Gas Generator, and Valves. Most of these failure modes were detected by static engine testing. Limited state of the 
art design information and limited knowledge of the design environment were reported to be the basic causes for 
about 49% of the failure modes experienced (Table2). · 

DISTRIBUTION OF FAILURE MODES 
Based on the detailed report on failure analysis given in report No. RAR 3181-1503, received . from Rocketdyne 
(December · 17, 1963) the distribution of failure modes for each subsystem classified into four major types is given in 
Table 3. 

Table 3. Distribution of Failure Modes 
Types of Sec. Sec. Sec. Sec. Sec. Sec. Sec. . Sec. Total Percentage 
Failures· 100 200 300 400 500 600 700 800 
Leakage 10 5 1 10 4 3 0 4 37 35 
Hydraulics 6 2 7 9 0 8 0 0 32 30 
Electrical 9 6 4 9 2 0 4 2 36 34 
Combustion 1 1 
Total 26 13 12 28 6 11 4 6 106 100 
Percentage 25 12 11 26 6 11 4 6 100 

Legend: Sec. 100 - Fuel Feed, Sec. 200 - Oxidizer feed, Sec. 300 - Igniter Fuel, Sec. 400 - Gas Generator, Sec. 
500- Vehicle Press.urization, Sec. 600 - Hydraulic Control, Sec. 700 - Electrical, Sec. 800 - Flight Instrumentation. 

From this distribution it appears that Fuel Fed and Gas Generator were most vulnerable to failures while Oxidizer 
Feed, Hydraulic control, and Hydraulic control were also likely to encounter failures. The distribution of failure 
modes classified by functions indicates that Propellant leakage, Hydraulic systems, and Electrical systems were 
more vulnerable·to failures. These figures give some indication of likelihood of failure but do not provide any 
indication of severity if a failure occurs. Though propellant leakage may occur more frequently than failure of 
combustion, the preventive cost for leakage is much less than that for combustion problem, which may require 
research and long time trials for correction. 

CONCLUSION 
Though individual data sources vary in identifying failure modes, some common modes appear in some form in all 
data sources. These Failure Modes are: Combustion instability, Fuel-mix at injection face, Nozzle tubes, Propellant 
leakage, Hydraulic Valves, and Structural failures. The likelihood of leakage is high as there are so many joints in 
fuel and Oxidizer lines, but severity in most cases is not likely to be serious. Only some particular combinations of 
location, propellant, and environmental factors may cause fire disabling the engine. The mitigation steps are also 
simple and enhanced design may be adequate.to remove the risks. Hydraulic Valves failures are also amenable to 
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improvement in design. Similarly, Structural failures can be removed by enhancing the design for strength and stress 
level experienced. Nozzle tube problem may be eliminated by replacing the tubes by channel design as used in the 
RD 180 model (Russian engine). The Channel-nozzle design takes significantly less time and cost to fabricate 
(Smith, NFFP Seminar July 2002). The operation of rocket engine with channel nozzles is expected to take 
significantly less maintenance effort, and be trouble-free compared to that with tube-nozzles (Gautney). However, 
combustion instability appears to be a major problem, as the current knowledge in this phenomenon is still not 
adequate (K.Gross), and it will require substantial research and experimentation to completely comprehend the 

· principles that control the phenomenon. The effect of failure is very severe and may cause loss of an engine. The 
problem with fuel-mix also requires research and time to formulate the principles guiding the operational efficiency. 
Rocketdyne report no. R-8099 cited turbo-machinery as a major failure area and is likely to be vulnerable to failure 
as the components are subjected to extreme temperature difference between compressor and turbine sides mounted 
on the same shaft separated by bearings. 
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METHODOLOGY FOR USING QUALITY FUNCTION DEPLOYMENT TO IMPROVE PROCESSES 

J. S. Sutterfield, Bianca Y. Lee and Conrod S. J. Kelly 
Florida A&M University 

ABSTRACT 
In this paper there is developed an approach to Continuous Process Improvement (CPI) using Quality Function 
Deployment (QFD) methodology for a public sector institution, Florida A&M University. The registration process 
at Florida A&M University is examined through a questionnaire, and the responses to this questionnaire cast into a 
QFD construct. The QFD methodology is then used to identify areas for registration process improvement at Florida . 
A&M University through the use of technology. 

INTRODUCTION 
The cornerstone of successful world-class businesses is Total Quality Management (TQM). Without a total-quality 
mindset, the mindset that yields what the Japanese call Kaizen or continuous improvement, a business in today's 
competitive world is doomed to eventual failure. One of the integral parts of TQM is Continuous Process 
Improvement (CPI). CPI is the chief means by which companies increase their competitive edge through relentless 
attention to improving internal processes. While this mindset began to take root in United States' private companies 
about 20 years ago, many public organizations, particularly governmental organizations, remain largely unaffected 
by TQM and in particular CPI. 

One of the chief techniques in TQM is Quality Function Deployment (QFD). Indeed QFD and the House of Quality 
(HOQ) approach used in QFD have been extremely successful in developing customer oriented products that meet 
with great success when brought to market. Thus QFD has provep to be a very powerful technique and is now a well 
established TQM tool. · 

-Even though QFD is a very powerful methodology and is widely used today in TQM, an area where it has not been 
widely applied by private sector companies is in CPI. If this is true of private sector companies, it is all the more 
true of public institutions. Since there is virtually no use of QFD in public institutions, there are practically no 
attempts atCPI. 

In this paper there is developed an approach to CPI using QFD methodology for a public sector institution, Florida 
A&M University. In particular the registration process at Florida A&M University (FAMU) was examined through · 
a questionnaire. The responses to the questionnaire were then cast into a QFD methodology, and this methodology 
used to identify areas where the registration process~t Florida A&M University might be improved. For the purpose 
of this paper, only the role of upgraded technology is considered in the improvement of the registration process. 
This is in keeping with the principles of CPI, in which a few changes are made and the resulting improvements to a 
process noted. Subsequent papers will deal with possible improvements to the actual registration process at F AMU. 

LITERATURE REVIEW 
QFD was first used in 1972 by Y. Akao at the Kobe Shipyard owned by Mitsubishi. 1

• 
2 It was implemented as a 

· means of translating broad, customer requirements into specific products and services. 2 It was further extended by 
Toyota to implement a rust prevention program.2 As is the case with many Japanese innovations, particularly in the 
area of quality it was several years before QFD was used in the United States. It was first introduced into the USA 
in the 1980s. As might be expected, this was due to the keen competition in the automobile industry that led to the 
introduction of QFD in the automotive parts industry .3 Since its introduction it has been used by a wide range of 
firms, including Proctor & Gamble, Raychem, Digital Equipment Corporation (DEC), AT&T, ITT, GM, and Ford; 
The range of areas to which QFD has been applied is equally broad, encompassing communications improvements, 
new product design, new product development, business plans, and engineering proposals.4• 

5
• 

6 In some very 
innovative examples, QFD has been applied to service quality improvement,7 the construction of a higher education 
curriculum,8 task organization in the peacekeeping force mission,9 and the reduction of traffic accidents, 10 to name 
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just a few. Thus, QFD is a very powerful, generalized approach for defining customer requirements and designing 
products and services that satisfy them. 

There are several statements of the classical QFD process. 11
• 

12 The more usual statements are applicable to the man
ufacturing enterprise in which customer requirements are translated into operational processes that will satisfy the 
customer requirements. Though different names are given to the various components of the QFD process, the classi
cal approach is essentially that of Griffin and Hauser. 13 This paper adopts a slightly different approach as described 

· in the following section. 

QFD METHODOLOGY 
Because this paper aims at applying QFD to process improvement, the statement adopted herein is the more general
ized one adapted from Temponi, et al. 11 This statement has the following steps: 

1) Identification of customer requirements or attributes. These are the so-called "WHATs." These may 
be determined in a number of different ways, but perhaps the most common is thru the use of customer 
surveys. Another is thru the use of focus groups. Once the customer requirements data are available, 
they are usually analyzed by a team of experts experienced with customer preferences. The team re
sults are frequently aggregated on a visual device known as a "fishbone diagram." 

2) Determination of those design or technical requirements that will satisfy the customer attributes. These 
technical requirements are known as the "HOWs." 

3) Determination of a relationship matrix, i.e., a matrix that relates design requirements to customer 
attributes. This involves assigning a numerical rating as to the extent to which each of the customer re
quirements is affected by each of the design characteristics. Various rating scales are used. One very 
common one is the "9-5-1" scale, with "9" indicating the greatest degree of influence, and" 1" the 
least. Thus, a given design characteristic may have a strong effect one customer requirement and re
ceive a rating of "9", and a weak effect upon another and receive a rating of" 1 ". If no rating appears, 
independence is indicated between the design requirement and the customer attribute. 

4) Determination of a correlation matrix of the technical requirements. Relationships may have either 
positive or negative ratings, and accordingly the correlation between each pair of technical require
ments is assessed as being"+", "0", or"-": The"+" indicating a positive or compatible relationship 
between two given technical requirements; the "0" indicating no relationship, in other words independ
ence; and the"-" indicating a negative relationship or correlation between the two technical require
ments being compared. In the case where a given design characteristic might affect a second design 
characteristic strongly positively and a third design characteristic strongly negatively, some mediation 
would have to be done between the two, or a new design characteristic devised to eliminate the nega
tive interaction. It is the correlation matrix that gives the name "House of Quality (HOQ)" to the 
process by putting a "roof' on the diagram. 

5) Computation of a set of weights describing the degree of importance of each customer attribute to all 
of the others. These weights can be determined by the team of experts, but preferably should be deter
mined by extensive customer surveys. The team can then compute the weights from the customer data. 

6) Determination of the absolute and relative importance ratings of each of the customer attributes. This 
is done through multiplying the sum of the row values for an attribute by the degree of importance of 
that attribute. 

7) Determination of the absolute and relative importance ratings of each of the design requirements. This 
is done through multiplying the relationship rating for a given design requirement by the degree of 
importance rating for each customer attribute. The importance rating of each design requirement is 
then obtained by adding these products for each design requirements column. 

Once these ratings have been determined, the results can be depicted as a so-called "House of Quality" as shown be
low in Fig. 1. It should be noted that in a seivice process there is no parts output. Consequently, Figure I has been 
adapted 14 to CPI by omitting the HOQ for "Part Attributes" that ordinarily appears between the "Product Attribute" 
HOQ and the "Process Attribute" HOQ. 

APPLICATION OF QFD METHODOLOGY 
The "Fishbone Diagram" resulting from working group meetings on the F AMU registration process improvement is 
shown below in Figure 2. Further work on the "Fishbone Diagram" showed that some of the areas overlapped or 
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Figure 1: Successive Houses of Quality For Process lm.provemeilt 
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Figure 2: Fishbone Diagram for FAMU Registration Process 

WHAT 
F AMU registration process 

S81 registration process 
Accurate class sizes 

Project classes to be offered 
Accurate book inventory 

Revise advisement process 
Eliminate unauthorized students 

Proper advisement toward matriculation for 
entering students, upperclassmen, and 

graduate students 

Smarrt Teller 
Adequate telephone switching 
Adequate web accomodations 

Matriculation Monitoring 
Software, MMS 

HOW 

WHERE WHEN 

Florida A&M University 

Late fall semester 
Early spring ~mester 

Beginning of fall and spring 
semesters 

The School of Business & Industry Implementation (not proces~ specific) 

I 
,....J 

Improve students ability to register 

Improve F AMU's pr~stige 
Improve profitability 
of F AMU bookstore 

More accurate 
number of classes 
Facilities planning 

WHY 

Potential cost savings 
for University and students 

Budget projections 
Faculty projections 

Improve enrolment rate 
Improve matriculation rate 
Improve graduation rate 

implied each other. Thus, In order to make this analysis a little more wieldly the results of the "Fish bone Diagram" 
were condensed into the customer attributes, or "Hows", shown in Figure 2. It is appropriate at this time to describe 
two of the technology devices considered in this analysis, "Rattler Link," and "Smart-teller." "Rattler Link" is a 
F AMU specific approach to registering thru t~e internet. "Smart-teller" is a sort of generic name given by the team 
to a device similar to .an automated bank teller, which permits students to register for classes in much the same way 

· that the automated teller permits banking transactions. In addition to registering for class, students can pay fees. 
These types of units are used for class registration by some universities, and are placed around over the campus in 
convenient locations to permit students to register and pay fees without having to stand in long lines. In either case 
the student uses a university card, at FAMU it is called a "Rattler Card," and then enters a PIN, after which courses 
may be selected for registration. Matriculation Monitoring Software (MMS) is a type of software that keeps track of 
a student's course progress through a university. With this software it is possible to determine exactly at any given 
time just what remaining courses the student must take in order to complete degree requirements. Its use has very 
far reaching effects upon the registration process. It prevents students from enrolling in classes that they later must 
drop, and thereby decreases the number of students who have to stand in enrollment ahd "drop-add" lines. 

In the ~ase of the F AMU registration process the students were viewed as the customers and it was they who were 
surveyed to determine the desired customer attributes. At this stage in the process, a relatively small number of 
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students were surveyed. This is because in a subsequent paper, it is desired to test the principle of Griffin and 
Hauser13 as to the number of survey respondents required to identify all of the desired customer attributes. These 
responses were then analyzed, and the most important customer attributes extracted from them. Once this was done 
the study team, being intimately familiar with the registration process at F AMU, assigned the weights for the degree 
to which customer attributes were affected by design requirements. Next, the design requirements were assigned a 
rating as to the degree of importance of each. At this stage of the study, only technology improvements were 
considered for improving the registration process. This was done with the intention of assessing the effect of just 
the technology improvements. This is justifiable because technology improvements and organizational 
improvements are relatively independent. The effect of organizational improvements will be dealt with in a 
subsequent paper. The ranking of the design requirements was based upon the responses from the student 
customers. 

It is important to point out that the assumption of non-mutual exclusivity of the technology approaches was made in 
this analysis. This implies that all technology approaches can be implemented simultaneously. It is also important to 
point out that either budget constraints or implementation difficulties might compel the prioritization of the tech
nology approaches, and a resulting schedule for implementation. Should this be the case; the row values in the 
analysis provide a basis for this prioritization. Also, this analysis was begun before some of the technology herein 
considered had been implemented. However, at the time of publication of this paper some of the technology im
provements have been implemented. This paper has been written upon the assumption that all technology improve
ments remain to be implemented. This is done with the intention of determining the extent to which the results of 
the analysis are supported by actual results. 

ANALYSIS OF RESULTS 
The "Fishbone Diagram" in Figure 2 led to the HOQ results shown in Figure 3. Because the design requirements 
are operationally independent, only blanks appear in the "roof' of the HOQ. The results show by a very wide 
margin that students believed that Matriculation Monitoring Software to be the most important technology change 
in improving the F AMU registration process. This is very likely due to their experience in having stood in lines to 
obtain "add-drop" approvals and then having stood in the main registration line to obtain overall schedule approval 
and to pay their fees 

In order to test the robustness of the analysis, a sensitivity analysis was performed on the original data. The ap
proach to this was to decrease the "9" ratings by 1, while increasing the "5" ratings by 1. The results were then 
examined to determine whether the relative rankings of the technology improvements had been changed. For this 
iteration, it was found that the relative importance of the MMS, first in overall importance, was most affected, de-

clining by nearly five percent. This decrease is due to the strong relationships between MMS and the student desires 
for a more customer responsive process. The relative importances of the other technological improvements were 
changed to lesser degrees, but the overall rankings remained unchanged, and these changes were not such as to make 
any change in the overall rankings even close. 

The next iteration in sensitivity analysis was done by decreasing t~e intermediate ratings from "5" down to "4", 
while at the same time increasing the weak ratings from "1" to "2". Here the change ·in the relative importance of · 
the "Smart Teller" was the greatest, but still only a decrease of 3 .59%. The relative importances of the other tech
nological improvements changed to a lesser extent, and once-again, the overall rankings remained unchanged. Also 
again, these changes were not such as to make any change in relative rankings even close. Two more sensitivity tests 
were run in which the rating scale was, in effect, compressed. In the first ( sensitivity test #3 ), all ratings of" I" were 
changed to "5" and all ratings of"5" changed to "7", the ratings of"9" were left unchanged. This amounted to a 
compression of the rating scale from the left toward the right. In the second (sensitivity test #4), the rating scale 
was in effect compressed from the right to the left. This was done by Leaving the "1" ratings unchanged and as
signing ratings of "3" to all of the "5" ratings, and ratings of"5" to all of the "9" ratings. Although sensitivity test 
#3 produced the greatest changes in the relative importance rankings in all such tests, it did not result in a change in 
the overall rank of the technological improvements. Sensitivity test #4 resulted in only a small change in relative 
importance ratings, and certainly no change in the rankings. 
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Thus, we conclude that our model is very robust indeed, and that we can have confidence in ·the ratings· assigned to 
the relationships. These results, except for sensitivity test #4 are summarized in Table l , below. These results are 
the result of customer experience with the F AMU registration process and are very stable under sensitivity 

Figure 3: HOO for FAMU Registration Process 
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Table 1: Results of Sensitivity Test 

Original Data: Sensitivity Test #1: 
Weights 1, 5, & 9 Weights 1, 6, & 8 

Relative Rllatlve Importance 

Number Technological Improvement Importance ("IQ Rank (~ Rank 

1 Smart Teller 26.32 2 29.61 2 

2 Adequate telephone switching 13.16 4 13.16 4 

3 Adequate Wlb acc~tions 18.42 3 19.74 3 

4 Matriculation Monitoring Software (MMS) 42.11 1 37.50 1 
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variations to the relative values of each of the proposed technological approaches in improving the F AMU registra
tion process. Also, these results are somewhat validated by actual experience. In the case of MMS, SBI has seen the 
necessity for improving this part of the registration process, and has undertaken an implementation effort quite inde
pendently of this study. Also, the need for more telephone lines was identified some time ago, and an upgrade made 
to them. Thus, the need for additional telephone lines falls to #4 in all of the sensitivity tests. This indicates that 
while there is still some additional need for telephone lines, that need is less than the need for the other technological 
improvements. Summarizing the implications of these results, they point to an order of prioritization for implemen
tation: 1) The MMS software; 2) The smart Teller; 3) Adequate web accommodations; 4) Adequate telephone 
switching circuits. These results have some practical consequences. First, if funding resources were limited and not 
enough funding available to purchase all improvements in one budget cycle, they would point to the order in which 
funding should be appropriated for technological improvements. Secondly, if funding were available for all im
provements, the results would indicate the order in which the technological improvements should be implemented. 
Implementation of any or all of these improvements would result in a radical improvement in the F AMU registration 
process through making it unnecessary to stand in line to register, and by making repeated visits to a given station 
unnecessary. They would improve the planning processes for FAMU, and thereby make the class scheduling and 
management process much more efficient and productive. In addition, the facilities planning and even book pur
chasing functions would be made much more effective. 

CONCLUSIONS 
The thesis of this paper has been that QFD can be a very powerful tool in CPI. In this paper there has been devel
oped a QFD construct for CPI, and it has been shown that it is possible to use that construct to indicate how im
provements may be effected in a process. This paper has made an unusual application of QFD to CPI in that it has 
used this approach to indicate how a process can be improved without actually modifying the process itself. In a 
subsequent paper we intend to show how the approach can be used to make improvements by modify-ing the actual 
process. The application of QFD to CPI shows just how powerful the approach is in dealing with a wide range of 
problems. 
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APPLICATION OF SPC IN STEREOLITHOGRAPHY 

Siddharth Deshpande and Gamal Weheba 
Wichita State University 

ABSTRACT 
Stereolithography (SL) is one of the most accurate Rapid Prototyping processes. SL is an emerging technology, 
which uses computer-controlled laser to cure a photosensitive resin to create the part. This paper represents an 
application of Statistical Process Control (SPC) techniques to monitor the SL process performance over time. 
Effective implementation of SPC in Stereo lithography can help improve the quality of prototypes and increase 
process utilization. 

INTRODUCTION 
Monitoring of short production runs has gained increasing importance recently among practitioners because of the 
growing trend in manufacturing industries to reduce lot size and shorten production run time. With the wide 
acceptance of manufacturing techniques like just-in-time (TIT) and flexible manufacturing and with improvements in 
transportation and information systems, there has been a rapid growth in low volume manufacturing. Aerospace, 
shipbuilding and chemical processing industries are some of the · industries that undergo this transformation. The 
main problem with implementing SPC in the low volume environment is the lack of data typically required for 
statistical monitoring. Conventional charts like the Shewhart control charts were designed for applications in high 
volume manufacturing and mass production where the lot sizes were large and the data would be readily available 
for charting. · 

Monitoring of short production runs is difficult by means of traditional SPC control charting techniques and many 
recommendations have been made in the past. Cumulative-Sum (CuSum) and Exponentially Weighted Moving
Average (EWMA) control charts can be used for their shorter average run length performance than Shewhart-type 
charts. These charts are useful in detecting small shifts and can even be used with subgroups of size one, a situation 
commonly confronted in the short run production. Quesenberry ( 1991, a, b, c) introduced the Q-charts for 
monitoring both short and long production runs using transformation techniques. DNOM ( deviation from nominal) 
control chart is used to monitor deviations from nominal instead of measured variable on the control chart 
(Montgomery, 1991 ). Farnum ( 1992) proposed a generalized approach to the DNOM charts in situations of non
constant variances. Pyzdek (1993) discussed various SPC techniques to monitor variable and attribute data in a 
short-run environment. 

There have been numerous contributions in the development ofDNOM control charts. Grubbs (1946) proposed a 
difference control chart to deal with cases in which systematic variations in measurements may be several times the 
order of magnitude of the variations in quality being measured. Burr (1989) introduced DNOM procedures for 
chemical process industries wherein trends and runs are used to monitor process performance. Bothe (1989) 
proposed a short run X-bar and R chart that allows the operator to plot multiple parts on the same chart by using 
simple data transformation techniques. 

STEREOLITHOGRAPHY PROCESS 
Stereolithography, also known as 3-D layering, creates a solid, three-dimensional object from a CAD drawing. In 
SL, a CAD model data is sliced into very thin cross sections by means of specialized software. The laser generates 
an intense spot of high radiation beam, which is moved across the top of a vat of liquid photopolymer, finely 
printing each cross section. A vertical elevator system lowers the newly formed layer, while a leveling system 
establishes the thickness of the next layer. Successive cross-sections, each of which attach to the one below it, are 
built one layer on top of another to form the part upwards. After the last layer is made, the part is removed from the 
SL apparatus and subjected to high intensity UV light to complete the polymerization process. This is usually 
referred to as post curing process, with a duration depending on the part volume and its geometry. The part is then 
custom finished by various methods including sanding, sandblasting, painting, or dyeing. The precision available in 
SL replicates intricate details with tight tolerance and superior surface finish. These attributes make it a common 
choice for form and fit analysis and pattern generation. 
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SPC APPLICATION TO SL PROCESS 
SL process is an extreme case. of a short production run wherein very few products of the same type are produced 
and there are hardly any chances of repeating the same build twice. Variations in build styles and part geometries 
make it even more difficult to apply SPC to the process. Relationships among part surfaces, tolerances and process 
variables must be understood quantitatively in order to achieve a set of tolerances as close as possible (Lynn
Charney and Rosen, 2000). Gervasi applied SPC in the SL build process by monitoring X-Y shrinkage arid line 
width compensation factors over a period of time (Gervasi, 1997). Our main aim was to monitor the accuracy of the 
build process by using various control charts and offer recommendations for control chart sele£tion. Process 
monitoring by utilizing SPC may prove beneficial to SL users in identifying influential process factors and their 
optimum levels. 

Three different parts A 1, A2, and A3 (see Figures 1, 2 and 3) were built using SL process on SLA-250/50 machine to 
determine the accuracy capabilities of the build process. All the build parameters of the SL machine like resin 
temperatures, length-width compensation (L WC), layer thickness and post-curing techniques were maintained 
constant in the building of these parts. Some critical features of these parts ( denoted by the letters A, B, C .... T etc.) 
were chosen and measured on a coordinate measuring machine (see Figures 1, 2 and 3 for details). The data were 
collected for all these features in the order in which the parts were built and Table 1 shows their corresponding 
DNOM values. An F-test revealed that the data for the three parts had constant variance indicating no significant 
difference. It is to be noted that the assumption of equal variances has to be true and the sample sizes have to be 
constant in order to apply the usual DNOM procedures (Montgomery, 1991 & Sower et al, 1994). 
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Figure 1 Part A 1 
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Figure 2 Part A2 

Figure 3 Part A3 
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Table 1 

Part Part Sample Observations (in inches) 
Number Feature Number 

A1 A 1 -0.0050 -0.0030· -0.0020 -0.0010 

A1 B 2 -0.0035 -0.0035 0,0005 -0.0043 

A1 C 3 0.0025 -0.0030 -0.0050 -0.0040 

A1 D 4 -0.0044 -0.0040 0.0015 -0.0040 

A1 E 5 0.0020 -0.0020 -0.0025 0.0030 

A1 F 6 0.0000 -0.0020 -0.0005 -0.0025 

A1 G 7 -0.0030 -0.0045 -0.0040 -0.0030 

A1 H 8 -0.0026 -0.0025 -0.0026 -0.0026 

A1 I 9 -0.0024 -0.0025 -0.0030 -0.0020 

A2 J 10 -0.0045 -0.0020 -0.0050 -0.0010 

A2 K 11 -0.0030 -0.0025 -0.0010 -0.0035 

A2 L 12 -0.0025 -0.0005 -0.0040 -0.0035 

A2 M 13 0.0035 -0.0030 0.0020 -0.0010 

A2 N 14 -0.0040 -0.0025 -0.0030 -0.0020 

A3 0 15 -0.0030 -0.0050 -0.0040 -0.0030 

A3 p 16 -0.0020 -0.0030 -0.0050 -0.0040 

A3 Q 17 -0.0020 -0.0030 -0.0050 -0.0040 

A3 R 18 -0.0030 -0.0020 -0.0025 -0.0010 

A3 s 19 0.0030 0.0020 -0.0025 -0.0010 

A3 T 20 -0.0015 -0.0025 -0.0020 -0.0030 

The approach to applying SPC to SL process introduced here uses various control charts like DNOM X & R, 
DNOM X & S, Exponentially Weighted Moving-Average (EWMA) chart, and Cumulative-Sum (CuSum) chart to 
monitor deviations from nominal or the target. 

RESULTS AND ANALYSI~ 
The process was first monitored on a DNOM X & R chart (Figure 4 in appendix). A sub-group size of 4 was used 
and twenty features were plotted. All the data points seem to be within li.n:iits indicating that the process was in full 
statistical control. The same data were then analyzed using a DNOM X & S chart (Figure 5 in appendix), which 
showed similar results. An EWMA chart (Figure 6 in appendix) with a weighing factor on. = 0.2 and a CuSum 
chart (Figure 7 in appendix) with a decision interval ofh = 5 and reference value of k = 5 were plotted. These charts 
also showed that the process was operating m statistical control and no assignable causes were detected. However, 
each of these charts has its own advantages and limitations and the user needs to know exactly the conditions 
appropriate for their use. DNOM X & R chart cannot be used if the sample size is variable. This limitation can be 
overcome by using a X & S chart which allows plotting when the sample sizes vary. Use of an EWMA or a CuSum 
chart is recommended in detecting small shifts. These charts have shorter average run length than the Shewhart-type 
charts, which may be useful in rapid shift detection. 

SUMMARY AND CONCLUSION 
Various types of charts were applied to monitor deviations from ~ominal to some selected features of parts built 
using the SL apparatus. After weighing the · pros and cons of each of the charts discussed, use of a DNOM X & S 
chart is recommended for two reasons. Firstly, the parts were produced using the same process of SL, thus, the 
assumption of constant variances for all the parts holds good. Secondly, these charts allow plotting even when the 
sample size is variable, which is a commonly confronted situation in a low volume process like SL unlike the usual 
DNOM X & R chart wherein constant sample size is to be maintained for all the part numbers. This application of 
SPC in SL process not only enables us to monitor multi-part features on a control chart, but also allows plotting 

424 



Proceedings of the 2003 IEMS Conference 

when the sample size is variable. These charts could also be developed to handle data with non-constant variance by 
certain standardizing methods. Utilizing these charts can help in quick identification of assignable causes, if any, and 
help in continuous improvement of the process. Effective use of SPC in the SL process may also help in identifying 
and monitoring those variables that are critical to the build process. The results of this study lay the groundwork for 
a good understanding of SL process perfonnance over time. Further studies like design of experiments should be 
conducted to optimize the process variables, which may help to achieve required geometric tolerances and thus, 
improve the quality of prototypes. 
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Appendix 
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X-bar Cha·rt for DNOM 
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EWMA Chart for DNOM 
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PROCESS QUALITY AND SAFETY INTERVENTIONS 

Tarner A. Mohamed and Gamal S. Weheba 
Wichita State University 

ABSTRACT 
The reality of business is making profit. Although ergonomics has a strong human focus, success lies in integrating 
the effort with the goals of business. Recently, many studies showed the link of ergonomics to one of the basic goals 
of business, which is quality. These studies indicated that quality and ergonomics have mutual effect on each other. 
Drury (2000) introduced an awroach for the integration of quality and human well-being or ergonomics. This paper 
highlights the importance of integrating ergonomics and quality, and recommends modifications for Drury's 
integration approach in order to address new directions. 

INTRODUCTION 
Safety is defined by J. H. Stramler (1993) as the practice of eliminating or minimizing and/or the freedom from 
conditions, which may cause injury or death to the personnel, damage to or loss of equipment or property, and/or 
loss of time. There is a strong relationship between quality improvement and safety in the work place. Asfahl ( 1999) 
pointed out that successful accident prevention programs depend on three essentials: (1) Leadership by the employer 
(2) Safe and healthful working conditions, and (3) Safe work practices by employees. If any of these three essentials 
are missing, accidents on the job are likely to occur. This may result in injuries or even deaths, damage to the 
property, loss of the production, increased expenditure for insurance and compensation, and other costs. Any change 
in the safety of the process can directly enhance or deteriorate its quality. 

The field of ergonomics is one of the major components of the knowledge base and work procedure of safety. It is 
the science that deals with a system of interacting components, which include the workers and their work 
environment. The goal of ergonomics is to ensure a good fit between the workers and their job, thereby maximize 
worker comfort, safety, productivity, and efficiency (Rowan & Wright, 1994). On the other hand, quality is viewed 
in relation to different criteria based on their individual roles in_the production-marketing chain. The best known 
definitions of quality are "conformance to requirements or specifications" Crosby ( 1979), "A predictable degree of 
uniformity and dependability as low cost and suited for the market" Deming ( 1986), "Fitness for use" Juran ( 1988), 
"The loss a product causes to the society after being shipped" Taguchi ( 1979). The increasing interest in ergonomics 
can be attributed to a number of factors. The most obvious is the rising costs associated with work related injuries or 
illnesses. Legal enforcement, employee awareness, and the evidence that ergonomics can positively affect quality · 
and productivity are other factors to name a few. 

Many studies during the last decade have confirmed the close relationship between quality and ergonomics. 
Perenmark et al (1993) .found that systematic implementation of present ergonomic knowledge, when setting up a 
new assembly plant, can decrease the sick leave rates as well as labor turnover rates. Both of these factors can affect 
quality and productivity. They showed in their study that sick leave .rate among workers in the new plant decreased 
from 17.0 to 13.7 on average annual basis compared with the old plant. Also, they found that labor turnover · 
decreased from 35% per year to about 10% per year, which is about 70% decrease. In Lockheed Martin Tactical 
Aircraft Systems (LMT AS), Getty & Aust ( 1997) found that as a result of implementing safety and ergonomic 
programs, lost workday rate decreased by 78% from 1992 to 1998. Two ergonomic variables, the time required for 
task completion as well as the posture adopted combined together were found by Lin et al (2001) to be able to 
predict 50% of the variability in an assembly line. Grandjean ( 198.8) has found that increased illumination levels 
have resulted in substantial reductions in rejection rates or wastage. Reductions as high as 40% have been reported. 
Vibrations at frequencies above 20Hz can interfere with the neuromuscul~ processes and thereby cause error, which 
results in quality deficiencies (Griffin, 1992). Wickens ( 1992) showed that adverse environmental and physical 
conditions that cause discomfort to human are considered as important factors in the deterioration of product quality. 

Quality and ergonomics have mutual effects on each other. Quality is shown in many studies to be influenced by 
ergonomics. Eklund (1995) showed in his study that performing the job with high quality is considered an important 
factor for job satisfaction and thus high quality would also improve ergonomic working conditions at the 
psychosocial level. Although noise has been shown to increase the error rate and therefore reduce quality 
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performance, some studies showed that noise sometimes result in improvement of performance depending on the 
character of noise and type of work (Jones & Broadbent, 1987). Also, considering ergonomic intervention, 
motivation is proved to be one of the factors that may result in improved product quality (Lammermeyr, 1990). 

The above section showed the importance of integrating quality and ergonomic interventions in order to improve the 
work environment. Drury (2000) introduced a schema for the· integration of quality and human well-being or 
ergonomics. 

This paper highlights the importance of integration of both ergonomics and quafity and recommends modifications 
for Drury's integration approach in order to address new directions. In the next section, an overview of the 
evolution of both quality and ergonomics is shown. Section three shows the direct relationship between quality and 
ergonomics. Section four illustrates Drury's integration approach. Analysis of Drury's approach and 
recommendations are shown in section five followed by a summary of the paper in section six. 

THE EVOLUTION OF QUALITY AND ERGONOMICS 
The field of ergonomics and the field of quality were treated historically as two separate paradigms. These fields are 
relatively young. They encounter many similarities, but some differences are also noted. The definitions of 
ergonomics and quality overlap substantially. Quality deficiencies, human errors and ergonomic problems often 
have the same cause, which in many cases can be traced to the design of work, workplace, and environment e.g. 
noise, light, postures, loads, pace and work content. In addition, the possibility of performing to a high standard at 
work is an important prerequisite for satisfaction and well-being. Contradictions between the two fields have been 
identified in the view of concepts such as standardization, reduction of variability and copying of best practice 
(Eklund, 1997). 

Evolution of Quality 
The field of quality has been evoluted over time for the last few decades from (1) inspection to (2) Quality Control 
to (3) Quality Assurance to (4) Continuous Improvement to (5) Total Quality Management (Golomski, -1994). 
Another way of the development of quality includes the move to the international quality standards ISO 9000 
(Eklund, 1997). Initially, Deming (1986) realized that improved quality could only be achieved through the cost of 
productivity losses, which is consistent with the view that quality is achieved through more intensive inspection. 
Despite Deming criteria, results from companies showed that improving quality by improving processes is a better 
way to improve quality (Eklund, 1997). 

Evolution of Ergonomics 
Ergonomics has undergone a substantial change in scope and issues of interest over the last few decades. 
Traditionally, there was a conflict regarding the evolution of e~onomics, either from management or unions. More 
recently, the issues of processes for ergonomic interventions as well as the role of ergonomists have been 
highlighted (Eklund, 1997). Over time, ergonomics shift from consequence domain to application domain and 
finally to process domain. New areas such as participative ergonomics have been developed and increasing 
interaction taking place with the field of quality in one-way (Imada, 1991) and organizational design in another 
(Hendrick, 1995). 

The quality field is considered to be a strategic management issue, while ergonomics normally are not (Eklund 
1997). However, the quality literature increasingly emphasizes the role ofhumans in the paradigm of total quality 
(Deming, 1986). 

RELATIONSHIP BETWEEN ERGONOMICS INTERVENTIONS AND PERFORMANCE QUALITY 
· Many studies during the last decade highlighted the relationship between quality and ergonomics. Quality can be 
considered as a function of both technological factors as well as human factors, and is greatly affected by 
ergonomics in its broadest view (Drury, 2000). Unfortunately management is still viewing ergonomics as a measure 
to prevent Musculosketal Disorders (MSDs) and achieve employee comfort, \Yhile provide little return on 
investment. Even when a company has high injury costs, ergonomics is rarely given an importance as opposed to 
quality and productivity initiative (McIntyre, 2001 ). Since the performance of the company is directly tied to its 
workers, therefore, with poor workplace and working conditions, the company will not achieve the optimal 
employee productivity and quality of work. 
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The main objective of ergonomics is to ensure good human performance in the workplace (McIntyre, 200 I). 
McIntyre suggests that designing or redesigning workstations, tools, equipment, layout, and process to match the 
capabilities of the available employees will cut down the obstacles in the way of productivity and performance, 
which should result in enhanced improvements of product quality. The quality movement has techniques to manage 
errors that result on bad products, whereby ergonomics has techniques and knowledge about the human part of the 
system which is considered the most important source of error. The concern of ergonomics and quality should be 
complementary and can together achieve levels of performance in which none of them can attain separately (Drury, 
2000). 

In 1994, Rowan & Wright suggested that organizations which need to have a competitive level in the market place 
through the emphasis in quality and excellence must undergo ergonomics management, recognizing its value as a 
cost reduction, quality improvement, and productivity enhancing process. In their study, they emphasised that 
quality improvement is one of many factors affected by ergonomic interventions. They also susgested that the most 
important output of ergonomic interventions is the error reduction which can reduce injury-producing accidents, 
improve quality, reliablility, and productivity. 

Most of the above discussion showed that parallel analysis and techniques underlying quality and human factors or 
ergonomics can point to areas of mutually beneficial cooperation. This highlights the importance of integration of 
both techniques, as illustarted in the next section. 

DRURY'S INTEGRATION APPRAOCH 
In 2000, Drury realized the importance of the integration of both quality and human factors or ergonomics. He 
introduced an approach for that integration. This approach (Figure (1)) showed the change process as a feedback 
loop driven by benchmarking to determine the level of input and continuous feedback of change effectiveness to 
ensure better results. As shown, there are two sets of measures, these are quality and human well being. It is 
recommended that these two measures should never be separated, and should be integrated to achieve the required 
goals. 

Human Quality 
Factors Interventions 
Interventions 

I I 

Command Input: rr\ Change 
~ 

Designed Process: -Benchmarked Levels ~ _) Process Human factors and 
of Quality, Well~being Quality 

Outcome Sampling: 
Human Well Being and 
Quality 

Fig(l) Integration of human factors and quality within the change process 

According to Drury (2000), the quality, human factors integration approach (Figure (1) ), showed that the detection 
of a problem is based on discrepancies between command input of quality and well-being measures, and their 
current values. He recommended that we have to ensure that both quality and well being indicators are measured 
throughout. This implies not just routinely collect internal measures, but the collection of human as well as quality 
data during benchmarking activities should also take place. Drury also recommended that well-being measures must 
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be integrated into the management process if they are to be seen as legitimate quality management indicators. 
Management responsible for change process must also be responsible for outcomes in both quality and human well
being. Finally, Drury implies that the change process cannot be seen as merely invoking either one of the two types 
of interventions, and integrated interventions are needed. 

ANALYSIS 
Drury's integration approach discussed in the previous section is considered a good effort in the area of addressing 
both quality and human well-being combined together through the feedbackJ oop of process change. However, 
Drury's study missed a number of issues that will be of great help in integrating human factors and quality 
improvement initiatives. 

First, it would be useful to start by determining the process variables that will affect quality and human well-being. 
Second, the approach should be shifted to a proactive injury prevention rather than injury detection approach. This 
would be achieved by changing the measures of performance from injury rates and labor turnover into process 
variables'. Finally, safety and ergonomic experts need to start using zero injuries/illnesses as the only satisfactory 
benchmark. 

The authors propose a modified version of Drury's approach that takes these issues into consideration. · The proposed 
approach is shown in Figure (2) below. 

Standards and 
Regulations 

I 

Operating Standards 
X1*, X2* ... Xn * 

Process Variables 
Xi, Xz ... X:0 

Change 
Process 

I 

Outcome Sampling: 
- Human Well Being and 

Quality 

Cause and 
Effect Analysis 

I+--

Fig(2) Proposed approach of the Integration of human factors and quality within the change process 

In the proposed approach illustrated above, process variables are identifed from the beginning, and·their effect on 
both quality and human factors. This is achieved using standards and regulations mandated with the help of Cause 
and Effect analysis. Operating standards are set in terms of influential process variables. Quality and human factors 
interventions should target selected operating levels. Process changes required to achieve and maintain target values 
are monitored with a feedback loop. The loop detects deviations from operating standards and triggers corrective· 
measures. 

SUMMARY 
The field of ergonomics and the field of quality were treated historically as two separate paradigm. These fields are 
relatively young. They encounter many similarities, but some differences are also noted. Many studies during the 
last decade emphasis the mutual relationship between quality and human well being or.ergonomics. An approach 
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was proposed by Drury (2000) that showed a way of integration of both quality and human factors interventions. 
This approach was modified in order to achieve new directions that help to realize the full potentials of quality and 
safety improvements initiatives. · 
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THE EFFECT OF SUPPLY FREQUENCY ON SOME PARTS REQUIREMENTS 
VARIANCE METRICS FOR A JIT SUPPLY CHAIN 

Henry Aigbedo 
Oakland University 

ABSTRACT 
In some JIT supply chains, parts are supplied to the final assembly line a number of times a day based on supply 
frequency schedules agreed upon between the Original Equipment Manufacturer (OEM) and the parts suppliers. 
Since JIT systems emphasize low inventory levels and uniform parts usage to even out the load on the supplying 
processes, minimum variation among requirements during the supply time windows is desired. In this paper, we use 
some variance metrics to assess the performance of assembly line sequences, and also investigate the effect of 
supply frequency on the performance of these sequences. The study finds that sequences do perform reasonably well 
with respect to these metrics, and that variation and thus the extra inventory that needs to be maintained to avoid 
stockorits, tend to increase with increasing supply frequency. 

INTRODUCTION 
Competitive benchmarking characterizes the activities of firms in many industries as they work hard at adopting best 
practices relating to technology and processes in order to survive and, if possible, gain market shares in an ever
increasing competitive environment. The just-in-time philosophy, developed by Toyota Motor Corporation, and · 
which aims at minimizing inventory levels and eliminating wastes, has proven to be very valuable especially for 
firms in repetitive manufacturing, such as the computer and automobile industries. In a narrow sense, the JIT 
concept means to make what is necessary, in the amounts necessary, at the times they are needed: (Monden 1983) 
Thus inventory management is one of the fundamental tenets of JIT and it impacts other aspects. In a broad sense, 
JIT attacks wastes in whatever form it appears, including processing-related wastes, waste in motion, wastes of over
production, waste of waiting, wastes from defective products, etc. Many firms have reported tremendous benefits 
from implementing JIT practices. For example, Dell Computers was able to build a $12 billion dollar company in 
j\}st a few years through its -direct sales model and the adoption of JIT practices. (Magretta 1998) Most automobile 
manufacturing companies worldwide, including Ford Motor Company and Daimler Chrysler have implemented JIT 
principles. 

In the last couple of years, the world has embraced information technology and its use in many spheres ofhumari 
endeavor is increasing by the day. This phenomenon coupled with the realization that firms can use synergy by 
cooperating together in building products, has led to the increased attention that businesses are according to supply 
chain management. Simply put, a supply chain is the linkage (or set of linkages) that exist among firms in providing 
the various inputs and transforming them into the final product that is sold to the customer. JIT is strongly integrated 
with supply chain management through collaboration with parts suppliers in product development, reduction of 
inventory and defects. A study by Radovilsky et al. (1996) in which plant managers of firms in the automotive, 
electronic, and machinery industries were involved, more than half indicated that relationships with suppliers is one 
of the most ·critical factors for .successful implementation of JIT. 

