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A SIMULATION-BASED TOOL FOR MANAGING EMERGENCY ROOMS 

Adriana M. Alvarez, Martha A. Centeno, Joe Chow, Khokiat Kengskool 

Industrial and Systems Engineering 

Florida International University 

Miami, Florida 3 3199 

ABSTRACT 
Increased pressure to control costs and increased competition has prompted health care managers 
to look for tools to effectively operate their institutions. We propose a framework for a 
Simulation-Based Decision Support System (SB-DSS) to evaluate operating policies. A 
prototype of this SB-DSS has been developed. It incorporates a simulation model that_may use 
real data. The prototype revealed that simulation can truly be used in this environment in a timely 
fashion. It uses VBA routines to reconfigure the ARENA model at run time. 

1 INTRODUCTION 
Emergency rooms (ER) are a vital part of a hospital since they usually are the first point of 
contact between the community and the institution. In fact, most of the patients that are 
admitted to a hospital come through the ER (McGuire, 1994) . . Therefore, it is vital to pay close 
attention to decisions made with respect to its operations. These decisions include policie_s 
regarding the number of physicians, scheduling of nurses and clerks, physical layout, and the 
adoption of new policies such as the implementation of a fast-track system. 

Managers and administrators in a variety of industries have turned to computer simulation to aid 
them in their decision-making process. The health care industry is not the exemption but they do 
not necessarily posses the required expertise. Consequently, they need flexible tools to further 
aid them in making the right decisions. A well-designed Decision Support System (DSS) is 
capable of retrieving, handling and analyzing relevant data and information about the system 
being studied. Simulation and DSS complement each other to support their users and allow 
them to make more rational and appropriate decisions. 

Emergency Rooms are visited by patients in need of true emergency medical care ~nd, in some 
instances, by patients with relatively minor medical problems (Freedman, 1994), McGuire 
(1994), and Centeno et. al, (1995). Upon arrival to the ER, patients are usually classified into 
two broad classes: critical and non-critical. Non-critical patients enter a reception area where a 
registration clerk takes his or her information, and writes down their arrival time. These patients 
then proceed to the triage nurse where the severity of their iUness is determined. Whenever a 
bed becomes available in the ER, patients are called in for treatment. Critical patients proceed 
directly to the ER to receive treatment. For non-critical patients, this process sometimes takes 
an excessive amount of time that results in patient dissatisfaction and willingness to go 
somewhere else for treatment. · 

We present the design of a DSS centered on an ER simulation model. Section 2 presents a 
review of pertinent literature on simulation and Decision Support Systems and their applications 



in the health care industry. Section 3 presents the design of the SB-DSS. Section 4 describes 
the prototype using a scenario. 

2 . SOME PREVIOUS WORK 
The healthcare industry has adopted simulation very slowly compared to other industries such as 
manufacturing. One of the principal reasons is management's reluctance to reduce complex 
processes to a model representation. Another obstacle is their resistance to c~_~nge, especially 
when such change requires the use of unfamiliar technical -and statistical concepts, and their 
tendency to rely on traditional management tools. Analytical decision making tools have been 

· preferred because they provide an "optimal" solution; however, these tools impose a series of 
constraints and assumptions that need to be made about the system. Simulation does not impose 
these constraints (Hakes et al. 1994). However, there has been a change in the past few years. 
Several simulation projects have resulted in process improvement, costs reduction, better resource 
allocation and utilization, and improved customer satisfaction. 

Great attention has been paid to the simulation of subsystems within a ·hospital such as the 
Emergency Room, Operating Room, ancillary department, and ambulance dispatching centers. 
Shuman et al. (1975) categorized simulation models of healthcare systems into two broad 
categories: demand-oriented models (admissions systems) and resource-allocation systems. The 
former focuses on the admission of patients to the various services within the hospital, whereas 
the latter deals mostly with resource, facility and equipment allocation. However, some 
simulation studies contain ch~racteristics belonging to both domains. 

Almost none of these efforts use a DSS in conjunction with simulation. According to Silver 
(1991), DSS are systems that aid in the decision-making process in those situations where human 

. ~ 

knowledge is required but there is lots of information impossible for the human mind to process. 
The main objective of a DSS is to help its users come to a decision. In healthcare, DSS have 
been used to predict the spread of diseases, as a training tool for both practicing physicians and 
students, and as a diagnostic tool. They have been used for the allocation of resources, patient 
and resource scheduling, facility layout,· to assess the impact of acquiring new machinery, and . 
altering the patient mix. One common application of DSS in healthcare, however, has been in 
physician's support for medical diagnosis. The·MYCIN system was developed to aid physicians 
in the diagnosi~ and treatments for blood disorders. Badri et al. ( 1990) describe how simulation 

. was incorporated to the model base of a DSS to. aid decision-makers of a carpet manufacturing 
company. Simulation was used to help managers in selecting the most appropriate 
organizational strategies in .the marketing, manufacturing and distribution systems of the firm 
with the purpose of enhancing the company's competitive advantage. 