In certain types of assembly supply chains, parts are regularly delivered to the assembly line a number of times a 
day. In other words, a constant order cycle; non-constant order quantity framework is adopted for delivery of the 
items to the assembly line. In view of the pull requirement of just-in-time systems, direct suppliers of parts to 
automotive companies supply only what is needed by the assembly line. This requirement is dictated by the final 
assembly sequence of car models produced. Monden (1998, pp. 59, 253) discusses how Toyota Motor Corporation 
uses this framework with its suppliers. For example, Japan Glass Sheet Company delivers parts 10 times and 16 
times daily to Toyota's Motomachi plant and Tsutsumi plant, respectively. The number of times the parts are . 
delivered is usually agreed upon between the OEM and the suppliers, taking into consideration factors such as 
distance (transportation costs) between the supplier and OEM plant. · 

The basic Economic Order Quantity (EOQ) framework provides us with the understanding that, for a given amount 
of total inventory over a pre-defined period of time, an inverse relationship exists between the number of deliveries 
and the average inventory level. However, it does not provide us information about how well sequence schedules for 
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assembly result in assembly requirements that are matched by the supplying processes. Mathematical models such 
as those developed by Toyota Motor Corporation have been used in determining sequences for assembly lines as 
well as assessing how well the even production for ·supplying processes is achieved. In other words, parts 
manufactured in the supplying processes are aimed at meeting the assembly line requirements on a product-unit-by
product-unit basis. This basically assumes the ideal where every part in the production system operates on a one
piece flow regime just as the assembly line does. Research in this area has basically adopted this framework. ( e.g., 
Miltenburg et al. 1990, Sumichrast et al. 1992, Aigbedo and Monden, 1997, Zhu and Ding, 2000). However, while 

. this represents the situation for some parts such as interior systems that are sequenced in the exact same order they 
are used on the assembly line, it does not describe the scenario for many other parts. Rather than supplying parts on 
a product-unit-by-product-unit basis, most parts are actually supplied in batches, at regular intervals, based on the 
pre-agreed supply frequency schedule. Monden (1998) suggests coefficient of variation as a suitable metric for 
measuring how well supplying processes meet the assembly line schedule for this scenario. The main focus of this 
paper then is to investigate the impact of supply frequency on coefficient of variation and maximum percentage 
shortage in parts requirements for sequences determined using a benchmark heuristic that has been shown in the 
literature to perform well based on the conventional metric. 

The remaining part of the paper is presented as follows: Next we provide a brief description of related research and 
then proceed to describe the metrics and the experimental setting that was used. In the subsequent section, we 
present and discuss the result. Finally, we conclude and discuss possible areas for future research. 

BRIEF REVIEW OF THE LITERATURE 
The stream of research that has been reported on this problem were initiated by Monden's (1983) formalization of 
the Goal Chasing Method, a heuristic that Toyota Motor Corporation proposed and uses to schedule its assembly 
lines. The procedure seeks products on a product-unit-by-product-unit basis that will jointly minimize (for all parts) 
the difference between the actual part requirements of the assembly line and the average parts that should be 
supplied to level parts usage. Toyota's Goal Chasing Method II_ (GCM II) is a heuristic that uses a special property 
of equal number of parts requirements to reduce computation time. Another variant of Toyota's procedure is the 
goal coordination heuristic, which incorporates expert systems into the basic framework in order to simultaneously 
cater for the basic objective of reducing variation in parts requirements as well as reducing workload imbalances and 
line stoppages. 

Based on the assumption that products require approximately equal number and mix of parts, Miltenburg ( 1989) 
developed an optimization procedure that considers only the products and not the parts that go into making them. 
Due to the substantial computational costs involved, he also presented efficient heuristics. Miltenburg et al. (1990) 
presents a dynamic programming formulation of the problem that considers smoothing the variation at the product 
level as well as reducing workload imbalances. Sumichrast et al. ( 1992) proposed the time spread method and 
compared it with Toyota's heuristic and Miltenburg's procedures. Among other things, he finds that the two-step 
procedure proposed by Miltenburg outperforms the one-step framework used in Toyota's GCM. Inman and Bulfin 
( 1991) uses a due-date formulation to propose a heuristic for the problem that considers only the products and finds 
that it outperforms Miltenburg's (1989) heuristic and requires significantly smaller computational time to determine. 

. , 

Several other papers that have examined the single criterion problem and the multicriterion problem of 
simultaneously balancing workload and parts usage include .Inman and Bulfin (1991), Ng and Mak (1994), Bautista 
et al (1996), Aigbedo and Monden (1997), Duplaga and Bragg (1998), Zhu and Ding (2000), Aigbedo (2000). 

METRICS AND EXPERIMENT AL SETTING 
We use Toyota's formulation and Miltenburg et al.'s (1990) two-step heuristic for determining the sequences. As 
was pointed out in the previous section, this heuristic has been shown to perform better than the one-step heuristic 
based on the conventional metric. We provide a description of Toyota's equations as follows. · 

Given that V; units of a given product i is to be scheduled over a planning horizon comprising of a total of V units of 
all products and that miJ units of part j is required per unit of product i, the total number of units of any part j 

L
R . 

required by all R products will be T . = . V. m .. . ½'k is the number of parts j used by all products in the 
. } l=} I 1J 

ordered sequence of products starting from the first to the kth product scheduled. The deviation between actual parts 
usage and average parts requirements for all parts, P when a given product i is scheduled for stage k, will be: 
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Dik= (1) 

where 

(2) 

The two metrics examined in this study are the coefficient of variation and the maximum percentage shortage in 
parts requirements. The coefficient of variation measures how much variation is experienced among the parts across · 
supply time windows while the maximum percentage shortage in parts requirements .is a measure of the amount of 
parts shortage that is experienced if at a given supply epoch, available number of parts from the supplying process is 
inadequate to meet demand. The goal is to ensure that these are as small as possible. We provide the associated 
equations in the following paragraph. 

Assuming that parts are supplied to the assembly line SF times a day or production shift and that B1, is the number of 
parts} required for each epoch t (], .... , SF). ~ (1; /SF) is the average number of part) that will meet daily or per 
shift requirements each time parts are supplied. Thus, the coefficient of variation for a given part j and the average 
coefficient of variation, ACV are given respectively as follows. 

ACV 

SF~l 

I P 
=- I CV j . p j=I 

(3) 

(4) 

The maximum percentage shortage in parts requirements for a given part j and the average maximum percentage 
shortage in parts requirements, AMPS I are respectivel);' 

.J 

100 I Max , ( -1 S' 17 )(B ·1 - Z 1·) MPS 1 ·= . 1 t- , .... , r 1 

J Tj 

I P 
AMPS I =p _I MPS lj 

J=l 

where rs l is the ~~all est integer greater than~-

(5) 

(6) 

The parameters that were varied in the simulation were the number of products, number of parts, total demand of 
products, parts usage ratios, under six different supply frequency plans. In order to be able to assess the effect of 
supply frequency on the quality of the schedules, we assumed that all parts are supplied the same number of times a 
day. The various levels of the parameters are: number of products (20, 30, 40, 50, 60 product types), number of parts 
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(30, 40, 50, 60 part types), and total demand of products or total production units (210, 420, 630, 840 units per 
production shift or day), parts usage ratios (20%, 30%, 40%, and 50%). The parts usage ratio is the number of parts 
used by a given product as a proportion of the total number of parts used by all products: It measures the degree of 
commonality in ·parts usage by the products. In actual assembly scenario, this value will vary depending on the 
company's level of mass customization. We have assumed that all products use the same number of parts, which is 
reasonable for assembly systems where the products use various available options of every part without options 
unique to a given model (e.g. all cars comprise of transmission systems, engines, chassis, seats, which are usually of 
different types) The bills of materials are of a zero-one type where 1 indicates that the product in question uses the 
part while 0 indicates otherwise. The products composition structure and bills of materials were randomly generated 
using methods similar to those suggested in Aigbedo and Monden (1996). A total of 6,400 instances (a full factorial 
combination) were solved and the metrics were evaluated for each of the six supply frequencies: 2, 3, 5, 7, 10, and 
14. The sequences were primarily determined using the two-step heuristic. In order to establish whether or not the 
results were affected by the scheduling procedure, we also carried out the experiment for the above parameters and 
values using Toyota's Goal Chasing (one-step) heuristic. 

RESULTS AND DISCUSSIONS 
We find by using the two-step heuristic for the scheduling instances, that the sequence produced parts requirement 
that were almost level across supply epochs. The number of parts was either the same or the difference between the 
maximum requirement and minimum requirement of a given part across all supply windows did not exceed 1. In a 
case where the total number of units of a given part required for the day or production shift is not divisible by the 
supply frequency, having this difference to be 1 is expected. (This can be easily shown mathematically) There were 
however cases where this difference was greater than 1 (in some cases the difference was up to 4 units of part), 
suggesting that there is the possibility of having a feasible sequenGe that will lead to a better schedule of the parts. 

Table 1: Aggregate values of metrics for all typical instance using the various supply frequencies 

Metrics\Supply Frequency 2 3 5 7 10 14 

ACY 0.00736 0.00892 0.01680 0.02321 0.03543 0.05067 

AMPS!(%) 0.3358 0.4327 0.5772 0.6145 0.8003 0.7545 

Table 1 shows the results for the average coefficient of variation and the average maximum percentage shortage in 
parts requirements for a given problem instance under the various supply frequencies tested. The parameters for this 
instance are: number of products = 50, number of parts = 30, total number of product units to be manufactured = 840 
and the parts usage ratio= 30%. We observe that, except for supply frequency of 10 using the AMPSI metric, the 
values of the metrics increased with supply frequency. · · · 
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Figure 2: Average Maximum Percentage Shortage in Parts Requirements for the supply frequencies 

In Figures 1 and 2, we present graphical profiles of all 6,400 problem instances for the two metrics considered in 
this study under the various supply frequencies. The profiles indicate values for the means, medians, minimum, 
maximum as well as the 25 th and 75 th percentiles. Note that due to the fact that the maximum values are in general 
much larger than the others, we present two versions of the profiles for each metric. On the left, we have all the 
profiles, while on the right we have all profiles except those for the maximum values. It is apparent from the results 
that the ability to meet assembly requirements at each supply epoch tends to decrease (variance increases) with 
increase in supply frequency. We also obtained similar patterns ofresults when we used Toyota's Goal Chasing 
heuristic. This phenomenon can be explained from the increasing integer parts requiremen! at each supply epoch that 
is implicitly imposed for a given part as the supply frequency increases. 

The implication of this· result is that although frequent parts-delivery to the assembly plant will basically reduce the 
average amount of inventory that needs to be held, the extra inventory that needs to be held to cater for requirements 
of the assembly line ( derived from the sequence) not matching uniform production of parts suppliers, will tend to 
increase; Managers, therefore, need to take these into consideration as well when deciding on the appropriat~ 
number of times parts should be supplied to the plant. 

SUMMAIW AND CONCLUSION 
Realizing the limitations in performance improvements that can be achieved by working on their own, firms in many 
industries are turning to supply chain management as a means of gaining competitive advantage. Close collaboration 
with suppliers in the areas of quality, timely shipments, and low inventory has gained significant attention in recent 
years. Most repetitive manufacturing firms use the just-in-time concept to achieve these goals. 

In this paper, we studied the issue of inventory between parts suppliers and the assembly plant when they are 
required to deliver parts several times a day based on pre-defined supply frequency schedules (this situation is very 
common in automotive assembly environments). In particular, we sought to understand the effect of supply 
frequency on the performance of the assembly line sequences in relation to ensuring that usage of parts is uniform 
across supply time windows. Uniform parts requirements enables the suppliers to better utilize their resources. Using 
a benchmark heuristic that has been proposed in the literature, extensive simulation suggests that supply frequency 
does impact how well the supplier plants are able to meet assembly line requirements. Furthermore, the amount of 
extra inventory that needs to be maintained to cater for frequent deliveries, in general, tends to increase with 
increase in supply frequency. We also discussed the reason why we can expect this trend. Managers therefore need 
to take these issues into consideration as well when deciding on the number of times parts need to be supplied to the 
assembly line. · 

From a theoretical perspective, there appears to be need for more research that leads to the development of 
scheduling equations and metrics that more accurately represent certain actual assembly scenarios. The development 
of efficient solution procedures based on these equations will certainly be very useful. The metrics examined in this 
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paper can be easily used as scheduling equations under a meta-heuristic ( e.g., genetic algorithm, tabu-search, 
simulated annealing, etc.) scheduling framework. These issues will be examined in future work. 
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ACHIEVING OPTIMALITY IN TaE ANALYSIS OF CONDOMINIUMS 
A CASE STUDY 

Gordon W. Arbogast, Julia Tejera and Pablo Moreno 
Jacksonville University 

BACKGROUND 
Coral Reef Builders are builders and landowners who are dedica ed to the development and building of rental 
property. Coral Reef is a company whose primary concern is to maximize profits, and minimize costs when 
building condominiums for rental and real estate property. Buildings are built by the efforts of several parties .. 
Coral Reef Builders is composed of two owners, the architect, and the contractor. The owners have used a Realtor 
as consultants for land purchase and building management, and as financiers, who provide short-term cash for 
building construction and long-term mortgage when the project is complete. The architect consults with structural 
and mechanical engineers, site planners, and interior space planners, any of whom might be part of his immediate 

. office. He also consults with the governmental agencies that control zoning, building codes, and city planning, 
though usually he is not the one who takes out the building permit. He also relies on the cooperation of the 
producers who manufacture the products that he designs into a structure. 

The contractor has on his team, the various subcontractors, the producers and suppliers of the equipment, materials, 
services, appliances, tools, and machinery called for by the architect, that are required to complete the job. · The 
contractor must, cooperate with the governing officials, take out all building permits, and conduct his operation 
without violating local laws that govern everything from blocking traffic to waking up the neighbors. The 
c·ontractor must get cooperation from the trade unions, the local utilities, and the. ever-necessary bankers. 
Erecting a building is a complex undertaking, and seldom is one firm capable of doing all phases of the work. 
Therefore, the owner or developer usually prefers to let one contract and make that one firm responsible for the 
completion of the project. That firm is then known as the General Contractor. 

INTRODUCTION 
This research will exa1nine several analysis to reach an overall conclusion and the implementation. Coral Reef 
Builders' first purpose was to analyze which is the optimal condominium model(s) that will be best suited for the 
location and lot size, based on several factors that are important to the owners. The owners' important factors 
include~ costs per square ft., space utilized in a particular model, and marketability. 

The second purpose of this research was to further analyze which combination of condominium models will yield 
the greatest profit. This analysis is based on the !9tal square feet allowed for living space for their particular lot, the 
capital investment, the cost per unit, and the projected monthly rental fee. Subsequently, an analysis to add outside 
facilities was conducted based on the available square feet and the available capital, after the units are built. The 
lot's dimensions are 125 wide by 75 long, which total 9,375 sq. ft. However, due to building codes and regulations, 
16 square feet must be deducted. This equation will leave 109 sq. ft wide by 59 sq. ft long, which total 6,431 
available for building and other facilities. Our goal is to utilize 4,000 sq. ft. to build the condominiums, 1,200 sq. ft. 
will be utilized for parking space, leaving 1,231 sq. ft for other facilities and/or landscape. 

The third purpose of this research was to provide the general contractor with an expected activity completion time 
and its variance, and the costs associated with each activity. Important variables are as follows: 

Cost per Sq. Ft · -

Square footage 

Marketability 

The fixed costs include the cost of the lot, clearing and grading of the lot, permits & 
licenses, sewage and electricity connections, and engineering/geotechnical services. 
The variable costs are standard costs based on the going market. 

The space utilization is an important factor as it must meet governmental control zoning 
regulations, building codes, and city planning. In order to reach maximum return on 
investment, the maximization of living space is essential when marketing real estate. 
Coral Reef target market includes: Middle to high income single, couples, or families 
with 1-2 children, between the ages of25-55 years of age. The 1 Bedroom/I Bathroom 
model, or the Studio model would attract the single and couples, who would be 
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interested in long or short-tenn rental. The 2 Bedroom/ 1 or 2 Bathroom models would 
attract the single, couples, or families with one or two children, who seek a 
condominium close to the beach for long or short-tenn rentals. Being successful in 
marketing will result in higher returns on investment. 

FIRST PROBLEM DEFINITION 
Coral Reef Builders' first purpose is to analyze which is the optimal model(s) that will be best suited for the location 
and lot size. The total square feet available for construction of living space are 4,000 sq. ft. The lot space's square 
feet available for building and other facilities are 6,431 sq. ft. The total capital investment for this project is 
$400,000. 

Decision Criteria 
The Feasibility Criteria are that the owners' important factors include (a) Std. costs per square feet, (b) space 
utilization per condo model, and (c) marketability. Optimality Criteria is to build models that have the two highest 
weighted averages . 

Model and Solution 
The Multifactor Evaluation Process (MFEP) model was employed. Based on the owner's data gathered from 
consultants, weights were assigned to each of the important factors that impact their decision-making process. 
Using MFEP the following results were obtained: 

Factors Weights Studio 1Br/1Bth 2Br/1Bth 2Br/2Bth 

Std. Cost 0.3 80 75 80 85 
Space 0.2 90 80 70 70 
Marketability 0.5 80 70 80 90 
Total 1 
Weighted Total 82 73.5 78 84.5 
Weighted Average 82 73.5 78 84.5 

Results 
Given the weighted totals and based on the feasibility and optimality factors, Coral Reef Builders' alternatives were 
to build the 2Bedroom 2 Bath and the Studio models,_which have total weighted averages of 84.5 and 82 
respectively. These results were robust when a sensitivity analysis was conducted. 

SECOND PROBLEM DEFINITION 
Part A. 
Based on the alternatives provided by our previous analysis and based on Coral Reef's marketing plan provided by 
Watson Realty, Coral Builders' second purpose is to decide which condominium model will yield the greatest profit. 
The alternatives provided in the first analysis were to build the Stud_io and the 2 Bedroom /2 Bathroom 
condominium model(s). According to Watson Realty's marketing plan, the average unfurnished condominium 
rental fee for the St. Augustine area, a block from the beach is: (a) $700.00 monthly fee for the Studio model, and 
(b) $1,250 for the 2 Bedroom/2 Bathroom model. The foll~wing analysis was based on the following: 

• 4,000 sq. ft. is allowed for living space for each particular lot 
• 6,531 sq. ft total lot space is available for units and other facilities. 
• $400,000 is available in capital investment 
• Standard costs per unit, and 
• A projected monthly rental fee per unit. 

Decision Criteria 
Coral Reef has provided the following additional goal objectives: #1: To make at least $5,000 monthly rent; 
#2 To minimize costs; #3: To fully utilize the 4,000 sq. ft. allowed for living space; #4: To maximize marketability. 
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Model And Solution 
Two models were used to analyze the collected data. The first model was the Mixed Integer Programming; the 
second model for further analysis was Goal Programming. The first model formulation was as follows: 

"x 1 = Studio model" · "x2 = 2Br/2Bath model" 

Max 
Subject to: 

$700x 1 + $ l 250x2 
$59,776xl + $87,91 lx2 <= $400,000 
500xl + 1000x2 <= 4,000 · 
{x=0ll x=l, xi are integers} 

The fonnulation above is based on the infonnation below: 

Studio 2 Br/28th 

Maximize 700 1250 
Cost per Unit 59776 87911 

Sq. Footage Allowed 500 1000 

Variable type Integer Integer 
Solution~> 2 3 

Results 

<= 
= 

Optimal Z-> 

RHS 

400000 
· 4000 

$5,150.00 

The results from the Mixed Integer Programming were to build a combination of2-Studio condominiums and 3-2 
Bedroom/2 Bathroom condominiums. This alternative meets the goal of obtaining at least $5,000 monthly rent and 
fully utilizing the 4,000 sq. ft. allowed for living space. However, in order to detennine if the results from the 
Mixed Integer Programming meet ALL the goals stated above, further analysis of the data using the Goal · 
Programming Model is warranted. This model helps to determine the best possible solution. - It involves satisfying, 
as well as balancing all of the goals enumerated above. The Goal Programming model fonnulation is.as follows: 

Let x I= Studio model Let x2 = 2Br/2Bth model 

The deviation variables are as follows: 
"dl- = Underachieve profit goal "dl+ =Overachieve profit goal 
"d2- ·= underachieve building cost "d2+ = overachieve building cost 
"d3- = underachieve the utilization of sq. footage "d3+= overachieve the utilization of sq. footage 
"d4- = underachieve building at least 2 Studio models "d4+= overachieve building at least 2 Studio models 
"d5-= underachieve building at least 1 2 Br/28th model "d5+= overachieve building at least 1 2Br/2Bth model 

Goal/Priority #1: To achieve at least $5,000. in rental fees 
Goal/Priority #2: To minimize our building cost expense, and to keep it below $400,000 
Goal/Priority #3; To fully utilize the 4,000 square ft of living space 
Goal/Priority #4: To maximize marketability by building a combination of both models, with at least 2 Studio 
models and at least 1 2Bedroom/2Bath model. 

Minimum deviation= Pldl- + Pldl+ + P2d2+ + P3d3- + P3d3+ + P4d4- + P4d5-
Subject to: 

700xl + 1250x2 + dl- - dl+ = 5,000 
59,776xl + 87,91 lx.2 + d2- -d2+ = 400,000 
500x 1 + 1000x2 + d3+ - d3-= 4,000 
xl + d4- - d4+ = 2 
x2 + d5- - d5+ = 3 
{xi, dj >= 0} 
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Wt(d+) Prty(d+) Wt(d-) Prty(d-) Studio 2 Br/2Bth RHS 
To maximize rent I I I 1 · 100 1250 = 5000 
Minimize Cost I 2 0 0 59776 87911 = 400000 

Square Footage 1 3 1 3 500 1000 = 4000 
At least 2 studio 0 0 1 4 1 0 = 2 
At least 1 2Br/2Bth 0 0 1 4 0 1 = 3 

The solution is as shown in the following table: 

Item 
Decision variable analysis Value 

Studio 0 

2 Br/2Bth 4 

Priority analysis Nonachievement 

Priority 1 0 
Priority 2 0 

Priority 3 0 

Priority 4 2 

Constraint Analysis RHS d+ (row i) d- (row i) 

To maximize rent 5000 0 0 
Minimize Cost 400000 0 48356 
Square Footage 4000 0 0 
At least 2 studio 2 0 2 
At least 1 2Br/2Bth 3 1 0 

According to the results of the Goal Programming model, it would be better to build four 2 Bedroom/2 Bath models, 
and no Studio models. If this strategy is followed: (1) The first goal would be met with at least $5,000 generated in 
rental fees (actual monthly rent would be exactly $5,000); (2) the second goal would be met (cost of building 4-2 
Bedroom/2 Bathroom models would be $351,644 which is less than $400,000); (3) the third goal would also be met. 
(exactly 4,000 sq._ feet would be used); and (4) the fourth goal, as stated for this particular analysis would NOT be 
met. This goal stated that: "To maximize marketability by building a combination of both models, with at least two 
Studio models and at least one 2Bedroom/2Bath model." However, if the owner's goal is only to maximize 
marketability, this alternative would definitively be attractive to all the variations of our target market, singles, 
couples, and families with 1-2 children. 

A sensitivity analysis shows that this solution is sensitive when the prioritization changes. In order to be able to 
select the best alternative, the following sensitivity analysis was done. Changing the priorities as follows: 

Goal/Priority #1 :To achieve more than $5,000 in rental fees 
Goal/Priority #2: To maximize marketability by building a combination of both models, with at least 2 Studio 

models and at least I 2Bedroom/2Bath model. 
Goal/Priority #3: To minimize our building cost expenses to keep it below $400,000. 
Goal/Priority #4: To fully utilize the 4,000 square ft of living space 

The result is to build two Studio models and three-2Bedroom/2Bathroom models. All of the goals are met. If the 
two results gathered in the Goal Programming Model are compared, building four-2Bedroom/2 Bathroom models 
would be cheaper than if two Studio models and three-2Bedroom/2Bathroom models are built. The analysis is as 
follows: 
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Total Capital Investment less Cost 
4 units (lij $87,911= $351,644 $400,000- $351,644 = $48,356 

2 units@$59,776 = $119,552 + 
3 units@ $87,911 = $263,733 
Total $383,285 $400,000 - $383,285 = $16,715 

These models clearly shows that the four 2 Bedroom/2 Bathroom model is the most profitable when meeting the 
goal of building 4,000 sq. ft., and is less costly. Thus, in order to attract our target market, the utilization of 
capital not used for building the units could be utilized for outdoor facilities. These models show that the 2 
Bedroom/2 Bathroom model is the most profitable when the goal of utilizing 4,000 sq. ft has a higher priority , 
and is less costly. Thus, in order to attract our target market, the utilization of capital not used . for building the 
units could be utilized for outdoor facilities. 

SECOND PROBLEM DEFINITION 
PARTB 
This was based on: (a) the recommendations from previous analysis; (b) the available capital and square footage 
after the units are built; and (c) Coral Reefs marketing objectives of adding outside guest facilities that would make 
the condominiums more attractive to the market. 

Decision Criteria 
The Feasibility Criteria was to add a pool, a playground and/or tennis courts as outdoor facilities to attract our 
the target market. Optimality Criteria was to be able to add at least two outdoor facilities. 

Model And Solution 
The Mixed Integer Programming was used to be able to determine the optimal usage of space and capital. It was 
calculated that there is 2,431 available sq. ft., from which 1,200 will be utilized for parking space, leaving 
1,231 sq. ft for other facilities and/o_r landscape. 

The alternatives, given the constraints, were as follows: 

Pool Tennis Court Playground • · RHS 

Maximize 100 50 50 

Capital Available $20,000 $18,000 $15,000 <= $48,356 

Sq. Ft. Available 800 1200 -400 <= 1,231 

Variable type Integer Integer Integer 

Solution-> 1 0 , 1 Optimal Z-> $150.00 

Results -
Coral Reef Builders, after studying all the analysis, their results, and our recommendations, decided to implement 
the following: 

• Coral Reef to build four 2 Bedroom/2 Bathroom condominium models 
• Coral Reef to add a pool and a playground as outdoor facilities. 

THIRD PROBLEM 
In order to further support the implementation of Coral Reefs decisions, the third purpose of the research was to 
provide the gene~al contractor with an expected activity completion time and its variance, and the costs associated 
with each activity. The results from a PERT analysis showed that the critical path time was 105 days . . Standard 
deviation was 2.1213 .days. This means that to afford the contractor a 99% probability of completing the project on 
time required that 112 days be used as the planning time for the project. 

IMPLEMENTING THE RESULTS 
Coral Reef began this project on June 2001. Coral Reef built the four-2 Bedroom/2 Bathroom condominium 
models, as the· optimal models that will be suited for the location and lot size. This condominium models yielded 
the greatest profit, and due to the minimization in building costs, allowed for the· addition of a swimming pool and a 
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playground as outside facilities. These two implementations maximized the marketability directed to the target 
market of persons 25-55 who are single, couples, _or families with 1 or two children. The General Contractor was 
satisfied with the expected activity completion time and the costs associated with each activity. 
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ABSTRACT . , 

The ISO 9001 :2000 revisions represent a major enhancement to the 1994 edition of the standard. For small 
businesses, transitioning to the new standard is a major decision that is influenced by the experiences with ISO 
certification, current economic conditions and a clear understanding of the costs and benefits. This paper highlights 
the major changes and the process model of the new standard, experiences in transitioning, the opportunities and 
challenges, the costs arid benefits for small businesses. 

INTRODUCTION 
On December 15, 2000, the ISO 9000:2000 family of standards was officially released by the International 
Organization of Standardization. Since it was first published in 1987, the ISO 9000 standards have become an 
international standard of quality. However, it has always been criticized for its cumbersome language, for being 
manufacturing-biased and not functionally-oriented and not providing a systematic approach [3]. But one of the 
main criticisms of the standards was that it did not focus on processes, customers, and continuous improvement. 

The new standards are based on a business-oriented process approach, easy-to-understand requirements, customer 
satisfaction, continuous improvement, and wider applicability for organizations outside traditional manufacturing 
[5]. The ISO 9000:2000 family consists of three basic standards: ISO 9000 which provides the vocabulary, ISO 
9001 which provides the requirements, and ISO 9004 which provides the guidelines for the performance 
improvement for the quality management system of any organization. ISO 9001 :2000, which is used for 
certification of the quality management system, has replaced ISO 9001, and eliminates ISO 9002 and I_SO 9003, 
1994 edition. The Registrar Accreditation Board (RAB) has stated that companies holding an ISO 9001, 9002 or 

.9003: 1994 registrations have until December 15, 2003 to become compliant to ISO 9001:2000. The transitioning 
decision to ISO 9001 :2000, discussed in this paper, depends on understanding the new standard, the opportunities, 
the challenges, the costs and benefits. 

The next section will summarize the basic changes in the ISO 9000 standards, 2000 edition. 

THE NEW STANDARD BASIC CHANGES AND THE PROCESS MODEL 

The Revised Family of Standards 

I 
,,...) 

The new ISO 9000:2000 family consists of three basic standards: 
• ISO 9000:2000 (replaces ISO 8402, 1987 edition). 

Includes Quality Management Systems (QMS) - Fundamentals and Vocabulary. 
• ISO 9001:2000 (replaces ISO 9001, and eliminates ISO 9002 and ISO 9003, 1994 edition). 

Includes Quality Management Systems (QMS) - Requirements. This standard focuses on a process approach to 
create a quality management system to enhance customer satisfaction by consistently meeting customer 
requirements [l]. 

• ISO 9004:2000 (replaces ISO 9004, 1994 edition). 
Includes QualityManagement Systems (QMS)- Guidelines for Performance Improvements. This standard 
focuses on a process approach to carry out improvement projects. Introduced in this standard are eight quality _ 
management principles to guide performance improvements [2]. 

It is important to note that both ISO 9001 and ISO 9004 were created to be used as a consistent pair to guide a 
process approach for quality management. ISO 9001 will remain the most used of the above mentioned three, for 
certification. However, the other two standards are useful companions that should not be ignored. The process 
model approach used in ISO 9000:2000 is guided by eight quality management principles. These are [2]: customer 
focus, leadership, involvement of people, process approach, system approach to management, continual 
improvement, factual approach to decision making, and mutually beneficial supplier relationship. 
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The Basic Changes in ISO 9000:2000 Family 
The basic changes in ISO 9000, 2000 edition, can be summaried as follows: 
• The introduction of quality management principles (QMPs). 
• The adoption of a quality management system (QMS) process model for quality management and continual 

improvement. 
• The format of ISO 9001 and ISO 9004 have been changed to correspond to the processes of the quality 

management system (QMS). They are to be used as a consistent pair. 
• ISO 9001 requirement changes include the addition of continual improvement, customer satisfaction, and data 

analysis. All the requirements of ISO 9001 : 1994 are included in the 2000 edition. 
• ISO 9004:2000 uses the QMPs to help any organization in their pursuit of excellence. 
• ISO 9000:2000 uses a common vocabulary that is easy to understand for all types of products, all sizes of 

organizations, and all sectors of the economy. 

The OMS Model and The Standard Maior Clauses [1l 
The model of the ISO 9000:2000 process-based quality management system is shown in Figure 1. This model 
illustrates the process linkages presented in clauses 4 to 8 in the standards. 

These are: 
• . Systems and documentation requirements: These are set by the ISO standard (clause 4). 
• Management responsibility process: Management sets direction and objectives of the systems (clause 5). 
• Resource management process: Resources are determined, provided and managed (clause 6). 
• Product realization management process: Processes are established for creating and delivering the 

organization's products. Product realization processes take inputs from customers in the form ofrequirements 
and needs, and converts them into the product and services that satisfy customer requirements ( clause 7). 

• Measurement and analysis process: Products, processes and customer satisfaction or dissatisfaction are 
measured. Audits are conducted of the quality management system. Data are analyzed and results provided as 
input to the management review process. The data and analysis are used to improve the system continually 
(subclause 8.1-8.4). 

• Improvement process: The data and analysis are used to take corrective and preventive actions to improve the 
system continually (subclause 8.5). 

The model shows that customers play a significant role in defining requirements as inputs. Monitoring customer 
satisfaction requires the evaluation of information relating to customer requirements. 

As depicted in Figure 1, the product realization processes ( clause 7) are the core business processes that are 
managed using the Plan-Do-Check-Act management cycle where: 

Plan = Management Responsibility (Clause 5) 
Do = Resource Management (Clause 6) 
Check= Measurement and Analysis (Subclause 8.1-8.4) 
Act = Improvement (Subclause 8.5) 

The standard is organized in clauses ( 4 to 8), subclauses, and sub subclauses. A total of fifty one subclauses should 
be satisfied by the quality management system for certification. The new and additional clauses are related to 
customer satisfaction, continual improvement, analysis of data, preventive action, and competence awareness and 
training. 

The conformance opportunities and challenges of the new standard will be discussed in the next section. 
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Figure 1. The QMS Proce~s Model and the Standard Major Clauses 
_.I 

CONFORMANCE OPPORTUNITIES AND CHALLENGES 

Conformance Opportunities 

Customer 

Organizations that are compliant to the ISO 9000 family of standards are facing the question of whether to make the 
transition from ISO 9001: 1994 to ISO 9001 :2000 by the deadline of December 15, 2003. Making the transition 
decision depends on the organization's experience with ISO compliance. It also depends on understanding the 
opportunities, challenges, cost and benefits. We are going to identify two key opportunities to motivate any 
organization, to make the transition [6]. This is particularly important for small business to stay competitive. 

Refocus the OMS 
The 1987 and 1994 editions of the ISO 9000 family of standards were cumbersome and did not help many _ 
organizations to develop and manage their product realization processes. The process model of the ISO 9000:2000 
edition can help any organization to build a QMS that is easier to understand and manage. Implementing the new 
standard is an opportunity for any organization to update its QMS and manage its business processes, with a change 
in focus, as follows: 
• Update the QMS, and identify the product realization processes and their objectives and conduct improvement 

activities on these processes. The processes should be measured and the results should be evaluated for 
improvement. 
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• The new QMS should engage management to carefully think through the quality objectives of product 
realization processes, and how they fit with the-overall business needs. 

• Change the system's emphasis from documentation to process management and improvement. Conformance 
with documentation should be viewed as a key element in achieving satisfactory process output. 

• Broaden the system from providing training to managing employee competency. Once the competency needs 
are known, actions such as training or hiring may be necessary. 

Broaden the OMS coverage 
Implementing the new standard is an opportunity to broaden system coverage: 
• ISO 9000:2000 requires the monitoring of information on meeting customer requirements. This will bring sales 

and marketing involved in the formal system to measure and evaluate their customer satisfaction. Meeting this 
new requirement may create an opportunity to improve the interfaces among marketing, design production, and 
service delivery functions. 

• The new standard structures the management process using the Plan, Do, Check and Act cycle and emphasize 
continual process improvement. Continual improvement of cross functional processes will help establish 
common objectives and cooperation between the key business functions. 

The transition to the new ISO 9001 offers plenty of opportunities, and management should take advantage of them. 
The ISO 9000:2000 family of standards represents an internationally agreed upon benchmark based upon the state of 
the art of the quality profession. Conformance to the standard is a minimum requirement to be accepted in the 
international marketplace. Understanding and implementing the process approach of ISO 9001 :2000 and the 
principles of ISO 9004 :2000 will help any organization in their journey of continuous improvement and staying 
competitive. This is particularly true for small business. 

Conformance Challenges 
When the 1994 edition of ISO 9001 was introduced most organizations decided to upgrade their quality systems 
primarily because registration and the world economy were on upward swings. Today organizations, particuiarly 
small businesses, are facing a downturn in the world economy as well as in the transition to the new ISO 9001 :2000 
standard. 

We are going to identify the following two factors that can result in a reduction in ISO registration [6]. 

Cost vs return on investment 
Facing the present economic downturn, organizations that are not transitioning or not continuing their registrations 
are doing so as a cost cutting measure forced by lack of money. This is particularly true for small businesses. 
Although registration fees have not increased significantly, organizations will have to allocate employees time and 
money to understand the new system, implement it, and create the necessary documentation. Some organizations 
are discontinuing registration because they determined that the effort did not produce savings that justify the money 
spent. 

Other Factors 
Other factors that negatively affect registration are as follows: 
• Some organizations say that the new standard is creating activities and documents that they do not need. For 

example, they point to the added effort needed to generate objectives, and documenting customer satisfaction to 
achieve compliance. They feel that they are meeting their customer requirements but are reluctant to spend the 
time to document their customer satisfaction. 

• With the depressed world economy and the perceived lack of return on investment, some .companies are 
choosing not to transition to ISO 9001 :2000. 

• Some companies, after years of experiences with ISO certification, conclude that the standard is an antiquated 
procurement standard which is cumbersome and costly to implement and maintain. 

• Some companies who adopted the standard as a marketing tool have concluded that certification does not give 
them a competitive advantage. They would prefer to spend the money hiring talented sales employees rather 
than on ISO registration. 

• The prevalent abuses by professionals ( consultants and registrars) resulted in bad experiences that gave a bad 
name to ISO registration. System abuses add to the complexity of QMS and result in negative experiences. 
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• The new revision of ISO 9000 is harder to fake since it requires continual improvement of business processes. · 
Reluctant management may not be ready to get involved in this comprehensive quality effort. 

In the next section, the authors will discuss their implementation experience of the standard. 

IMPLEMENTATION EXPERIENCE 
Understanding the process approach of ISO 9001 :2000 is a key to the successful implementation of the QMS of any 
organization. The first step in creating a QMS is to prepare a list of procfoct realization processes and define the 
quality objectives associated with each process. Then develop a block diagram showing the relationship among the 
processes as a system. Finally, develop a detailed flow chart for each process using a flow charting software. This 
approach will help give management a tremendous insight into their business and will reduce the time and effort for · 
documenting the procedures and quality records. The next step of implementation is to develop the documentation 
for the system which is made of: 1) the quality manual, 2) the operational procedures, 3) the work instruction, and 
(4) the records. In doing this it is always useful to use handbooks, sample quality manual, sample procedures, and 
computer programs. The system documentation should address the fifty-one subclauses of the ISO 9001 :2000 
standard. 

Now we will highlight our implementation experience under the following headings: difficult subclauses, 
documentation, audit training and registration. 

Difficult Subclauses 
We found out, as reported by quality experts [4], that the subclauses difficult to implement are some of the new 
ones. These clauses are listed below in order of decreasing difficulty~ 
6.2.2 Competence, awareness and training 
8.2.1 Customer satisfaction 
8.5.1 Continual improvement 
8.4 Analysis of data 
·8.5.3 Preventive action 
5.4.1 Quality objectives 
7.3.1 Design and development planning 
These subclauses are new in the ISO 9001 :2000 standard and need some tim~ and effort to develop the associated 
procedures and records. 

Documentation 
The key to all documentation is the procedures and the associated quality records. We have found that the logical 
approach is to write the procedures in the following order: 
Procedures for product realization - Clause 7 .. 
Procedures for measurement, analysis and im,provement - Clause 8 
Procedures for resource management - Clause 6 
Procedures for management responsibility - Clause 5 . 
It was not surprising that the documentation for ISO 9001 :2000 has increased compared to ISO 9001: 1994. This is 
primarily because of the new additional subclauses. While the size . of the manual has not changed, the procedures 
and records have increased by about five percent. 

Audit Training 
· As expected auditors need to be trained for the ISO 9000:2000 family of standards. This training included: ISO 

9001 :2000 transition, quality principles, customer satisfaction, and data gathering and analysis. The number of days 
of training for the lead auditor was an average of ten days. For the rest of the auditors the number of training days 
was an average of five days. 

Registration 
The time from signing a contract with the registrar to the certification audit was about five months. Most of the 
registrars, as a cost saving measure for their clients, tend to combine the transition audit and the surveillance audit. 

In the next section the cost and benefits of transitioning to ISO 9001:2000 will be.highlighted. 
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COST AND BENEFITS 
It is important to acknowledge that it is too early and difficulty to do a detailed cost and benefit analysis for the 
transition from ISO 9001:1994 to ISO 9001:2000 [4]. 

Cost of Transition 
In evaluating the cost of transition we can identify staff time, training time, and the cost of maintaining the system. 
In addition there are procurement costs that are easier to identify which includes the cost of consultants and other 
external services during the implementation. For most organizations the registration costs did not increase. The cost 
of staffing depends on the size of the organization. For small business, we estimate 6 to 12 man months for making 
the transition to ISO 9001 :2000. 

Benefits of Transition 
It is too early to identify cost savings without documenting such savings over a long period of time. Typically, 
management systems take more than a year to produce any savings. In addition, the savings are hard to quantify. At 
this stage the experience of quality professionals suggest the following qualitative benefits [4]: 
• Improved customer satisfaction 
• Improved customer communication 
• Increased management commitment 
• Increased use of data as a business management tool 
• Improved management reviews 
While this information should be treated as preliminary, it does initially suggest that transitioning to ISO 900 l :2000 
can provide results of value to small and large businesses alike. 
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GENETIC ALGORITHM APPROACH FOR A COMPUTER AIDED PROCESS PLANNING SYSTEM 

Ibrahim Kattan 
University of Massachusetts Dartmouth 

ABSTRACT 
In this paper, an experiment is carried out using the genetic algorithm approach for a given manufacturing process. 
The generative approach of the computer-aided process planning (CAPP) requires criteria or a logical process to 
converge into a single optimum schedule or sequence of manufacturing operations. In this case a genetic algorithm 
provides this logical reasoning. This experiment is carried out on an industrial unit consisting of 3 1 manufactured 
components at 12 different workstations. The same example is solved for optimum schedule using the other heuristic 
scheduling methods like Campbell, Dudek & Smith method (CDS), and Palmer's method. Comparison of the results 
of the heuristic methods and those obtained by the two genetic algorithm approaches were shown. The results 
clearly show the improvement in the minimum completion time with the genetic algorithm approach to the 
computer-aided process planning system. 

INTRODUCTION 
Process planning is concerned with the determining the sequence of individual manufacturing operations needed to 
produce a given part or product. The production process may include metal cutting, inspection, testing, painting, 
packaging, labeling etc. The planning for this process is usually documented on a form known as route sheet~ which 
provides the instructions for the production of the part. Manual process planning is a very time consuming process 
and mostly depends on the manufacturing engineer's knowledge and experience [3]. A good process planning is 
necessary for manufacturing process is comprised of many factors 'such as tolerance, surface finish , size, material 
type, quantity etc. But this is very difficult when the manufacturing systems are different and in large volume. 
Because of the problems encountered with the manual process planning, attempts are made to improve and 
computerize the process planning. Thus the Computer-Aided Process Planning emerged, which is less time 
consuming and uses manufacturing resources much more effectively and also helps in establishing the necessary 

· · link between computer aided design (CAD) and computer aided manufacturing (CAM). CAD can be simply 
described as "using computer software in the design process". In the design phase, CAD software is used to produce 
blue print and specifications, analyze of design, modify and generate necessary data for manufacturing. CAM is 
concerned with the computer control of the manufacturing process involved. In this phase, the CAD database is used 
to generate process plans and develop numerical control data required for manufacturing the designed part. · 

Computer Aided Process Planning (CAPP) is a met\lod that provides with the optimum planning of the sequences of 
operations to be performed to manufacture a part o1' new design. CAPP integrates the engineering design process 
(CAD) and manufacturing processes (CAM) as shown in figure below. [2] 

CAD 

I 
CAPP CAM 

l i l l 
Input to Process Planning Input to Manufacturing 

• Blue prints and technical • Process/route sheet 
specifications • Operations/sequence of operations · 

• Tolerance levels required 
• Surface finish • NC tapes and CNC data 
• Surface treatment • Tools and fixtures 
• Btll of materials • Material required 

Figure I Integration of CAD and CAM through CAPP • Total time of operations 
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It reduces the entire manual or clerical work of the engineers and at the same time it generates consistent and 
optimal production routings. The Computer Aided Process Planning (CAPP) is basically divided into two systems 
[8]. Retrieval type or Variant type CAPP systems and 
Generative type CAPP systems 

Retrieval or Variant type CAPP systems are based upon Group Technology and parts classification and coding. In 
these systems a standard database is maintained for each different process by storing the information accumulated 
from the knowledge and experience of multiple planners and manufacturing engineers. The database consists of 
different process plans for different parts and once the part code number is entered, the computer retrieves the 
corresponding standard machine routing and operation sequence. If the code number does not match with the 
information in the database, the user can call the similar operation sequences and edit the routing file according to 
the requirements of the new part design. Thus this is stored in the database as a new standard process for the future 
parts of the same classification. Some of Variant type CAPP systems are MIPLAN, CAM-I (Computer Aided 
Manufacturing-International) and MIAPP. [4] 

Generative types CAPP systems have their own knowledge base and create its own individual process plan 
automatically without human assistance. These generative systems are developed such that they make decisions 
from the knowledge and the information stored in them. The computer would employ a set of algorithms to progress 
through the various technical and logical decisions toward a final plan for manufacturing. These decisions are 
intended to obtain an optimum process sequence based on the analysis of the part geometry, material, shape length 
of the cut and other factors. This type of generative system uses artificial intelligence to produce optimal process 
plans and also which can be easily integrated with CIM environment. [13] · 

Benefits of CAPP 
1. Reduced process planning, production lead-time and implementation costs. 
2. Easy accessibility of information and greater process plan consistency. 
3. Improved cost estimating procedures and fewer calculation errors 
4. More complete and detailed process plans 
5. New techniques can be easily introduced into the process with much more flexibility. 
6. Improved production scheduling and capacity utilization.[8] 
7. Improved efficiency with higher accuracy and better productivity 
8. Promotes standardization, less or no documentation. 

LITERATURE REVIEW 
Process planning ·is the activity which determines how a product will be manufactured in other word it determines 
the sequence of operations and use of machine tools by following a route sheet. It is predominantly labor intensive 
operation. The operation or the route sheets used to be hand written, reproduced and stored in file cabinets. This 
resulted in less productivity and loss of valuable production time. Lockheed -Georgia Company in 1965 developed a 
computer-aided planning system and implemented it successfully. This system not only saved time and money by 
reducing planning effort and also paved way for many innovations in this field. They invented software known as 
Genplan, which combines state of art technology with decades of manufacturing expertise captured in the system's 
decision-making network. Many companies developed their own computer-aided process planning systems. 
Depending on the part they produce they developed either. a generative type or variant type systems. Some of the 
existing processes planning systems are given below. 

AUTOPROS, NAKK (Norway) 1966-1973, Generative process; MICLASS-MIPLAN, TNO (Netherlands) 1970, 
Variant process; CAPP, CAM-I (USA) 1975-1977, Variant process; CNPP, UTRC (USA), Generative process; 
AUTAP, WZL (Germany), 1975, Generative process; GARI, GRENOBLE (France), Generative process; TOM, 
TOKYO (Japan), Generative process; DISAP, WZL (Germany), 1981; APS, VTL/WZL, 1982-1984, 
Variant/Generative processes [5]; AUTOPLAN ofMetcut; CPPP of United Technologies Research Center, East 
Hartford, Conn. There are still many other systems like CIMS/PRO developed by Iwata et al. 1980, GIRi an 
artificial problem solver. [3,5]. The developments in CAPP during late eighties had shown that the automatic 
process planning requires a feature based work piece description as a starting point. As the complexity of the part is 
on increase a variety of feature recognition techniques were used. Subrahmanyam and Wozny (1995) were the first 
in pioneering a variety of the feature recognition technique [16]. Yut and Chang presented a planning heuristic to 
automatically generate a process plan in the Quick Turnaround Cell (QTC) in 1990 and in 1996[19]. In 1989 a Non-
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Linear Process Plan (NLPP) approach has been introduced in ESPRIT Project 2457 - FLEXPLAN research project 
had been succeeded by the ESPRIT project 6805 - Concurrent Manufacturing Planning and Shop Control in Small 
batch production (COMPLAN) (Detand, 1993). The COMPLAN project gives the system, required architecture and 
software for generating and using NLPPs. In 1990, Nasr developed _an algorithm for solving for the problem of 
scheduling with alternative machines. [ 1°4,6] 

Lockheed was the first to using their generative type process planning system (Genplan) in their production after 
production flow analysis, part classification, database development and-systems software programming. They also 
started sheetmetal, extrusion, tubing, and subassembly planning and wiring in 1979 and 1980. Genplan classification 
code describes the geometric and manufacturing properties of the part from the given engineering drawing and this 
code when synthesized by the manufacturing logic network gives the optimum manufacturing plan as output. United 
Technologies is another manufacturing company which shifted its manual process planning to computerized one as 
the manual was more labor intensive and error prone. They developed a interactive generative system that strictly 
deals with the machined cylindrical parts known as computer managed process planning (CMPP). Hughes Aircraft 
Company developed its own variant system that produces plans by modifying or varying existing plans stored in its 
database. [ 18] 

Liao et al modified the existing CAPP systems for CAPP/Scheduling integration in one of their publication [11]. 
The CAPP system considered for this study is the Computer Managed Process Planning (CMPP) system, developed 
by the United Technologies Research Center in 1982. As a first step they performed the functional analysis of the 
CMPP system to identify the functional areas where modifications can be made for the integration of CAPP and 
scheduling. The IDEF0 functional modeling methodology [12], which was developed by the U.S. Air Force, is used 
in this step. The second step is the machine selection with consideration of scheduling criteria. In this step the 
process decision rules are checked and modified to ensure that the machine that is as•signed to ah operation in a 
process decision rule is the best possible machine from all the alternatives in the shop with the given scheduling 
criteria. The third step is the system implementation, which has two parts: 1. The creation of a secondary Machine 
Tool Site containing data needed to calculate the operation-machine index and 2. This step is 'the development of a 

. . software program for the _modificatiop. of process decision rules. The forth and the final step is System Validation, 
here the initial and altered Process Decision Models are used to generate process plans for several test parts. The 
results are evaluated with respect to the relevant scheduling criteria. From this study they showed how integration of 
process planning and scheduling could be achieved through the modification of the existing CAPP system, instead 
of developing a new system. · 

Recently lot of research is done in the use of artificial intelligence for finding the best process plan sequence. A 
number of projects are being done in various universities. For example, In the Rapid Manufacturing Lab of Carnegie 
Mellon University a number of projects to build the planners are being done. The projects include Bench Sequence 
Planner, Grasping Planner, Stacking Planner and Fine Motion Planner. These planners are basically developed for 
the sheet metal manufacturing process. The current manufacturing process include heavy dependence on human 
experts to modify the existing parts and also·for tool handling and material handling resulting in the reduction of the 
accuracy and the increase of the design-to-production time. Hence to achieve the optimal plans for these operations 
in a short time, search algorithms for the Bend sequence, Gripping Planner, Stacking p_lanner and the Fine motion 
planner were developed. These algorithms look for a least cost solution in the space of all possible sequences of the 
related operations stored in the database. [9]. 

GENETIC ALGORITHM 
Genetic Algorithms (GA) is a method of "breeding" computer programs and solutions to optimization or search 
problems by means of simulated evolution. Genetic algorithms are search algorithms based on the mechanics of 
natural selection ~nd natural genetics. A GA creates a set (population) of represented candidate solutions to the 
problem. Each solution receives an associated fitness value based on its ability to solve the problem according to the 
decided criteria. At an. initial stage the GA is used to represent the problem by generating a random population, 
which represents a number of possible solutions that improve over time? A simple genetic algorithm that yields 
good results in many practical problems is composed of three operators. 1. Reproduction 2. Crossover and 3. 
Mutation 

Reproduction is a process in which individual information or strings are copied according to their objective fitness 
function values. Copying strings according to their fitness values means that strings with a higher value have a 
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higher probability of contributing one or more offspring in the next generation. The reproduction operator may be 
implemented in algorithmic form in a number of ways basing on priority. Crossover is carried out by combining 
information from the pairs of good solutions. Swapping the characters of the two randomly selected information 
forms a new information. It is considered a primary genetic operation, because it is applied to a very high proportion 
of the population [7]. Mutation takes place at lower level and the idea is to allow some new form of genetic material 
to be issued to the population. Mutation is needed because, even though reproduction and crossover effectively 
search and recombine extant notions, occasionally they may become overzealous and lose some potentially useful 
genetic material. It is useful to make sure that the population does not stagnate. 

Multiple objective genetic algorithms (MOGAs) were used to solve manufacturing problems involving a large 
number of variables. Scheduling with multiple objectives uses one single function that aims to reduce the total 
processing time to an extent. A MOGA technique divides the population into sub-populations, and allows each to 
optimize one objective, whilst information is exchanged between the sub-populations to allow the improvements to 
be made to solutions regarding the other objectives. [ 15] 

PROPOSED GENETIC ALGORITHM APPROACHES . 
In this paper, two methods are used to generate the initial population for the genetic algorithm approach. 

Random Generation of the Initial Population 
The computer generates the population (sequences) randomly and provides the genetic algorithm with the initial 
seed. 
Generate the initial population at random and evaluate each individual's fitness 
The fitness values (Minimum Completion Times) of the generated population seed are calculated. The sequence is 
considered as the chromosome having the jobs as the individual elements. 
Mutation operator 
The next operation performed is mutation, here the positions of the individual genes in each chromosome are 
swapped at random and their fitness values are observed. 
Evaluate each individual's fitness values. 
Crossover operator 
Mate pairs of chromosomes in sequence. These chromosomes are crossed with the next chromosome and the fitness 
values are observed. 

Splitting Method of Generating Initial Population 
The proposed method has following steps that are used for selective generation of initial population seed 
Generate the initial population by following the steps given below and evaluate each individual's fitness 
Step 1. The number of machines, 'm' is divided into two equal halves (A, B). If the number is odd then divide as 
(m+ 1 )/2. Shortest processing time method is used on the first A number of machines and longest processing time on 
the other remaining B machines to obtain the sequences. The sequences thus generated are in equal to the total 
number of machines. 
Step 2. Ii:i the second operation, 'A' machines are split into two equal number of machines and averages of their 
processing times are calculated and stored as Al 1 and A12and similarly 'B' machines are divided into two equal 
halves and their averages are stored in B 11 & B 12. Thus four new machines are obtained, again using the shortest 
processing time on Al 1 & Al2 and longest processing time.methods on Bl 1 & B12 the new sequences are obtained. 
Step 3. In the third operation the processing times of 'A' machines are summed up to obtain a new machine 'A 1 ' 
and similarly 'B' are summed up to get 'Bl'. Johnson's algorithm is used on this pair of machines (Al & Bl) and a 
sequence is obtained. 
Step 4. Similarly, considering different pair combination of the four averages (Al 1, Al2, Bl 1 & B12) and using the 
Johnson's algorithm on each pair, the respective sequences are obtained . . 
Step 5. Thus all the sequences obtained in the above steps combine to fonn an initial population seed for the genetic 
algorithm approach. 

Mutation operator 
The next operation perfonned is mutation, here the positions of the individual genes in each chromosome are 
swapped at random and their fitness values are observed. 
Evaluate each individual's fitness values. 
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Crossover operator 
,Mate pairs of chromosomes in sequence. These chromosomes are crossed with the next chromosome and the fitness 
values are observed. · 

. HEURISTICS METHOD 
Heuristic methods are based on a given set of constraints. They use different approaches to reach a best possible 
optimum solution for a given scheduling problem. The objective of these methods is to obtain the minimum 
completion time or make span time by deriving a schedule that has minimum idle time between the operations. 
Although many methods were proposed and solutions found still the best optimum solution for a given problem is 
not yet established. Heuristic methods such as Campbell, Dudeck & Smith method and Palmer's method were 
successfully used to solve job shop scheduling problems. 

Campbell, Dudek, and Smith, {CDS) Method 
This method is based on the Johnson's rule. The main idea of the CDS method is to make progress by scheduling 
jobs requiring short times first and the longest jobs last Sule (1997) [16]. The following steps are used to obtain a 
solution close to the optimum: 

• Select two machines (A and B) using Johnson's rule by converting original m machines into (m-1) pairs. 
• Implement Johnson's rule, scheduling n parts on two machines for all (m-1) pairs scheduling options. 
• Select the best schedule, i.e. the one with the minimum make span time among all options. 

The readers should contact the authors to obtain a copy of the CDS's method in C-like notation. Below the 
implementation of the CDS method has been presented. 

Palmer's Method 
This method is based on a slope index (Sj). The priority is giveri to jobs having the strongest tendency to progress 
starting with short times to long times sequence. 
Calculate the slope index Sj using the following equation, where Pji is the processing tim~ of job j on machine i: 
Sj = (m-1) Pjm +(m-3) Pj(m-1) +(m-5) Pj(m-2) + ... - (m-5) Pj3 -(m-3) Pj2 - (m-1) Pj1 
Construct the sequence based on the descending order of the magnitude of Sj. 
Insert jobs with the shortest times first and with the longest times being scheduled last. [l, 9]. 

APPLICATION 
Genetic Algorithm approach can be used as a CAPP generative method to obtain an optimum sequence or schedule 
of a given manufacturing process. The logical generative method used by the CAPP system here is a search 
algorithm that is based on the mechanics of natural selection and natural genetics using the crossover and mutation 
operations commonly known as genetic algorithm. In a generative type of CAPP system, given the constraints of the 
job, an optimum method generated by the system follows a logical rule or method. This logic basically tends to move in 
the direction of minimum cost or time consumption. At this juncture genetic algorithm comes into play and decides the 
individual priority of the operations to be performed thus generating an optimum schedule for the process. To 
demonstrate the way the proposed method works a practical problem from an industrial partner was used. This example 
is tak~n from an industrial partner. The unit consists of 45 different components out of which 31 components are being 
manufactured using 12 different workstation centers. · 

Each part considered as a job order that includes many operations, which has an operation call processing time. The 
processing time for each operation in the corresponding workstation is given in Table 1. When the processing time of 
each job on each machine is given to the CAPP system, it uses the logical reasoning method of genetic algorithm 
and arrives at an optimum schedule with the minimum process completion time as criterion. 
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Job Workstation 
1 2 3 4 5 6 7 8 9 10 11 12 

1 3 3 2 11 11 3 7 5 
2 5 3 2 4 8 11 2 3 
3 8 4 4 3 14 5 6 9 3 4 
4 3 6 8 4 
5 3 4 6 5 7 7 7 
6 4 3 5 5 11 3 
7 6 6 6 11 2 6 8 
8 5 6 6 1 5 
9 6 8 3 4 2 
10 7 4 8 4 5 2 6 
11 7 7 6 2 
12 3 7 7 14 3 9 
13 3 8 1 8 5 9 
14 4 8 6 7 3 12 
15 5 2 4 1 9 9 11 5 
16 6 2 1 12 7 13 3 
17 2 3 11 8 9 
18 2 2 9 9 2 
19 7 6 6 8 7 9 5 11 
20 8 2 1 4 4 3 8 12 1 
21 7 12 12 11 7 7 
22 14 12 5 5 7 13 8 
23 3 4 7 7 5 11 6 
24 4 11 6 4 
25 3 3 9 5 7 7 11 4 
26 5 7 7 8 8 6 
27 3 8 7 8 7 
28 3 6 9 9 6 6 9 
29 2 3 5 7 6 9 5 
30 3 4 3 4 2 4 7 
31 7 5 3 8 6 11 5 6 3 

TABLE 1 : Job shop with 3 1 different parts using 12 workstations 

Algorithm Description of Proposed Ga Method 
The pseudo code algorithm for the genetic algorithm method approach to the given scheduling problem is given as 
STEP: lINPUT -
Number of workstations, w 12 
Number of Jobs, n 31 
Number of initial sequences, s 20 
Processing times of each job on each machine. 

STEP: 2 FUNCTIONS 
Sorting function : sort(int *) 
Johnson's algorithm : jalgo(int *, int *, int*) 
Function to calculate schedule using shortest processing time method: min(int) 

STEP: 3 READ DATA 
Read data from a text file that contains input defined in STEP: 1. 
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STEP: 4 RANDOM SEQUENCE GENERATION METHOD (R) 

STEP: 5 SELECTIVE SEQUENCE METHOD (Any key) 
Divide the machines into two equal parts as 'A' and 'B' 

Calculate the sequences on 'A' machines using Shortest Processing Times (SPT) 
Calculate the sequences on 'B' machines using Longest Processing Times (LPT) 
Combine Shortest Processing times (SPT) & LPT Sequences 

Divide the 'A' number of sequences into two equal halves as 'A 1' and t'A.2' and similarily 'B' as 'B 1 ' and 'B2'. 
Compute the sequences by using SPT method on 'A 1' and 'A2' and LPT method on 'B 1' and 'B2'. 

Calculating Sequences Using Johnson's Algorithm Function: jalgo( , , ,) 
jalgo(zA, zB, S 17); 17th sequence 
jalgo(zAl, zB2, S18); 18th 

jalgo(zA2, zB2, S 19); 19th 

jalgo(zA2, zB 1, S20); s=20th sequence 

STEP: 6 CHOOSE THE METHOD TO INPUT SEQUENCES 
If (Selection='R' i.e., Random Sequence Method) 

else { 
Goto STEP: 4 

Goto STEP: 5 
} 

STEP: 5 CALCULATION OF MINIMUM COMPLETION TIME WITH EACH SEQUENCE. 

STEP: 6 SORTING THE MINIMUM COMPLETION TIMES 
Using Sorting function: sort(); 

. STEP: 7 SORT THE SEQUENCES USING STEP: 6 

STEP: 8 MUTATION OPERATION 

STEP: 9 CALCULATION OF MINIMUM COMPLETION TIME . WITH EACH SEQUENCE AFTER 
MUTATION 

STEP: 10 SEQUENCE AND MINIMUM CYCLE 'IJME AFTER MUTATION 

STEP: 11 SORTING THE MINIMUM COMPLETION TIMES 
Using Sorting Function, sort(); 

STEP: 12 SORTING THE SEQUENCES USING STEP: 11. 

STEP: 13 CROSSOVER OPERATION 

STEP: 14 DISTINCT CROSSOVER SEQUENCE AFTER MUTAION 

STEP: 15 CALCULATION OF MINIMUM COMPLETION TIME WITH EACH SEQUENCE AFTER 
MUTATION AND CROSSOVER 

STEP: 16 DISTINCT SEQUENCES AFTER MUTATION CROSSOVER WITN MINIMUM CYCLE TIMES 

STEP: 17 SORTING THE MINIMUM COMPLETION TIMES AFTER MUTATION CROSSOVER USING 
SORT FUNCTION, sort(); 

STEP: 18 SORTING THE FINAL SEQUENCES AFTER SECOND CROSSOVER MUTATION SORT USING 
STEP: 17. 
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RESULTS AND CONCLUSIONS 
Toe comparison and analysis of the applications of the proposed Genetic Algorithm methods and the two other 
heuristic methods for the given practical problem are illustrated below in the Table2. 

MINIMUM IMPROVEMENT 
METHOD SCHEDULE COMPLETION % 

TIME Fixed MCT- Method 
(MCT) MCT 

Fixed MCT 
S={26,17,22,l l,29,20,19,10,4, 
3,5,31,9,25, 14, 12,30,7,28, 16,2, 240 The base 

Palmer's method 1,23, 13,6,24,27,21,8, 18,15} (Fixed MCT) 
S={2,4,7,8,10,l l,12,15,17,18, 

Campbell, Dudeck & 21,24,28,30,9 ,20,3 ,5, 19,22,27, 239 0.42 
Smith method (CDS) 31,29,26,25,23, 16, 14, 13,6, l} 
Genetic Algorithm with S= {29 ,27, 12,28,26,5,24,4, 7,20 
Random Initial ,25,30, 10,15, 14, 1,31,22,6,3,l 9, 214 10.11 
Population 13,21,8,23, 18,2,11, 16, 17,9} 
Genetic Algorithm with 

S={27,12,6,4,7,17,5,2,29,26,2 
Splitting Method Initial 

0,23, 15, 14,30, 1, 16, 19,3,22,31, 17.5 
Population 

25,28,13,21,10,18,24,8,9,l l} 
198 

TABLE 2: Comparison of Minimum Processing Times by different methods 

As it is known that the lower the completion times of the process the better the schedule hence the more the 
completion time decreases the more the efficiency of the method improves. The Palmer's method is used as the basis 
or fixed value for the comparison since it has the greatest minimum completion time (MCT) compared with MCT's 
by other methods. The rate of improvement of the minimum completion time by each method is calculated by 
comparing with the fixed MCT. From the Table 2, it is clear that the GA approaches (with total completion times as 
214 and 198) have much greater improvement rates compared to the other heuristic method (CDS with MCT 239). 
We can also observe that there is an improvement in the efficiency of the genetic algorithm methods from 10.11 to 
17 .5 %. This improvement is mainly due to the selection of initial population for the GA approach by using splitting 
generation methQd. Splitting method of generating the initial population gives the GA a better pool of population, 
aimed at reducing the MCT compared to the random pool generation. · 

With these approaches, whenever the processing time of each job on each machine is given as input to the system, 
the CAPP system uses the genetic algorithm as its generative approach and comes out with a schedule that is 
optimum. In other words the system yields a schedule that gives the least process completion time. The solution gets 
improved at each and every stage and henceforth the solution obtained here can be said optimum but not certainly 
best. 

The main criterion used in the experiment is the minimum completion time. The percentages of improvement may 
vary depending on the operations and their constraints. This method can be further improved and extended such that 
the schedule is generated for a given set of criterion such as time, spatial constraints, priority of the jobs and also for 
the tools to be used. 
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MINIMIZING MAKESPAN IN A HUB SORTATION OPERATION 

Douglas Mc Williams and Paul Stanfield 
North Carolina A&T State University 

ABSTRACT 
Toe presented research describes and demonstrates an algorithm for the hub scheduling problem. The hub 
scheduling problem is a common problem associated with organizations operating in the small package delivery 
industry. It consists of the scheduling of a set of inbound trailers to unload docks. Given that each inbound trailer 
contains a set of heterogeneous parcels, the objective is to minimize the completion time of the sortation operation. 
Minimizing completion time enhances productivity and reduces the unit cost of a sortation operation. 

INTRODUCTION 
This research addresses the hub scheduling problem in the small package delivery industry (SPDI), generally stated 
as follows. A set of trailers each containing a heterogeneous shipment of parcels is to be unloaded and the parcels 
cross docked through a hub terminal directly to the load docks. The terminal has a fixed number of unload docks 
and load docks. The unload docks are grouped to form an input station. The load docks are grouped to form one or 
more output stations. The service rate at each resource is known and deterministic. The objective is to generate an 
unload schedule which minimizes the sortation completion time or simply maximizes the throughput rate for a given 
set of trailers. The scope lies with examining only the conveyable parcels, those parcels that make up the largest 
portion of parcels flowing through the system. The research exploits package tracking information contained in 
transactional databases. For this study, we use output from a data mining algorithm as input for our-proposed hub 
scheduling algorithm. The hub scheduling algorithm generates schedules for unloading trailers that promotes 
smooth parcel flows. The contribution of this research is a framework for solution development to the hub 
scheduling problem. 

LITERATURE REVIEW 
Problems facing freight carriers have long been of interest to the academic community. For example, researchers 
have widely studied the vehicle routing, the fleet replacement, the hub location, and related problems that enhance 
carrier operational efficiency. However, the problem of operational planning and scheduling at the terminal level 
has not been studied extensively. Of the existing literature, the focus is on the less-than-truckload industry. Peck 
(1983), Tsui and Chang (1990), Gue (1995), and Bartholdi and Gue (1998) investigate the effect dock door 
assignments have on terminal performance in the less-than-truckload industry. Mase} and Goldsmith (1997) report 
on a decision support system used in practice to analyze the effect various destination point to load dock 
assignments have on performance in the SPDI. 

Peck's (19~3) dissertation presents a comprehensive study on the operational planning and scheduling of less-than
truckload freight terminals. In this work, Peck seeks to improve terminal productivity by assigning inbound trailers 
and outbound trailers to docks with the objective of minimizing the total distance material handlers travel during the 
transfer operation. By minimizing total traveled distance, the goal is to minimize transfer time and thus labor cost. 
Peck's solution methodology consists of a greedy algorithm embedded in a simulation model of a freight terminal. 
The greedy algorithm generates candidate layouts based on the objective function and constraints. Another 
algorithm refined the layouts to compensate for material handling requirements within sink-source sets. Gue's 
(1995) dissertation study advances the work of Peck (1983) by developing a detail simulation model with an 
embedded greedy algorithm that addresses three additional elements of terminal operation: 1) determine what effect 
congestion has on terminal performance, 2) account for freight traveling on a dragline and show how terminal layout 
affects dragline capacity, and 3) model freight flow under various scheduling policies for inbound freight. Where 
Peck ( 1983) seeks to minimize total traveled distance, Gue ( 1995) seeks to minimize total traveled time. By 
minimizing total traveled time, he takes into account cost due to congestion. To do so, Gue's simulation model 
tracks man-hours required to transfer freight and characterizes man-hours into two types-travel time and waiting 
time. Results of the simulation study show a 3-30% reduction in total traveled time that equates to 2-5% reduction 
in overall labor cost. Bartholdi and Gue (2000) revisit this study by embedding Gue's terminal simulation model 
with a simulated annealing algorithm. The objective remains unchanged. They test the model on terminals ranging 
in size from fewer than 1 O doors and more than 500 doors. It results in labor cost reductions around 20-45%. 
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The only literature that considers the performance of freight terminals in the SPDI is Masel and Goldsmith (1997). 
In this paper, Masel and Goldsmith report on a simulation model used to evaluate the configuration of a sortation 
system. The primary goal is to minimize labor cost. To minimize labor cost, the simulation model is used to assist 
planners in balancing flow on a sortation system by defining an assignment list-a list that assigns cities to unload 
docks-using historical parcel mix. The simulation model is used for reviewing system performance and 
forecasting system performance. The review mode tests di;ita that was already processed by the system. It examines 
the assignment list, allows the user to modify the list, and compares the results. The forecast mode uses a schedule 
of arrivals along with the number of parcels on each trailer. Then the s'imulation uses this information to evaluate 
parcel flows and sortation times based on historical percentage of parcels that goes to each destination from a 
specific origin. The user evaluates different assignment lists with hope of creating a good or optimal list. This 
approach is aimed at balancing flow at the tactical level. The approach of Masel and Goldsmith ( 1997) does not 
address production planning and scheduling at the operational level. 

SORTATION SYSTEM 
There are three basic components to a small package delivery system: pickup and delivery, linehaul, and 

terminals. The terminals often constitute · the most important element because they serve as consolidation and 

distribution points for parcels. Furthermore, terminal operation costs make up a significant portion of a carrier's 

overall operational costs. To control these costs, terminals are partitioned into two types-hub and satellite-and 

connected in a hub-and-spoke network. Hub-and-spoke networks provide economical benefits such as allow parcel 

handling and sorting to be centralized and flows consolidated, which gives economies of scale to justify the use of 

automated processing equipment at individual facilities. In addition, it allows parcel movement in greater volumes 

over fewer routes, which increase the efficiency of the transportation fleet. Larger vehicles can be used or the 

capacity of existing vehicles can be utilized more efficiently, resulting _in smaller transportation cost per unit. 

Depepding on the size of the carrier, the carrier may have several hub-and-spoke networks strategically positioned in 

domestic and international regions to maximize mar!set coverage. 

Figure 1 shows a typical hub terminal layout; the shaded rectangles represent inbound trailers with parcels to be 
unloaded and clear rectangles represent outbound trailers. The figure shows a queue of inbound trailers waiting to 
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be serviced by one of the unload docks. The production schedule determines when and where an inbound trailer is 
unloaded. 

Ill I 
Queue 

Inbound 
Trailers 
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Unload Cell 
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Load 
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Load 
Cel#3 

□ DD 

c=J 
~ 
~ 

~ 
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Outbound 
Trailers 

DOD 
Load 

Cell#2 

DOD 

Figure 1. A typical hub terminal. 

A complex conveyor network is the primary vehicle for moving parcels through the facility as depicted in 

Figure 2. The figure shows a facility with one input station which consists of three unload docks 

represented by nodes 1, 2, and 3, and three output stations represented by nodes 7, 8, and 9. Each output station has 

three load docks, which are represented by nodes 10 through 18. The conveyor network is made of several 

induction line conveyors, fewer ·mainline conveyors, and shipping lanes. At each unload dock, there is one 

induction line conveyor per mainline conveyor. Each induction conveyor merges onto a mainline conveyor. There 

is typically one mainline conveyor per output station that feeds parcels to an output station. Sorters, represented by 

nodes 3, 4, and 5, scan the address label on each parcel and place the parcel onto the apprq,riate induction line 

conveyor. These conveyors movethe parcels downstream to mainline conveyors that feed output stations. The 

output stations also have sorters, represented in 
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Figure 2 as nodes 7, 8, and 9, who scan the labels and divert the parcels to the correct load dock for loading onto 
outbound trailers. When outbound trailers are filled, they are replaced by empty trailers for the same destination. 
Loaded trailers are eventually released to deliver their freight to destination terminals. 

Induction Line 
Conveyors 

Conveyors 

· °FI~~ Di;;~tl~~ ..... ► Me/ge 

Points 

000 

DOD 
Figure 2. A basic conveyor network. 

A planner is normally responsible for the scheduling function of a hub terminal. Using his/her knowledge of the 
production system through either prior experience or simulation study, the planner derives an unload schedule for 
the inbound trailers. Deriving schedules from these methods have advantages and disadvantages. There is a 
relatively high interaction between input and output.docks due a common conveyor network. If a planner bases a 
schedule solely upon his/her experience of the system, the method is certain to lack the conscious effort toward total 
system optimization. Since the schedule establishes ihe flow pattern through the facility, the schedule will usually 
result in several system components working against each other. For example, when demand for a resource exceeds 
the resource's operating capacity, flow throughout the entire facility can be impeded. The effect of an overload 
could propagate upstream ultimately blocking the release of parcels from unload docks. Other resource may go idle 
due to a lack of parcels flowing to them, thus bring the entire plant to a deadlock. On the other hand, if the planner 
evaluates candidate schedules solely using a simulation model of the system, the best result is to select the best 
schedule among the candidate schedules. 

SORTATION SYSTEM ANALYSIS 

A conveyor network may be formally represented as a directed graph, G = {K, N}, where K is a set of 

directed links _representing the conveyor segments, and N is a set of nodes representing various resources along the 

conveyor network. 
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Figure 3 shows a directed graph representation of 

Figure 2. At all internal nodes, flow is conserved, which means that flow into each internal node must equai the 
flow out of it. The notation adopted for flow variables is (ik, the flow from node i to node k. For each internal node 
k, there is a relationship of the form 

L C.;k - L ~kj = 0 , 
ie;{k J jew'(k) 

where w(k) is the set of nodes with flows into node k, and w'(k)is the set ofnodes with flows out ofnode k. For 

the capacitated network, each conveyor segment has a maximum throughput rate, and each resource has a limited 
capacity. Model l shows a linear mathematical model that finds the maximum throughput rate over the sortation 
system when consideration is given only to the capacitated resources. Since makespan is equal to volume divided 
by the flow rate, we use the designed flow rate to compute the makespan for a given volume of inbound freight. The 
computed makespan represents the best completion time of a sortation operation. 
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Figure 3. A conveyor network. 

Constraint (2) is an equation that enforces conservation of flow at each node; constraint (3) and (4) constrain the 
flow rate to the trailer unload rate and trailer load rate, respectively. Constraint (5) restricts the flow rate to non
negative values. 

Maximize L L ~ii 
ieNjeljl'Q) 

subject to: 

L ~--<e . 
ieljl(j) IJ - 1 

where: 

ViEO 

V}Efl. 

V i,}EN 

~if = the flow rate from node i to node j 

1/f(k) = the· set of nodes which supplies node k . 

1/f '(k) = the set of nodes which are supplied by node k 

N = the set of nodes 

0 = the set of origin centroid connectors 

L1 = the set of destination centroid ~onnectors 

0 '; = the unload rate at origin centroid connector node i 

01 = the load rate at destination centroid connector node} 

Model 1. Determines the maximum throughput rate. 

(1) 

(2) 

(3) 

(4) 

(5) 

To illustrate the behavior of a sortation system, we randomly generate 30 inbound trailers. Each trailer 

· contains 600 parcels. Using a simulation model of sortation system in 
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Figure 2, we generated two schedules: one based on the Balance Assignment Rule (BAR), the proposed scheduling 
methodology that we present in the next section, and the other based on what we refer to as the current industry 
practice (CIP). With CIP, several candidate schedules are randomly generated and evaluated with respect to their 
completion time. The schedule with the lowest simulated completion time is selected and implemented. 

Figure 4 shows three plots that trace the inbound freight inventory levels resulting from the two production 
schedules-BAR and CIP-and the inbound freight inventory level based on the designed throughput rate during a 
sortation operation. Using Model 1, we compute the designed throughput rate to equal 30 parcels per minute. 
Given there are 30 inbound trailers to unload and each trailer contains 600 parcels, the total volume to unload is 
18,000 parcels. The curves trace the inventory levels as the 18,000 parcels are being consumed by the hub sortation 
system. Using the designed throughput rate, the freight volume is consumed in 600 minutes. The next curve, based 
on BAR, shows the freight depletes in 680 minutes, 80 minutes (approximately 13%) longer than that resulting from 
the designed throughput rate. This is because the designed throughput rate does not take into account the pattern in 
which parcels place demand on the resources. The flow pattern introduces delay time as the parcels traverse over 
the conveyor network. Since delay time increases flowtime, which has a direct correlation with completion time, the 
completion time for any production schedule will always be worst than the design completion time. 
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Figure 4. Plot schedule performance for BAR and CIP. 

The last curve, based on CIP, shows that it takes 910 minutes to consume the inbound freight. This represents an 
increase of 310 minutes compared with designed completion time and an increase of 230 minutes compared with 
BAR: a corresponding 52% and 34% increase in required production time. The additional time is required to 
makeup for loss time resulting from excessive delays due to blockage. This time could put a significant burden on 
the sortation cost. However, given that it is impossible to generate a production schedule that will yield a 
completion time equal to the system designed completion time, we focus our effort in understanding the 
characteristics of schedules produced from the BAR. 

Figure 5 shows plots of the input rates and output rates of the schedules based on CIP and BAR. The rates are based 
on 5-minute intervals. For instance, there are three unload docks. · An unloader at each unload dock unloads parcels 
from inbound trailers at a rate of 10 parcels per minute or 50 parcels per 5-minute, thus .the total maximum input rate 
into the sortation system from the three unload docks is 150 parcels per 5-minute. Comparing the input rates of CIP 
and BAR, we notice immediately that the input rate of CIP is very unstable. The rate moves erratically from a low 
of 43 parcels per 5-minute to a high of 150 parcels per 5-minute. For the entire sortation operation, the throughput 
rate averages around 101 parcels per 5-minute, 33% less than available capacity. The input rate has a standard 
deviation of 28 parcels per 5-minute. In contrast, inputrate of the schedule resulting from BAR is rather stable. 
Unlike the input rate of CIP, the throughput of BAR actually reaches a steady state. At the start of the sortation 
operation, the rate jumps immediately to 150 parcels per 5-minute and eventually levels out at 135 parcels per 5-
minute, which is only 10% less than available capacity or 25% better than CIP based on the mean. The throughput 
rate has a standard deviation of 10 parcels per 5-minute. 
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Figure 5. Input and output rates for CIP and BAR (5-minute intervals). 

As should be expected, there is a strong correlation between input and output rates of the production system. The 
correlation is 0.77 and 0.94 respectively for CIP and BAR. Thus, since the input rate of CIP is unstable, we can 
predict with certainty that the output rate is also unstable. Furthermore, since the input rate of BAR is stable, we can 
predict with certainty that the output rate is also stable. The output rate of CIP ranges from a low 46 parcels per 5-
minute to a high of 132 parcels per 5-minute. The output rate of BAR averages 130 parcels per 5-minute, and the 
standard deviation is 1 parcel per 5-minute. 

THE BALANCE ASSIGNMENT RULE 
The BAR is based on the quadratic assignment problem, where the objective is to assign n discrete objects to n 
discrete spaces so as to minimize the interaction cost. We develop a mathematical model that seeks to balance flow 
through the sortation system. For this reason, we call the resulting model the Balance Assignment Rule (BAR). 
Balancing flows is equivalent to maximizing resource utilization, which in some cases minimizes the makespan 
(Baker, 1974; Pinedo, 2002). The constraints of the model take into account the capacitated resources. We define a 
discrete space set, N, where each element corresponds to an available time slot fonhe unloading of an inbound 
trailer. The elements are formatted in the set as a rectangular matrix structure with m rows and n columns. The 
number of columns in the structure is a function of the number of unload docks, and the number of rows in the 
structure is a function of the number of inbound trailers assigned to the unload docks. Figure 6 shows a layout of a 
typical facility with n unload docks. The figure shows m x n discrete spaces. Each column} vector set contains the 

· · discrete space elements· Nj , and each row i vector set contains the discrete space elements N; . The problem 

becomes how to assign trailers to these spaces so that the sortation time is minimized. 

I 
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Figure 6. Unload station layout with discrete space alignments. 

We let T denote the trailer-space assignments. As with N, the element in the set is formatted as a rectang~lar matrix 

structure. The notation T;- and Tj represent the set of trailers i~ row i ofT and column} of T, respectively. The 

cost associated with the assignment of trailers to the discrete spaces is defined as the congestion cost. The 
congestion cost is a composition of two costs. One cost is linked to the assignment of trailers along the columns, 
cost due to flow variation from period to period during a sortation operation. The other cost is linked to the 
assignment o( trailers along the rows, cost due to balance of flow to the output stations within a period. The 
following equation computes the cost of two trailers assigned to discrete spaces along the same row: 
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where a.gs is the number of parcels contained in trailer g that must pass through output stations. The equation 

looks at trailer g and trailer h, sums the number of parcels in each trailer that flow through respective output stations, 
and computes the absolute difference in the sums. If the resulting value is zero, it reflects a perfect assignment for 
the two trailers. The next equation computes the cost of two trailers assigned to discrete spaces along the same 
column: 

This equation looks at trailer g and trailer h, computes the absolute difference in the number of parcels in each trailer 
that must flow through the respective load docks. A favorable value is given to those trailers that have close 
similarity, where similarity is determined by the distribution of the parcels in each trailer. If the resulting value is 
zero, the two trailers are identical. Model 2 is the resulting mathematical model for assigning the inbound trailers to 
the discrete spaces. Constraint (2) ensures that the number of trailers assigned to a row does not exceed the number 
of discrete spaces in the row. Constraint (3) takes into account the capacitated resources at load dock d. Constraint 
(4) ensures that a trailer is assigned to only one row, and constraint (5) restricts the decision variabl~s to binary 
values. 

INl-1 INI ITol-1 !To i 
Minimize L L L L o5 gh 1t gk 1t hi 

k=1 l=k+1 g=1 h=g +1 

subject to: 

M
. . . m INl-1 INI ft , , 

1mm1ze L L I ro 9h1t9;1th; 
i=1 g=1 h=g+1 

subject to: 

!Toi . 
' L1t~; ~ IN1I 

g=1 

· m 
I1t' • =1 
i=1 g, 

i = 0,2, ... ,m) 

i = 0,2, ... ,m), d = (2, ... ,jrj) 

g = fj,2, ... ,jT0 j) 

g = fj,2, ... ,jT0 j), i = 0,2; ... ,m) 

Model 2.Assigns inbound trailers to discrete spaces. 
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After obtaining the optimal trailer assignment, we examine.what effect the schedule has on -sortation perfonnance. 
Figure 7 shows a sortation system load profile on the unload docks and output stations. At each unload dock, the 
first number in the rectangular boxes represents the number of parcels in a trailers that is allocated to output station 
I ; the second number represents the number of parcels that is allocated to output station 2; and so forth . The parcels 
are assumed randomly located throughout the trailers. Thus, the.placement of boxes in no way infers the location of 
parcels within a trailer. 

Station1 h •I .._, I .. ·I ",,, l'-•l· --1<,,I 
Slation 2 I..., I .._, I· ·b•I '-' I .. ·I ""' I 

Stations I ...., I .._. 1·· ·1....,1 .., j ... j ...., I 

Stationif1..., ...., ... -.,, -. .... -.., 

0 

0oor 1 1 ... ,1 ..., 1 .. ·I ..... 1 .. ·I ...., I 

0oor 2 I .... I .... 1 .. ·I .... I .. , ...,, I 

Doorj .... b·I .. N .. ·I ..., 1 
0oorj+11 .... , 1 .... 1 .. ·I ..., I .. I "u1 

Doorn l ", ,l a., 1 .. 1 ...., .. j •.,, 

c..,, c,... 

..... '"' . ...., °"' I "a• a.,,, ~ 11• . <;,, 

.... !'' .... 

......... ... ..... .., ... ..... r .... .... . ..... ... . ..... 

..,, . .. ..., ' ..., ! ...,, .. ..,, ... ! .. i ..., 

m-1 m Period 

1 .... ,1 ... + -1 ..... , . ..., I ...,, : ..., 1 .. ·I ..... I .. 1 .. ., I 

1 .... 1 .... 1 ... 1 .... 1 ... , ...,1 1 .... 1 .... ,.1 ..... ·h i 

1 "•• &1• +--1 ... 1 ..., I .... E-•! .. !-.,! .. ! ..., I 

1 .... ,1 -... l .. ·1.., I· · 1 "'1 , ..... : .... I· ·I .., I ·· : ..,, I 

1 .... ! .... 1 ... 1 ..... 1 .. . , • ..,1 · · · 1 .... ; ..., I· ·I ..... . ··I .. .., 

Figure 7. The sortation system load profile. 

For each station, there is a processing time for sorting the load. We denote the processing time as Ps;, the 

processing time of a load at station.s in period i. The formulation for computing the processing times is 

I a 9s 
geT,-p - --'-'--

si - r 
s 

where a
9
s is the number of parcels in trailer gthat must route through output stations, and rs is the rate at which 

output station s can operate. The processing time of a period i depends on the maximum processing time of the 
output stations in period i. We denote this time as--'p ; = maxlJ,1;, p2; , ... , Piq; ). The completion time of a period i is 

based on the processing time of period i plus the completion time of period i - 1 . The formulation to compute the 
completion time of period i is 

i i - 1 

C; = r Pk = P; + r Pk = P; + c i-1 . 
k=1 k=1. 