3 A SB-DSS FRAMEWORK 
A framework of the proposed system together with its components is given in Figure 1. The 
proposed framework consists of four basic functional sections: inputs, processing engines, 
outputs and results, and the user interface. Each section is subdivided into different modules. 
Some of the components work sequentially, others interact with each other, and there are others 
that work in parallel, independently. The framework is complemented with an external section, 
which serves as a feeder to the inputs section. -

2 
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Figure I: Proposed SB-DSS Framework 

A review of the literature and interviews with ER managers at several hospitals in Miami-Dade 
County, revealed that ER decisions can be classified into three major areas or categories: human 
resources,Jacility operation policies, and cost and inventory control activities. Decisions under 
the Human Resources category include management of physicians, nurses, technicians, and other 
staff. Examples of specific decisions under this category include staff scheduling, staff 
evaluation, and hiring of new personnel. The category of Facility Operation Policies includes 
determining when to temporarily close the facility, implementing changes to the operation of the 
ER, assessing the feasibility of adopting a new operating policy, and modifications to the 
physical structure of the facility. The category of Cost and Inventory Control includes 
purchasing equipment, purchase and control of medical supplies, and preparing the ER budget. 

The function of the first section (inputs section) is to hold or be able to acquire the data required 
by the system. Thus, its main components are the ER databr;zse, a library of data transformation 
routines, and data files. The data may be available from the hospital information system 
department, or it may reside in a database of an external information system supplier to the 
hospital, or it may be in the ER databases. Consequently, the data must be transformed into a 
proper format through routines compiled in a data transformation library. Most simulation 
packages are capable of reading data from ASCII files, spreadsheets, and relational databases 
through SQL. Thus, in some instances a direct link between the simulation model and the 
database may be established. 

3 



Another input required by the simulatio~ model is the configurationd ofhthde ulacilitTyhi . . T~~ . 
·configuration of the fac,ility consists of the number of resources an sc e u es. s imormatton 
must be given to the SB-DSS once, and then changed only when ne~fyed. h There are_ two w_ays o_f 
achieving this: 1) to create a configuration file (AS~II), or 2) tom? i t e appropnate objects m 
the simulation model. For the first case, any text editor can be used to create the file, whereas for 
the second case an interface may be developed to collect the data and modify the simulation 
modeL In the latter case, the user will interact with such ~te~ace on_ a as-needed basis. 

The data processing and modeling engines sect~on has three modules: a sim~lation model: a 
. statistical analysis tool, and a library of subroutines to perform other analysis and evaluat10ns. 

A valid and general simulation model of an ER must be built and placed at the heart of the SB
DSS. When developing the simulation module, two approaches can be followed: 1) built a single 
model that represents all the operations of an ER, or 2) have several smaller models to be used 
according to the decision being evaluated. · The first requires defining multiple entities (patients, 
medical supplies, etc), multiple resources ( staff, beds, medical equipment, patients, etc.) and the 
interactions between them. The latter approach consists of building different smaller and simpler 
models that would be called upon and executed according to the decision being evaluated. 

When using simulation as an analysis tool, it is of utmost importance to utilize valid input data in 
order to obtain valid results. Similarly, the outputs from the simulation modeling need to be 
statistically analyzed in order to draw valid conclusions. Therefore, it is important to have tools 
capable of statistically analyzing both the input and output data. In the case of the input data, this 
tool would be responsible for determining distribution for time between arrivals, service times, 
etc. The actual data files would have already peen created ·using the tools of Section 1. 

I ..J 

The function of the module other analysis and evaluations is to execute a set of algorithms that 
will allow carrying out other types of analysis such as post-simulation optimization. The 
processing of these algorithms can be accomplished using commercial software. 

The outputs section presents the results-from the simulation experimentation, statistical analysis, 
and other types of analysis and evaluations. Results are presented to the user via a customized 
user interface. Specific graphs, tables and ch~s will vary depending on the decision being 
evaluated. External applicat~ons, such as Excel, may be launched by the SB-DSS to create charts 

. and graphs from the simulation output data. An application to generate reports may be i~cluded. 