The completion time for the sortation operation is Cmax =Cm, where mis the last period. 

EXPERIMENTATION 
The purpose of the experiment is to do a comparative analysis between the perfonnances of BAR and CIP on a set 
of small problems. ·The metric of interest is the completion time of the sortation operation. We also compare the 
CPU time for the given solutions. The computer codes for BAR and CIP are currently implemented in MatLab and 
run on a Gateway personal computer with a Pentium 4 processor. The results of the experiment are displayed in 
Table l. Column l is the trailer set identifier. Columns 2, 3, and 4 are the completion time, system utilization, and 
computation time found by the BAR runs. Columns 5, 6, and 7 are the completion time, system utilization, and 
computation time found by the CIP runs. We include columns 8 and 9 which display the worst-case completion 
time and system utilization of the problem instances. Figure 8 is a plot of the completion time over each instance. 
The mean completion time for the sortation operation using BAR is 5.77 hours with a standard deviation of 0.20 
hour. The mean completion time for the sortation operation using CIP is 6.44 hours with a standard deviation of 
0.54 hour. The worst-case mean complete time is 8.71 hours with a standard deviation of0.75 hour. Evaluating the 
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data using a paired sample t test, we reject the null hypothesis and conclude that there is statistical significance at 
alpha equal to 0.05. The BAR outperforms the CIP with respect to makespan. However, when we consider the 
computation time, CIP is better than BAR. Using BAR, the mean computation time is 42.2 minutes, where as using 
CIP, the mean computation time is 4.5 seconds, a huge hurdle to overcome given the small problem size. 

Table 1. Results of the experiment. 

~ BAR CIP WRST 
Obs. MakesQan Utiliz CPU time MakesQan Utiliz CPU time MakesQan Utiliz 
1 6.13 0.82 4112.3 6.83 0.73 4.6 9.88 0.51 
2 5.63 0.89 730.8 6.31 0.79 4.5 9.07 0.55 
3 6.05 0.83 3364.8 6.36 0.79 4.5 7.21 0.69 
4 5.52 0.91 462.6 7.73 0.65 4.5 8.22 0.61 
5 5.67 0.88 2585.9 6.08 0.82 4.5 8.53 0.59 
6 5.84 0.86 3 118.1 6.27 0.80 4.5 9.17 0.55 
7 5.62 0.89 913.4 6.09 0.82 4.5 9.04 0.55 
8 5.77 0.87 3154.3 6.04 0.83 4.5 8.34 0.60 
9 5.68 0.88 4351.3 6.24 0.80 4.6 8.97 0.56 

We compared the performance of BAR to CIP on a test set with 30 trailers where each trailer contain 600 parcels to 
flow through the same facility. The schedule using CIP requires 6.5 seconds to produce. In contrast, the schedule 
using BAR requires around 20 hours to generate. The schedule of BAR is such that it represents an ideal workflow 
balance. The completion time of the balance schedule is 10.00 hours. The completion time resulting from the CIP 
is 15.17 hours, with the worst-case completion time equal to 20.74 hours. To examine the dynamic behavior of the 
sortation system, we applied the schedules to a simulation model of the hub facility. The completion times for the 
sortation system using the BAR schedule, the CIP schedule, and the worst-case schedule are 12.10 hours, 16.50 
hours, and 21.32 hours, respectively. · 

BAR vs. CIP 

11 

.... 
5 7--~-----~~-----~---------------~ 
:t 

2 3 4 5 

Observation 

6 7 

i~CIP -a-BAR --a\-WRST I 

Figure 8. The results of the experiment. 
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FUTURE RESEARCH 
In this paper, we presented a new algorithm which sets the framework for solution approaches to the hub scheduling 
problem. There is no known published literature that directly addresses the scheduling function of hub terminals in 
the SPDI at the operational level. The preliminary experiment indicates that BAR is statistically superior to CIP for 
the hub scheduling problem. The major drawback of BAR is that it is restricted to small size problems which makes 
it impractical for real-world applications. The BAR is modeled as a quadratic assignment problem, which Sahni and 
Gonzalez (1976); Garey and Johnson (1979) and Burkard (1984) place in the class of NP-hard problems To build 
on the framework of BAR, we propose the development of a heuristic approach that provide reasonably good or 
plausible schedules with low computational overhead. Our goal is to apply a solution methods to a real-world 
problem with up to 600 trailers in a trailer set and a facility with 50 unload docks and 160 load docks. 
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CONVERTING TO A VISUAL FACTORY AT ALLIANCE COMPRESSORS 

Pamela A. Miller', Kevin Bordelon2 and Kelly Ellis 1 

'Northwestern State University, 2Alliance Compressors 

ABSTRACT 
Alliance Compressors produces scroll air compressors. Scrap rates are higher than desired, and productivity rates 
are lower than desired. Visual aids and control charts are being implemented to reduce scrap and rework and 
increase productivity. The goal is to move to a "visual factory." 

INTRODUCTION 
Alliance Compressors produces scroll compressors for use in home air conditioning units and is located in 
Natchitoches, Louisiana. The name "Alliance" is taken from the alliance between Trane, Lennox, and Copeland 
manufacturers. The process of producing scroll compressors is patented and highly proprietary in nature. Copeland 
was the first firm to manufacture scroll compressors successfully in the US. The concept of efficiency gains from . 
the scroll design is not new; it was patented in the early 1900s. However, the production process itselfrequires 
meeting very exact specifications. It was not possible to develop a process to meet the stringent tolerance 
requirements until the 1980s. The Alliance plant, as with any start-up plant, is experiencing growing pains. Scrap 
rates are higher than desired, and productivity rates are lower than desired. The researchers on this project have a 
state-supported grant to improve productivity at the plant. Productivity is a measure of efficiency. It is measured as 
the ratio of outputs to inputs. In order to improve efficiency and reduce scrap statistical process controls are being 
implemented with an emphasis on using visual aids to track performance. The goal is to move to a ·"visual factory." 

Scrap rates and rework decrease productivity, hence, we are trying to reduce the scrap rate which has been as high as 
25%. In the past, approximately 3% of all production would end up as scrap/rework. The number one reason for 
WIP was paint rejects at and around the paint booth. There are many reasons for paint rejects such as compressors 
painted the wrong color, paint on surfaces that should not have paint present on them, and problems with the paint 
thickness. In order to increase the awareness of quality levels at the paint booth, visuals will be set up and 
maintained at the booth. Also, computerized control charts have been developed which are visual in nature to make 
it easier for the operators to input data correctly and will provide the visuals needed. The team will first put up 
visuals to track performance indicators such as PPM (parts per million) and other control charts. The information 
itself is beneficial to improving the process since the facreased awareness of the operators at the booth helps to 
minimize defects.. Not only will visuals on the plant floor be provided and maintained, but there will be changes 
made that will stabilize the process. This type of system will be implemented factory wide and lead to a "visual 
factory." 

VISUAL FACTORY 
The concept of a visual factory is part of the lean manufacturing drive. The idea is to use visual controls and 
displays· to guide employees in their work and give them information about quality levels, productivity measures; 
etc. Visual tools are easier for the workers to understand and follow, and therefore, reduce mistakes and increase 
quality and productivity. · Our current project is to develop~ visual computer· control chart program to aid in the 
inputting of test data and the construction of control chart ·graphs to post at the workstation. 

CONTROL CHARTS 
We feel that scrap rates can be reduced by implementing statistical process control charts. The number one reason 
for scrap or rework was paint rejects at and around the paint booth, the second reason was partials (incomplete 
orders), and the third reason was weld rejects that were not repaired in a timely fashion. This is shown in the graph 
below. 

Check sheets were implemented recently to address paint problems. They were used to diagnose the causes of these 
defects. We are replacing the check sheets with a computerized control chart program. Previously, tests were done 
in 14 zones on the outside of the compressor. However, there are only nine paint guns. We have reduced the 
number of zones to nine to correspond to the paint gun coverage areas. The compressors are painted either red or 
black. 
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Control charts will be implemented for four paint tests, paint thickness, finish hardness, adhesion, and paint cure. 
There are tolerance limits for each. When the program is activated from a company webpage, the proper test and 
color of compressor is chosen by the user and a picture of the front and back of the compressor is displayed in the 
proper color as shown below. When the cursor is moved over one of the nine zones, a tool tip appears. The user 
clicks on the zone and an input box appears and the results of the test can be entered. If the results are outside the 
tolerances, a warning is displayed and the zone in the picture will flash. The data is placed into a database which 
can be accessed from a company webpage. Control chart graphs can be printed by paint gun or in combination. 
Selected graphs will be placed at the paint booth. Therefore, we have a visual input procedure and visuals to display 
at the booth. -
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FUTURE DIRECTIONS 
We plan to continue our.quest for a visual factory. Future projects include visual control charts at other stations in 
the plant and a visual web page oriented salvage part tracking system and warehouse tracking system for over-runs. 
We plan to revisit a previous simulation project and use the animation of the plant floor simulation as a visual 
training tool. Also, there is new research into the use of neural networks to analyze control chart data (Perry, 
Spoerre, and Velasco, 2001 ). This is an option that may be investigated. 
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SPATIAL VALIDATION OF COTTON SIMULATION MODEL IN RELATION TO SOILS AND 
MULTISPECTRAL IMAGERY 

Javed lqbal 1
, Ishtiaq Ali2, Frank D. Whisler1

, Adel Ali2 
1Mississippi State University, 2The University of Southern Mississippi 

ABSTRACT 
Field studies were conducted in 1998 and 1999 in Livingston Field at Perthshire Farm, Bolivar County which is 
located in west-central Mississippi along the Mississippi River. It is a 162 ha field and had a 2-m elevation range. 
The dominant soil series of the field are Commerce silt loam, Robinsonville sandy loam and Souva loam. The 
objectives of the study were to 1) compare GOSSYM simulated yield with actual yield, 2) study spatial and 
temporal pattern of cotton crop across two growing seasons using multispectral imagery, 3) predict field based lint 
yield from remote sensed data, and determine age of the crop most suitable for aerial image acquisition in predicting 
yield and / or discriminating differences in cotton growth. Two transects were selected for GOSSYM study, each 
containing twelve sites. A 1-m length of single crop row plot was established at each profile. Plant mapping were 
done five times in 1998 and seven times in 1999 growing seasons. GOSSYM simulation runs were made for each 
profile and compared with actual crop parameters using root inean square error (RMSE). Results based on averaging 
common soil mapping units indicate that GOSSYM accuracy in predicting yield varied from 0.45 bales acre· 1 to 
0.61 bales acre· 1

• To monitor and estimate the biophysical condition of the cotton crop, airborne multispectral 
images were acquired on 10 dates in 1998 and 17 dates in 1999 from April to September. In both years site-specific 
yield and normalized difference vegetation index (NOVI) were significantly (p < 0.0001) correlated in the month of 
July. NOVI curves of different sites in 1999 showed least distinctiveness due to somewhat wetter weather conditions 
as compared to drier weather in 1998. Crop growing in or near the drainage areas were low in NOVI and lint yield. 
Multispectral images acquired between~ 300 - 600 growing degree days (GDD60) may be useful decision tools for 
replanting certain areas of the field, especially in dry weather conditions when variability in crop growth pattern is 
enhanced due to spatial variability in soil texture, which dictates soil moisture holding capacity and its release to 
plants. Results suggest that 2-3 multispectral images acquired between 800 and 1500 GOD (60) can be used to 
monitor crop health and predict yield in a normal weather condition. 

INTRODUCTION 
Precision crop management (PCM) involves more efficient practices that are economical for the producer and 
beneficial to the environment. The principle is to avoid blanket applications of agrochemicals and instead make site
specific applications in accordance with the needs of soils and crops. Consequently, PCM requires knowledge of · 
how much and when to apply agro-chemicals, site-specifically. There are various methods to determine a site
specific application goal. One method is to use already established calibration curves for an agro-chemical product 
that has been applied in different soils to achieve optimum yield. A second method is to layout experimental plots at 
the farm and test different rates of the agro-chemical. Some drawbacks to these approaches are the costs of testing at 
multiple sites across different years, and the uniqueness of each growing season in determining final yield. 
Traditional analytical techniques, such as regression of static measurements against .crop yield, have failed to explain 
for the yield variability because the dynamic, thus temporal, interactions of stresses on crop growth and 
development can't be accounted for. 

An effective and perhaps less costly method is to use a comprehensive, process-level crop simulation model, which 
considers spatial variability of soils, varietal effects, weather, and all the management inputs on a particular field 
(Whisler et al., 1986). One can apply "what if' scenarios in a crop model in order to tailor the rate and time of a site
specific application to achieve the yield goal. This will only be possible if each subsystem or module in the crop 
model is calibrated and validated locally. A drawback to crop models in PCM is the comprehensive amount of data 
required to either simulate yield or organize in a decision support system. Crop models could be more effective 
management tools if methods were available to input remote sensing data, which is becoming more cost-effective, 
reliable and readily available. 

Recent developments in high-resolution remotely sensed imagery have increased its usefulness in analyzing spatial 
and temporal differences in crop growth and development. Such information can be used to derive inputs for crop 
models in a geographic information environment. The objectives of the study were to 1) compare GOSSYM 
simulated yield with actual lint yield, 2) study spatial and temporal patterns of a cotton crop across two growing 
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season~ using multispectral imagery, 3) predict field based lint yield from remotely sensed data, and 4) determine 
the age of the crop most suitable for aerial image acquisition in predicting yield and /or discriminating differences in 
cotton growth. 

MATERIALS AND METHODS 
Field studies were conducted in 1998 and 1999 in the Livingston Field at the Perthshire Farm, Bolivar County, 
which is located in west-central Mississippi along the Mississippi River. The field has a central-pivot irrigation 
system and has been cropped continuously to cotton for 45 years. The Livingston Field comprised of 162 ha and has 
a 2-m elevation range (Fig. 2). The dominant soil series are Commerce silt loam (Cc), Robinsonville sandy loam 
(Ra), and Souva loam (So). In previous studies, we've determined spatial variability of soil physical properties by 
sampling 209 soil profiles (Fig. 2) to a depth of 1-m based on a 91.4 m grid along 18 parallel transects, with 
sampling originating from the south-western comer of the field. 

Crop Modeling 
The present GOSSYM study only considers two parallel transects, each containing 12 soil sites, located on the west 
(T 3) and east side {T 14) of the field (Fig.2). These two transects represent about 97 % of the soil-mapping units in the 
Livingston Field. At each profile, plant measurements were obtained from a 1-m length of a single row. The plant 
population varied from 10 to 19 plants depending on the location of the plot in the field. Plant maps were determined 
five times in 1998 and seven times in 1999. We executed GOSSYM simulation runs for three different soil 
hydrology files (scenarios) while keeping all other input variables constant. Deviation of the simulated values from 
observed values was determined by the root mean square error (RMSE): 

. [ 1 A ] 

RMSE = nt (y- y;)2 
l/2 

~here y; are the measured values, y; the GOSSYM predictions, and n is the number of comparisons. Lower 

RMSE indicates higher accuracy than higher values (Jabro et al. 1994). 

The present.study used the actual soil hydrology files as input for GOSSYM, but future studies will investigate 
inputs from (1) averaged soil hydrology files for common soil mapping units·and (2) kriged estimates for different 
soil hydrology files. 

Multispectral Images , 
To monitor and estimate the biophysical condition ofthe cotton vegetation, airborne multispectral images were 
acquired on 10 dates in 1998 and 17 dates in 1999 from April to September. These data were collected by ITD 
Spectral Visions using an 8-bit real time digital cameta system (RDA CS) at a spatial ground resolution of 2 meters. 
Spectral resolution was 10 nm and the three bands were centered at 540 nm (green, chlorophyll reflectance), 695 nm 
(red, chlorophyll absorption), and 840 nm (near-infrared- NIR tissue reflectance). Image pixel values (digital 
numbers, DN) were extracted from a 2 by 8 m rectangular area of interest (AOI) centered on each of the 12 
GOSSYM sites using ERDAS Imagine Software. The AOI was oriented at an angle of 164 degrees in order to align 
the pixels of interest with row angle in the field. · 

The average DN valu~ of each AOI (n=l6) was used to study temporal trends in the cotton crop and for derivation of 
· vegetation index. A widely used vegetation index is the normalized difference vegetation index (NOVI). NDVI is an 
indicator of crop biomass production and canopy vigor: · 

NDV/ = (NI~ - ~9s) 
_{NI~ + ~ 95 ) 

The basis of this spectral index is the strong absorption at R695 by chlorophyll and low absorption at NIR840 by green 
leaves. As a result, healthy and dense vegetation produces a high NDVI, while less vigorous and sparse vegetation 
produces a low NDVI. 
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An Edge detection method was used in ERDAS Imagine software to extract drainage patterns in the field from a 
bare soil multispectral image collected on April 1, -1999. Next the elevation data was used to model flow 
accumulation in the drainage areas. This analysis helped to explain different yield patterns in the Livingston Field 
during wet (1999) and dry (1998) growing seasons (Fig. 1). 

RESULTS AND DISCUSSION 

Crop Simulation 
Table 1 presents average data based on common soil mapping units from 1999 on NOVI 1500 growing degree days 
(GDD60), and actual yield, GOSSYM-predicted yield and RMSE. Values for NOVI on July 29, 1999 did not differ 
(P > 0.05) among the three soil series. Actual and simulated yield differed less in the Souva series, but GOSSYM 
over-estimated yield by 0.3 and 0.4 bales acre-1 in Commerce and Robinsonville, respectively. The RMSE values 
indicate that the GOSSYM accuracy in predicting lint yield varied from 0.45 to 0.61 bales acre-1

• However, RMSE 
was inflated by 2-3 by sites located in the drainage areas where actual yield was limited to~ 1.0-1.5 bales acre- 1 by a 
very low saturated hydraulic conductivity of the soil (Fig. 6a). This is a condition that GOSSYM was unable to 
accurately simulate and thus predicted yields exceeding 2.0 bales acre- 1

• . 

Remote Sensed Data 
Figure 3 presents NOVI values for each profile in Transects 3 and 14 on July 18, 1998 and July 29, 1999, when site
specific lint yield was closely associated with NOVI (Fig. 4). Besides expected profile differences, these NDVI 
curves clearly illustrate the difference in crop condition between dry and wet years; 1998 received 14.8 inches of 
rainfall, as compared 23.4 inches in the 1999 growing season (Fig. 1). Decreased NOVI observed in sites 5, 7, and 
11 in Transect 3 and 14 in 1998, and in sites 7, and 11 in Transect 14 in 1999, is likely due to their location in the 
main and tertiary drainage channels where water ponding or soil crusting is evident. Values for NDVI were typically 
higher in Transect 3 than Transect 14. This is because Transect 3 is mainly comprised of sandy loam soil texture 
with relatively high saturated hydraulic conductivity, and transect 14 is mainly comprised of silt loam soil texture. 

The relative rate ( or state) of cotton development and vigor among different sites and across each growing season is 
represented by plots of site-specific NDVI values vs. GDD60 (Fig. 4 A-D). Because image acquisition was started 
before the planting date in both years, negative NOVI values were recorded until about 750 GDD in 1999 (~ July 2) 
(Fig. 4A and 4B) and until about 875 GDD in 1998 (~June 17) (Figs. 4C and 4D). The NOVI values in 1999 
reached a maximum at ~1350 GDD (July 23) and then decreased slightly at 1500 GDD (July 29), when large 
R2_value (0.65) and slope were recorded for the relationship between NOVI and actual yield across the 24 sites (Fig. 
5A). The soil texture in the above case would not make a difference in separating NDVI curves for different sites, 
providing irrigation and rainfall are adequate for growth. As noted above, sites located in the drainage areas had 
dramatically low yields in the 1999 growing season. During the comparatively dry 1998 growing season, profile 
NOVI curves started with negative values as expected, but as the season progressed the 12 sites had distinctive 
values beyond~ 250 GDD (May 23). The distinctiveness in NOVI curves for different sites in Transect 3 was more 
obvious, due to the sandy soil texture, as compared to Transect 14 with a silt loam soil texture. In 1998, NOVI of 
the sites reached a maximum at ~ 1565 GDD (July 18) when values were correlated significantly with actual yield 
(R2 = 0.83) (Fig. 5B). As the season progressed, a decreasing trend in NOVI values beyond 1565 GDD was 
associated with a decreasing trend in R2 -values between NOVI and yield. The NDVI curves in Figure 4 illustrate the 
potential to use remote sensing as a decision making tool early in the season, for instance, to determine which 
area(s) of the field need re-planting, especially in dry weather conditions like 1998. 

Best fit linear regression equations between site-specific NDVI values and machine-harvested yield (e.g., Fig. 5) 
were used to estimate yield for the Livingston Field (Figs. 6B and 6D) based on multispectral images from July 29, 
1999 (Fig. 6A) and July 18, 1998 (Fig. 6C). To show the effects of drainage pattern on the field based yield, the 
GIS-derived flow accumulation network was superimposed on each map. In both years, plants located in or near the 
drainage areas had low NOVI values (Fig. 3) and corresponding low yields. These low-lying areas were a source of 
error in the GOSSYM simulation. Some of this error is due to the characteristically low saturated hydraulic 
conductivity of soils in these areas and this feature is n.ot readily captured by the model. Future studies need to 
address this problem. 
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Table 1. Average values for NOVI on July 29, 1999 (GDD 1500), actual yield, 
GOSSYM predicted yield and GOSSYM RMSE for three soil series in transects 3 
and 14. The number of sites was 12 for Commerce, 8 for Robinsonville, and 4 for Souva. 

Soil series NDVI Actual GOSSYM RMSE 
(GDD 1500) yield yield 

........ .. ....... . . . .. ... . bales acre·1 
. ... .. . . .. ..... . .......... 

Commerce 
Silt loam (Cc) 0.595 2.136 2.425 0.612 

Robinsonville 
Sandy loam (Ra) 0.591 1.868 2.269 0.563 

Souva 
Loam (So) ·0.603 2.158 2.120 0.450 
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A VISUALIZATION TOOL FOR THE INTELLIGENT AGENT MODELING 
LANGUAGEAPI-CALCULUS 

1Raheel Ahmad, 1Dia Ali, 1Maria Cobb and 2Shahram Rahimi 
1The University. of Southern.Mississippi, 2Southem Illinois University 

INTRODUCTION .... 
The mobile agents technology is being heralded as one of the most exciting and enabling technologies in the field of 
distributed computing in the past few decades. Although it does not in general solve any problem that was 
unsolvable by traditional means of computing, it does offer significant performance benefits in distributed 
applications. Various tasks that were previously undertaken by a client-server model have now been realized using 
mobile agents with performance benefits as well as ease of use and greater flexibility of operation. Mobile agents 
can behave autonomously and communicate with other mobile agents as well as host computers and require minimal 
monitoring after their initial execution. Enabling agents with some form of intelligence permits development of 
powerful distributed applications. 

Process calculus (sometimes, process algebra) is a powerful mathematical tool used as a formal method for 
describing concurrent and communicating processes such as mobile agents. Process calculus has been used to 
design, validate and analyze concurrent processes and is invaluable due to the complex nature of such processes and 
the difficulty of dealing with such systems. It has been utilized to analyze the performance of the mobile agents 
system as well as compare it to similar systems that may be described with the calculus. 

Although the benefits of process calculus can not be denied in the field of mobile agents, there ·are some points we 
should consider. Process calculus is a mathematical discipline that can appear very complex to a novice user and a 
system designer who is not well versed with such mathematics. It lacks the ability to quickly ,describe to the user the 
structure and resulting behavior of the system described by the process-calculus. A visualization tool for such 
calculus would be highly_ beneficial ~s it would allow the user to perform a quick evaluation of the system without 
having to go through the complex mathematical syntax. This thesis proposes such a visualization tool and includes a 
basic implementation of the same. · 

A BRIEF HISTORY OF PROCESS CALCULI FOR MOBILITY: 
Trad~tionally process calculi were used to model processes with static communication structure, therefore, offering 
little support for mobile processes which have an ever-changing framework of communication. 

I 
...J 

The pi-calculus was the first and along with its numerous variants, is still the major process calculus that supports 
mobile processes. Following are examples of such process calculi that are popular in the mobile agents industry. 
1. ,r -calculus: , 

,r -calculus has been the front runn.er in the field of process calculi for mobile agents modeling. It was 
introduced in 1989 by Robin Milner et al. in a well known paper [1] and was quickly recognized as an effective 
formal modeling tool for mobile processes. ![-calculus was itself based upon a mobile extension of a process 
calculus called CCS, done by Mogens Nielson and Uffe Engberg [2]. 

,r -calculus proposes that there are two entities, names and agents. A name can be a channel for 
communication as well as any data meant for communication by the agents. The communication by the agents is 
represented by a preftx; a negative preftx denotes an output of a name from the agent over a specified channel, again 
a name, while a positive prefix describes the agent receiving the name over the specified channel. For example, the 
expression, 

(x i.Plx(i).Q)\x 
describes an interaction between two processes, or agents, P and Q. The first part describes the fact that the 'name i is 
being passed by an agent P over the name x, ·which obviously serves as the link between the two agents. The second 
part describes agent Q receiving the name i over the channel x. 
\x denotes restriction of the name x to both agents P and Q. 
2. Higher Order pi-calculus: 

Another way of modeling mobile communications is by passing actual agents or processes through a 
channel instead of passing just names and was introduced by Davide Sangiorgi in .1993 [3]. Such a process calculus 
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which allows agents to be passed as communication values on channels instead of names as in traditional pi-calculus 
is called Higher Order pi-calculus. 

However, as shown by Sangiorgi in the same paper such an extension to pi-calculus is not of much 
practical use and does not add to the "expressiveness" of the calculus. Instead it only serves to bring more 
complication and was introduced mainly to show that there is not a necessity of such higher order extensions to pi
calculus. 
3. Polyadic pi-calculus: 

In contrast to pi-calculus which is essentially monadic, polyadic pi-calculus proposed by Milner in 1991 as 
an extension and refinement of the pi-calculus, accepts tuples of names to be passed for communication. It does not 
add any expressiveness to the pi-calculus but provides support for abstraction which itself gives more functionality 
to the calculus, and the ability to define several sorts over names. The notion of sorting plays the same role as the 
concept of typing in sequential programming and computations. It allows declaration of a name as a certain type or 
sort. 
'4_ Ambient Calculus: 

A very different process calculus for modeling mobile agents was proposed by Luca Cardelli and Andrew 
D. Gordon in 1998 [ 4]. This is a very simple yet elegant and expressive calculus, and the central concept is that of an 
ambient, which is regarded as a closed place in which processes exist and perform their computation. An ambient 
can also have sub-ambients, and so on, each with its own set of processes and threads. The calculus is based on a 
few basic ambient primitives, such as in, out, open and copy that are sufficient to model mobile agents. 
API-Calculus: 

API-Calculus was proposed as an extension of pi-calculus in 2002 by Shahram Rahimi [5] in order to fill a . 
long felt gap in the field of pi-calculus for a framework to address concepts such as intelligence, natural grouping 
and security. API-calculus is an extension of the Higher Order pi-calculus and therefore accepts processes to be 
passed over communication links unlike pi-calculus which only allows names to be passed in a communication. 

Acknowledging intelligence while modeling a framework of mobile agents is the m~in concern of this pi
calculus extension. A lot of mobile agents applications being developed currently require some degree of 
intelligence inherent in the mobile agents. That is quite easy to comprehend since the mobile agents are essentially 
self existing processes that are expected to move around over a network and communicate with each other as well as 
other entities and perform useful work. The agents may be required to cooperate with each other for efficient 
knowledge gathering and task performance. All these tasks would be performed more efficiently if the agents were 
equipped with some sort of intelligence relative to the task at hand and would at the end result in a more advanced 
distributed application. Rahimi gives a more detailed description of the characteristics of intelligent agents. 

Another major contribution of the APl-calculus is the concept of a milieu. With the introduction of the 
milieu to the cal~ulus dictionary, natural grouping of mobile processes is addressed. This is a very powerful concept 
with a parallel to the ambient concept in Ambient Calculus. Rules may be set up as to· the entry of certain mobile 
agents into a milieu thereby providing primitive security to the system. It also provides the ability of grouping 
together hosts and processes that share common characteristics. 

In the next sections, we briefly provide an overview of the APl-calculus syntax. 
API-calculus syntax 
1. Terms: API-calculus introduces the concept of terms. A term·can be a name, a function, fact or a rule, whereas in 
pi-calculus the only term recognized is a name. 

Term, T = x, y, z (name) 
a, b, c (fact I rule) · 
f(x,y) (function) 

A tuple of terms is represented as x, where x represents x 1, x2, X3... 

2. Processes: API-calculus accepts processes to be sent over names. The following gives us a list of process 
expressions that are allowed in the calculus. 

Process, P - 0 
a.P 
P1 +P2 
[T = R] Pi: P2 
Vx.P 
(KJ.P 
IP 

(empty) · 
(action prefix) 
(summation) 

( conditional) 
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(constant) 

3. Knowledge Units: The knowledge unit is modeled to hold a set of rules and facts and is the basic unit upon which 
the intelligence of the system can be based. Information in a knowledge unit consists of facts and rules which can be 
added or removed from it using the actions below. A knowledge unit can also be called using the parameters below. 
Knowledge unit, K - 0 (empty) 

r (single,_rule in the knowledge unit) 
K1 + K2 (summation) 

• ( KJ.P (knowledge name restriction) 

• Ki(a) {add tuple a to Ki) 
• K_; a ( drop a from Ki) 
• Ki(a)(R) (knowledge unit call) 

4. Milieu: As noted before a milieu is a new concept introduced in API-calculus that provides for a natural grouping 
of processes and hosts and provides features for security. The two features that would support security are the join 
and leave functions that must be used for an agent to enter or leave the environment of a milieu. 
· Following is a list of milieu related expressions that are used in APl-calculus. 

· M - 0 (empty) 
M[01 + Oil (composition) 
M1 + M2 (summation) 
join p .M (p joins milieu M) 
leave p.M (p lea'.ves milieu M) 
open M (opens milieu M's boundary) 

5. Free and bound terms: Free and bound terms are very important terms that are central to how a process 
communicates and progresses. A bound term is a term that is restricted or private to a process, i.e., it is local to the 
process ·and it cannot be used by that process as a channel to communicate with other processes. Any term in a 

· process that is not bound to it is called a free term and can be used for communication. 
The free terms of a process Pare represented asft(P). 

The need for a Visualization Tool for AP I-calculus: 
It is a widely accepted fact about human nature that a visual description makes a much bigger impact than a 

textual representation [6]. Hence, the need and presence of images, graphs and other visual tools in the most · 
technical papers. In this paper [7], the authors give a general view of importance of visualization as a tool for 
observation and collecting knowledge in various fiel4s of study. Verbal knowledge often falls short of"giving a big 
picture" of what the problem and solution imply. Visual aids are especially important and almost necessary where 
there is a need of describing relationships between entities that may not be evident in a textual description. 

Several other tools exist for process calculi ,that provide such facilities for process calculi. Most of them 
have been developed for process algebras [8] that do not support any form of systems with evolving communication 
structure, i.e., systems with inherent mobility. For a list of such tools refer to [9] which describes such verification 
tools for process calculi that do not support mobility. Only in the last decade work has been done on verification 
tools for calculi such as pi-calculus, supporting evolving systems. Mobility Workbench (MWB) is a tool written in 
Standard ML [10] that can be used for constructing and analyzing mobile agent systems supporting pi-calculus [11]. 
Extensions of Mobility Workbench, including one supporting polyadic pi-calculus [12] and another for stochastic pi-
calculus [13]. · 

Also, several high level programming languages have been developed that support pi-calculus or its 
variants. These programming languages have a high level programming interface while the core of the system is 
based on the particular calculus. The most popular among these languages is Pict [14] and Nomadic Pict [15]. 
Others include TyCo[ 16] and HACL[ 17]. _ 

Nonetheless, a visual application is .still lacking and would greatly enhance the effectiveness of process 
calculi in general. 
A visualization tool can help in the following ways: 
a) Enhance the AP I-calculus as a companion application 

ACVisualizer can be used along with any API-calculus example in order for the user to really understand 
"what is going on" in the system. Mathematical syntax can appear to be highly abstract and even a textual 
description would not be able to provide the user with a higher-perspective look of the system. For example, 
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visualization tool can be used to observe relationships that persistover a period of time which may not be very 
obvious from a mathematical description where progress is usually depicted step by step and the significance of a 
relationship that had been mentioned earlier may be lost to the observer after he or she has moved on to future steps. 

After writing a sample description of the system in API-calculus syntax, the user may then use the 
ACVisualizer to assess how the system behaves in quick snapshots. This can also help a user to assess another 
designer's description of a system without going through the trouble of conswning the mathematical syntax and 
drawing mental inferences from them. 
b) Act as a "debugging tool" for the designer 

When used in conjunction with API-calculus ACVisualizer gives the designer a quick look at elements that 
he/she has wrongly supposed. The user may go through the whole system life cycle and progress step by step to 
analyze the problems the current framework may be facing. These problems may fall under either security or 
performance issues. Security issues may include a mobile agent unwittingly joining a particular milieu that it should 
abstain from or accessing certain resources it does not have permit to. A visual tool would help greatly here by 
providing clues to an observant user. 

A user may also be looking out for performance concerns in the system that may not be apparent when 
depicting it in the calculus. A mobile agent may have a more straightforward route for its itinerary than the one it is 
instructed to take but this might be hidden in the calculus syntax and may not be obvious. In an another situation, a 
shared resource may not be optimally accessed by all the agents interested and may lead to a performance hit. All 
this would be evident when the system is visualized and the problem can be visually identified. 
c) A comparison tool: 

A great application of the ACY would be to serve as a comparison tool. Different designers may come up 
with differing implementations for a mobile agents framework and the ACY would help in quickly determining 
which implementation would be more effective. Since the calculus is general in nature it can also be used to model a 
traditional client-server framework. This can be very beneficial because a mobile agent framework can be compared 
to client-server framework designed to fulfill the same task and the effectiveness of the mobile agent framework can 
be thus presented. 
d) Applicable to other process calculi: 

There is currently a dearth of any kind of graphical tool for process calculi. The only other such application 
is the Amblcobjs developed by Damien Pous for the MIMOSA project in summer 2002 [16], which is a graphical 
implementation of another process calculus, ambient calculus. As mentioned before ambient calculus, is a much 
simpler calculus than the pi-calculus family and the Amblcobjs development would not benefit the pi-calculus and 
its variants. API-calculus on the other hand is an extension of the pi-calculus and the implementation of the ACV 
would aid other process calculi too. The ACY could be modified to support the other extensions with minor 
modifications. 
e) Conversion to machine Readable Format: 

The new syntax introduced in the next section that mimics the API-calculus syntax provides an easy 
medium in which the calculus expressions can be used in machine readable format which is a limitation of the strict 
mathematical notations that are currently used in mobile calculus expressions. 
Syntax for the ACVisualizer 
The mathematical syntax cannot be used as an input for the ACVisualizer due to the special characters that are used 
in the calculus do not have any complimentary substitutes in the ASCII character set that is used for the 
implementation. To solve this problem a new syntax is proposed that is essentially the same as the calculus' but 
replaces some of the expressions with new expressions. Following is the list of the expressions that are used: 

1. Terms: 
Tenns do not. undergo much c?ange except for the representation ·of the tuple. 

. ' r: Expression · \t,J'. " . * . ·• API-calcuh.i~ ACVisualizer 

Name X X 

Fact or Rule .A a 
- ., 

Function f(a, b, c) f(a, b, c) 
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Note: In the examples below, the knowledge of a term being a tuple of terms is mentioned m the meta-info that is 
read before reading the expressions. Therefore there is no distinction made in the representation of a or a in the 

ACVisualizer syntax. 

2. Processes: 

3. Knowledge units: 

4. Milieu 

Output Prefix 

-~Paral~~L _ , 

''.'Ai>~~i!?ufos -· -ACyisual~zer -
0 0 

-x~)-~ 

xL.P 

_ ,P,d1

P2 

ri input(x;L).P , 

output(x, L).P 

Pl {P2 

P1 + P2 sum(Pl + P2) Summation 

, _,,.,,~ - ',~onditiona't , .'. , [T=R]P\1:,~~ , ·i((!~ ~),then_Q>l, P2) 

Name Restriction 

tKn~\_Vl~clg~ Nall!e Restriction 

Replacement 

Replic~tion 

C Expression 

Empty 
<''' 

Single Rµle 

Summation 
- , Restnctio1i'" "' ,,, 

Drop Fact/Rule 
I 

_.) 

,w 

Add Fact/Ruie 

Knowledge-Unit Call 

VxP 

(K)P 

{L1/Li} 

!P 

AP!-calc~lus -

0 

K1 +K2 

(K)a 

K<a>(R) 

restrict(x, P) 

restrict(((, P) 

{Ll/L2} 

!P 

ACV.isualizer 

0 
,. r : 

Kl +K2 
""re~trict(K, Ji) 1 

-

drop(a, K) 

"add(a; K) 

call(a, K, R) 

,.,,, %.;:r..,FXpressioµ . . ,APl-calc~lus,~ ';"AGVisual~r 
Empty 

.·•·-· Include 
Composition 

Join 

Leave 

0 0 
'M(Ofl 02] _ ~ M{Of, 02) r 

M 1+M2 

joinin.P 

leave m.P 

Ml +M2 

jom(P;m) 

leave(P, m) 

'} . 

The above syntax shows a simple representation of APl-calculus syntax. The new syntax will allow expressions 
written in the calculus to be easily transformed to a format that would be easy to read_by the ACVisualizer. Since 
this new syntax is more intuitive than the mathematical syntax, in the future the calculus expressions may be 
exclusively written in the new syntax especially if they are meant to be primarily analyzed by ACVisualizer or 
another analysis tool. · 
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Sample Implementation in Java -
A very basic implementation is performed in Java that shows how a full fledged implementation might work. 
a) Reading the expressions: The current implementation reads the expressions from an input file during the 
application startup. A more advanced implementation would allow the user to input an expression interactively in 
the GUI (Graphical User Interface) mode and restart the application with the new input. The input file, input.txt, 
starts with the meta data regarding the terms and processes that are used in the expressions in the file. The meta data 
may include name of the processes, the bound and free names associated with each of them, the milieus and the 
knowledge units. 

After reading in the meta data the program reads the calculus expressions line by line, each line having a 
single expression. After reading in all the expressions, the program then parses and analyzes them to understand the 
how the processes evolve and the actions and interactions that take place. It then stores this information so that is 
ready to be drawn in the next process. 

While reading in the information line by line, every expression in a line is subdivided into verbs. 
A verb is an atomic component of the expression and is separated by other verbs by a 'I' symbol. For example, in the 
expression (x i.Plx(ij.Q)\x, 
x i.P and x(i). Qare the two verbs that form the expression. Splitting expressions into verbs makes it easier for the 
program to analyze and later visualize the input. 
b) Visualizing the system: The earlier step prepares the information collected from the input file and now it is ready 
to be drawn on the screen. The program then visualizes each line of calculus on the screen in a window. Each line is 
drawn over a series of frames with small changes to give the feel of a moving slide. In this manner the whole input 
is visualized by the program. 

A Simple Example: 
Now, we will present a very simple example of API-calculus being visualized by the above implementation. 

The example consists of two processes, P and Q, with P sending the name L over the channel x, and Q 
receiving the name Lover the channel x. The above expression is written in the ACVisualizer as: output(x, 
L).Plinput(x, L). Q. The input file, "input.txt" includes meta information about the expressions as well as the calculus 
expression, and its content is: 

/IPR P Q 
output(x, L).Plinput(x,L).Q 

The first line is the meta information that this file will have only two processes, P and Q, in the expressions. The 
second line is the expression itself. 

When we start the visualization program with the parameter to acept the file "input.txt" as the input, the 
program gives the following output on the screen: 

• channel:x 0 
name passed: L) • 

Channel name: l( 

Name Passed: L 

Fig. ]: Output from ACVisualizer 

487 



_ Proceedings of the 2003 IEMS Conference 

The output shows the two processes with the transport of the name between them as weil as the direction of the 
transport. The bottom of the screen shows the status text concerning the output. 

CONCLUSION 
Mobile agents is a growing technology that finds support in various areas and have been utilized widely. It is a 
relatively fresh technology and its applications demand a very in depth understanding due to its complexity and 
unpredictable nature. Process calculi such as API-calculus serve as a tool to aid in the specification and analysis of 
mobile agent systems. In order to fully utilize such tools, a program fo visualize systems described in process calculi 
would be highly beneficial. It can be used to provide a wide perspective understanding of the system and to draw 
quick inferences about the structure and performance. The syntax proposed in this paper for transforming API
calculus expressions has its own benefits and can be highly useful in making API-calculus more accessible. 

However, such a tool does have its shortcomings. It cannot be a very highly reliable program as visual clues might 
slip the attention sometimes specially in a complex system with constantly evolving structure. It does not, by itself, 
provide any formal tools for validation and analysis. However such an application can be indeed be developed using 
the visualization tool. 

In conclusion, the visualization tool proposed in this paper in conjunction with API-calculus can be highly effective 
in the description and analysis of intelligent mobile agents. The sample implementation described here shows the 
behavior of such a tool and its application. 
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DIFFSERV PERFORMANCE MODELING USING TRAFFIC ENGINEERING TO IMPROVE QOS 
OVE'R IP NETWORKS 

Salim Alsharif and Mohammad Mehdi Shahsavari 
Florida Institute of Technology 

ABSTRACT 
The introduction of Differentiated Services (DiffServ or DS) mechanism as a low cost simple model on Internet 
routers has immediate impact on critical-mission applications with respect to QoS and Traffic Engineering (TE). 
Differentiated Services provides for aggregate traffic to be classified and conditioned at the edge of the network 
routers on the basis of performance. Core routers will simply deal with scheduling and processing traffic aggregates 
only. Queuing schemes were used at both the boundary and the core of the network respectively. Since queues are 
not computation intensive, it is possible to implement in high speed routers with multiple ports. 

This paper evaluates the performance of a new service model based on differentiated services model. Real-time 
interactive multimedia traffic will be simulated under different traffic conditions. A performance comparison of the 
new service model routing method to the existing IP routers will be done using OPNET simulator. 

INTRODUCTION 
Given the tremendous growth of the Internet and lack of support for QoS for mission-critical traffic like real-time 
interactive multimedia, there is a need for a way to support such traffic. As the name of real-time multimedia implies 
time constraints [I], interactive multimedia must be presented in the right sequence and in synchron·ous. Otherwise, 
the displayed multimedia information will have no meaning and voice will be choppy and video images will be 
jittery. QoS is becoming more and more relevantly important with the growth of the Internet and enterprise Intranets. 
The key issue is to provide predictable Internet service and control (ensure reliable delivery) of end-to-end delays to 
meet the requirements of real-time interactive multimedia applications. Among these mechanisms is the Integrated 
Services (IntServ) approach, which is characterized by reserving resources in routers [2] , a long a virtual path 
through signaling (i.e. RSVP-Resource Reservation Protocol) for individual applications (per-flow). This mechanism 
requires routers to maintain the "state" of each session, hence, leading to scalability problems when thousands of 
applications are requesting reservations at one time. IntServ is good for few requests and long sessions. It is also 
suitable for campuses and enterprise networks. This leads to the scalable differentiated services (DiffServ or DS) 
model. Different service classes provide different forwarding treatment or per-hop-behavior (PHB). A service 
defines the packet characteristics for transmission through the network in one direction. Packets are classified and 
possibly conditioned at the boundary of the network. Core routers forward aggregate traffic according to a relative 
queuing priority scheme assigned. MPLS (Multi-protocol Label Switching) is another forwarding scheme that 
assigns labels to packets at the boundary of an MPLS domain. Labels specify the service, classification, and 
forwarding. Traffic engineering provides for a way to arrange traffic through the network [2] . . 

QoS must assure that interactive multimedia traffic has priority and.delay is kept to a minimum. The scalable DS · 
technique gives the ability to distinguish among the needs of different interactive multimedia applications. Different 
applications have different QoS needs depending on the composition of the multimedia; provisioning resources for 
some applications may be easier than others, some applications have known and predictable behavior, like packet 
size, traffic volume, and traffic behavior, where others have many variables that makes it extremely difficult to 
configure traffic conditioning thresholds, maximum queue size, and bandwidth limits for high priority queues [3] . 

INTERACTIVE MULTIMEDIA TRANSMISSION AND QOS REQUIREMENTS 
Transmission of real-time multimedia usually has the following requirements [4]: · 
l. Throughput: the transmitting channel bandwidth. 
2. End-to-End delay or latency: the time it takes a packet to be forwarded between two end points in an IP network. 

The factors that contribute to end-to-end delay are: 
a) Forwarding delay: the time it takes a router to receive a packet, make a forwarding decision, and then transmit 
the packet through an uncongested output port. 
b) Queuing delay: the time it takes a packet to wait in a queue till it exits the queue. 
c) Propagation delay. 

489 



Proceedings of the 2003 IEMS Conference 

d) Serialization delay: (measured in milliseconds) the amount of time it takes to place the bits on the wire ~hen 
· a router transmits a packet. It is a function of the size of the packet and the speed of the port. 

3. Jitter (delay variation): inter-arrival packet delay. 
4. Packet loss. 

Multimedia packets (see Figure 1) are usually encapsulated by an RTP, UDP, and IP headers. The 40-byte header 
will incur certain amount of delay depending on the access line capacity (data-rate) and the type of codec used. This 
will add to the overall end-to-end one-way delay time. " 

IP Header 

Source address 
Destination address 

UDP Header 
Destination ort 

Checksum 
PT Se uence number 

RTP Header Timestam 
S nchronization source SSRC number 

. Data a load of di itized voice sam les or video frames 

Figure 1: The complete IP/UDP/RTP packet header 

Multimedia traffic is encapsulated and transmitted in the RTP (Real-Time Transport Protocol) protocol. RTP 
protocol provides end-to-end transport functions such as Payload Type Identification, Sequence Number, and Time 
Stamp that are suitable for real-time multimedia traffic. RTP, however, does not provide QoS guarantees, neither it 
reserve resources. RTP uses UDP protocol that provides unreliable, efficient, best-effort end-to-end delivery of data. 
RTP uses UDP and not TCP, since multimedia data looses value with time, especially audio wiUsound fragmented 

· (choppy) if retransmitted: IP protocol encapsulates UDP and RTP packets in its payload. Routers will then forward 
these multimedia packets according to their preference and QoS required through the Internet between two end 
points. · 

Interactive multimedia traffic has different needs. Video traffic has speech (audio) part and image part. Voice traffic 
response time is very sensitive to end-to-end delay. Voice packets are dropped if they can not be displayed in time 
and in the right sequence. This results in an awkwar~and fragmented conversation that neither party can understand 
one another. However, in a video conversation, if voice response time is satisfactory, it is still possible to carry on 
with a video conversation even if video is choppy. Usually the background is the same, and with today advanced 
compression techniques, such as H.263 and MPEG-4, the background image is transmitted in the first few frames. 
Only the lips of those having the conversation are moving. 

Many approaches exist today to improve the QoS for real-time end-to-end interactive multimedia traffic in 
differentiated services domain. One such approach is to create a new class from the experimental codepoints. The 
assigned codepoints will be mapped directly into the IP header ToS field. The voice (speech) will have priority over 
the video (image) to guarantee that there will always be a meaningful conversation under heavy loads and congested 
routers and links. Voice will have within the same class the higher priority DSCP assigned to it. Other traffic will be 

. forwarded according to the DSCP assigned to it. Voice and video will have each its own distinct codepoint. It is 
certainly possible to create service class that gives priority to speech (audio) than to image (video) and other traffic 
during congested network. This way it is possible to carry on with a video conversation. As mentioned earlier, there 
are 64 possible classes that can use DSCP. Only three classes have been defined. Routers can differentiate between 
speech and image since each uses different fonnat for transmission~ For example, RTP payload type (PT) field can 
be used to identify the packet format; hence, routers classify and mark packets accordingly. Image and speech use 
the same queue, except during congestion, voice has priority and is last to be dropped. 

DIFFSERV CODE POINT FIELD CLASSIFICATION AND CLASSES 
In the differentiated services model, a stream of packets is classified and conditioned on the basis of their service 
classes. Resources are allocated on a per-hop (class) basis, which provide scalability. TOS field in 1Pv4 header has 

490 



Proceedings of the 2003 IEMS Conference 

limitations when many different networks are inv~lved. TOS field was defined in RFC 1349 in which packets are 
marked according to a type of service request. The first three bits (0-2), called The Precedence, use a priority level 
scheme. The next four bits (3-6) are used to request a type of service that includes "minimize delay", "maximize 
throughput", "maximize reliability", and "minimize cost" when set, the last bit is set to zero. However, these choices 
were limited. 

The IETF developed a Differentiated Services mechanism that differentiates traffic on the basis of PHB-forwarding 
treatment- and service provisioning policy. The replacement (mapping) of the TOS byte field in IP packet header to 
OS code point (DSCP) is shown in Figure 2. Since only six bits are used, there are 64 possible service classes that 
reinterpret the values marked in the OS field [5]; the other two bits are currently unused. DiffServ basically forwards 
packets according to their priority classes. 

j\/er IHL 

DiffServ field 

IP TOS field 

IP 
packet 

----=-----------t'-'-------. Ethernet 
, · .Pata Field · ,CRC frame 

Figure 2: DSCP field in the IP frame 

IETF Differentiated Services model (per-hop) provided by service providers, offers each user a range of network 
services that are differentiated on the basis of performance. DiffServ model is scalable which allows it to be 
deployed in large networks. It deals with complex traffic at the network boundaries or hosts. Each router processes 
smaller volume and fewer flows. It offers service for aggregated traffic instead of per-flow basis. Complex traffic 
classification and conditioning is done only at the network entry point. 

THE BASIC BUILDING BLOCKS OF DIFFERENTIATED SERVICES ARCHITECTURE 

Figure 3 shows DiffServ architecture as illustrated in RFC 2475 [6]. 

Meter 

Classifier:., . ....,_ __ ....i Marker 

Figure 3: Logical view of a Packet Classifier and Traffic conditioner 

The Classifier in Figure 3 is an entity that identifies and selects packets based on the content of their packet headers 
according to specified rules. The meter measures the rate and burst size (temporal properties) of these packets that 
are selected by a classifier, and passes the instantaneous state of these packets to the marker, shaper or dropper, so it 
may take the appropriate action. The marker will then set (mark, remark) the DSCP accordingly if it is in-profile. If 
the packets are out-of-profile, the shaper may delay some or all packets in a traffic stream to cause it to conform to 
the traffic profile. Or if a dropper is used, it may discard some or all packets (policing) in a traffic stream to cause it 
to conform to the traffic profile specified [6]. 

The DiffServ are realized by the mapping of DSCP to a particular forwarding behavior (PHB) in each node along DS 
domain(s) path. A PHB is a description of the externally observable forwarding treatment (i.e. packet loss, jitter, or 
delay) applied at a OS-compliant router to a DS behavior aggregate (BA). BA is a collection of packets with the 
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same DSCP value crossing a link in a specific direction (6]. The services are· realized using a specific packet 
classification and traffic conditioning combined with forwarding treatments (PHBs) along the transit path of the 
traffic. 
A customer must have service level agreement (SLA) with an Internet Service Provider (ISP) to receive 
differentiated services. The SLA specifies the classes, amount of traffic allowed in each class, may specify packet 
classification and remarking rules, and specify traffic profiles of traffic as in-profile or out-of-profile. 

Customers can mark the DS field of packets or have a boundary router mark them for the desired service class. 
Traffic profile specifies the properties of a traffic stream such as average rate, peak rate, and burst size, selected by a 
classifier. Traffic profile provides rules for determining whether a packet conforms to the SLA service class (in- . 
profile) or exceeds the SLA service class (out-of-profile). If traffic flow conforms, it will be transmitted according to 
the service class priority, otherwise, it will either be assigned to a lower priority class (re-shaped, or delayed) or be 
dropped. 

DIFFERENTIATED SERVICES ROUTER-ENABLED DOMAIN 
A conglomerate contiguous set of routers, which operate, with the same ~et of service provisioning policy, and PHB 
groups' rules, implemented on each router, (see Figure 4) constitute a DS domain [6]. Based on the PHB DSCP 
value, the router allocates resources (buffer, bandwidth) to a BA. PHBs may be specified in terms of their resource 
priority (i.e. buffer, bandwidth) relative to other PHBs, or in terms of their relative observable traffic characteristics 
(i.e. loss, jitter, delay). PHB groups usually share a common constraint applying to each PHB within a group, PHBs 
are implemented in nodes by means of: 
1. Packet scheduling mechanisms ( queue based) 
2. Buffer management (rate based) 

A PHB is selected at a router by mapping the DSCP in a received packet. A code point may have more than one PHB 
( different profiles with the same DSCP). If a code point is not mapped to a certain PHB, it will be assigned to the 
defaultPHB (Best-effort) [6]. · 

Traffic Flow 

Ingress/downstream 
node 

I 
J 

Egress/upstream 
node 

Figure 4: DS domain- Boundary nodes and Interior nodes 

Traffic entering the DS boundary domain at-the ingress boundary is classified and conditioned (may be shaped). The 
traffic is then identified and assigned to different behavior aggregates (BA)-service classes-which are then assigned 
with a DSCP value. The DSCP value determines the traffics' per-hop behavior (BHA) provided throughout the core 
network. This way traffic with certain characteristics is forwarded with similar traffic guarantees across different 
networks. The mapping of DSCP code points to PHBs gives control to network service providers to remark packets 
when they enter a different domain. The core routers forward packets according to the PHB associated with the 
DSCP. 

The classification, marking, policing, shaping, and dropping operations are usually implemented at the ingress 
boundaries as well as the applications themselves. Core routers may perform limited traffic conditioning such as 
remarking the DSCP. These rules are derived from the SLAs. Traffic conditioning performed ensures that traffic 
entering a DS domain conforms to the rules specified in the TCA (traffic conditioning agreement), and in accordance 
with the domain's service provisioning policy. TCA is an agreement specifying the rules used by the DS building 
block (classifier, traffic profiles, marker, shaper or dropper), applied to the traffic flow chosen by a classifier. It also 
includes explicit SLA and implicit OS-domain service provisioning policy traffic conditioning rules. 
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Service providers implementing differentiated sen:-ices mechanism have the advantage of: 

1. Offering each user a range of network services that are differentiated on the basis of performance. 
2. Scalability that allows DS to be deployed in large IP networks. 
3. Dealing with complex traffic at the network boundaries or at the user terminals. 
4. Having each DS router processes smaller volume and fewer flows. 
5. Offering service for aggregated traffic instead of per-flow basis. 
6. Complex traffic classification and conditioning is done only at the network entry point [7]. 

PERFORMANCE STUDY: 
IMPLEMENTATION OF REAL-TIME INTERACTIVE MULTIMEDIA OVER THE INTERNET 

Internet users continue to grow at a rapid pace, and so are the applications. The Internet as a common platform must 
be able to provide QoS to support different applications that have different needs. The Internet was originally 
designed to transmit data for non-real-time applications, where packet loss and data transfer is an issue. The 
challenge for the Internet is to be able to converge non-real-time and real-time applications in one common platform. 
An application profile will be created to do just that. 

Network Topology 
Using OPNET one-tier network topology model was created (see Figure 5 and 6) to compare and predict the 
response time of traditional best-effort IP routing to differentiated services approach. A baseline model was first 
created to measure the response time (end-to-end one-way delay) between two city offices. The DiffServ capabilities · 
were added using the same model. The response time will show a significant improvement using the DiffServ 
scheme. Five subnets were constructed to represent traffic between five offices (City_l, City_2, City_3, City_ 4 and 
City_5). Four transit IP _Nets were created to demonstrate a backbone (core) domain to apply Traffic Engineering 
(TE) to the traffic passing through the network. 

-\ -
\.; ' -- .,.,,,.,,,., .. • 

1···, 
} : 

Figure 5: Network Topology (Backbone View) 
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Figure 6: City _1 subnet 

• Voice and video conversations between two offices (City_l and City_ 4) will be conducted in real-time 
simulation. City_ 1 will initiate conversations. · 

• The main concern is the delay and jitter. Packet loss is not a factor since enough buffer space is allocated. 
Traffic will be classified at the edge of each subnet according to its service class or per-hop behavior. The backbone 
(core) Transit IP Nets is enabled as DiffServ domain. Voice will be given higher priority over video within the same 
service class. W~b traffic will be marked and queued to be output on the output bandwidth port at the edge router. 

Delay Requirements 
Real-time voice and video should have a maximum end-to-end one-way delay of 150 ms. An upper bound on delay 
variation should not exceed 50 ms. G 723 .1 codec was used to encode the voice traffic, using one voice frame per 
packet. The video is transported at 15 frames/sec, using a frame size of 128 x 240 pixels. The generated real-time 
traffic will be simulated as discrete event traffic, since it provides accurate results, high degree of detail, and queuing 
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effects [8]. Web traffic, simulating the Internet, was generated as background traffic. The traffic was classified at the 
edge router and marked as in Table 1. · 

Applications Type of Service 
Bandwidth 

Weight share of queue 

Real-time Voice DSCP 252 25% 25 ... , 
multimedia 

Video DSCP244 25% 25 

Web Traffic 
DSCP0 

50% 50 
(Default) 

Table I: Traffic Classification 

The. strategy was to use a combination of queuing schemes that will yield the best performance measured by the 
response time. Priority Queuing (PQ), Weighted Fair Queuing (WFQ), Committed Access Rate {CAR), Modified 
Weighted Round Robin (MWRR), Modified Deficit Round Robin (MDRR), Deficit Weighted Round Robin 
(DWRR) and Weighted Random Early Detection (WRED) were used in different scenarios. 

Simulation Results: The edge router's links were overloaded (congested) with traffic to represent a bottleneck, 
reaching 90-100 % utilization, and in some instants, the links were over utilized. 
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Figure 7: Response time of video, voice and delay variation 
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From the simulation results (see Figure 7), the best response time was achieved by the above classification using 
Modified Weighted Round Robin (MWRR) at the edge routers and Deficit Weighted Round Robin (DWRR) at the 
core routers. Figure 7 shows a comparison between the three models and the baseline. 

Weighted Random Early Detection (WRED) was activated at the core routers. As seen from Figure 7, the response 
time for voice and video improved significantly (20-30%), and even more for the jitter. 

CONCLUSION 
Real-time traffic requires QoS guarantees. Different traffic classes were created and assigned different values called 
DSCP according to their forwarding treatment or service class. Real-time and non-real-time multimedia traffic were 
identified and marked according to its priority. The response time was improved based on created service classes that 
are based on differentiated service (DS) model. Future work will involve additional simulations based on different 
profiies, to define a better QoS approach based on the needs and the requirements of different traffic. QoS is a must 
when real-time multimedia traffic is deployed over the Internet. 
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COMPUTERIZED MATERIAL HANDLING EQUIPMENT SELECTION MODELS: 
A REVIEW OF CURRENT STATUS 

Nuzhat Ara and Gamal Weheba 
Wichita State University 

ABSTRACT 
The very essence of material handling is the selection of equipment which itself is not only complex and difficult but 
requires extensive technical knowledge and systematic analysis. Appropriate selection of material handling 
equipment (MHE) can help improve material flow and space utilization, increase efficiency, decrease part damage, 
reduce inventories and overall equipment cost. The objective of this paper is to provide an assessment of current 
status of computerized MHE selection models. In achieving this objective a comprehensive search of the literature 
published from 1967 to 2001 has identified five computerized models. These models were studied and compared 
with respect to key characteristics. In assessing the availability and utilization of these models a survey was 
conducted to include research center as well as equipment vendors worldwide. The survey results indicated that a 
majority of the respondents had no knowledge of any MHE selection models. It was found that there is a lack of 
availability of commercial versions of computerized models. It is recommended that efforts be made for developing 
commercial MHE selection models. 

INTRODUCTION 
"Give me a place to stand and a lever long enough and I will move the world" Archimedes said in 220 BC (Gould, 
2002). Material Handling (MH) is as old as the history of human beings. One of the problems that the early 
inhabitants of the earth faced was how to transport themselves as well as the materials they needed to survive. The 
invention of wheel, lever and a simple yoke are the classic examples of how people learned with the passage of time 
to perform safe and fast movement of materials. Thus the concept ofMH is not a new endeavor. The aim of 
systematic MH selection is to achieve the objective of transporting material to the right place at the right time in the 

• right quantities in good conditions at a minimum cost. Material handling consists of only three basic operations: 
pick up, transport, and deposit. Some of the typical and most commonly known MHE are conveyors, Industrial 
trucks, Cranes, Monorails, Hoists, Robots and Automated Guided Vehicle. The latest invention added to the above 
list is 'IT' now called the 'Segway' (Forger, 2002). 

Traditional methods involve several steps in selecting the appropriate MHE. The first step is to obtain data 
concerning the equipment required. The data collect~on includes the material type, weight and volume of the 
material to be handled, the distance and frequency of movement, storage or retrieval information and any space 
restrictions. Methods of equipment selection include checklists and guidelines to be considered during the selection 
process. Apple (Rowan, 1966) outlined a 15-step procedure, seven of which were partly or completely replaced in 
the modern computerized approach. Kulwiec (1980) has provided a structured guideline to be followed during an 
equipment selection process. Peters (1998) provided the general guidelines for selecting particular equipment for a 
particular application. _These basically serve as guides to the MHE selection process. The next steps involve 
screening equipment characteristics against problem characteristics, reduction and analysis, researching vendors and 
making comparisons (Rowan, 1966). In short, the designers need to carefully examine each operation requirement 
along with any limitations, restrictions, advantages and disadvantages of the possible alternatives. Generally 
speaking, MHE selection problems may have· more than one solution. Throughout the selection process the 
designers are limited to the following three choices, especially due to lack of computerized decision aids: ( 1) 

· Relying on textbooks/handbooks or personal experience, (2) Relying on MHE vendors, and (3) Engaging a 
consultant. In case of first option, human errors may lead to an inefficient choice ofMHE. Those human errors 
may be: rejecting the right equipment due to lack of sufficient data or knowledge regarding the equipment; selecting 
wrong equipment due to time constraint or lack of knowledge of better equipment; or a snap judgment of selecting 
the first equipment that comes to mind due to personal experience, ·pet theories or training. Similarly, the second 
option may also lead to an inefficient choice ofMHE. The vendors' recommendation is free but the problem is that 
their opinion may be biased. Though the third option ensures appropriate selection of an efficient MHE but it is the 
most expensive choice of all. Consulting agencies and large companies are likely to have a specialized planner with 
full-time facility planning responsibilities and expertise in this area. Hiring a consultant means significant amount 
of investment because they charge a substantial amount for their recommendation and the time they spend on 
evaluati9n. Hence, the need to develop commercial MHE selection model is the solution to overcome the 
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limitations of equipment selection problems. The commercial model will minimize human errors, bias and help 
reduce costs. 

In the past the question was "Can you computerize the equipment selection?" and the answer was ''yes" according 
to Rowan, 1966. He also pointed out that Eaton was among the first few researchers who made an effort to 
computerize equipment selection. The aim was to substitute the computer for human effort in certain steps of the 
general problem solving procedure. The very essence of material handling is the selection of equipment which is a 
complex, difficult and tedious task. MHE selection process also requires extensive technical knowledge and 
systematic analysis. An educated guess is that between 250,000 and 500,000 decisions involving selection and 
application ofMHE are made annually by plant engineers based on the volume of equipment purchased annually 
(Matson, 1992). MHE selection is the first stage and key concern in material handling system design. Mostly, in 
factories MH is a major cost factor of the total manufacturing cost. The major sources ofMH costs are: space, 
labor, inventory, equipment and waste. There is a wide range and various types of MHE that are continuously 
improving and evolving with different applications. Some of the major problems contributing to the selection of 
MHE are: facility and material constraints, multiple conflicting design criteria, uncertainty in the operational 
environment, MHE cost and wide variety of MHE types. Human errors add to other obstacles that effect the 
selection ofMHE. Thus, the challenge is to select the most competitive MHE that best fits the need and minimizes 
the total costs. There are only few tools other than checklists available to the design engineers to assist them in 
selecting the most appropriate and cost-effective MHE. Thus today the question is "Are there any commercial 
material handling equipment selection model available?" 

In the following section we provide an assessment of current status and update on the development. and utilization of 
computerized MHE selection models. A review of the literature has identified five computerized MHE selection 
models developed during 1988 to 2001. In section 3 these models are studied and compared with respect to relevant 
characteristics including function, equipment, development, output, and validity test. In assessing the availability 
and utilization of these models a survey was conducted in the form of an electronic email directed to universities, 
MHE suppliers, material handling software manufacturing companies and research institutes world wide. Results of 
the survey are presented in section 4. The summary and concluding remarks are presented in section 5. · 

COMPUTERIZED MHE SELECTION MODELS 
According to Rowan, 1966, the project of computerizing machine tool selection technique began in 1955 at 
Michigan State University by Professor Apple, the originator of the pilot project. While in 1966 Georgia Institute of 
Technology applied the approach to MHE as a graduate student research project. The graduate student H. Charles · 
Hill, Jr .. conducted the pilot project and Dr. Eaton of Georgia Tech presented it to The -International Material 
Management Society (IMMS). In the pilot study the objectives were to: develop a set of quantitative parameters 
which will make possible a complete definition of a MH problem; develop characteristic sets for the various types of 
equipment; and program a digital computer to take over the screening of MHE for selection. The pilot study worked 
very well for the problems constructed for the model in forklift truck selection. An algorithm for fork lift truck 
selectioµ was developed using a simplified flow diagram as a guide by coding the general logic and computation 
flow algorithm into the compiler language. The punched cards were used in the equipment file for the computer to 
compare each parameter with its related equipment characteristics. The computer's equipment selection matched 
the expected selection and the time required for the computer to screen the equipment was far less than manual 
screening. It was claimed that the technique can be applied to nearly all equipment categories. However, the 
technique also showed promise for new or expanding operations were its speed and accuracy in providing the 
effectiveness of designs during the development will be valuable. The technique used to develop equipment files 
was to enter each type-size with its characteristics on punched cards or magnetic tape. Georgia Tech was to finish 
the equipment file for all handling equipment and expected that a selectipn kit will be supplied to interested users. 
The release of such kit was through IMMS. The kit consisted of an equipment file, problem data sheets and 
instruction for collecting data and programming. The drawback identified at the time was the matter of updating the 
equipment file to maintain its timeliness. 

Later in 1967, Willoughby developed a technique that was based on the strategy of dynamic programming to solve 
the joint facility location materials handling system (MHS) selection problem. The purpose of his work was to 
realistically formulate the joint facility location and MHS selection problem and to develop a method that is 
computationally feasible to solve the problem. He believed that the location of facilities and the selection of MHS 
can be considered simultaneously in the planning process. A sample problem was solved using the technique 
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developed, aiming the minimization ofMH cost and maximization of rate of return on capital invested in MHE. 
This technique can be applied to a wide range of facility planning problems while reduces the size of a problem. 

Based on the literature review, it is observed that the MHE selection problem is also formulated using integer 
programs. This type of approach is seen in early research in 1983 and 1985 by the same author, Hassan. He 
developed a computerized model for MHE selection. Later in 1985, Hassan et al. published an article regarding a 
model for selecting MHE and assigning it to the departmental moves .. The objective of his research was to develop 
algorithm for the selection and assignment ofMHE using integer program. The problem was solved using a 
construction heuristic algorithm with the objective to minimize the total operating and investment costs for the 
selected equipment. The formulation of the problem is based on objective function and four constraints. The 
objective function minimizes the sum of operating and capital costs over all moves and equipment types. According 
to Hassan et al. (1985) Webster's methodology required considerable computational effort of calculations. 
Webster's methodology considered moves then the move assignments are interchanged to seek improvement in 
equipment utilization and total cost. While Hassan's et al. (1985) methodology considered the equipment, then the 
moves are assigned to each selected equipment type. Since the number of moves is more than number of equipment 
types, Webster's methodology required more computational time. Hassanet al. (1985) felt the need for 
investigation into other models and algorithms with lesser computational requirements. The algorithm considers one 
equipment type at a time and moves are assigned to each selected equipment type. It was claimed that the algorithm 
is computationally attractive and helps achieve other goals as well, including maximizing equipment utilization and 
minimizing variations in equipment types. Each move is restricted to only one equipment type and the available 
operating time of each equipment type cannot be exceeded. The equipment selection algorithm was applied to four 
of the examples from previous research by Webster in 1969. The problem consisted of four candidate equipment 
types and ten moves. The calculations performed by his algorithm were straightforward and irtvolved simple 
operations such as addition, subtraction, and comparisons. They compared their research results with those of 
Webster's model. According to them, in some cases Webster's.model was better while in others their model 
produced better results. Due to different computer systems, the comparisons were not rigorous. 

, MATHES - In 1985 Farber developed MHE selection using knowledge based technique as a technical project under 
the supervision of Edward L. Fisher. The objective of his project was to develop MA Terial Handling Equipment 
Selection (MATHES) Expert System to choose the appropriate equipment for moving unitized material from one 
department to another in a manufacturing environment. MATHES is a rule:.based expert system solution to the 
MHE selection. It provides recommendations for MHE as well as degree to which it is confident of its · 
recommendation. In his research sixteen MHE types were used. 

I 

Later Fisher, Farber and Kay (1988) described a rule-:based expert system called Material handling Equipment 
Selection (MATHES) that selects appropriate types of MHE for intra-factory moves -of unitized material. The 
equipment types are chosen by applying heuristic selection rules acquired from a human expert. The heuristic rules 
relate characteristics of the move to appropriate types of MHE. Associated with each selected equipment type is a 
factor that can be used to order the list of selected equipment as to each type of degree of appropriateness. Each 
equipment selection ru_le represents a combination of technology and economy. MATHES takes into account both 
in selecting MHE. It can justify its high cost only for high volume moves. The volume of a move, as defined in 
MATHES, is a combination of both the frequency of the move and the size of the unit being moved. A hypothetical 
example of bulk mail center was given to illustrate how MATHES works. The program was loaded using NC-Shell 
(Net Control) version 1.0. The equipment selected was "Walkie Truck". The user provided set of input to the series 
of questions asked by MATHES. The output recommended five different types of MHE with· corresponding 
certainty factor: Manual 100.0, light load automated guided vehicle 92.0, hand truck 75.5, self-powered monorail 
carrier 72.8 and walkie truck 58.3. Considering the nature of the example problem, Manual, Hand truck and Walkie 
truck seemed to be appropriate equipment. They were ranked based on their economic appropriateness and, in this 
example the cost of the equipment was dominating factor. Later, in 1990 MATHES II was developed to improve 
and broaden the working scope of MATHES (Honng, 1990). It included more consultation function, supplier 
database and performs economic analysis. 

EXCITE - Matson et al. (1992) developed EXCITE (EXpert Consultant for In-plant Transportation Equipment) to 
assist in equipment selection for inter-departmental as well as intra-departmental movement of discrete items in a 
manufacturing facility. It is also a knowledge-based approach for addressing the major factors that influence 
equipment selection. The knowledge-based approach involves the use of e~pert guidelines 'rule of thumb' and 
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extensive matching of equipment characteristics to.applications requirements. Their research involved two major 
activities: (1) Compilation of a knowledge base from an in-depth review and modification of traditional checklists 
and published literature on equipment selection, and (2) Development of a prototype expert system for MHE 
selection. The knowledge base compiled consisted of 340 rules, 28 attributes and 35 equipment types. In EXCITE 
the user is asked for relevant attributes followed by a search through the knowledge base. The search is user 
dependent for which an inference chain was developed using forward chaining approach which allows methods to 
restrict the search. EXCITE is coded in a programming language called "OPS83" which supports a rule-based 
representation scheme and has powerful pattern-matching capabilities. EXCITE was an attempt to develop user
.friendly screens for enterin·g attributes as input. It displays screen with definition and values for attributes. Then the 
user has to enter his/her choice from a list of options. The final output screen displays the equipment type 
recommended along with important features of the equipment. EXCITE also computes a preference factor for each 
equipment type which helps the user in choosing between equipment types in case of more than one 
recommendation by the system. The preference factor is computed using a user preference module which considers 
flexibility, maintainability and cost. The module uses a weighted evaluation technique to compute a preference 
factor for each equipment type. The application was illustrated by an example. The set of input entered were: 
maneuvering/transporting as move type, medium (31 feet to 100 feet) as distance. The input for interface was 
specified as "robot" at the source and "pick/delivery stand" at the destination. The output was a "unit load 
automated guided vehicle" for the move at 0.67 preference factor with characteristics. 

ICMESE - Park (1996) developed an intelligent knowledge-based expert system called Intelligent Consultant 
System for Material handling Equipment Selection (ICMESE) for selection and evaluation of MHE suitable for 
movement and storage of materials in a manufacturing facility. He considered the selection of the most favorable 
commercial model and the performance evaluation of the selected model in an integrated way using knowledge 
base. The program is executed under a VP (Virtual Programming)-Expert system which is a rule based development 
system. This approach provided user-friendly interface. The input screen displays attributes with definition and 
values to enter. The output screen provides the recommended equipment with specifications and performance 
measures. The whole process ofICMESE consisted of the following four modules: (1) A knowledge base in order 
to select an appropriate equipment type, (2) A Multi-Criteria Decision-Making (MCDM) procedure for choosing the 
most favorable commercial model of the selected equipment type, (3) A database to store the list of commercial 
models with their specifications, and (4) Simulators to evaluate the performance of the equipment model. It uses an 
inference engine of backward chaining for problem solving. The knowledge base was designed by constructing 
decision trees which represented a hierarchy of attributes pertinent to the selection process. A total of 336 rules 
were stored in the knowledge base. The database was constructed to store the lists of commercial models with · 
specifications. Ii stored 41 move equipment types using a database called "dBASEIII Plus". The database was 
compiled mainly from equipment published catalogs. The MCDM procedure that chooses the most favorable 
commercial equipment model consists of two major stages: a screening process, and an Analytic Hierarchy Process 
(AHP). A simulator "SLAMII" was used to evaluate the performance of the selected equipment model. A total of 7 
simulators were developed for 7 different cases of equipment operation. It was programmed using the computer 
language called "FORTRAN 77". The recommendation for the example used was robot. 

Noble et al. (1998) provided a review on recent development in integrated approaches to material flow design and 
presented a model which integrates MHE selection and specification, including MH interface equipment and path or 
unit load size. In their research they have examined several aspects of integrating material flow into system design 
problem. The model consisted of an objective function and 13 sets of constraints. The goal of the objective 
function was to minimize the operating and capital cost of MH and necessary interface equipment. This technique 
shows that the problem is a large-scale nonlinear integer program. Due to complexity and size of the problem 
structure it was determined that the best approach to the solution is through meta-heuristic procedure. The 
formulation of the problem was solved using the meta-heuristic procedure of the tabu (prohibited) search to find a 
solution to the more realistic and complex model. The tabu search is based on short term memory and long term 
memory. The method was coded in the C language and run on specific operating system known as DEC (Digital 
Equipment Corporations) Ultrix 4000. The tabu search was applied to two example problems which illustrated a 
more integrated approach to the selection and specification of MHE and unit load size. The examples consisted of: 
Small example - 7 material flow, 6 departments, 1 product and 5 equipment types, resulting in total of 110 variables 
and 228 constraints; and Large example of an actual local manufacturer- 22 material flow, 16 department, 1 product 
and 9 equipment types, resulting in total of 603 variables and 1235 constraints. 
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XSOME - Haidar et al. (1999) focused on a different approach for computerized MHE selection. The research has 
investigated the feasibility of applying artificial intelligence methodologies to the optimization of excavating and 
haulage operations and the utilization of equipment in opencast mining. The research was directed into the 
development of the decision support system, XpertRule for the Selection of Opencast Mine Equipment (XSOME). 
It is a computer-based program developed to solve the excavating and haulage equipment selection problem in 
opencast mining. They designed the methodology using a hybrid genetic algorithm and knowledge-base system. 
The knowledge base within XSOME is a decision-making task utilizing.a decision tree that represents several nested 
production rules. The basic fimction of knowledge-base system is to assign equipment in broad categories which 
needs to be trimmed and refined to produce final recommendation. The genetic algorithm is used to define the 
make, number and operating life of the equipment as a finial and specific recommendation. This leads to minimum · 
total cost of the operation. The process of genetic algorithm starts with a randomly created first generation of 
population where each generation represents one solution consisting of one chromosome with a number of genes. 
The chromosomes represent model of the equipment and the gene represent the suppliers. XSOME also applies 
advanced genetic algorithm search techniques to find the input variables that can achieve the optimal cost. The 
system was tested on four case studies to validate its accuracy and the summary of the results is as follows: In three 
of the four cases, XSOME was successful in selecting the same type of equipment to excavate the overburden as 
used by the contractor in the mine; and In two of the four case studies, the costs of the selected equipment using 
XSOME were less than the costs of the actual equipment used by the contractor in the mine. It was analyzed and 
compared with the actual equipment used in the mine, and a sensitivity analysis was performed to provide potential 
suggestions in areas where improvements could be made. The results of this research turned out to be very · 
promising. XSOME has progressed from applying integer linear programming into developing a hybrid knowledge
base system and genetic algorithms. It was shown to eliminate the su~stantial economic losses arising from the 
selection of the wrong type, make, size, and number of equipment. · 

Sharp et al. (2000) developed an approach to MHS selection and specification that satisfies the _following three 
characteristics: {l) a bottom-up approach that uses manufacturing data, such as a facility layout and parts routing, (2) 
fast enough so that a system designer can evaluate different options with respect to grouping MH tasks and 
technologies, and (3) can be used for both design of new plants and evaluation of existing plants in the face of 
changing production requirements. Fast analysis tools have been developed to aid in specifying systems, and the 
research is focused on aggregation and system selection. Their research consisted of four steps: (1) Task extraction: 

· extract information from manufacturing data about individual material handling tasks. The physical attribute of the 
load, such as weight, size, fragility, vertical/horizontal displacement and position accuracy, (2) Filtering tasks and 
matching them with resources: individual tasks are matched with resources regardless of system performance and 
economy. This step eliminates technologies that are not capable of satisfying the requirements of individual task 
and to match single-task resource with the needs, (3) 'fask aggregation: aggregates tasks into sets which are matched 
with technologies. One form of aggregation is clustering based on the physical attributes used in task and resource 
specification, and (4) System selection: an optimization routine selects system and its specifications. 

MHESA - Chan et al. (2001) described the development of an intelligent MHE selection system called Material 
Handling Equipment Selection Advisor (MHESA) suitable for the movement and storage of materials in 
manufacturing systems. There are two stages in the MHESA system: (1) the selection ofMHE type which is 
executed under the ART-IM (Automated Reasoning Tool for Information Management) Expert system; and (2) the 
selection of most favorable equipment using a clecision support software package known as ExpertChoice. The 
MHESA is composed of three modules: (1) A knowledge-based expert system for MHE selection, (2) A database to 
store equipment types with their specifications, and (3) An analytic hierarchy process model to choose the most 
favorable equipment type for a particular task. For the firstmodule, Chan et al. (2001) developed a knowledge base 
for the MHE selection problem. This was accomplished through a survey of published literature on both move and 
storage MHE applications and compilation of the knowledge and recommendations in these sources in the form of 
facts, relationships, and rules. A total of 36 attributes were used and classified into four categories: MOVE attribute, 
MATERIAL to be handled, OPERATION requirement and AREA restriction. A total of 112 rules were stored in 
the knowledge base. In the second module, the database was constructed to store a total of 61 MHE types with their 
specifications. Out of which, 50 were move equipment types and 11 were storage equipment types using Microsoft 
Excel spreadsheet. Then, an expert system was created to utilize this knowledge base for relating MH problems to 
MHE alternatives: This involved translating the hierarchy of information from the decision trees into a language 
that the expert system's consultation driver understands. The third module, analytic· hierarchy process provided a 
frame work to handle multiple criteria situations involving intuitive, rational, .qualitative and quantitative aspects. 
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first, it structures the problem in the form of hierarchy. Then, derives ratio scales to integrate the perceptions and 
purposes. All the weights developed for the criteria are combined with ratings to compute a single, weighted
average rating for each alternative. The highest overall rating is ranked best MHE while the lowest overall rating is 
ranked as worst alternative. An integration program to translate the hierarchy of information from the decision tree 
to the expert system's consultation driver was created using Visual Basic. They indicated that a significant effort 
was especially made to include numerous important move and storage equipment types. An example of furniture 
manufacture was used to illustrate how the MHESA works. The output recommended automated guided vehicle 
with its particular specifications. It also provided the option to print report containing information such as priority 
level among alternative commercial models, performance data and specifications. 

Yaman (2001) has shown that aided MHE selection and pre-design of a MHS can be combined by using a 
~ow ledge-based approach. The first part of his study was the selection of MHE for related product requirements. 
The second part of the study was the decision making for equipment between departments. His approach for MHS 
was described in three stages: selection, rationalization, and detail. He identified three different factors that can 
increase productivity and reduce investments and operation costs: (1) right MHE selection; (2) good design of the 
MHS; and (3) facility layout. He highlighted the importance of the MHS design and facility layout problem, 
requiring an integrated solution strategy. Then he used two knowledge-base systems and one external program to 
implement the proposed approach. The knowledge base contained all the rules, the objects which described a 
particular topic and additional information. The external program was used to reorganize the data for the MHS 
selection phase. It was developed using FORTRAN. This approach was developed as user-friendly interface which 
helped the user during the input session and decision making. There were 7 categories of equipment. The time
consuming tasks ofMHS equipment selection can be handled using this approach with interaction by a designer and 
can overcome the limitations of an analytical approach, which is generally limited with only quantifiable factors. 
The case study exemplifies the selection of MHS equipment using the approach and a recommended rationalization 
procedure. It was designed for 9 processes and 7 different parts. The output recommended a set of equipment types 
for department to department move. 

COMPARISON OF SITED MODELS 
The five sited models: (1) MATHES, (2) EXCITE, (3) ICMESE, (4) XSOME and (5) MHESA are studied and 
compared with respect to relevant characteristics including functions, equipment, output and validity test as 
discussed below. The summary of these packages is presented in Table 2 (Section 5). 

FUNCTION: Th~ above computerized models were designed to assist in MHE selection, optimization and 
evaluation. MATHES is the most primitive model of all which can select at an intermediate level, that is, the 
selection of different types of conveyors that make up the broad category "conveyors". MATHES does not select at 
lowest level meaning a particular model or model specification. EXCITE is similar to the above model except that it 
list important features of the equipment types such as speed, load and distance along with equipment 
recommendation. Definitely EXCITE is better than MATHES. The later models:_ ICMESE, XSOME and MHESA 
are much more sophisticated compared to MATHES and EXCITE. · All these three models select at lowest level. . 
Besides equipment type these models also recommends a specific equipment model. One of the primary functions 
of XSOME is to optimize equipment cost by listing number and life of equipment. ICMESE and MHESA are 
similar to each other in terms of the "evaluation" function: 

EQUIPMENT: There is a significant difference in the number of equipment and number of equipment attributes 
used in developing those five cited models. It ranges from 8 to 61 equipment types and 6 to 36 equipment attributes. 
Most of them are designed for manufacturing facility except XSOME which was developed for the selection of 
opencast mining. Review of these models considering equipment type an.d its attribute leads to two major concerns: 
(1) limited number of equipment types, and (2) there is a lack of consistency in equipment classification. The 
following discussion starts from least to most number of equipment types used for developing the identified five 
models. XSOME used only 8 types of excavating and haulage equipment type associated with 18 attributes. But it 
considered variety of equipment vendors for each type._ MATHES used total of 24 equipment types and 6 attributes 
which included "Manual" and "No Manual" equipment category. Most of all there is no equipment classification of 
any type. Thus, MATHES presents a very poor and limited equipment selection list. EXCITE used 35 equipment 
types and 28 attributes which are grouped under a major equipment type. For example, 12 different types of 
conveyors are classified under several sub-classification of conveyor. ICMESE and MHESA both are similar 
regarding the equipment classification but the number of equipment and attributes differ. ICMESE uses 50 with 29 
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associated attributes. While MHESA was developed using the most number of equipment type and equipment 
attributes. It has considered 61 equipment types with 36 relevant attributes. Thus, none of the models included 
entire list of equipment nor provided any means to up date the datab_ase. 

DEVELOPMENT: The development of these computerized models includes rules or generations, algorithms, 
inference chain, specific computer programs or languages used. All the four models except XSOME use number of 
rules for expert system. MHESA uses the least number of rules for largest list of equipment and equipment 
attributes. Then, 336, 340 and 172 rules used for ICMESE, EXCITE and MATHES respectively. XSOME used 50 
generations. The most commonly used algorithms to develop these models are discussed below along with its 
advantages or disadvantages: 

Expert System: MATHES, EXCITE, ICMESE and MHESA are based on expert system. The MHE selection 
problem involves analyzing large quantities of data and using expertise to make a selection of appropriate 
equipment. The equipment selection problem lends itself to expert system development as it requires expertise in 
the domain ofMH. Thus, expert system fits very well in solving problem ofMHE selection. There are many 
advantages as well as there are some disadvantages of using the expert systems. Expert systems are only as good as 
the information on which they are based. In addition, if the knowledge base is invalid or perishable for any reason, 
it can not produce reliable recommendations. Expert systems can not learn through experience as human expert. 
Thus, it must be updated periodically. Another disadvantage of using expert system is that they can only provide 
shallow justification for their recoinmendation as they simply point to the specific rules used in developing a 
recommendation. Thus, the user must be aware of the limitations of such systems while considering the 
construction or application of an expert system. 

Genetic Algorithm: Among the identified five computerized models, XSOME is the only one that is based on 
Genetic algorithms. Genetic algorithm offers a powerful alternative for efficiently solving suclJ problems. Results 
are found to be consistent with expectations, indicating that genetic algorithm can be used as a solution technique. 
Genetic algorithm procedures converge quickly on optimal solutions after examining only a small fraction of the 
search space and have been· applied successfully to complex optimization problems in engineering. It was also 
observed that the program run time was reasonably low. 

· Knowledge Base: All five models are consistent in using the knowledge base. · It is apparent that MHE knowledge is 
not available from a single source or in a single format. It is compiled from published MHE literatures and catalogs 
which need to be updated to maintain timeliness. Reviewing the development of knowledge base for each of these 
models raises the following two major concerns: (1) La~k of method to update the list of MHE types, and (2) 
inconsistent database because of its dependency on the1developer. 

Inference Engine: MATHES, and ICMESE uses backward inference chain while EXCITE and MHESA uses 
forward inference chain. Since the number of equipment and associated attributes in ICMESE is more than 
MATHES, therefore the number of rule that can establish a goal in ICMESE is more than MATHES. In either 
forward or backward chaining the contro 1 issues are crucial regardless of the direction in which the rules chain. 
Because, there may be more than one rule whose conditions are satisfied by data in case of forward chaining and 
there may be more than one rule that can establish a goal in case of backward chaining. Thus, the system may 
produce spurious conclusion or no conclusions at all. The inference chain approach has two advantages: first, each 
recommendation requires consideration of a limfred set of attributes and second, the attributes are always pertinent 
to the equipment category under consideration, e.g. if the initial rule infers that the equipment category is conveyors 
then the next set of questions will only be focused on those attributes pertinent to conveyors. 

OUTPUT: MATHES and EXCITE are close to each other considering the output of the models. Both of them only 
recommend equipment type to the user as an output. While ICMESE, XSOME and MHESA not only recommend 
equipment type but provides a specific model as a final recommendation. ICMESE and MHESA both provide 
specification and model performance data as an output. But, ICMESE also provides confidence level. MATHES 
provides certainty factor and EXCITE provides important equipment features and preference factor. XSOME is the 
only model that specifies number of equipment and cost of operation as an output to its user. 

VALIDITY TEST: MATHES, EXCITE, ICMESE and MHESA were verified using an example. An informal 
validation was also provided when MATHES was used by students in a graduate MH course at_North Carolina State 
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University. The result~ were co~pared and used ~o improve MATHES. Once again XSOME was the only model 
out of five that was validated usmg four case studies. The results of XSOME were compared to equipment selected 
by the opencast mining contractors in the United Kingdom. 

SURVEY RESULTS 
USER SURVEY: The survey was conducted via e-mail and directed to the universities, MHE vendors, material 
handling software companies, and research institutes on world wide basis. The following is an overview of the 
survey results followed by a detailed survey results given in Table 1: 

Result Overview: Overall response rate was 26%. The sample breakdown is as follows: Sample size 100, Bounce 
back e-mail 5, Adjusted sample 95, Margin of error 10.26%, No responses 70, and Responses 25. 

'comments: Form the above results it is seen that most of them had no idea nor did they know of any such 
development. On the other hand few responded with some information that there is software available. It was 
interesting to know that few software provider as well as equipment vendors did not know of any related 
infonnation on MHE selection software. One of the examples is of Lahey Software Company who has posted 

· "Typical Software Costs" which includes the cost of software for Material Requirement Planning (MRP) solution 
but responded with no information on MHE selection software. From the survey it appeared that US base 
companies do not have commercially available software to assist in MHE selection. One of the respondents 
mentioned that their company is aware of software that is being sold to only limited users. Furthermore that 
software is not endorsed. It was a surprise to know that in Europe few companies do have software to aid MHE 
selection. But these are not complete packages and are limited to specific equipment. Another resource provided 
price quote from 5 years ago. This was a Canadian company known as ICONOSPHERE who used to have 
Warehouse Management and Equipment Selection Guide available for 750.00 Canadian dollars. Lastly, the most 
authoritative and detailed response was from Dr. Robert J. Graves, Professor of Decision Sciences and Engineering 
Systems at Rensselaer Polytechnic Institute (RPI). He is the director of Rensselaer's Electronics Agile 
Manufacturing Research Institute, funded by a major grant from the National Science Foundation. He is currently 
pursuing research in near real-time scheduling and dispatching, in MHS design, and concurrent engineering. Dr. 
Grave's response indicated that there is no commercially available software to assist in the choice and specification 
of MHE. But, there are several proprietary software used by companies in Europe that are not open to the public or 
available for commercial license or use. Dr. Graves and his colleagues at RPI are attempting to develop such 
software and are keenly interested to know of such development even if in limited form. Per their observations of_ 
the industry (witp. some notable exceptions, especially in Europe) they indicated that the domain of knowledge and 
its use for choosing/specifying equipment in a complex MHS is still something of an '~art form" practiced by highly 
experienced people and not yet reduced to systematic principles or practice. He also indicated that, he and his 
colleagues at the center are at work on developing such software. 
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TABLE 1: DETAILED SURVEY RESULTS 

QUESTIONER (SAMPLE SIZE = N) TOTAL % 
95% CONFIDENCE 
INTERVAL (CO 

Do you know of any MHE selection software? (N = 25) 

Yes 9 36 ± 19% 

No " 5 20 ± 16% 

No idea 11 44 ±20% 

If yes, please answer the following question otherwise proceed to #3 (N = 9) 

How much is the cost of the software? 33% 3 
List software provider contact infonnation. 22% 2 
Is the software commercially available? (No) 22% 2 

Do you have any other related infonnation? (N = 25) 

Yes 14 56 ±20% 

No 11 44 ±20% 

Would you be interested in getting infonnation regarding the software? (N = 25) 

Interested 2 8 ± 11% 

Not interested 23 92 ± 11% 

AUTHORS' RESPONSE: An effort was made to obtain a copy of the_ five identified models for _which the authors 
were contacted directly via e-mail. The overview of the result is shown as below: · 

Result Overview: Overall response rate was 21%. Sample breakdown is as follows: Total authors 14, No response 
11, and Responses 3. 

Comments: An attempt was made to contact authors of each cited models. In some cases the associated universities 
were also contacted to either provide the current contact infonnation of the author(s) or send a copy of the model 
they developed. The summary of availability of these iqentified models is giyen in Table 2 (Section 5). It was 

· almost shocking to find that such computerized models were developed and existed but is no longer available now, 
even though most of those projects were sponsored. The rate of authors' response was low. However, the response 
received from some of these authors was neither encouraging nor positive. In some cases it was not possible to 
obtain or even find out the status of models availabili~. In addition, it was a surprise to find out that the authors 
have no idea or knowledge regarding availability ofMHE selection software. Dr. Michael G. Kay is an associate 
professor in the Department of Industrial Engineering at North Carolina State University. He is one of the 
developers of MATHES which was written in a homegrown Pro log-based shell called NCShell trying to simulate 
fuzziness using production rules and confidence factors. He indicated that 5.25" floppy disk is available but is not 
readable. He also pointed that MATHES is considered as of historic interest only. He recommended using fuzzy 
rule based processing. Dr. Yang-Byung Park developer ofICMESE is a professor in the Industrial Engineering 
Division, College of Mechanical and Industrial Systems Engineering at Kyung Hee University. He indicated in his 
response that the software requested was a sponsored project for which he does not have the copyright to distribute 
currently. On further e-mail inquiry regarding ~ponsor contact, he was unable to provide the sponsor's contact too. 
Dr. Felix T. S. Chan was one of the developers ofMHESA. He is associated with the University of Hong Kong. 
Though this computerized model is the most recent among other citeQ models, yet is not available to anyone. 

SUMMARY 
The objective of this· p~per is to provide an assessment of current status of computerized MHE selection models. 
User survey was conducted to investigate the availability and utilizat~on of such computerized models in the 
industry today. Results indicated that most of the respondents had no idea. The five sited computerized MHE 
models: MATHES, EXCITE, ICMESE, XSOME and MHESA developed during 1988 to 2001, were compared to 
their key characteristics and the summary is given below in Table 2. The summary of status availability of the five 
sited models is shown below in Table 2. The overall result of authors' response indicated that most of these models 
were not commercialized. It appears that these developments were limited to academic applications only and were 
not available for Industrial implementation. Thus, the question left for today still is: · "Can the model be made 
commercially available?" Therefore, the development of commercial MHE selection model can become a useful 
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tool. The model will not only save a great deal of engineering time but will help minimize human errors, bias, and 
the substantial economic losses arising from the selection of the wrong equipment type. 

TABLE 2: SUMMARY OF SITED COMPUTERIZED MODELS 
MODELS MATHES EXCITE ICMESE XSOME MHESA 

Selection, Selection, Selection, 
FUNCTION Selection Selection Evaluation Optimization Evaluation 
EQUIPMENT 

unitized Excavating & 
material Discrete parts Move & Storage Haulage Move & Storage 

Type equipment equipment equipment equipment equipment 
Number 24 35 50 8 61 
Attributes 6 28 29 18 36 
DEVELOPMENT 

50 
Rules 172 340 336 generations 112 

Knowledge 
Knowledge- base & 

Rule-based based expert Knowledge-based genetic Knowledge-base 
Algorithm expert system system expert system algorithm expert system 

Inference Genetic 
chain Backward Forward Backward algorithm Forward 

Equipment Specific model, Specific 
. Equipment type, features confidence level, model, make, Specific model, 
type& & preference specifications & number and specification & 

Output certainty factor factor performance data total cost performance data 

VALIDITY TEST 
Verification validated & 
or Validation verified Verified Verified Validated Verified 

AVAILABILITY STATUS 
AVAILABLE UNAVAILABLE 

Available 5.25" floppy Do not have 
Unavailable not readable distribution 
Unknown any longer UNKNOWN copyright UNKNOWN UNAVAILABLE 
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A KNOWLEDGE-IJASED SIMULATION SYSTEM FOR OPTIMIZATION OF DYNAMIC SCHEDULING 

Thien-My Dao and Ziane Bensalah 
University of Quebec 

ABSTRACT 
A Knowledge-Based System (KBS) in the tandem architecture is designed and presented for dynamic scheduling. 
The experiences of people and the knowledge generated from different dynamic scheduling algorithms used for the 
design of scheduling system are investigated. The optimal scheduling solution procedure based on the knowledge 
generation and simulation approach is also presented. To identify the potential ability of the proposed system and to 
$how how the system can work, a case example concerning a batch manufacturing is investigated. 

INTRODUCTION 
Production scheduling is, as a matter of fact today, the central point of a factory's planning and control system. This 
planning activity is generally a complicated task and becomes particularly more sophisticated in a high technology 
manufacturing environment filled with uncertainties and alterations. In this stochastic and dynamic context, the 
scheduling system must be powerful and flexible enough to respond to the real time manufacturing state and be able 
to provide an optimal solution (schedule) for the manufacturing activities. 

Today, the needs are increasing through requests from industrials who are constantly faced with problems of 
products' quality and production cost. Consequently, the manufacturing strategies and economic solutions are no 
doubt required and, particularly in the scheduling of activities, a practical and powerful tool is recommended to 
optimize factory productivity and to lower the cost. 

The scheduling problem is complex, not only because of the number of possible combinations of jobs sequences, but 
also because of the fact that: 

I) the machines have varying capabilities and efficiencies for different operations; 
2) the operation times for each job are different; 
3) and the manufacturing priority is varying from one job to another. 

Generally, in thi~ manufacturing context, the optimal schedule may be found when: 

a) the make span corresponding to a minimum time and cost is reached; 
b) the resources efficiency and the quality of products are high; 
c) the delivery orders delays are minimum; 
d) and the jobs order priority is respected. 

Many approaches using computer have been proposed in the past [I, 2, 3, 4, 5]. But none of the proposed systems is 
flexible and powerful enough for the dynamic and high technology manufacturing environment of today's factories. 
This paper presents a scheduling system designed with · the concept of Knowledge-Based System (KBS) and the 
simulation technique. 

TANDEM ARCHITECTURE OF KBS 
The KBS is a tandem architecture (Figure 1) system, and its knowledge, required for the scheduling problems, is 
principally generated from different dynamic scheduling algorithms (Table 1 ). 
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l 

Figurel: Multilevel Tandem Architecture of Knowledge-Based Simulation System (KBSS) for Dynamic Scheduling 

There are generally two commonly used approaches for solution optimization of the manufacturing problems: 

I) using the computer aided interactive simulation, or 
2) using the knowledge and experiences of people. 

Since neither of these two approaches has been completely successful in many cases, considering the complexity 
and dynamic characteristics of the manufacturing problems. The combination of the two approaches is possible and 
many applications have proved that it is suitable for solving complex manufacturing problem. This combination is 
realizable and executable under the framework of a tandem architecture Knowledge-Based System (KBS) (Figure ·1) 
which proposes an "action plan" to resolve the scheduling problems and reach the production goals in complex, 
dynamic and multiprocessing manufacturing environmen~: "A set of tentative schedules are generated by the 
simulation module using the scheduling models and algorithms, and the KBS module will be activated to evaluate 
the performance potential of each generated schedule to identify the best one satisfying the implementing and 
production goals." 

The dynamic structure of KBS takes advantage of the flexibility and the reduction of using data and constraints. 
The Knowledge-Based Simulation System (KBSS), as shown in Figure 2, is composed ofKBS module and · 
simulation module. It is designed for research of the optimal manufacturing schedule, and the different levels of 
"knowledge", which are specific for a particular scheduling problem, are generated from different scheduling rules 
and algorithms as indicated in Table 1. 

The KBSS is defined as a-computer system and designed with the "production rules" for the procedural knowledge 
and the "frames" for declarative knowledge and facts. Some "production rules" defined in the KBS can be found 
below: 

Rule 01 

IF 
THEN 
Rule 02 

IF 
THEN 

the first come first serve rule is void for scheduling 
use the algorithm No. 01 for solving the problem. 

the scheduling considered is for one machine problem 
use the algorithms No. 01 to No. 19 to resolve. the problem. 
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Rule03 

IF 
THEN 

Rule07 

IF 
THEN 
AND 

the scheduling considered is for two machines problem 
use the algorithm No. 20 for solving the problem. 

the scheduling considered is for three or more machines problem 
solve the problem using the algorithms No. 21 to No. 23 
compare each other to identify the best. 

As shown in Figure 2, the structure of KBSS is composed of different components, but the "Knowledge Base" is one 
of the first importance and the "Scheduling Rules and Algorithms Base" is essential for practical knowledge 
generating. That is the dynamic nature of the proposed system allowing the user to change or to update at any time 
the manufacturing data and any production knowledge to respond to the real time state scheduling problem. 

e-lNTERFAC 

Figure 2: Structure of the KBSS for the Dynamic Scheduling 

The KBSS chooses the optimization algorithms according to the desired manufacturing environment . In our 
scheduling system, we envisaged three various types of situation, and for each one correspond some algorithms of 
resolution of scheduling problem: 

1. for a scheduling problem of a cell with only one machine (m=l), the algorithms No. 1 to 19 can be used to 
simulate various possibilities of sequences of jobs. 

2. For a cell of two machines, Johnson's algorithm (No. 20) is regarded as the most powerful rule for the 
resolution of such problem. 

3. In an environment of 3 machines or more, the algorithms No. 21, 22 and 23 are used. 

The solution generated by the system is evaluated by the user, if it is satisfactory, it is sent to the production system. 
Figure 3 shows the flowchart of the proposed KBSS. 
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Scheduling 
Rules No. 

1 

2 

3 

4,5,6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Ale:orithms arid Rules Description 

FIRST COME FIRST SERVE (FCFS), Min ( 

MINIMUM ORDER DUE DATE (MOOD), Min (Di) 

MINIMUM DYNAMIC SLACK (MDS), Min (di - Ti) 

MINIMUM CRITICAL RATIO OF DYNAMIC SLACK 1, 2, 3 (MCRDS) 
(1) Si= (di -Ti)/Ti 
(2) Si = ( di - Ti)/di 
(3) Si= d/Ti 

SHORTEST PROCESSING TIME (SPT), Min (Ti) 

LARGEST PROCESSING TIME (LPT), Max (Ti) 

SHORTEST WEIGHED PROCESSING TIME (SWPT), Si= Ti ( ~:) 

LARGEST WEIGHED PROCESSING TIME (L WPT), Si = Ti ( :: ) 

SHORTEST MEAN PROCESSING TIME (SMPT), Si= T/n 

LARGEST MEAN PROCESSING TIME (LMPT), Si = TJn 

MINIMUM NUMBER OF OPERATIONS (MINO), Min (ki) 

MAXIMUM NUMBER OF OPERATIONS (MANO), Max (ki) 

MAXIMUM VALUE OF ORDER (MVO), Max (Vi) 

MAXIMUM DELAY COST RADIO (MDCR), Si= Ci /Ti 

MAXIMUM ORDER VALUE RATION (MOVR), Si= Vi/Ti 

LARGEST PROCESSING TIME ON THE MOST BUSY MACHINE 
(LPTBM), Si = Max (Mj) 

1 
_J 

SHORTEST PROCESSING TIME ON THE MOST BUSY MACHINE 
(SPTBM), Si = Max (Mj) 

JOHNSON'S ALGORITHM 

PALMER'S ALGORITHM 

COMPELL, DUDEK AND SMITH'S ALGORITHM 

DANNEMBRING'S ALGORITHM 

. Di 

Ri 
Ti 
di 
ki 
Mi 

due date of job i · 
receiving date of job i 
total processing time of job i 
Di - Ri, slack of job i 
operations number of job i 
total processing time on machine j 

Table 1: Scheduling Rules and Algorithms 
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Control 
Machines 

Tools 
Material 

Workforce 

m>3? 

yes 

no no 
rri=3? m=2? 

yes 

Input the tasks 

Choice of objective 

Jobs scheduling 

Resources scheduling 

Performance calculation 

Choice of scheduling 

Start 

Number of machines 

m =numbero 
machines 

m=l 
m=2 
m=3 
m>3 

Characteristics 
job number 
Part number 

Lot size 
Jobs order priority 

Receiving date 

Economic criteria 
C,.., : Makespan 

F,... : total processing time 
F.,... 

I:Ci 
sum of delays 

number of delays 
mean number of tasks in the system 

spare time 
setu time 

Algorithms 
FCFS 

MOOD 
MDS 

MCRDS 
SPT 
LPT 

SWPT 
LWPT 
MDCR 

JOHNSON 
PALMER 

OMPELL, DUDEK AND SMITH 
DANNEMBRING . 

Gantt diagram 

Figure 3: Flowchart of the KBSS operation 

CASE EXAMPLE 
To demonstrate the potential ability of the KBSS, consider a .scheduling proble~ of ten (10) jobs, formed from 
different part families and assigned to a manufacturing cell of three (3) machines. The processing times (pj) on 
different machines are indicated in Table 2 hereafter. The category of task (wj) and the delivery time (dj) are also 
given. These manufacturing infonnations are inputted . in the KBSS and, depending on the production goal or 
production criterion, the KBS selects a group of appropriate scheduling rules (Table 1) and different jobs sequences 
are generated by the system (Table 3). Different parameters determining the performance of manufacturing system 
are also calculated and indicated in Table 3. For the case example, fourteen (14) scheduling rules (see Table 1 and 
3) have been used and the eight (8) production performance parameters have also been calculated. 
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Number of machines (m=3) 

Tasks Products Part Quantity Processing Time Delivery Type of Task 
Number Family Number (Pj) Time Task Availability 
(Lots) (dj) (wj) Time 

~-- (ri) 

plj P2j P3j 

1 32 CCGA L3091 433 2 4 4 40 1 0 

2 42 630FP K4320 800 10 5 10 55 2 5 

3 32 C MAC C0120 450 4 4 4 40 3 2 

4 32 COBR K4320 420 2 4 4 40 1 3 

5 25 LONE H6351 470 5 5 5 40 3 5 

6 32CCGA L7769 750 10 6 6 60 2 0 

7 32CLASP L7967 480 3 5 5 45 4 1 

8 32x42 C K3130 600 6 6 8 60 1 5 

9 25 PYTHON K1867 420 2 4 4 40 2 2 

10 40CCGA L3091 475 5 5 5 45 5 3 

Table 2: Data of the Case Example of Scheduling with Three (3) Machines. 

From Table 3, we can observe that, depending on the scheduling problem goal, the optimal schedule can be 
identified easily. For example, in Table 2, if the goal is the minimum total scheduling cost (#1460), the optimal jobs 
sequence will be 10-7-3-9-5-1-4-6-2-8 (rule #6) or 10-7-3-5-9-1-4-6-2-8 (rule #16) and for the case of minimum 
make span ( 152),the optimal jobs sequences have been obtained by the rules # 1, # 7, #9 and #22. 

CONCLl.JSIONS 
The developed KBSS is powerful for a complex schedulirrg problem today. The system can be used for many types 
of scheduling problems to explore different possible solutions and to identify the optimal (schedule) one. The 

. proposed tandem structure system is flexible enough to resolve a particular scheduling problem with different 
production goals, defined for a specific manufacturing context. With the power of microcomputers today, the 
proposed system will be certainly an economic and practical tool for resolving dynamic scheduling problems. 
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Schedule Algorithm Make Span Total Delay Total Average Average Total Total Cost Machine 
or Rule Processing Production Number of Scheduling of Delays Idle Time 

Time Time Tasks in the Cost 
System 

16739410825 1 152,00 374,00 781,00 . 75,50 4,97 1 940,00 929,00 0 
25810634791 2 157,00 561,00 1 000,00 97,50 6,41 2 330,00 1 280,00 5 
25810634791 3 157,00 573:00 1 010,00 98,70 6,49 2 360,00 I 320,00 5 
25681037491 4 157,00 573,00 I 010,00 98,70 6,49 2 360,00 I 320,00 5 
82614593710 5 157,00 548,00 973,00 94,70 6,23 2 740,00 1 690,00 5 
10739514628 6 155,00 355,00 779,00 75,30 4,95 1 460,00 560,00 3 
14937510862 7 152,00 291,00 696,00 67,00 4,41 . 1 730,00 709,00 0 
26851073491 8 157,00 594,00 1 030,00 100,00 6,58 2 440,00 I 410,00 5 
13459710268 9 152,00 308,00 717,00 69,10 4,55 1 700,00 701,00 0 
52341091786 IO 157,00 437,00 872,00 84,60 5,57 1 990,00 978,00 5 
10735914628 16 155,00 360,00 784,00 75,80 4,99 1 460,00 560,00 3 
94173586210 21 154,00 328,00 739,00 71,30 4,69 2 010,00 1 000,00 2 
14789325106 22 152,00 355,00 751,00 72,50 4,77 2 060,00 I 080,00 0 
94173105826 23 154,00 309,00 720,00 69,40 4,57 1 730,00 716,00 2 

Table 3: Results obtained from KBSS for a case ex~ple often (10) jobs performed on three (3) machines 
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A NOTE ON LAN, A TM TECHNOLOGIES, AND PRIORITY QUEUEING 

Andrzej J. Gapinski 
Penn State University-Fayette 

ABSTRACT 
Standard LAN networks are being enhanced by incorporating Asynchronous Transfer Mode (A TM) technology. 
Frame-based technologies, not best suited for voice-data-video integrated solutions, adopt an A TM to meet demand 
for the bandwidth. This technical note discusses some LAN and A TM integration related issues and priority 
queueing as encountered in switching networks. 

INTRODUCTION 
Extensive number of researchers, business practitioners, and educators published on computer network theoretical 
foundations, industrial practice and training (see references 1-6). Naturally, the theoretical foundations of networks 
analysis were laid by stochastic analysis and analysis of queu_es in particular (see references 4,7,8 for example). 
Technology is progressing at a fast pace and even for a knowledgeable person it is a daunting task to stay current. 
This note reviews some concepts concerning LAN, A TM, and priority queueing, and provides an insight into the 
topics. 

Lately, the framed-based LAN technologies have not provided satisfactory solution for the voice-data-video 
integrated services. Asynchronous Transfer Mode (A TM) technologies have been applied to enhance capabilities 
and performance of standard LAN networks. Framed-based LAN technologies, which may include: Ethernet, Token 
Ring, FDDI, linked with bridges, routers, etc., treat all packets with the same priority. This fact may explain some of 
the LANs transfer performance deficiencies. 

There are few important advantages offered by ATM technology. Namely, ATMs offer scalability, quality of service 
integration, and commonality with respect to transfer protocols. A TM can adopt to a demanded, increasingly high 
transmission speeds, with ease. Thus in high-speed networking A TM technology is becoming a viable option. A TM 
standard describes a standard electronic package ( cell) that is independent of rates or transmission resources. Thus 
many systems can support ATM (see ref. 5 for details). Relatively high cost makes a ATM far more popular as a 
backbone technology than for networking computers. 

ATM AND OSI MODEL 
Although an A TM does not fit exactly into the Open System Interconnection (OSI) rriodel, one can say that A TM 
technology operates at second, Data-Link, and third, Network, layers (see fig.I). Routers by comparison provide 
functionalities at third, Network Layer (see ref. 5 and 9). 

Transport Layer 

Network Layer 

A TM Adaptation Layer 

Data-Link Layer ATM Layer 

Physical Layer Physical Layer 

Fig. I OSI model versus A TM layers 

PRIORITY QUEUEING 
A TM technology implements switching based on queues priorities. This fact motivated the author to look at the 
issue and to provide some comments on average delay times for limited number of priority classes, which is usually 
the case for small to medium size of networks. 
We will follow Kendall's notation (see ref. 1-4): 
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· M/M/1 represents a queueing model with Poisson (Markov), exponential (Markov) service times, and one 
server. 

Following notation of Chan (2000), in priority queueing, cells or customers are classified into different classes, each 
class with priority index. The smaller priority index, the· higher the priority of serving the customer in a queue. It is 
assumed the first-in-first-out (FIFO) model of service. Thus, the customers are served in order of arrival in a given 
class. Furthermore, it assumed that there is a non-preemptive priority service with m priority classes. Higher priority 
customer must wait until service in progress is finished. Thus there is no iriterruption in service. 

m 
The total network traffic p = I: pj < I, where pj, is the traffic intensity of priority j, and m is a number 

j=l 
of priority classes. 
Average waiting delay experienced by a customer from priority class j, I <=j<=m, will be denoted by Wj, following 
Chan(2000). The average delay Wj experienced by a customer of priority j consists of three components: 

I. The average delay due to a customer already in service; 
2. The average delay due to customers of higher or equal priorities that arrive before the customer; 
3. The average delay due to customers of higher priorities that arrive after the customer. 

There is a known solution for general case ofm priorities.(see Hammond (1986) or Chan (2000) for example). Here, 
we limit m=3 (see fig.3) and provide some comments on graphs for average waiting delays: Wl, W2, W3. While we 
use WI, W2 from Chan (2000): 

WI= Wo / (I - pl); W2 = Wo I ((1 - pl -p2)(1- pl)); 

W3 can easily be shown to be equal to: Wo I ((1- pl - p2 - p3)(1- pl - p2)). 
To plot these functions we used MATLAB assuming Wo =.01, and p3 = .095, in case of W3. (see fig. 2, 4, 5.) 
Intuitively speaking, one can expect to find plots to be similar to queues with one priority level where network delay 
grows exponentially with traffic intensity p. The plots in case ofmultivariable functions, W2, W3, do exhibit similar 
behavior. Thus, in essence, general pattern is preserved, where rising total traffic intensity, p, causes increase in 
time delay Wj.·As expected the delay time increases with lower priority of customers. 

CONCLUSION 
This technical note was motivated by the author's desire to shed some light on multiple priority queueing and 
connection with A TM technologies. It is hoped that the ~marks given here clarify A TM priority queueing as 
encountered in switching computer networks. · 
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Fig.2. Graph of WI for Wo = .01 and pl = [.0 - .9). 
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Fig. 3. Illustration of Non-Preemptive FIFO Priority Queueing networks limited to three levels of priorities. 
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Fig.4. Graph ofW2 for Wo = .01 , pl=[.0 - .5] and p2 =[.0 - .4]. 
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Fig. 5. Graph ofW3 for Wo = .01, pl= [.0 -.5], p2 = [.0 - .4], p3 = .095. 
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SOLVING A DISCRETE LOT-SIZING PROBLEM FOR SUPPLY CHAIN PROBLEMS USING EXCEL 

1Kenneth R. Morrison, 1James ~- Fordyce and·2Stephanie A. Siakel 
1Kettering University, 2Harley Davidson Motor Company 

ABSTRACT 
It can be shown that we can solve a single-period supply chain problem, finding the optimum solution, given that the 
customer demands are known, using Excel Solver with a transshipment formulation. More typically, real-life 
problems have more of an MRP-nature, where we want to find a good solution for the situation where customer 
demand is known for each of several periods. This paper describes a solution procedure that applies the Wagner
Whitin algorithm to the supply chain problem, giving an MRP-type solution to the supply chain problem, using 
Excel spreadsheets. 

As mentioned in another paper at this conference, the total distribution cost from one source to a sink can be nicely 
separated into in-plant cost and transportation cost. For the purpose of applying the Wagner-Whitin algorithm, the 
total distribution cost will be as follows: 

a) Setup cost 
b) Inventory cost 
c) Other in-plant cost, such as direct and indirect labor and material cost, and 
d) Transportation cost 

For illustration, the 3-tier problem shown in Figure 1 will be used. The numbers in the rectangles represent the 
distribution costs. 

~uppliers 

ChicagQ 

Plants 
San Francisco 

I 
!:-1 

Dallas -

Figure 1 3-tier SCM Network Costs 

.Demand 
Nodes 

The transshipment formulation requires the capacities of the tier 1 facilities to be entered as data, along with the 
demands of the last tier. As Figure 2 shows, the capacity of the Chicago supplier is 480 and the capacity of the 
Detroit supplier is 520. Also, the demands of Philadelphia, Atlanta, and Indianapolis are 3"30, 425, and 245, 
respectively. 
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~<~u.ppliers Pla_nts 
San Francisco · 

Dallas 

-Demand 
Nodes · 

Figure 2 3-tier SCM Network Capacities and Demands 

First let us determine the minimum cost allocation for the 3-tier SCM network. This involves using the Excel Solver 
to determine the optimum allocation pattern. Figure 3 shows the first step of entering the cost matrix into the Excel 
Solver. 

0 E F L G H j 

Qi~tnbution Costs · 
. ·san Francisco Dallas Pntsburgh .Philadelphia ~.t1arrta lndtanapdtis SuppliH 

Chicag~_ -~"· 
. OetrQit • 

511 334 245 - · · 4fm 
565 ' .34f ., . 234 ' 520 

\Sarr Fr8nc1sco . 500 5313 :o'aitas ···"-~- .. ·• ·• .. .. 3.51 29:9 
j ~~~rgh· , ,~ .. ·----.-----··· ,_ ~ -····-··· " -···- . --~~--- ·* . 407 

·;Demands · -330 425 
•~ ,-.•r ._., • ~ 

I. 

~- · 13-tier SCM Network Costs I 
Figure 3 Distribution Costs, Supplies, and Demands 

519. 
313 
343 
245 

Figure 4 shows the addition of costs equal to 99999 for th~se allocations that are not permitted, plus costs of zero for 
the transshipment facilities San Francisco, Dallas, and Pittsburgh. The capacities and demands for the transshipment 

facilit~~S. __ are als~ set :_qua!_t°. l_?OO__, _which is the ~~tal flow . ..... ·•···•·•• 
Di strtbuti on Costs 

San _F randsco Dadlas Pittsburgh , Philad~lphJa Atlanta · !ndianapohs Supplie-$ 

:_Cht~ag'?. · 517 3M 245 ........ · .... 99999 99999 9S999 480 

:o-,troit 565 348 234 99999 99999 99999 520 
San Francisco 0 99999 99999 58:0 538 519 1000 
Dauas 99999 0 ·99999 351 299 313 1000 
_ Pilt5.burgh 99999 99999 · O 332 407 343 ·1000 

D~~•ndg 1000 1000 1000 33-0 .. 425 245 

-13-tter Complete s_CM Nework Costs I 
Figure 4 Distribution Cost Matrix Ready for the Excel Solver 
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Figure 5 shows the Excel Solver ready to solve the 3-tier transshipment problem, and Figure 6 shows the optimum 
allocation pattern determined by the Excel Solver. 

Solver Paromctcrs E1J 

- ~ ---

.;j >) . ' ,,,',&,.ti . J ,:;~~ .--, 
~e J 

L,:,-,. ;: -
----~,.,..,....,.._,. __ • ...,.....,-..,_.,_.., ~--, .... ,:-...., .,.,_--~•-•• • ,..,. .,_ ,_, .,,.,.,.,,. ....... ,..v• 

Figure 5 Excel Solver Ready to Solve the 3-tier Problem 

:AJlocatioris - - ~· f 3-tier SCM ·Optimum Allocations I 
I -
~ . . . .. · San F rancj~co . D&jlas · Pittsburgh - Ph1fa~elph1a Atlanta tndi anepolrs S\JPPli es ! ·. --· ...... _.- .. .... :,. ' 
fChiCaQO -. : 
l. - -lo.', 'N" ,i.,,: • ·-4 ,c,,...__ .t. ,,. ·batroit ••.•· · · · 
: San- Francisco · · ·.. -
'. oaifas ,_. . ' 
i e1~ t?.LJ'9h 
(D~e~~s'. 

. !Mo red 

1000 
1000 

0 425 55 0 0 0 480 
0 ~-·- " __ : q 5~0 0 0 0 520 

-1000 0 0 -0 0 0 1000 
0 575 0 0 425 0 1000 
0 0 425 350 0 245 1000 

1000 1000 _ ',.-:· 330 425 2~5 
1000 1000 330 ~ 425 ir·· 245 

597715 
:-~ -,.,; 

Figure 6 Optimum Allocation Pattern From the Excel Solver 

As Figure 6 shows, no units are sent to San Francisco. Chicago sends 425 units to Dallas, which sends them to 
Atlanta. Chicago sends 55 units to Pittsburgh, anci Detroit sends all 520 units to Pittsburgh. Pittsburgh sends 330 
units to Philadelphia and 245 units to Indianapolis. 

Now suppose we know that the Demands for Indianapolis are going to be as shown in Table 1 for the next 5 weeks. 

Table 1 Demands for Indiana 
Period J 2 3 4 -5 

Indiana olis 220 280 360 140 270 

The demands given in_ Table 1 suggest that we can apply the principles of dynamic lot sizing as represented by the 
Wagner-Whitin algorithm to determine the optimum pattern of shipments to Indianapolis at minimum cost. Figure 7 
shows the setup for a spreadsheet solution for this problem. The setup costs, carrying costs, and shortage costs were 
contrived for this example problem. 
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~<+~'f ,~_, ·. ;'._, /~ ,~. 
... t : . ;f ~rioq . ·~ ., .. 
+2 .. ,Demand 

. :
73t · Setup Cost 

~·i :1ca"Ying cost 
·4'••·••/4'-r···= . . , " .• .. 
;.,5, ;Stockout Cost 
~-~4,~t-·' 

.. <.~·-.· '1 
/ J 

, ~: 

.# ~- \tj 

8 0 E 
1 -2 3 4 

220 280 . 360. 0

,. 140 
250 250 250 250 
1 1 1 1 
4 4 4 4 

Spreadsheet Solution 
for Indianapolis Demands 

Figure 7 Setup for Applying Spreadsheet Solution 

F 
5 

270 
250 

1 
4 

Figure 8 shows the optimum build pattern to satisfy the Indianapolis demands. The solution says that 220 units are 
to be built in period 1,280 built in period 2, 500 units built in period 3 (for the period 3 and the period 4 demands), 
and 270 built in period 5. 

Spreadsheet Solution 
. for tndianapoHs Demands . 

Deci sioo\Period 1 2 3 4 5 
tr . .. .,, ;, 

Mak.el 1 250 530 ·1 250 1670 2750 
Makel 2 500 860 

,, 
1140 "' 1950 

Makel 3 750 890 
,. 

1430 
Mcri<e/ 4 1001) 1270 
Make/ S 1140 

I 

; Column Mtn1mt1m 250 500 750 890 1140 
Declsioo ·Make/ 1 Make/ 2 · Make/ 3 Make/ 3 Ma~~e/ 5 
Duplicates 0 0 0 0 0 

Figure 8 Optimum Build Pattern for Satisfying Indianapolis Demand 

The transshipment solution for minimum cost has Pittsburgh shipping to Indianapolis, when the demand for 
Indianapolis is 245 as in Figure 2. If the demand for the first period for Indianapolis is 220, and not 245, how can 
we find the new capacities for Chicago and Detroit that will send a reduced number of units to Indianapolis, given 
that that demand comes from both Chicago and Detroit? We do not want to change any other cost nor any other 
demand. Let us reduce the capacity at Detroit to ( 480 - 25), or 455, to see if that gives the desired 220 units sent to 
Indianapolis. The new cost pattern for the Excel solver is shown in Figure 9, and the optimum solution in Figure 10. 

()rs.tnbf.moo Costs 

'ct1c~ 
.DB ~·~ 

'S¥1 Ft~1~t:1) 

·oa ~ 
P'it?sbt.rgh 
D•mand• · 

San Vrar.a:~sco ()alas 
51i . 3M 

P,tt:stor~ Ph:Hac<t?~la Atlanta rnmsnepo«s. Supplie-a 
245 · 9:ggg~.-- ~w · g;-~ .1►i5 

565 348 234 ·%~~ ~&, ~:r) 520 
(1 9:¾399 . B'~99 sao s::~· ,s19: ws 

(, ~9 !J __ 9~ 3~-1 ~~ .3 j ~- ~· 

g;~999 ·3'9%9 0 3~2 401 -~J ,· 7f. 
75. ~75 3:30 42:: 220 

f 3-tier ComJ:4ete SCM Network Costs I 
Figure 9 Distribution Cost Matrix Ready for the Excel Solver 
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~Aifbtii~ns···· ··· ., .. -,~tier SCM Optimuh\· Alk>·c~tions I ·· 
J~ v•:·· .,. " ,;.._~~.::.,,_·:=:§~~~):r~!S.~Q. ~las_J:i~_~y.rgttf~j~g~~~~ ;.~ ~rrta . l~dianap9tis Supplies !'4~d 
tehicago . ·. · ·· · o: 425 · 30 : · · · o o o 455 455 

!~~i .. ::~:.- .•• 91~~- } ?t ..... c t ... ~-• ~: :;~ ·. : :~~ 
lOatras . . . ·o; · 550 o. o 425 : a. 975 " 975 
tf i~~~-!;J!9h··::·":. $•,. ·v:::,_:'._::::::,::::_:Q~:.:~::: .. :::.,jf~.:~ .... :).7( .. :::".:' .. 33q ___ ... ,, · ·· 9 220; ~1~ .. - .. ,, s15 
iDemands · · 975 ; . 975 . 975 · 330 425 226 ·· "1 

i~~ . ,_ •• ·._···~-~~ :: ·q~~::~:fil~:~~:~:S3~ ~?~~ -~ 220 
i · · · ssao?st· · · · 
t . ., . . 

Figure 10 Optimum Allocation Pattern from the Excel Solver 

As Figure 10 shows, all allocations except for the 220 units from Pittsburgh to Indianapolis are the same, and the 
new total cost is 583,075. The next steps are straight-forward. The SCM network is re-solved 5 more times to 
create the results shown in Table 6. 

a e T bl 6 S umman o ro r 101mum T t IC oa osts 
Period 1 Period 2 Period 3 Period 4 Period 5 

Indianapolis 220 280 360 140 270 
Demand 
Chicago 455 515 595 375 530 
Capacity 

Sy~tem Capacity 975 1035 1115 895 1050 
Total Cost 583,075 618,355 665,395 536,985 612,475 

Indianapolis 220 280 500 0 270 
Demand 
Chicago 455 515 735 0 530 
Capacity 

System Capacity 975 1035 1255 0 1050 
Total Cost 583,075 618,355 I 747,715 0 612,475 _J 

•· The total cost for the 5 periods in Table 6 is 3,016,285 u~ing the 220-280-360-140-270 demand pattern, and 
2,561,620 using the 220-280-500-270 demand p~ttem, which is a savings of 454,665. 

SUMMARY 
The purpose of this paper was to demonstrate that given that the customer. demands are known, we can use the Excel 
Solver to solve the SCM transshipment formulation, combined with an optimum solution to the dynamic lot sizing 
problem, to achieve an optimum solution for the situation where customer demand is known for each of several 
periods, given the assumptions. 
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SOLUTION OF 4-TIER SUPPLY CHAIN PROBLEMS USING EXCEL AND ARENA 

1
Kenneth R. Morrison, 2Mathew S. Kugelman and 3Erick T. Rodriguez 

1
Kettering University, 2United Parcel Service, 3General Motors Corporation 

ABSTRACT 
A very important problem that has not received much attention is the problem of choosing the best site location. 
With the emerging popularity of Supply Chain Management, the formulation became much simpler. Still, the 
literature on Supply Chain Management does not present many quantitative solutions to Supply Chain problems. 
This paper shows how the Excel Solver has been used for Kettering University Industrial Engineering classes for the 
s~lution of 4-tier Supply Chain problems using a transshipment formulation. The 4 tiers are suppliers, assemblers, 
distribution centers, and customers. The combinations demonstrated are 2 suppliers, 3 assembly operations, 2 
warehouses, and 4 customers. The solution is driven by the customer demand, limited by the capacities of the 
suppliers. This formulation had previously been solved using LINGO by classes, and evolved into use of the Excel 
Solver for the last 6 classes. The fonnulation is extended to two-product demand sharing resource plus incomplete 
SCM networks where some shipments are not allowed. Solving the problem is only half the challenge. The ARENA 
simulation is an optional tool used to show the solution using animation. This formulation and animation permits 
insights into the Supply Chain problems and site location issues not available previously. 

INTRODUCTION 
Suppose an enterprise has 10 assembly plants that ship 10 different products to 50 customers, and now decides that 
an eleventh plant must be built to satisfy increased demand for one or more of the products. Further suppose that 8 
possible sites have been suggested as candidate sites for the new facility. In the old days, the analysis for 
determining the location of the eleventh plant would be to answer the question, "Which of the 8 potential sites 
would, if implemented, result in the minimum system cost?". This would first require that the status quo system 
would be modeled, usually using FORTRAN. In the age of slow computers, this was a daunting task. There were 
usually two major questions, namely, "Should we consider the in-bound costs, i.e., the costs for material to get to the 
assembly plants from the suppliers?" and "Should we consider assembly plant in-plant costs?" 
Various reasons to ignore these aspects of the problem were contrived which are best left to history, but generally 
these analyses were limited to the products in question, considering transportation costs only. 

The traditional Transportation Problem grew out of this situation where several facilities with finite capacities send 
products to several customers with known demands. To relate this situation to the Supply Chain Management, one 
simple observation is key. Consider a Supply Change Martagement problem having 2 manufacturers, 2 distribution 
centers, and 2 customers, as shown in Figure 1. We would call this a 3-tier problem, where tier 1 is the 
manufacturer, tier 2 is the distribution center, and tier 3 is the customer. 

Plants 

San Francisca 

Dallas 

D istri b utio n 
Centers 

Philadelphia 

Figure 1 3-tier SCM Problem 
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This is a simple distribution problem, solved in countless books over the past 30-plus years. 

Destinations 

Figure 2: Transportation Formulation From Plants to Distribution Centers 

Figure 2 shows the traditional way of determining the lowest cost allocation of items from the 2 plants to the 
distribution centers. Furthermore, the same approach would typically be used for determining the lowest cost 
allocation of items from the 2 distribution centers to the customers, as shown in Figure 3. 

Sources Destinations 

Seattle Las An 

100 200 

Figure 3 Transportation Formulation From Distribution Centers to Customers 

Now the key observation is simply this: 
The distribution centers were the destinations in B gure 2 and then the suppliers in Figure 3. In other 
words, the distribution centers can be treated as transshipment nodes, and the SCM multi-tier problem is 
formulated as a transshipment problem. In a sense, the first tier supplies capacities for the last tier 
demands, with the intermediate stages simply serving as transshipment nodes. 

f~st, . 
. , . . .. : , , .,, .. · .: 'Ph1~ ~etphi-l . Atlant~, .. s,attl4? •· ~$ Ange.~~-$ uw li~,s 

"· 

San F'r,mtisco 580 2 538,3 9'3999 ~ 131 
O~llas , - . 35U5 299.4 : 99999., 9£939 100 
Ptiiladelphii O 99999 . 71 {6 .. 700 3 :nJ 
~lanta ~ . 0 542.5· 499 1 ,lXJ 

. ;. f>tma~_s. .. 30'.:l-·· . . XO 100 :" .,20'.l ...... , 

jcosts for 3-tier SCM Problem I 
Figure 4: 3-tier SCM Transshipment Formulation shows the 3-tier SCM problem formulated as a 

transshipment p·roblem using the Excel Solver. 

The 99999 costs in Figure 4 represent a practical infinity value. The values of zero for the cost values of shipping 
from Philadelphia as a source to Philadelphia as a destination, and for shipping from Atlanta as a source to Atlanta 
as a destination are a convenient artifice for transshipment formulations (and also approximate reality). 
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The transshipment problem was solved using the Excel Solver. As you can see in Figure 5 the logic for the 
"Moved" values · is shown. 

:,1'1 : 
:;121Ai1oeaii0M 

Excel Solver Setup 
for 3-tier SCM Problem 

. ;f3~7 · .. ,, ·· · ... , Phijtdetphia 
:;ft:-Sao Fr~Misto 

Atl~nta Snt.t le Loi Angetes Supplie'l MO"--e-d 
120 ";:$1.JM(OU· G 14) 

:•w 0a11as 
~ Pnil~elphii -.... 

1a:J ~ SIJM(0 1~:Gt5) 
::OJ "=SIJM(016:G16) 

\;17 ,.AJlal'll~ 
"flf '. D-emands "- DJ 300 - 100 200 

300 ";;;sUM(017:Gt7) 

:-'19':M<M!d - · . . : .. ~stt~ (OUJ)11t=SlJM{E 4:E17)"~svM(F14.f' 17) ";:SUM(G14:G17) -~- .. 

Figure 5 Logic for Excel Solver 3-tier Problem 
As Figure 5 shows, the plants only ship to Atlanta, which in tum ships to Seattle and Los Angeles. The distribution 
center at Philadelphia plays no part in the optimum allocation pattern, so it ships all the units back to itself. 
The basis for the Excel Solver is setting up the logical relationships for adhering to the row and column 
relationships. · 

Solver Parameters ~~ 

~t T~oet Cel: i;A .£ ~ I. 
Equal To: ("° M_ax r. MiQ r ~atueof: lo Close I "Cb' Chanoino Cels: 

l$0$25:$M$32 :sJ ~s I i 

Syb:ject to the Constreints: 
_ _J 

! Qpbons 

$0$34:$M$34 >- $0$33:$Mt:33 
! 

Add 
$0$25:$0$32 <- $N$2S:$N$32 

~ 
B.eset Al 

...:.I Qelete 
tlelP 

Figure 6 Excel solver Setup for 3-tier SCM Problem 
Using EXCEL solver as you can see figure 7 its pretty simple, the only thing to be careful with is setting up the 
constrains the demand constraint has to be selected by choosing the whole row of moved values in the_ target chart to 
be less than equal to the demand row in the target chart. The second constraint to consider is by choosing the whole 
column with the moved values in the target chart to be greater than equal than the supply column in the target chart. 
Then after select solved and the target chart should be filled With the optimal allocation values. Figure 7 shows the 
solution. (i.e., the allocation pattern that minimizes the distribution cost) from the E~cel Solver. 

· · !Allocations for 3-tier SCM ·Problem I 
, ".AJlacations - : i . 

,.,. ·---,-· ,. -·· Philadelph1a~ ;.iianra~, s"attJi "(oi.Ai~elH Supplies. M~ 
. -:-s-an.Franciico. . . --~:o . , '" . 120 ·•·- o . ., -· o . tzi " 1:20 

o~na~ • . ·~'if' 100 -· o·,, 0 ~ ~ 100 r tOO 
. _ .. Phll~deiphic1 30J . 0 . ·o . . 0 D " :m 

Atlanta O · 0 100 200 3)'.) " 3CO 
-O'emartds . 300 · :300 . 100 200 
Moved ,., 3CO r 300 ' 1.00 "' ~ 

. 27:&,8 

Figure 7 Excel Solver Solution for 3-tier SCM Minimum Cost 
Finally, after setting up the logical relationships, it is possible for us to obtain the optimal value for the allocations 

as shown in Figure 8. 
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Plants Distribution 
Centers 

Customers 

San Francisco Philadelphia SeatUe 

:Dallas 

Figure 8. Optimal solution to 3-tier SCM Problem 
The intent of this paper is to demonstrate how the Supply Chain Management formulation provides assistance in 
evaluating the site location problem in a 4-tier SCM problem. Pursuant to this goal, a simple 4-tier network is given 
in Figure 9. · 

Suppliers Plants Transshipment Demand Nodes 
San Francisca Nod es Seattle 

Chicago 

Dallas 

Detroit 

Figure 9. 4-tier SCM Network 
The Excel spreadsheet showing the data for the 4-tier problem is given in Figure 10. This solution is from a 
comp~et~ n.~~~~~' ~hich implies that a .. 11 parts <?!.~~c~ ti~~--c.'11?:_~hip t() ~ .. ~lp~s <?f the next tier. 

r9~~ ............. ·::::~·:s.,-FiaiichscoOalff~Pitt.btwoi' Pl~l1>i1ia1Atlanta ·h,<lananolis s.att1eILosA~~MlanliTllew Y«k· err Suppl~$. 
~~---··· ..... SE-~ ..... ~~-'~ .. _ :2,s .. .2 ... ~ ........ ~ L .... ~ .L ~ ........ ~99 .......•. 99999 ..... ~ .. 420 
Detroit 564.9 348.4 : 234.2 99999 . · 99999 · 99999 • 99999 99999 99999 99999 51 O 
san Fra..:Ctse( o 99999 99999 sao.2 538.3, s1e.e 99999 ••·•99999 · 99999 99999 930 
Dal.ls . 99999 O . 99999 . ·35f45 ; m:,f . 3fai . 99999 . ••·•ggggg······ ·99999 .... 99999 930 

· Piaaburoh ····· . ·ggggg 99999 . ········· 'cf .......... 331 :s .. ' 4tlf6 ·342:e . . ggggg·•·• .. 99999 '. 99999 • 99999 930 :~=IP,I~~ ~~:-~~.:., __ ~: ·~= ···· ~- ~ -= ~~:: ) ~::; :::, ~-] : 
f tndiMl_al~ . 99999 99999· 99999 99999 99999 0 524.5 506.3 32i9 . . 296.2 930 

~ml1»d$ ... ~:3() . ~3() ~~ ........ .930 930 . .~ 250 135- . · .. 325. . 220. 
r ....... . 

t ·-·· ... 
CtlswhtMNnof 
dir~~~ 
tHl'ISpoft<ltion oost 
fromsuppitfto 
MMlUfletUmg 

Ctlls with CM sum ol 
dirt«eoitlnd 
tr lW\sportltion cost 
from M~ktl.lring to 
distrl)ution Otnt., 

c.1s with CM sun ol 
.... dir~CO$tW 

tr¥lSJ)Oftltion cost 
from dls:tribution ~tnt.r 
lOCIJStOl'M( 

Figure 10. The Excel Cost Spreadsheet for 4-tier SCM Problem 
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The Excel spreadsheet showing the solution is given in Figure 11. 

:Moo~ 
,UWmlf.91~9.MJ.:11mq1.Dll!.tt!l!!ff:.l!W!!q.l~Ud,l~d~um~.Yl!mi..!lt!ll2!U;l!li~s [MM«I ' 

~=~~= ----- : F :: : 
o•• ·· · ··· m····~ ··no···· 
-Piii--~ ,,,- ~~7 , -~ -- ,,, 

~---,~-----':""L'm:im---nir----s!l:r:---:7~r.x...-"g'!IJll'~~~~---ii-~-:rJI..----...J1 -·· : · ! : 

..:;:AIIM=:::::Mi4MMS= ::...·----SZ:W--___ -1 ~ . ; - f'i::;~;;_-:, :._j;i.4rt;a.:-ir;; ... 7-_:__ _____ ".'"-""_..L,.. ________ _L ____ ~ 

Figure 11 Excel spreadsheet showing the solution to 4-tier SCM Problem 

Suppose we are trying to detennine which of three site locations might work better for Indianapolis as a distribution 
center. Suppose further that the alternative site location choices are New Orleans, Phoenix, and Memphis. Three 
new problems were run, where each alternative site was substituted for Indianapolis, one at a time. Table 1 shows a 
summary of the 3 runs when compared to the status quo (i.e., Indianapolis) run. Clearly Phoenix would be a better 
choice than Indianapolis as a distribution center for this scenario. This example demonstrate the ease of using the 
SCM transshipment fonnulation to solve the site location problem using excel solver. 

T bl 1 S a e ummary o fS . t'i Al avmgs or temat1ve s· L 1te ocatlons 
Distribution Center Location Savings 

Indianapolis 0 
New Orleans 3,521 

Phoenix 59,868 
Memphis 15,848 

One other point is worth mentioning in using the Excel solver for the analysis. As previously mentioned, in the slow 
computer days, the in-plant costs of the facilities were often ignored, and the costs used were transportation costs 
only. For the examples described in this paper, the cells for the distribution costs are the total of the in-plant costs 
plus the transportation cost cells, where each is developed in separate tables and then summed together. 

Let us now consider the impact of using this analysis for more than one product, while sharing a resource. Figure 12 
shows the same problem structure, where there are two products demanded, called products A and B. - The 
distribution pattern could be solved as two independent problems, save for the fact that the Atlanta Distribution 
Center handles both products. The costs and demands are kept the same. The capacities of the supplier plants were 
changed to accommodate the Product A and Product B deman~s. 
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Suppliers Plants Transshipment Demand Nodes 
San Francisco Nodes Seattle 

,CJ .. ··- ... __ , __ Philadelphi~~-·-' :_,-, -0 _ 
Chicago ,/ ....... .... -:-· / .. 

. . / ' "- "--~ Pittsburgh / lndlanapo'lls 0 'CJ:--Cr-~'S New York Ci~ 

------ --···• Product A D 
- - ..., Product B 

Figure 12. Two Product Problem with Shared Resource 

Figure 13 shows the cost structure, and Figure 14 shows the optimum allocation pattern determined-by the E~cel 
Solver. · 

Figure 13 The Excel Cost Spreadsheet for 4-tier SCM Problem with 2 Products 
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"chicigo . '""··•" " o: 385 '• er •·••> o·. . CJ : 0 . 0 . . ,0 • o O 386P 03e6 
D&trott . o: · "o ·- 615 o· 6 · a a · · o · o o 615 ~ &15 
San F tJ:t\CiS<I!'; 

Oel>~s 
Pittsburgh .· 
Phitad~tphia 
Atlan1 , . 

1mJ o o: o· · o o o o o o um., urn 
Q_. 615 . 0 0 365 0, Cl O, 0 0 ttm" lOOJ 
o o ::!1S· o o 615 , o· o' o o 1coo r nm 
0 . 0 . 0 1cm O m . , 0 0 . 0 0 tcro r . trn:'l 

,-- □ 'o O .,.. 0 615 O· -~ - 135 0 0 1cm" . 100) 

o .o· . . o7 
. u··. o · 385 . Jl , o 325 290 1fl;X)" 1oo:i 

-· 10X1 1coo ... roof· -~Rm : ·,a.-.r···: Ito::c '251f ·· · ,35::·· ~s:25 m , 
IJidijnapoHs 
O:emands · 
M.w~d , 10Xl r 1cm" 1cm~:··100:(jcm''- ·un:i" 250 " ' . 135: . ,-~325 .. ': 200 .. 

Figure 14. Excel Allocation Spreadsheet Showing the Solution to 4-tier SCM Problem with two Products 

Figure 15, shows ail incomplete network with different cost, demands and allocations. 
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suppliers Plants Transshipment Demand Nodes 
San Francisco Nodes . 

Chicago 

Figure 15. Selective Network 4-Tier Problem 

Figure 16 shows the cost structure for the incomplete network SCM Problem, and Figure 17 shows the optimum 
allocation pattern determined by the Excel Solver. 
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Figure 16 The Excel Cost Spreadsheet for 4-tier incomplete network s·cM Problem 

. Figure 17. Excel Allocation Spreadsheet Showing the Solution to 4-tier incomplete network SCM Problem 
The objective of this paper was to demonstrate how the site-location problem, which was once a daunting problem 
in the old days of slow computers, now is efficiently solved using the Excel Solver. The formulation was extended 
to the 2-product case, sharing a resource. As you can see, the use of Arena is used to demonstrate the optimal 
supply chain management or trans-shipment solution. The ARENA model plays a big role in the presentation of the 
solution of the problem, and plays a communication key role between management and production. 
To formulate the 4-Tier problem using EXCEL, the ARENA simulation tool is required. Figure 18-21 shows the 
models used to simulate the optimal Allocations from EXCEL. 
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Figure 18 ARENA Model of Supplier to Assembly Facilities 
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Figure 19. ARENA Model of Assembly Facilities to distribution centers 

~ 
Figure 20. ARENA Model of distribution centers to customers 
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Figure 21 ARENA Simulation of 4-tier SCM Problem 

SUMMARY 
The purpose of this paper was to demonstrate that given that the customer demands are know, we can use the Excel 
solver to solve the SCM transshipment problem formulation combined with an optimum solution to the dynamic lot 
sizing problem, and perfect way to communicate this to management is to use ARENA simulator. To achieve an 
optimum solution for the situation where the customer demand is know for each of the several periods, give1:1 the 
assumptions. 
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PERFORMANCE EVALUATION OF QUALITY SERVICE TECHNIQUES IN IP NETWORKS 

N. B. Vyakaranamand M. Tahemezhadi 
Northern Illinois University 

ABSTRACT 
The objective of this paper is to provide performance evaluation of various quality of service QOS technique in IP 
networks for delivery of real-time data. In particular, results are provided on effectiveness of tail-drop, stochastic 
fair queuing, and differentiated services techniques. It is shown via simulations that independent ofunderlying 
complexity of network topology differentiated services yield superior QOS performance in .terms of bandwidth 
utilization and percent packet loss. 

INTRODUCTION 
Voice Over IP (VoIP) is a concept aimed at fulfilling the communication needs of the 21 st century. The usage VoIP 
though not widespread, will greatly increase and enable people to conduct various forms of communication viz. 
Voice, Audio, Multi media from a computer. With every passing day new technologies are being standardized and 
brought into the mainstream of communications. Soon we will find the personal computers in our houses carrying 
VoIP based applications. The aim of this .study is to find out how our existing PSTN networks will respond to 
increase in traffic, especially when it comes to multimedia traffic. We will try to test how the Quality of Service can 
be increased, while utilizing the same underlying networks. We will create a simulation of a real-time access 
network, and populate it with traffic. With huge amounts of traffic flowing through the network, we wiH concentrate 
on a particular source emitting RTP packets carrying voice. Our aim is to reduce the number· of R TP packets lost in 
the access network. This will be done, by assigning a fixed amount of network resources, to the R TP packets by 
implementing Differentiated Service Protocol on the access network. We will identify where the traffic is clogging 
the network most, and try to push through the RTP packets with out they being lost. It is assumed that the 
connections are Digital Subscriber Line (DSL) connections, having ample of bandwidth for the present traffic 
requirements. · 

In the paper, we will try to ascertain how efficient Differentiated Services protocol (DIFFSERV) will prove, in 
improving the QOS. For this to happen we will require to know how a network will respond to RTP packets with the 
existing technologies, i.e. with out using any resource reservation protocols. The response of a network to R TP 
packets using DIFFSERV is noted and compared with the results of obtained with out use ofDIFFSERV. The thesis 
also tries to ascertain how a real-time access network responds to DIFFSERV. 

:i:'o start with a simple network with 2 sources and a destinatipn is created. The response of network to R TP [3] 
packets when the network is implementing FIFO, SF.Q or DIFFSERV is noted and compared. 

An access network resembling a typical real-world network is simulated. The access network is divided into two 
networks Half-Net and Full-Net. The Half-Net contains 40 sources emitting RTP and UDP packets. The Full-Net 
contains 80 sources emitting RTP and UDP packets. Our aim is to make sure that RTP packets get preference and 
are not dropped. 

QUALITY OF SERVICE 
Quality of Service (QOS) [9] is one of the biggest issues that is being faced by networks. QOS is often interpreted 
as a bandwidth only issue. QOS is a collective measure of the service delivered to a customer. The performance 
criteria for QOS in IP networks can be measured in terms of bandwidth, packet loss, delay and jitter. 

IP networks, unlike Circuit switched networks, are "best effort'' or " unreliable" networks. IP itself offers no 
guarantees, which is why there are higher-level protocols like TCP. When it is said, QOS is taken to mean the 
availability of networks to guarantee and maintain certain performance levels for each application according to the 
specified need of each user. What we mean is that QOS comes from a network service provider prospective. The 
network service provider guarantees the QOS to the user and takes steps to maintain the QOS level as network 
conditions change due to congestion, equipment failure and link failures etc. This paper cl.elves into QOS in terms of 
packet loss and bandwidth utilization. 
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_ DIFFERENTIATED SERVICES PROTOCOL (DIFFSERV) 
IP Packet transmission, in one direction, across a set of one or more paths, is specified by a significant number of 
characteristics, and is called a "service". These characteristics are specified in quantitative or statistical terms of 
throughput, delay, jitter, and/or loss, or may otherwise be specified in terms of some relative priority of access to 
network resources. 

OIFFSERV [ l J is an architecture for implementing scalable differentiation in the Internet. Service differentiation is 
expected to support requirements of diverse applications, user expectations, and to permit differentiated pricing of 
Internet service. 

Differentiated Services Architectural Model 
Networks have a plethora of traffic types passing through them. According to the differentiated services architecture 
'model, this traffic (packets) entering a network are classified and conditioned at the network boundaries and 
assigned to different behavior aggregates and identified by OS code points, with each aggregate being represented 
by a particular code point. · 

Once within the network, these packets are forwarded according to per-hop behavior, which is associated with each 
OS code point. Per-hop behavior is a forwarding behavior at each OS-compliant node in the network, which assigns 
traffic to a DS aggregate behavior. The idea of using code points and OS-compliant nodes is dependent on the 
notion that, in majority of the cases single OS-compliant node does not exist independently. The DS nodes generally 
are part of OS domain, which is a contiguous set of OS nodes that operate with common services provisioning 
policy and set of PHB groups implemented on each node. 

DIFFSERV Policy [11 
A policy is established between a source and destination node. All flows, matching that source-destination pair are 
treated as a single traffic aggregate. Each policy defines a policer type, a target rate, and other policer-specific 
parameters. The policier used in this paper is Token bucket policier. 

Token Bucket 
A token bucket is a formal definition of a rate of transfer. It has three components: a burst size, peak rate, and 
average rate that are taken into considerations when it comes to token bucket. 

By definition, over any integral multiple of the interval, the bit rate of the interface will not exceed the mean rate. 
The bit rate, may, however, be arbitrarily fast within the interval. A token bucket is used to manage a device that 
regulates the flow's data. For a token bucket itself has no discard or priority policy. Rather, a token bucket discards 
tokens and leaves to the flow the problem of managing its transmission queue if the flow overdrives the regulator. 

In the token bucket metaphor, tokens are put into the bucket at a certain rate. The bucket itself has a specified 
capacity. If the bucket fills to capacity, newly arriving tokens are discarded. Each token is permission for the source 
to send a certain number of bits into the network. To transmit a packet, the regulator must remove from the bucket a 
number of tokens equal in representation to the packet size. 

The token bucket working mechanism is shown in the above figure.If not enough tokens are in the bucket to send a 
packet, the packet either waits until the bucket has enough tokens or the packet is discarded. If the bucket is already 
full of tokens, incoming tokens overflow and are not available to future packets. Thus, at any time, the largest burst 
a source can send into the network is roughly proportional to the size of the bucket. · 

Note that the token bucket mechanism used for traffic shaping has both a token bucket and a data buffer, or queue; if 
it did not have a data buffer, it would be a policer. For traffic shaping, packets that arrive that cannot be sent 
immediately are delayed in the data buffer. 

For traffic shaping, a token bucket perm its burstiness but bounds it. It guarantees that the burstiness is bounded so 
that the flow will never send faster than the token bucket's capacity plus the time interval divided by the established 
rate at which tokens are placed in the bucket. It also guarantees that the long-term transmission rate will not exceed 
the established rate at which tokens are placed in the bucket. 
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ACCESS NETWORK 
The subscriber part of the telecommunications network or the network connecting the subscribers, to the immediate 
serving infrastructure network element is known as the access network [ 6). 

DP1 

~--400 p-s :2000 prs 

SCP .PCP EXCHANGE 

To otbet SCPs 

Fig 4.1. Structure of Access Network 

The fig 4.1 shows structure that entails all the basic functionalities of the real-life access network. The first CCP 
from the exchange is called the Primary Cross-connection Point (PCP) and the cable linking the PCP to the 
exchange is known as the primary cable. The second CCP is known as the Secondary Cross-connection Point (SCP) 
.The cables linking DP's to the SCP are known as distribution cables and together, the distribution cables, DP' s and 
other related infrastructure form the distribution network. 

Scheduling Methods 
Once the network has been setup, the type of scheduling applied on the router is the other factor that comes into 
picture. We utilized three methods and compared the results. 

• Drop Tail - FIFO (First In First Out) 
• SFQ - Schocastic Fair Queue 
• Differentiated Services (DIFFSERV) using Random Early Detection 

Packets are sent over the network, for each scheduling method, packet loss and bandwidth utilization are measured. 
• Drop Tail: uses a simple First in First out Queue, It simply implies that the first packet to arrive into 

the queue would be the first packet to leave the queue. 
• SFQ- Stochastic Fair Queue[4]: Unlike FIFO, which does not show any preference to traffic, SFQ 

assigns priorities. SFQ is an algorithm in which packets are randomly assigned to multiple queues and 
then queues are processed on a round robin basis. Each traffic flow is assigned a specific portion of the 
network capacity J 

N 
lacomina Packets 

y _ 

.N 

DROP 

Drop 
1 

Low- Paned 
A vur-age filter 

Avg+- Av 'l-X)+YO 

Fig 4.2 Random Early Detection Queue 
In DIFFSERV using RED[5], as shown in fig 4.2, a transmission link serves a buffer that has two thresholds 
min and max. The nodes keep a an exponential average using the current queue length by implementing the 
calculation 

. AVG(n)=AVG(n-1) (1 - X) + XQ 
With the parameter X < I controlling how much past memory the average retains. Before admitting arriving packets 
to the buffer, the node first performs a series of tests. If the average is less than the minimum threshold, then the 
node admits the packet .If the average exceeds the maximuin threshold, then the node discards every incoming 

536 



Proceedings of the 2003 IEMS Conference 

packet, and hence avoids buffer overflow. Finally if the average is between the minimum and maximum thresholds, 
the node randomly drops selected packets. 

SIMULATIONS 
The aim of the simulation is to inject RTP packet on a network created using NS, determine the percent packet, 
analyze the results and find determine ways to reduce packet loss to acceptable levels. 

The network implements different packet scheduling methods such as FIFO and SFQ. We compare its results with 
those generated by DIFFSER V to determine the effectiveness of DIFFSER V. 

I BW &Delay~ 

~ 

8ource2 

Fig 5.1 Simple Network 

The network structure is shown in the figure 5. I. Source 1 presents R TP packets at a rate of 16 kbps. Source 2 
generates UDP packets at the rate of 64 kbps. This was done in order to increase the contention between packets 
coming from both sources at the router, link connecting the router and destination, and at the destination. The 
bandwidth of the links is set at 64kb, same as that of a typical dialup connection. The delay in each of the links is 
I0msec. 

The network implements Drop Tail as the scheduling method. The results of RTP and UDP packets are tabulated 
below. · 

p f roper 1es RTP R It esu s UDPR It esu s 
Total Time of the Experiment 80 sec 80 sec 

Start Time of packet transmission 1.0 sec 2.0 sec 

End Time of packet transmission 70.5 sec 60 sec 

Total Time of packet transmission 69.5 sec 58 sec 

Packet Size 50 bytes 200 bytes 

Packet Transmission Interval 0.025 sec 0.025 sec 

No of Packets per second 40 (40 * 50 = 2000 bytes= 16kbps) 40 ( 40 * 200 = 8000 bytes = 64kbps) 

Packets Received at Destination 2045 1958 

Packets Lost during Transmission 736 336 

Source 1 sending RTP packets lost 26% of packets whereas source 2 sending UDP packets has lost 15 % of packets. 
That implies more R TP packets have been lost. This is because once larger size packets start passing the router 
smaller size packets get dropped. 

Now, we consider SFQ. Network parameters remain the same. RTP and UDP packet response is shown in the table 
below. 
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The graphs in figure 5.2 and 5.3 show the bandwidth utilization of both the RTP and UDP packets. It is observed 
from the R TP graph that bandwidth utilization is less than the required 16k, and therefore packet loss of R TP 
packets persists. From the spikes at the end of RTP graph we can observe that, once UDP packets have passed 
through the network, RTP packets try to capture the available bandwidth. In order for lesser number of RTP packets 
to be dropped, bandwidth utilization must increase. 

p ropertJes RTP R It esu s UDP R It esu s 
Total Time of the Experiment 80 sec 80 sec 

Start Time of packet transmission 1.0 sec 2.0 sec 

End Time of packet transmission 70.5 sec 60 sec 

Total Tim.e of packet transmission 69.5 sec 58 sec 

Packet Size 50 bytes 200 bytes 

Packet Transmission Interval 0.025 sec 0.025 sec 

No of Packets per second 40 (40 • 50 = 2000 bytes= 16kbps) 40 ( 40 • 200 = 8000 bytes = 64kbps) 

Packets Received at Destination 

Packets Lost during Transmission 
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Fig 5.2 BW utilization graph of RTP packets 
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Fig 5.3 BW utilization graph of UDP packets 

Next, the DIFFSERV is implemented on the same network. Here more priority is given to RTP packets. The aim is 
· to pass RTP packets through the network with the minimum possible packet loss. In case of UDP, sizable packet 

loss is acceptable. In DIFFSERV the length of the queue is calculated automatically depending on the average 
packet size of the traffic. The network parameters for the simple network using DIFFSERV are given in the table 
below. RTP packets moving from source 1 to destination are assigned the code point '10' .at the edge router El. '10' 
is the initial code point and has the highest priority. There is one single physical queue that has two virtual queues 0 
and I created in it. Code point' 10' is mapped to virtual queue 0. The UDP packets· entering el from source 2 are 
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marked with a code point ' 11 '. The code point ' 11 ' is mapped to the virtual queue 1 of the physical queue. Only 
two code points are used because the network is less complex. _ 

From the three sets of results provided, it can be inferred that our aim in preventing R TP packets from being 
dropped is achieved. The packet loss has decreased to 0 in DIFFSERV from 736 in Drop Tail. With the decrease in 
the number ofRTP packets, there is automatically going to be increase in drops for the other traffic on network. 

p roperties RTP Results UDP Results 
Total Time of the Experiment 80 sec 80 sec 

Start Time of packet transmission 1.0 sec 2.0 sec 

End Time of packet transmission 70.5 sec 60 sec 

Total Time of packet transmission 69.5 sec 58 sec 

Packet Size 50 bytes 200 bytes 

Packet Transmission Interval 0.025 sec 0.025 sec 

No of Packets per second 40 (40 * 50 = 2000 bytes= 16kbps) 40 (40 * 200 = 8000 bytes= 64kbps) 

Packets Received at Destination 2780 1352 

Packets Lost during Transmission 0 968· 

The second stage involved implementing DIFFSERV on an Access Network, which allowed us to figure out how 
and where bottlenecks occur in an Access Network. The next step would obviously involve, determining how 
DIFFSERV responds to a real-time Access Network. The aim is again to try reducing packet loss in RTP packets 
subjected to a level of traffic comparable to a real-time network subjected to Drop Tail and DIFFSERV 
scheduling. 

Half-Net 
Now, we consider a Half-Net structure shown in the figure5.4. The half-net network connects the user with a 
128kpbs Digital subscriber line. As seen, the main exchange is connected to Primary Cross Connection Point · 
(PCCP). The line connecting PCCP and the exchange has a bandwidth of 2MB and delay of 10 ms. The line 
connecting PCCP to secondary Cross Connection Point (SCCP) has bandwidth of 1 MB and delay is. IO ms. SCCP is 
connected to Distribution Points (DP). We can see that SCCP branches into two arms connecting to DP0 and DPI . 
The bandwidth of the· line is 512 KB and delay is IO ms. it is to these distributions points that all the users connect 
to. In our case we have nodes as users, each DP is connected to 20 nodes, each line having a· bandwidth of 128 KB 
with delay of 10 ms. Consequently, this network has 40 nodes which are connected to each of the Distribution . 
points. The traffic emanating from these nodes has to reach the exchange, which is the destination for all traffic 
being generated. 

A Full-Net, shown in figure 5.5, is a combination of two Half-Net's. Here we have 80 nodes instead of 40 nodes. 
From the figure, we can see that another SCCP is joined with PCCP. SCCPl and SCCP2 are connected to 
distribution points DP0, DPI , DP2, DP3. Each DP is connected-to 20 nodes. The bandwidths available to the link 
remain the same with delay of 10 ms. 
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The traffic profile is shown below. It should be noted that in the case of Full-Net there are 
NameofNode No of sources per node Type of Traffic Speed of Traffic 

NodeO 3(1RTP, 2 UDP) RTP, UDP 16 Kbps,64 Kbps 

Node I- Node40 I UDP 64 Kbps 

Node4 l- Node80 I UDP 640Kbps 

additional 40 nodes Node 41 through to node 80. The primary purpose ofFull-Net is to try to bombard PCCP with 
as many packets as possible there by creating heavy congestion for packets traveling from source 1-40 to exchange._ 

DIFFSERV policy 
There are two sets of CIR and CBS used 

CIRO 1000000 bits CIRl 1000000 bits 
CBSO 3000 bytes CBS 1 10000 bytes 

CIRO and CBSO are used for RTP packets. CIRl and CBS 1 are used for all the other packets 
The code points used are 10,11,12. There is one physical queue and three virtual queues are present. 
The mapping to the queues is: node 0: 10 to O; nodel-Node20: 11 to 1; node21-Node40: 12 to 2 
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Packets emitted from node O have the highest priority code point 1 O. 

Results of Half-Net 
RTP Packet Response (Node 0): Packet Size 50 Bytes 

P t· D roper 1es 
Total Time of the Experiment 

Total Time of RTP packet Transmission 

Packet Transmission Interval 

Packets Received at Destination 

Packets Lost during Transmission 

Average bandwidth utilization 
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Fig 5.6 BW utilization graph using Drop Tail .Fig 5. 7 BW utilization graph of using DIFFSERV 
A comparative analysis can be done with these results. The number of packets lost in case of Drop-Tail scheduling 
is quite large, it is about 46 % of the R TP packet traffic. The reason is that there is no preference for R TP packets 
and so at the point of contention many RTP packets are dropped. The results ofRTP response to DIFFSERV are 
very in~eresting; the drop rate of RTP packets as you can see h~s fallen drastically from 13 71 to 300 packets. The 
percentage drop now is 10%, when compared to 46% with Drop-tail. This result is · very interesting because we have 
applied DIFFSERV only at SCCP. It goes on to prove that a major point of bottleneck of Access Network is at the 
SCCP. Bandwidth utilization graphs of RTP packets us~g Drop-tail and DIFFSERV are given in the figures 5.6 and 
5.7. The bandwidth utilization of the RTP packet for DIFFSERV is on an average about 14 KB, when compared to 
about 7 KB in case of Drop-tail. This parity in Bandwidth utilization is proportional to the packet drop rate. 
UDP packet Response (Node 20): Packet Size 200 Bytes 

. . D T ·1 DIFFSERV Properties rop 81 
Total Time of the Experiment 80 sec 80 sec 

Total Time of UDP packet Transmission 71.0 sec 71.0 sec 

Packet Transmission Interval 0.025 sec 0.025 sec 

Packets Received at Destination 2056 661 

Packets Lost during Transmission 905 2227 

Average bandwidth utilization 45KB 15KB 
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The comparative results are very interesting, since we see that number of dropped packets has increased from 905 
using Drop-tail to 2227 using DIFFSERV. The reason is simple, the packets emitted at Node 20 were allocated a 
code point of 11, against 10 allocated to packets coming from Node 0 and therefore more packets from Node 20 are 
dropped. The network drops packets with least priority. The average bandwidth utilization of packets from node 20 
with drop-tail is 45 KB, as opposed to 15 KB for DIFFSERV. 

5.5.3 UDP packet Response (Node 21): Packet Size 200 Bytes 
P . D T ·1 roperties rop a1 DIFFSERV 

Packets Received li: Destination 2657 2549 

Packets Lost during Transmission 104 212 

Average bandwidth utilization 60KB 57KB 

The number of packets that are dropped has increases though not by much. The reason for less number of dropped 
packets when compared to packets emanating from DP0 is that the contention at DPl is much less than the 
contention at DP0. Though packets emanating from DPl have least priority, lesser number of packets gets dropped. 
This implies that for nodes 0 through to 20 the packet loss is due to contention at DP0 also. Once packets pass DP0, 
majority of them make it through to the destination. 

Full-Net Results 
RTP Packet Response (node 0): packet size 50 Bytes. 

P f D roper 1es rop T ·1 a1 DIFFSERV 
Packets Received li: Destination 1342 2511 

Packets Lost during Transmission 1619 330 

Average bandwidth utilization 5KB 14KB 

Now comparing these results with those of Half-Net. 
Half-Net Full-Net 

Drop Tail DIFFSERV Drop Tail DIFFSERV 

Packets Received 1590 2511 1342 2511 
I 

Packets Lost 1371 330 -1619 330 

From the table it can be observed that the packet loss has increased, when Drop-tail is the scheduling 
method. Where as when DIFFSERV is used as scheduling method, the packet loss remains the same. This means 
that even if contention at PCCP, which is contention at the exchange, is increased there will not be any effect on the 
packet loss in case ofDIFFSERV. 

UDP packet Response (Node 20): Packet Size 200 Bytes 
P . D T ·1 roperties rop a1 DIFFSERV 

Packets Received li: Destination 1041 661 

Packets Lost during Transmission 1799 2227 

Average barid~idth utilization 24KB 15KB 

Now comparing these results with those of Half-Net. 
. Half-Net Full-Net 

Drop Tail DIFFSERV Drop Tail DIFFSERV 

Packets Received 2056 · 661 1041 661 

Packets Lost 905 2227 1799 2227 
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The results shown in _the table prove yet again that, there is no effect of contention at the PCCP on DIFFSERV. The 
changes are occurring only when Drop Tail is being used. In the results we can see that number of packets that are 
lost using difserv is more because the code point assigned i.e. 11 has less priority. 

UDP packet Response (Node 21): Packet Size 200 Bytes 
Properties Drop Tail DIFFSERV 

Packets Received a Destination 2064 2549 

Packets Lost during Transmission 897 212 

Average bandwidth utilization 46KB 62KB 

Now comparing these results with those of Half-Net. 
, Half-Net Full-Net 

Drop Tail DIFFSERV Drop Tail DIFFSERV 

Packets Received 2657 2549 2064 2549 

Packets Lost 104 212 897 212 

As observed earlier, the effect on packets when DIFFSERV is used is nill. The losses when Drop Tail is used have 
increased. 

CONCLUSIONS 
From the experiment conducted, it was observed that, major bottlenecks are present mostly at the secondary cross 
connection points. The packet loss at these points were phenomenal. We also proved that by using Differentiated 
Services protocol, packet loss can be greatly reduced. Reserving a definite amount of network resource for a traffic 
aggregate, in particular segments of access networks had greatly reduced the packet loss. If an entire network is 
designed and implemented with DIFFSERV, there by creating contiguous DIFFSERV domains, the packet loss of 
preferred traffic can be greatly reduced. This can also lead to delay reduction because of the preferential treatment 
that an associated class of traffic receives. The traffic can be of any kind, but in delay and packet loss intensive 
traffics like multimedia, DIFFSERV will be very effective in providing the needed Quality of Service. 
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EV ALU A TING SUPPLY CHAIN PERFORMANCE METRICS: ASTRA TEGIC FRAMEWORK 

Ike C. Ehie and Marv.in Troutt 
Kansas State University and Kent State University 

ABSTRACT 
The management of Supply Chain (SC) is fast becoming a necessity for any company seeking to solidify its market 
position (Brewer & Speh, 2000). Properly managed, effective SC can provide a tremendous competitive advantage. 
The complexities of SC have always called to question the way in which its performance is assessed and measured. 
The metrics provide the basis upon which to evaluate the performance of processes in the supply chain. New metrics 
are emerging that are both externally and internally focused and are adaptive to competing in the global and 
collaborative economy of suppliers, producers, distributors, and customers. The challenge is how to develop 
performance measures that are focused on delivering sustainable customer value while eliminating unnecessary cost 
throughout the supply chain. This paper adopts a strategic framework in evaluating performance metrics in supply 
chain processes. The proposed framework categorized performance metrics of supply chain under the tripartite 
metrics of customer service, operational and financial measures developed along three supply chain strategies. 

INTRODUCTION 
Supply chain management involves all activities associated with the production of goods and delivery of goods from 
initial supply point to the final consumer. Conceptually, the supply chain extends from "dirt to dirt" (Welch & 
Cook, 1994). More specifically supply chain functions include managing supply and demand, selecting sources for 
raw material or parts, producing, assembling and packaging, warehousing, maintaining and tracking inventory, 
managing order entry and producing distribution across all channels including delivery to the customer. Normally, 
the physical product flows downstream and information about demand flows upstream from the customer to the 
manufacturer to the supplier. An effective supply chain requires the integration of both upstream and downstream· 
product arid information flows. An integrated SCM focuses on managing relationships, and· information and product 
flows across organization borders to cut cost and enhance customer value. Companies that have adopted SCM look 
for ways to integrate various functions both within and outside the company in order to foster seamless flow of 
product and information throughout the supply chain. The goal is to reduce system-wide cost while maintaining a 
high level of customer service. 

· Supply chain success is predicated on partnerships and cooperation both within the organization and among its 
supply chain partners. SCM requires sharing of sensitive and ptoprietary information about customers, demand 
profiles, point~of-sale transactions, and the strategic plans of member companies. Wal-Mart Stores, known for its 
supply chain excellence, relies heavily on vendor-managed inv~ntory. It suppliers use the Wal-Mart system called 
Retail Link to check inventory levels, and it is the vendor's responsibility to replenish their product appropriately. 
This revolutionary process is based on the belief that it did not matter what competitors may learn about the business 
so long as the relationship with th.eir own suppliers grew stronger thus resulting in a better service for the customers 
(Johansson et al., 1993); In a research study of 100 consumer goods manufacturers and retails, conducted by 
Stanford University and Accenture in 1998, it was revealed that those companies that shared information extensively 
with their supply chain partners enjoyed high than average profit margins (Butnam, 2002). 

The principle benefit of good supplier relations is the synergy resulting from two organizations working together · 
· and resolving common problems in order to achieve mutual goals (Wagner, et al., 2002). Firms should work more 
closely with fewer suppliers in order to facilitate unambiguous communication throughout the supply chain. 
Organizational barriers introduce tremendous inefficiencies in supply chains. It is crucial that all players in the 
business of getting products to customers consider their role in the objective of satisfying the customer and reducing 
the system-wide cost (Davis, 1993). Research has shown that only when both parties are working towards mutual 
goals and offer support for each other would the supply chain realize its full potentials (Imrie & Morris, 1992, 
Dornier, et al., 1998). The Japanese companies seem to have perfected supply chain management with their model 
of dedicated suppliers. The exclusive supplier relations, keiretsu, is the hallmark of Japanese supply chain. These 
sourcing companies and their suppliers often grew up together, and the keiretsu has helped many of the suppliers 
become global players by themselves. Companies in all parts of the world have been following Japan's lead by 
developing long-term supplier partnerships. 
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Despite the enthusiasm in supply chain, few companies are realizing the benefits of supply chain. Bain & Company, 
a consulting firm, surveyed 162 executives that were responsible for supply chain functions in their companies and 
found that 86% of them rated SCM as a priority but only 7% of them closely tracked the performance of their 
customers and suppliers. This is attributed to human problems since supply chains successes are based on 20 percent 
technology and 80 percent people (Mason-Jones & Towill, 1997). Human resource management was identified as 

. one of the four enablers in effective supply chain processes (Marien, 2000). Unless the firm has the expertise to 
define, track, and measure the critical outcomes that signify the achievement of supply chain goals, it will be unable 
to determine the effectiveness of its supply chain practices or make any necessary adjustments (Lee & Billington, 
1992). A successful supply chain is built upon having an alignment between the supply chain strategies and the 
established performance measures. The strategic alignment requires that a company achieve a balance between 
responsiveness and efficiency in its supply chain that best meets the needs of the company's competitive strategy. 
~is paper adopts a strategic framework in evaluating performance metrics in supply chain processes. 

SUPPLY CHAIN STRATEGIES 
Traditionally, supply chain strategies have been characterized as push or pull strategies (Simchi-Levi, et al., 2003). 
These strategies probably gained their popularity through the manufacturing revolution of the 1980s when with the 
Japanese production system. Whereas the push strategy is based on the classic Henry Ford manufacturing 
philosophy, the pull systems is more customer-driven and was pioneered largely by the Japanese. More recently, a 
new hybrid has emerged that takes the advantages of both the push and the pull strategies and it is called the push
pul1 strategy. 

The push strategy is based on the projection of customer demand determined through long-term forecast. Customer 
requirements are determined ahead of time and plant production is scheduled in anticipation of future demands. It 
takes considerable longer time for the push-based supply chain to react to changing market conditions. Inventory 
tends to build up in a push-based strategy and this adds to the total system-wide cost. The bullwhip effect seems to 
be ever present in the push-based strategy as the variability of customer demand propagates upstream through value 
chain. The variability of orders received from the retailer and the warehouse is much greater than the variability than 
the variability of customer demand. Hence, in a push-based supply chain, there is increased transportation cost, high 
inventory levels, and/or high manufacturing costs due to the need for emergency production changeovers (Simchi
Levi, et al., 2003). The competitive priority in a push-based supply chain is on efficiency and cost minimization. 

The pull strategy is driven by actual customer demand rather than forecast demand. Requirements are initiated by . 
the end users anq are often based on current needs. The strategy is more favorable because it leads to a decrease in 
lead time achieved through the ability to better anticipate incoming orders from customers. This leads to a decrease 
in inventory as customer orders are pulled through the system. Thus, in a pull-based supply chain, the .benefits 
include significant reduction in systems inventory level, enhanced ability to manage resources, and a reduction in 
system costs when compared with the equivalent push-based strategy. Also, in the pull-based strategy, it is 
frequently more difficult to take advantage of economies of scale in manufacturing and transportation since systems 
are not planned far ahead in time. 

The push-pull strategy takes advantages of the best of push-based and the pull-based strategy. In the push-pull 
strategy, the upstream of the supply chain adopts a push strategy while the downstream is based on the pull strategy. 
The interface between the push-based and the pull-based strategy, which varies from company to company is called 
the push-pull boundary. The boundary indicates the point in time at which the company switches from managing 
the supply chain using the push strategy to managing the supply chain using the pull strategy. This is shown in 
Figure 1. The position of the push-pull boundary is very strategic and is inextricably linked to the competitive nature 
of the supply chain. 
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Push-Pull 
Boundary 

Raw -----------;-----------. End 
Materia Supply Chain Time Line Customer 

Figure 1 Push-Pull Supply Chain (Simchi-Levi, et al., 2003) 

SUPPLY CHAIN OBJECTIVES 
Effective supply chain management takes into consideration every aspect of the company that has an impact on cost 
and plays a key role in making the product that conforms to customer requirements. The objective of supply chain 
is to be both efficient and cost effective across the entire system. The ultimate goal is to improve customer service 
while reducing the system-wide cost: Quite often many organizations find themselves working at cross-purposes as 
they attempt to improve customer service while keeping the cost at a minimum. The extent to which each of the 
supply chain objectives is met depends on the strategic focus of the firm. Companies that adopt the push-based 
supply chain would tend to focus on unit cost reduction while those companies that foe.us on responding to the needs 
of the customer are more likely to adopt the pull-based strategy. Figure 2 provides a framework for matching supply 
chain strategy to.the objectives. The vertical axis provides information on customer service while the horizontal 

· axis represents cost reduction objective. 
I 

:,J 

SUPPLY CHAIN PERFORMANCE METRICS 
"What you measure is what you get." This famous quote by Kaplan and Norton (1992) in their seminal article on 
the Balanced Scorecard encapsulates the complexity and the realities of performance measurement. Companies that 
evaluate their supply chain using performance measurements that are either adversely affected or completely 
unrelated to the improvements sought will fail in their supply chain endeavors (Brewer & Speh,2000). Performance 
metrics in supply chain need to have multi-faceted dimensions. Financial indicators are commonly used for 
measuring the performance of supply chain. However, financial measures alone paint an incomplete picture of the 
performance of the supply chain. Companies have now realized that no single measure can provide a clear 
performance target or focus attention on critical areas of business (Kaplan & Norton, 1996). The traditional financial 
measure~ should be complemented with a set of operational and customer service measures that would allow for a 

· better understanding of the way in which the supply chain processes are analyzed and evaluated. Companies that 
link their performance measurements to key success indicators will be better positioned to succeed in their supply 
chain. Figure 3 presents the framework for supply chain performance metrics. 
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Figure 1 Matching supply chain strategy with supply chain objectives 

Customer Service Metric 
The customer service metric measures company's ability to satisfy the needs of their customer by creating 
exceptional value on a timely fashion. The metric relates to the responsiveness and the flexibility with which the 
company is able to meet its customer requirements. Table 1 shows five goals under the customer service metric 
along with their respective measures. The flexible response goal is measured by the number of choices available 
and the average response time whereas the customer satisfaction goal is measured by the order fulfillment rate. A 
company can attain a high customer satisfaction by operating on the "efficiency frontier" as shown in Figure 3. The 
goal is to operate in the lower right-hand quadrant of Figure 3 where one achieves the highest customer service (i.e. 
order fulfillment rate) with the lower supply chain cost. 

Operational Metric 
Operational metrics is geared towards improving the operating efficiency of the supply chain. The emphasis is 
toward enhancing the efficiency of the operations The key driver of the operational metric is to minimize supply 
chain costs. The goals of the metric include reducing cycle time, reducing unit cost, decreasing inventory costs, and 
improving product quality. The likely measures of these goals under the operational metrics are listed in Figure 3. 
These ~perational goals measure the extent to which product flow .seamlessly and quickly such that system-wide 
cost is minimized. A study to validate the correlation between supply chain integration and business success shows 
that best-practice supply chain companies have 45% total supply chain cost advantage over that of medium supply 
chain competitors (Pittiglio & McGath, 1997). Supply ch.ain initiatives that typically reduce logistics asset and 
operating costs through centralization of distribution systems, while increasing revenue would generally create 
higher rates of returns on asset employed. 

Financial Metric 
The financial metric is based on the profitability of the supply chain. Profitability is determined by the difference 
between total revenue and total cost. Whereas operational metrics focus on total cost minimization, the customer 
service metrics are tied to revenue growth. Goals of financial metrics include profit margin, cash flows, revenue 
growth, and return on sales. A weekly update of days of inventory the company has enables the company to measure . 
the speed of execution and the flexibility of its supply chain. This performance goal also allows the company to 
work more closely with suppliers in order to maintain the right amount of inventory. The inventory information 
allows the company to work both the front-end and the back end of the supply chain (Magretta, 1998). Another 
measure that is used is the cash conversion cycle. This allows the company to manage receivables and payables 
very closely. A negative cash conversion cycle implies that the company gets paid before they have to pay their 
suppliers. This gives the company a significant competitive advantage since many of their competitors have to 
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support their resellers by offering credits. The final measure is the margins which give an indication of the average 
selling price and the overhead associated with selling. These metrics together can instantly alert the company of any 
potential problems in the system. Positive financial metric give~ managers powerful performance mechanism that 
assesses the true economic value of the firm. However, one of the inadequacies of financial metrics is its backward
looking focus which tend to ignore key non-financial value creation aetivities. 

LINKING SUPPLY CHAIN STRATEGIES TO PERFORMANCE METRICS 
The complexity of managing supply chain processes have always gravely taxed the way in which supply chain 
performance is measured. The literature on supply chain performance metrics has consistently advocated the 
integration of both financial and non-financial measures. This study proposes a strategic framework that categorized 
supply chain performance metrics under operational, customer service, and financial metrics . . The particular metrics 
used are based on the strategy adopted and the type of product involved (Table 2). The push-based supply chain 
strategy focuses on the operational metric since this strategy strives to minimize the total unit cost in the system. 
The type of products produced are mostly functional products. The pull-based strategy focuses on improving 
responsiveness of the supply chain and this relies heavily on the customer service metric. The push-pull supply 
chain strategy takes the benefits of cost minimization of the push strategy and the responsiveness of the pull strategy 
and provides a more competitive strategy of supply chain management. The push-pull strategy requires that a 
company achieve a balance between responsiveness and efficiency. The goals and their respective measures under 
each metrics are only but a small faction of possible measures that can be developed. The challenge for the manager 
is to first understand their respective supply chain process and develop goals and measures that best represent each 
performance metrics. The operational, customer service and financial metrics all exist in dynamic tension. It is 
important to recognize that the over-reliance on one metric may adversely affect the others. ~e greatest value is 
attained when all three elements are operating in balance. 

CONCLUSION 
As is popular said, you cannot improve what you cannot measure. Effective supply chain management is predicated 
on developing a proactive performance measurement system that links t~e various performance metrics with the 
competitive strategies of the company. This study attempts the uncharted territory of supply chain performance 
measurement by proposing a strategic framework for evaluating supply chain processes. 

Th~ proposed framework offer four primary benefits. First, it allows the company to align it performance measures 
with it competitive priorities. Second, it enables companies to review their supply chain strategies and adopt those 
metrics that are more in line with their respective strategies. Third, it allows managers and employees to focus 
attention on both financial and non-financial metrics. Fourth, Wallows companies to transcend functional barriers 
and adopt a more systems view of the entire supply chain. Performance of the supply chain is measured on a multi
faceted dimension of days of inventory (operational & financial), cash conversion cycle (financial), and margins 
(financial). 

The goals and measures under ea.ch metric are all but a small fraction of possible goals and measures that could be 
developed for a given company. The challenge for managers is to craft additional goals and measures under each 
metric that would allow them to better assess the performance of their supply chain processes. 
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Table 1. Supply Chain Performance Metrics 

Metrics Goals 
Customer Service 

Customer satisfaction 
Flexible response 

Delivery performance 

New Product Introduction 
Operational 

Cycle time reduction 
Unit cost reduction 
Inventory reduction 
Improved quality 

Financial 
Profitability 
Cash flow 

Revenue growth 
Cash conversion cycle 
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Measures 

• Order fulfillment rate 

• # of choices (variety) 

• Average response time 

• Delivery speed 

• Delivery reliability 

• Time to market 

• Longest lead time 

• Cost per unit 

• Inventory tutns 

• % Rejects/Returns 

• EBIT as % of Revenue 

• Cash-to-cash cycles on 
receivables/ payables 

• % of market share 

• Days of inventory 
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Table 2 Linking Supply Chain Strategies to Performance Metrics 

Metric/Strategy Push-Based Pull-Based 
Operational 

Unit Cost Reduction System-wide cost 
reduction 

Reduced Inventory Cost Reduced Inventory 
Level 

Reduced Manufacturing Lead Time Reduction 
Cost . 
Improved Quality Product Innovation 

C,ustomer Service 
Product Availability Rapid Response 

Delivery performance 

Financial 
Revenue Growth Higher Margins 
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Push/Pull-Based 

Improved Cycle Time 

Improved Quality 

Quick Response 
Delivery Performance 

High Margins 
Days of Inventory 
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Figure: 2. Framework for Supply Chain Performance Metrics 
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APPLYING THE PDCA CYCLE TO SUPPLY CHAINS 
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ABSTRACT 
In today's fiercely competitive environment, the goal of any enterprise is to make money now and in the future 
(Goldratt, 1992). In order to fulfill this goal, an enterprise should supply the right products in the right quantities, at 
the right place and at the right time at minimal cost. Supply chain management has emerged as a new mantra for the 
success of an organization. Supply chain management provides powerful tools and techniques in becoming and 
~aintaining competiveness. Traditionally, each organization in a supply chain is managed as a single entity and is 
focused on improving its own operations, but this leads to local optimization and an overall decrease in efficiency 
across the supply chain. An integrated supply chain involving customers and suppliers offers a better opportunity for 
success in a dynamic environment. 

The objective of this paper is to present a simple and concise methodology for the development and use of the SCOR 
model for small and medium sized enterprises (SMEs). The Supply Chain Operations Reference model (SCOR) is a 
process reference model that has been developed by the Supply-Chain Council as the cross-industry framework 
standard for supply-chain management. The paper provides an overview to level on~ metrics proposed by the Supply
Chain Council. The methodology effectively consolidates the SCOR modeling techniques and level one metrics with 
traditional problem solving techniques to explore improvement opportunities in the supply chain. 

INTRODUCTION 
This paper explains a simple and concise methodology for development and use of the SCOR model for small and 
medium sized enterprises. The Supply Chain Operations Reference model (SCOR) is a process reference model 
developed by the Supply-Chain Council as the industry standard for supply chain analysis and improvement. Most 
SMEs lack resources such as advanced software and skilled employees for SCOR implementation. The methodology 
presented provides a step by step approach by integrating the SCOR modeling technique with the traditional 
practices of process improvement. 

APPROACH 
The methodology for analyzing and improving the current business practices in the supply chain is developed using 
the plan, do, check, and act (POCA) cycle. The POCA was originally developed by Walter Shewart and promoted 
by W. E. Deming for continuous improvement efforts (Quality Council of Indiana, 2001 ). Plan, do, check, and act 
are the four main steps which are further subdivided into smaller steps for systematic coordination of improvement 
efforts. Each step of the methodology is important and should be effectively handled for efficient utilization of 
available resources and quicker development of solutions. 

Plan 
Planning is the first step toward preparing the organizatio1_1 for improvement. Top management from different 
organizations in a supply chain is involved in the planning process. The Plan step sets a foundation for the 
improvement process and provides direction for improvement efforts. It evaluates the current situation to identify 
the flaws with current operations. It uses the widely accepted SCOR modeling approach to identify gaps in 
performance of the current supply chain as compared to industry leader. 

Develop Vision and Mission Statements . 
The first step of planning is to develop the vision and mission statement for the supply chain. Many large and small 
organizations believe the vision and mission statement to be an important factor in understanding the real worth of 
the organization. Top management from all members in a supply chain should come together to develop a vision and 
a mission statement. A vision statement tells us 'what the organization aspires to become' (Underdown, 1997) while 
a mission statement identifies 'what the organization should be doing' (Radtke, 1998). In developing these 
statements, the opinion of customers, employees and stakeholders should be consulted to find the most important 
issues facing the organization and to effectively carry out the responsibility of setting the direction of the 
organization. This means that an organizational vision should take into account the realities not just of today but also 
of tomorrow (Dove, 1998). The vision statement should be crafted based upon the future picture of an organization. 
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It should be the main driving force for channeling the efforts of the organization and should be based on a solid 
foundation. The mission statement provides the direction for achieving the vision of the company. Angelica defines 
a good mission statement as "a short, snappy statement of the purpose of the organization" that possesses four 
qualities as breadth, durability, challenge, and distinction (American Society of Association Executives, 2002). 
Meshanko (I 996) states that a mission statement should be a clear and concise statement, preferably one sentence 
long that states who the organization is, what the organization does, for whom the qrganization does it, and where 
the organizations do it. It should provide the starting point and a framework for making any decisions in the 
organization. This helps the organization to develop a vision and a mission statement in conjunction with a supply 
chain vision and mission statement and avoid any discrepancy between the views. Most employees are not aware of 
the mission and vision statements. The mission and vision statements provide the purpose of their work and the 
importance of their activities in achieving the final destination. 

Set Strategic Goals 
Top management from all members in a supply chain should set up strategic business goals. The strategic business 
goals are specific and signify the long term business plans of the company. Setting strategic goals plays an important 
part in a company's continued existence. Companies that desire to take advantage of business opportunities in the 
market should establish a strategic business goal that would act as their guide towards a better channeling of 
improvement efforts. A well-defined goal is derived from supply chain priorities for doing business in a better way. 
Th~ goal should be unambiguously understood by each organization in the supply chain for implementation of 
planned solutions. The goal should always be developed in conjunction with the supply chain vision and mission 
statement. The vision and mission statements are not measurable and signify the importance of the supply chain in 
doing business. A measurable business goal acts as a primary tool to impact the vision and mission of the supply 
chain. The strategic business goals of a company should be developed by top management. These identify 
opportunities for improvement for individual organizations and set priorities for improvement efforts and effective 
channeling of available resources. 

Develop Cross Functional Teams 
Team work is considered as an important factor for success and competitive achievement of the organization. A 
cross functional team provides specific advice and practical solutions for executives, managers, team leaders and 
human resource professionals (Parker, 1994). Cross functional teams are a powerful force in increasing the 
effectiveness of ~rganizations. In recent years they have successfully reduced the product development cycles, 

. improved manufacturing processes, reduced costs and improved quality of products. Monczka and Trent ( 1993) 
identify increased knowledge and skills together at one time as t~e most important benefit of cross functional teams. 
Cross functional teams create a new culture involving people with diversified skills and abilities. Team members 
are ,e,xperts in their field of operations and have a thorough knowledge of the policies, the behavior of people, and 
the procedures in their area of operation. These individuals with-diversified knowledge and skills give the team the 
ability to view the whole process from different perspectives and solve complex problems in realistic manner. These 
teams have a higher ability to achieve the set goals and provide improved decision making skills. The representation 
of individuals from a different department accelerates the process of acceptance and the implementation of proposed 
changes throughout the organization. 

Develop As-Is SCOR Model 
The basic objective of developing a SCOR model is to describe and understand the business activities involved in . 
the supply chain, figure I. By describing supply chains using the SCOR modeling approach, very simpk and 
complex supply chains can be modeled using a common set of definitions. The developed model can be 
communicated across supply chain members to have a common understanding of supply chain issues and 
opportunities for improvement. . 
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Figure 1 Add planning activities to As-Is SCOR model. 

The performance attributes capture the behavior of a supply chain and helps us to compare different supply chains 
through a common language. The metrics are performance measures through which an organization can judge how 
successful they are in achieving a competitive position in their market segment. Groups of metrics are used to 
successfully evaluate one particular performance attribute. For example, the performance attribute supply chain cost 
is assessed from the metric cost of goods sold and the metric supply chain management costs. All the level I metrics 
have been adopted and modified from the Supply-Chain Council's resources to evaluate the performance of SMEs. 
The level I metrics are: 

Delivery Performance 
Delivery performance measures the ability of the company to provide goods at promised delivery date to meet the 
customer's expectations. The Supply-Chain Council splits this metric into two types depending upon the type of 
order handling process implemented by the company. Th~ two metrics are: · 

1. The percentage of orders that are fulfilled on or before the customer requested date. 
2. The percentage of orders that are fulfilled on or before the original scheduled or committed date. 

Any product or service has to be delivered according to customer specified delivery date. This is known as 
"customer delivery date." Most companies cannot make delivery promises to the customer requested delivery date 
due to backorders and tight production schedules. In such cases, the company provides goods on mutually agreed 
delivery date to the customers. This delivery date is known as "committed date." Delivery performance can be 
defined as the percentage of orders that are filled on or before the original promised delivery date. A successful 
delivery performance is only possible when an order is delivered to a customer according to the promised delivery 
date, at the right location and in the right quantity. Even if the order is shipped short by only one unit or late by one 
day, it is considered unsuccessfuL 

Fill Rate 
This metric is calculated only for companies that ship products from stock to the customer. This measure tracks the 
ability of a company in responding quickly to a customer order in a make-to-stock manufacturing environment. The 
metric is defined as the percentage of customer orders shipped from stock within twenty four hours of the order 
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receipt. The metric does not take into account the transportation time required for actual receipt of product, .due to 
different delivery options available in the industry. The metric is calculated on an annual basis for all the stock 
products the company has delivered in that year. 

Perfect Order Fulfillment 
Perfect order fulfillment is the most refined metric to measure the delivery performap.ce of a company. Perfect order 
fulfillment is defined as the right product, delivered to the right customer, at the right time, in the right condition and 
packaging, in the right quantity. Kulin proclaims to supply chain executives that they must focus on perfect 
customer deliveries as a basis of world class performance in a customer centered supply chain (Supply-Chain 
Council, 2000d). The metric pays specific attention on the condition of goods delivered by the supplier. It includes a 
component for considering accurate documentation with shipped orders. Documentation takes into account · 
electronic transactions, paper transactions and documents such as invoices, packing slips, bills of lading, manuals, 
warranty cards and drawings. The metric is calculated on an annual basis for all orders delivered by the company in 
that year. 

Order Fulfillment Lead Time 
Order fulfillment lead time measures the actual time required to move products in the market after the order is 
received. This metric is only used when products are manufactured in a make-to-order environment. This metric 
calculates the agility of an organization in responding to customer orders in a make-to-order environment. Order 
fulfillment lead time is defined as "the average time from receipt of a customer order to customer order receipt" 
(Supply-Chain Council, 2000d), as shown in figure 2. Order fulfillment lead time is governed by two factors: Date 
Order Received and Date Customer Received Order. Date Order Received signifies the actual d~te when the order 
was received at the supplier's end and Date Customer Received Order signifies the actual date when the customer 
received the order. In some cases, installation has to be performed to make the product operational, and installation 
time is added to the order fulfillment lead time. Short order fulfillment lead times are particularly important for 
companies ~ho are introducing new products to the market frequently and signifies value to the end customer. 
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· authorization 

Order 
receipt 

Order 
entry 

Order Start 
release make 

Deemed 
shippable 
by Make 

Make cycle.time 

I 
__.) 

.. .. 

Ready for 
shipment 

Customer 
receipt 

Total transportation 
time 

Order fulfillment lead time 

Figure 2 Components of order fulfillment lead time (Supply-Chain Council, 2000b). 

Supply Chain Response Time · 

Installation 
complete 

This is an important metric to measure the flexibility and responsiveness of any organization in managing the 
changes in the dynamic business environment. Barclay et al. defines responsiveness as ''the ability to react 
purposefully and within an ·appropriate time scale to significant events, opportunities and threats (especially from the 
external environment) to· bring about or maintain competitive advantage in the marketplace" (Supply-Chain Council, 
2000d). Stephens (2002) says that even though the metric is the most challenging metric in the model but the 
Supply-Chain Council (SCC) lacks a consensus definition on the metric. The SCC (2000b) has documented the 
different types of flexibility present in supply chains as follows: 
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T bl 1 T f tl a e voes o exibility present in supply chains (Sunnly-Chain Council, 2000b). 

Volume flexibility The ability to increase or decrease production volumes based on 
Make flexibility changing market demand 
Production flexibility 

Product flexibility The ability to modify designs in response to changing market 
demand 

➔ Out of the SCOR model scope 

Delivery flexibility The ability to change planned delivery dates 

Mix flexibility The ability to change the variety of products produced based on 
changing market demand 

Launch flexibility The ability to develop and produce new products, including 
changes to existing products 

Access flexibility The ability to provide distribution that meets or exceeds customer 
expectations 

The metric calculates the time required for the integrated supply chain to respond to an abnormal increase or 
decrease in demand. The supply chain response time is broken down into two separate metrics as supply chain 
response time (Upside flexibility) and supply chain response time (Downside flexibility). Supply chain response 
time (Upside flexibility) takes into consideration an abnormal increase in demand at the market place while the 
Supply chain response time (Downside flexibility) takes into consideration abnormal decrease in demand at the 
market place. Changes in demand take into account seasonality and other demand changes. Therefore, excess 
capacity, overtime, subcontracting, and high inventory does not fully address the issue. A long term relation has to 
be developed with suppliers for permanent solutions to the problem. The metric takes into account the make 
flexibility and delivery flexibility, whereas the mix flexibility and launch flexibility are not addressed. 
Two major techniques to determine 'supply chain response time (Upside flexibility)' are prevalent among the · 
business community. One developed by 3M and Lockheed Martin states that 'supply chain response time (Upside 
flexibility)' is order fulfillment lead-time plus time to respond for supply base (Stephens, 2002). The Supply chain 
response time (Upside flexibility) is measured in days. 

Supply chain response time (Upside flexibility) (days)= Order fulfillment cycle time+ Source cycle time 
Source -cycle time is the time taken during identification of need for raw materials at the manufacturing facility until 
the actual availability of materials for manufacturing, as shown in figure 3. 

Identification of 
need for materials 

Prepare order 
for supplier 

Start supplier 
cycle time 

Receipt of materials 
from supplier 

Supplier cycle time 

Source cycle time 

Receipt of materials at 
production facility 

Figure 3 Components of Source Cycle Time (Supply-Chain Council, 2000b). 

Another approach developed by Pragmatek Consulting Group determines the 'supply chain response time (Upside 
flexibility)' as the time required for an integrated supply chain to respond to a twenty percent increase in demand 
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without any cost impact. It takes into account supplier flexibility, production flexibility and delivery flexibility of 
the supply chain to respond to twenty percent increase in demand (Bolstorff, 2002). 
Supply chain response time (Upside flexibility) (days)= MAX {supplier flexibility, production flexibility, delivery 
flexibility} · 
Supply chain response time (Downside flexibility) is the percentage of order reduction without any inventory or cost 
penalties thirty days prior to delivery. 
Supply chain response time (Downside flexibility)(%)= MIN {supplier flexibility, production flexibility, delivery 
flexibility} 

Production Flexibility 
The metric determines the flexibility and responsiveness of the manufacturing organization in managing the 
unplanned increase or decrease in demand at the marketplace. The metric is divided into two categories: upside 
flexibility and downside flexibility. 

Upside production flexibility is the time required for the organization to achieve an unplanned sustainable twenty 
percent increase in production capacity. Practices like overtime, high inventory, and subcontracting are not valid 
options. The metric requires long term solutions for handling an increase in demand. 

Downside production flexibility is the percentage of order reduction without any inventory or cost penalties thirty 
days prior to delivery. If the orders are cancelled many times the company will have finished goods and inventory 
for the product. If the organization is flexible, it can manage order reduction effectively without building inventory 
and incurring any other cost. 

Total Supply Chain Management Cost 
Total supply chain management cost is defined as the percentage of revenue that is spent on supply chain , 
manageme11t activities. These activities include MIS, finance, planning, inventory carrying, material acquisition, and 
order management. MIS costs related to supply chain activities consist of order management, material acquisition, 
inventory carrying, finance, manufacturing planning and execution, and service and support. Finance cost includes 
cost related to paying invoices, inventory accounting and collecting accounts receivable. Planning costs include cost 
of developing forecasts, inventory planning and coordination activities for meeting demand. Inventory carrying cost 
consists of oppommity costs, insurance and taxes, obsolescence, and shrinkage cost related to raw materials, WIP 
.and finished goods. Material acquisition cost is a combination of cost related to preparation and management of 
purchase orders, freight and duties, supplier certification, incomll1g inspection, and receiving and storing material. 
Order management cost consists of cost related to preparation and management of orders, distribution costs, 
tran~portation costs, installation costs, and customer invoicing costs. 

Value-added Productivity 
Value added productivity is defined as the cost and productivity performance of the company in generating higher 
revenues. A higher number signifies efficient utilization of company resources. It is an important metric to identify . 
the amount of non-value adding activities inside the organization. 

Warranty Costs 
Warranty costs reflect the quality of a product. Warranty. is a promise made by the producer in meeting the 
performance requirements by use of their product. Warranty costs consist of all the money spent in dealing with 
customer returns. Warranty costs are composed of return costs, problem diagnosis costs, rework costs, and shipping 
costs. Return costs include re!Umed material transportation cost, communication cost with customer, and product 
replacement cost. Problem diagnosis costs include labor, indirect material and equipment cost utilized in testing and 
problem identification. Rework costs relates to resources consumed in fixing the problem with product. Shipping 
costs are comprised of transportation and logistics costs in shipping the product back to customer. 

Cost of Goods Sold 
The cost of goods sold is the costs actually incurred in producing the product or service. The cost of goods sold 
takes into account the revenue tied to raw material, work in process (WIP), finished goods inventory in the system 
during the specified time period. The component of cost of goods sold is known as cost of goods manufactured 
related to all the expenses like material and subassembly purchases, direct labor, indirect labor and manufacturing 
overhead required in manufacturing the product. · 
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Inventory Days of Supply 
Inventory days of supply measures the number of days required for manufacturing products and finally selling them 
to the customer. For retailers and wholesalers it is known as shelf life of the product. It measures the ability of the 
organization in converting raw materials into finished products and selling it to customers. It determines the time 
taken to convert the assets tied up in inventory into sold goods. Higher inventory days of supply signifies excessive 
inventory held in finished goods stock. 

Cash-to-Cash Cycle Time 
The metric measures the amount of time required for the cash to flow back into the company after it has been spent 
on raw materials. The metric determines how well the company is performing its financial transactions. Accounts 
payable is a term used when a company needs to pay money to its suppliers for the raw materials and subassemblies 

. purchased. Accounts receivable is the money a customer owes the company for its products and services. The longer 
the cash-to-cash cycle time, the more capital investment required. The longer the time to covert raw materials into 
finished products, the slower cash is generated. 

Asset Turns 
This is defined as the number of times a company turns its assets in a year. The asset turns provides valuable 
information regarding how effectively the company is utilizing it assets. The higher the asset tum ratio, the more 
effective the firm is in generating sales from its assets. A low asset turn ratio highlights the need for increasing sales 
or avoiding insignificant investments. A high ratio sometimes indicates that the company is utilizing its capacity to 
its fullest extent and needs capital investment for further business generation. 

Model analysis and Benchmarking 
Benchmarking helps in comparing the current methods and practices with industry leaders. The SCOR metrics are 
compared with industry leaders to identify the gaps in performance. A comparison of different metrics can reveal 
areas in which the current supply chain lacks in performance. The standard comparison with competitors ·helps to 
identify the best practices and identifies improvement opportunities for the success of an organization. Selecting a 
particular area for improvement is usually a difficult task. The SCOR model analysis helps in identifying the flaw in 
the model or non value added activities in the model like a D2 ( deliver make-to-order products) activity supplying to 
a SI (source stocked products) activity indicates inefficiency. 
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Figure 4 Comparison of perfect order fulfillment performance. 
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Figure 4 shows standard comparison of perfect order fulfillment performance of Circinus ( a fictional company) with 
industry average and best in class performance. Cincinus has lower perfonnance in perfect order fulfillment than the 
industry average and best in class performance. Such standard comparison identifies improvement opportunities in 
the current supply chain. 

Do 
Do is the second step which deals with developing the solutions and evaluating the suggested change in operations 
before implementation. It starts with selection of an improvement project based on the payback it offers. Root causes 
of failure for lack of performance with the current operations are identified using well-adapted process improvement 
tools. Pilot implementation of the developed solution is carried out in a systematic manner . . 

Select the Improvement Proiect 
Selecting the. improvement project is an important step. The improvement project will determine company 
performance in the market in the near future and affect the way business is done. Analyzing the supply chain will 
reveal significant drawbacks of the current supply chain. The analysis also reveals numerous projects to improve the 
supply chain, which makes it difficult to determine which project will be best for improving the operations. To 
select the improvement project, use of a Pareto cost analysis tool will help prioritize projects and identify the most 
important project. The selected project should create the most significant impact to the company's profit margins. 

Establish Proiect Goals and Scope 
Project goals help the organization from wandering aimlessly. The goal is a new ship while objectives are blue prints 
for achieving it (Temme, 1993 ). Setting a goal is the first step in developing realistic business· decision and plans. 
The goal is a statement for improvement that specifies the future state of an organization. The performance goals 
that the organization will achieve should be in alliance with overall supply chain goals. The expected improvement 
should be defined in measurable terms such 'as increase in upside flexibility by 20% in next six months.' The scope 
of the project is to improve all the operations the company performs in the supply chain. Plans to achieve the desired 
goals and efficient utilization of resources should be developed. Clear responsibilities should be assigned to 
individuals for efficient utilization of workforce. 

Identify Reasons for Lack of Superior Performance 
Identifying the exact reasons for failure governs the success of project. A brainstorming session will be carried out 
with all the members in the cross functional team to identify the reasons for failure. 

Perform Root Cause Analysis 
I 

!...) 

A root cause analysis is performed after detecting a particular reason for failure through the brainstorming event. 
Quality techniques such as Fish bone diagram or failure mode 'effects analysis (FMEA) should be used to identify 
the root causes (Juran, 1988). Exploiting the root causes in efficient manner can unearth the true system problems. 
These root causes can lead to further achievement of project objectives. 

Develop Pilot Implementation Plan 
Sometimes solutions to problems may be complex and difficult. In some cases, there might be numerous solutions 
available and it becomes infeasible to try out each one of them due to time and money constraints. A solution is 
developed after understanding all the issues faced by the supply chain. A pilot implementation project is developed 
to evaluate the solution for any bad effects it might cause after implementation. 

Check 
Check is the third step that helps in determining the success of the experimental design. It reviews the test solution 
and the collected data for any un_desirable effects it might have caused during the test run. All the detrimental effects 
are analyzed and the designed solution is fine-tuned. . 

Recalculate SCOR Metrics 
The SCOR level 1 metrics are recalculated from the data collected during the pilot implementation project. Metrics 
clearly and unambiguously evaluate the success of the developed solution in achieving the desired results. A group 
of metrics successfully evaluates the proposed solution from the different dimensions of supply chains such as 
supply chain delivery reliability, supply chain responsiveness; supply chain flexibility, supply chain costs, and 
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supply chain asset .management efficiency. All the metrics in the SCOR model are hierarchical and decomposed into 
more detailed metric related to the actual process. It also efficiently identifies the changes required for final 
implementation of the proposed solution. · 

Select the Solution and Identify Best Practices 
The pilot implementation carried out in the 'do' step helps in project identifying all the resources required for final 
implementation of the proposed solution. Any project that requires resources beyond the scope of organization 
should be dropped. Time also plays a major factor in deciding the projects. Many projects fail due to lack of 
resources and impropertime management. Identifying the best practice in a particular category accelerates the 
process of arriving at perfect .solutions. But such a solution should not be blindly implemented. It should be seen that 
such a solution really fits the system, don't just do what other companies are doing. The last and most important 
thing to do is to achieve management approval for the selected project for easy availability of the required resources. 

Act 
Act is the last step that deals with final implementation of the developed solution. The final solution is developed 
after mitigating all the detrimental effects the developed s_olution might cause in operations before final 
implementation. The final implementation plan is developed based on the developed solution. The implementation 
plan of a robust solution effectively achieves the desired change. 

Develop To-Be SCOR Model and Implement 
To-Be SCOR model is developed based on the proposed solution. The developed SCOR model is discussed with 
top management for project approval and support. An implementation plan based on the SCOR model is developed 
for structured implementation of the proposed solution. The SCOR model and implementation plan is distributed to 
each department for faster and more successful implementation of a proposed change. Finally, fear and concerns of 
the employees are addressed in an efficient manner. 

The POCA cycle provides a continuous improvement loop by studying the results obtained from the implemented 
change. This validates the success and failure of the project and helps in fine tuning of the solution with the 
changing needs of the current environment. 

SUMMARY 
The methodology provides an approach for discovering the improvement opportunities within an organization. It 
successfully integrates the SCOR modeling technique with traditional problem solving approaches. The past 
experience of employees with conventional problem solving tools makes them comfortable to work with the 
developed methodology. Each SCOR metric was explained for evaluating the performance of organization in 
different areas. The methodology develops multiple solutions and provides employees the most effective solution. 
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AN EXPERT SYSTEM OF ALAN GREENSPAN'S KNOWLEDGE: 
CHAIRMAN OF THE FEDERAL RESERVE BOARD 

Robert L. Mullen 
Southern Connecticut State University 

ABSRACT 
This paper describes the building of an expert system to advise investors with knowledge from an expert-Alan 
Greenspan. Mr. Greenspan is well-known for his influence on the stock market and the economy. This study 
demonstrates how public information on Mr. Greenspan can be used to build an expert system. 

NATURE OF THE STUDY 
This study involves the literature search for public information on Mr. Greenspan to collect information needed to 
follow a general model of building an expert system based on the recognized expertise of an individual in a narrow 
field of expertise. The model used for this system requires that sufficient publication of the expert's philosophy or 
knowledge exists such that the system can be developed without need to talk to the expert in person. The exercise has 
two purposes as a means of teaching capability of expert systems. First, to provide a case example of how expert 

. systems are developed. Second, it serves as a practice for integrating knowledge from the public domain into a form 
acceptable for expert system development. 

CONCLUSION 
This paper describes the development of an expert system applied to capture the knowledge of a well-known expert 
in the field of the economy and financial investing. It provides an example for use in a course on expert systems so 
that students in that course can select some other individual that theybelieve to be an expert and following this paper 
as a guide be able to develop a new expert system on their own. 
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AUTOMATIC DETECTION OF LEADING INDICATORS OF PLAGIARISM 

Judith Barlow, Lu.Ann Bean, David D. Hott and Deborah Sater Carstens 
Florida Institute of Technology 

ABSTRACT 
Plagiarism is of increasing concern in academic circles and today's plagiarism detection software tools are not 
offering simple solutions to the problem. Modern plagiarism detection programs rely on large document databases 
of potential sources of plagiarized material and are facing treats due to legal issues of document ownership and 
copyright infringement. 

The goal of this proposed project is to develop a set of electronic plagiarism detection tools that do not require the 
use of a large document database. Instead, the tools look for syntactical symptoms of plagiarism in the source 
documents submitted by students. 

The plagiarism detection tools can be used as a research platform to experiment with metrics designed to estimate 
the likelihood that a document submitted by a student is plagiarized. 

INTRODUCTION 
Cases of plagiarism by college students have grown in recent years. One study of more than 17,000 students shows 
that 50 years ago, only about one in five college students admitted to having cheated in high school. 1 Today, a range 
of studies show that figure has exploded, to anywhere from three quarters of students to an astonishing 98 percent.2 
In 2001, Lou Bloomfield, a University of Virginia physics professor heard rumors that his students were submitting 
plagiarized term papers in his introductory physics class. He wrote a computer program that compares student 
submissions to each other, looking for identical phases. During one semester the program identified 158 papers as 
plagiarized. A manual review of the .papers determined that of the 158, 48 were likely plagiarized. Within a year, 
each of the 48 students was either convicted of cheating or admitted guilt. 3 

With so many academic source documents easily available in electronic format via the .web, electronic 
encyclopedias, journals, newspapers and other online reference sources, it is temptingly easy for students to "cut
and~paste" text and graphics into documents they are "writing". There is a wealth of student work available online 

. including "term papers for sale"4 and "model solutions" 5 from exams banks intended for instructors use in writing 
and grading course exams and exercises. Although student plagiarism was a problem well before students had access 
to electronic tools, it has never before been so easy to locate course-related information and pass it off as one's own. 

Some Universities and professors are using software to _detect p·lagiarism. There are a number of"plagiarism 
detection" programs available for sale. Turnltln claims to be "the world's most widely recognized and trusted 
resource for helping prevent Internet plagiarism".6 Free trials are available and subscription costs vary depending on 
the type of plan chosen. Using Turn/tin requires professors to submit student work to Turn/tin. It is then comrared 
to other documents stored in their large database. Turn/tin is currently the subject of a copyright controversy. This 
is due to Turn/tin's inclusion of copyrighted material in their database. There may be other legal considerations 
when faculty members take work submitted by students and "electronically share" that work with others, whether to 
be processed by a commercial plagiarism detection product or stored in a non-university-owned database. · 

Most other plagiarism detection software programs also rely on large document databases. Many, like Turn/tin, are 
processed off site on non-university hardware. A common feature of today's plagiarism detection software is the 
use of a database of potential sources of plagiarized material. 

A STRUCTURAL DOCUMENT-CENTRIC APPROACH TO PLAGIARISM DETECTION 
Regardless of the source of plagiarized materials and their availability, there are some structural document 
characteristics that may indicate the increased likelihood of plagiarism including variations in writing style, font 
properties, margin sizes, and paragraph formats. 8 

The plagiarizer may leave behind some telltale signs of electronic plagiarism. When cutting. and pasting plagiarized 
materials, the plagiarizer may not take the time to change the font color, size, and style to match their "normal" 
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document templat_e. Paragraph fonnats (e.g., indents, line spacing, paragraph spacing, and alignment) may also vary 
for parts of plagiarized documents from different sources. 

Readability scores, which are calculated based on the average number of syllables per word and words per sentence, 
can be used to identify parts of a student document that may be plagiarized. Documents whose individual 
paragraphs or sections have significantly different readability indices may indicate plagiarism. While none of these 
"structural" characteristics of documents is proof of plagiarism, they are easily automated and can be used as leading 
indicators of plagiarism.9 

PROGRAM PROTOTYPE 
Visual Basic for Applications (VBA) is a programming language that can be run from within Microsoft Office 
applications. VBA gives the programmer access to the same tools that the Microsoft developers used to write MS
Word, MS-Excel, MS-PowerPoint, MS-Access, MS-Outlook, and various versions of Microsoft Windows. For 
example, it is possible to use VBA in MS-Word to automatically detect the existence of leading indicators of 
plagiarism including number of different font sizes, styles, and colors; paragraph format parameters such as indents 
and line spacing; and sets of readability index scores that can be calculated not only for each source document, but 
also for each of the individual paragraphs and/or sentences in a document. 

The prototype toolkit of plagiarism detection macros can be used to electronically identify Microsoft Office 
· documents that have some or all of the leading indicators of plagiarism described above. The prototype plagiarism 

detection toolkit can be used to conduct research on whether structural characteristics of a document can be used in 
isolation to detect plagiarized documents without the benefit of a large source document database. 

Each VBA procedure identifies instances of different plagiarism indicators. Some look only at a single document 
for characteristics that are often present in plagiarized work. Using different types of source document databases 
(web, previous student work, work submitted by classmates, electronic references) are used in concert with some of 
the VBA procedures to identify potential cases of plagiarism. 

FUTURE DIRECTIONS 
The software tools will be used to test the efficacy of using leading syntactic and structural indicators (fonts, 
margins, readability scores, etc.) in detecting plagiarism . . This is a totally different approach to detecting plagiarism 
than other products on the market or described in the literature. 

1 Davis, Stephen, "Keeping plagiarism at bay in the Internet age", Monitor on Psychology, Vol. 3.3. No. 2. February 
2002. http://www.apa.org/monitor/feb02/p lagiarism. html>. 

2 "The cheating game," US News and World Report, November 22, 1999. 
<http://www.usnews.com/usnews/edu/ college/articles/brief/cocheata.htm>. 

3 "Plagiarism Investigation Ends at Virginia", New York Times, November 26, 2002. 
<http://guery.nytirnes.com/search/full-page?res=9A04EFDF1F39F935A15752C1A9649C8B63>. 

4 See for example: http://www.essaymart.com and http://fortermpapers.com. 
5 See for example: http://www.preplOl.com/Uoff fag .html. 
6 See http://www.tumitin.com. 
7 "A Plagiarism Detection Tool Creates Legal Quandary." Chronicle of Higher Education, May 17, 2002. 

<http://chronicle.com/free/v48/i36/36a0370l .htm>. 
8 Bates, Peggy and Margaret Fain, "Detecting Plagiarized Papers", Coastal Carolina University Library Web site, 

Jan 2002. December 2002. <http://www.coastal.edu/library/plagiarz.htm>. 
9 Harris, Robert. "Evaluating Internet Research Sources." Virtua/Salt. 17 Nov. 1997. 18 Dec 2002. 

<http://www.virtualsalt.com/evalu8it.htm>. 
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STRATEGIC GLOBAL ALLIANCES IN MANUFACTURING ENGINEERING EDUCATION 

Roberto Vainrub 
Universidad Catolica Andres Bello 

Andres Carrano and James B. Taylor 
Rochester Institute of Technology 

INTRODUCTION 
"A nation's standard of living in the long term depends on its ability to attain a high and rising.level of productivity 
in industries in which its firms compete1

" this quotation from Michel Porter, Harvard Business School Professor and 
international advisor in Competitiveness is followed by "International trade and investment. .. allows a nation to 
raise its productivity .... (The) establishment of foreign subsidiaries by a nation's firms can raise national 
productivity2". 

Can these concepts be translated to the service industries and/or to non-profit organizations? This paper will discuss 
the benefit of establishing global strategic alliances in education and will attempt to define a specific 
internationalization strategy for Manufacturing Engineering Education. 

CONCLUSIONS 
One of the major conclusions that can be drawn from this work is that if the trends for students/school, cost, etc. 
continue, education will continue to become increasingly prohibitive, not only in the US, but throughout the world. 
Globalization will offer an avenue to reduce costs by exploiting available economies of scale. Additionally, a strong 
benefit is that US institutions can become ambassadors of good will throughout the world in societies that may ·or 
may not cu·rrently have a positive view of the US and its policies. Education can continue to be, as it has been 
throughout history, a great equalizer. 

More localized benefits can also be realized in the US. Such programs can increase enrollment, better utilize 
facilities, provide a source of the best and brightest graduate students, and better engage faculty. The benefits of 
such programs can also include some modest funding for lab improvements and a benefit to the campus community 
·as a whole through diversity and cultural exchange programs. Utilization of campus housing, food services, 
transportation and recreation facilities is also a benefit to the university during a traditionally slow time of the year. 
The program that has been developed and implemented between RIT and UCAB has to date seen approximately 150 
students successfully complete the program. All feedback from students and faculty has beeri extremely positive 
and the program is set to expand to multiple institutions-and other geographies in the coming year. This successful 
globalization effort has shown the potential for similar programs and their impact on individuals and their 
educational experience. 

1 Porter, Michael: "The Competitive Advantage ofNations" The Free Press,1990, p.2. 
2 bis p.7 
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