4 A PROTOTYPE SB-DSS 
The ER Model described by Reyes (1998) was modified for this prototype. The prototype was . 
developed for the Facility Operating Policies, within the category, the decision of Temporarily 
Closing the ER was selected because ·managers must evaluate constantly if the ER should be 
temporarily closed when it is almost full. · In general, the ER is considered to be full when almost 
all beds are occupied, or there are no more beds with a monitor, or the waiting areas are full. 
Moreove~, if these condition~ are suspected to extend over a significant period of time, the 
ma~~ger _is forced to bypass the ~~cility in order to properly service all types of patients. Once the 
decision !s ~ad~ to close the ~~cihty, the proper authorities are informed to divert critical patients 
t? other mstltutions. The facility stays officially on bypass for a specific period of time. Once this 
time has elapse~, the manager needs to advice the authorities if the ER is still closed or if it has re
opened. Figure 2 present the SB-DSS user interaction for evaluating this decision. 

4 
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Figure 2: SB-DSS User Interaction 

The prototype was developed using VBA embedded in the simulation package ARENA/SIMAN. 
This selection was based on the fact that VBA looks at the simulation model as an object which 
experiences events. Examples include Run_Begin and End_Replication. The object This 
Document represents the ARENA model. Through the events experienced by This Document, it 
is possible to collect the connguration of the ER and the current conditions of it. The user 
interface is the only means of communication between the user and the system. Using VBA 
facilitates the acquisition of information from the user through the use of user friendly screens. 

To illustrate how the prototype of the SB-DSS works a sample scenario is described in this 
section. The user is interested in finding out if the ER should be closed in two hours if the facility 
were to have one additional regular bed. Historical data will be used to make this evaluation. The 
decision of closing the ER wlll be based on the number of vacant beds. 

Upon start up, the WelcomeForm appears. Here, the user will choose to reconfigure the ER 
system to account for the addition of one more regular bed. First, Once in the Configuration 
Form, the user enters the new number of beds in the box labeled Number of beds. Then, the 
Continue button must be clicked to go on to theMainMenu Form. Here, the user selects the 
Close ER decision within the Facility Operation category. The next form to appear is the 
CloseER ~orm where the user specifies the time of the day for which he/she is interested in 

5 



finding out if the facility should be closed. The user also specifies that historical data is to be 
· used. The last step before simulation execution is the AskOuput Form, where the user chooses to 

conclude if ER should be closed based on the number of beds not being occupied. The simulation 
experimentation begins and at the end, the simulation model comes back with the Output 1 Form 
where the results are shown. The expected levels of the ER at the specified time are presented to 
the user. Based on these resulting values, and on the criteria selected by the user, the system will 
recommend whether or not ER should be closed. 

5 CONCLUSIONS AND FURIBER WORK 
We have described a SB-DSS that uses various types of decisions that occur in ER systems. This 
system is centered around a simulation model of an ER system. Statistically significant results can 
be obtained in a timely basis. The interaction between the simulation model and an ER' s 
information system is possible, and it can be on-line and fully automated. Development of a 
flexible simulation model is feasible because the model can be modified at run time without its 
user knowing anything about simulation. The development and integration of other types of 
decisions into the SB-DSS as well as the feasibility of developing generic simulation models for 
the system are areas of further .research. This would add significant flexibility and reliability to a 
full scale SB-DSS. 
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ABSTRACT 

Excessive false alarms are a clinical monitoring problem. In particular, SaO2 monitoring is subject to a high false alarm 
rate. Toe Nellcor (Symphony) 30001m was developed as a potential solution to eliminate excessive false alarms. The 
Nellcor 200 1m is representative of the products available prior to the Nellcor 3000 1m_ When Nellcor introduced the 
Nellcor S~phony ™ N-3000 they claimed the use of data filtering procedures to identify patient movement and other 
artifacts would reduce false alarms and help to stabilize the data. Statistical process control(SPC)analysis indicates that 
the Nellcor monitor accomplishes its objective of giving the clinical decision-maker a more stable data set 

All patient (process) control procedures have two types of errors the: 
I) Type I error is looking for a reason for a ~hange when none occurred 
2) Type II error is not looking for a reason for a change when a change occurred. 

The procedures built into the Nellcor Symphony TM N-3000 reduce the Type I error by filtering out the effects of 
movement and other artifacts on the data. The objective of this paper is to compare the data generated by the N-3000 
and N-200 from the same individual and to examine the differences in data behavior. The SPC methods of process 
control charts for averages and standard deviations are used to study data behavior. 

INTRODUCTION 

Clinical data collection is often a matter of selecting what can be measured easily with minimwn danger (non-invasive) 
and minimum discomfort to the patient. Pulse-oximeters such as the Nellcor N-3000 and N-200 are both non-invasive 
and cause minimum discomfort and danger to the patient Current clinical practice requires the use of an alarm based 
on a single data point beyond the specification limits. When the nwnber of false alanns is excessive, there is a 
possibility that some caregivers will ignore the alarms. The objective of current clinical monitoring research has been 
to reduce the nuniber of false alarms. The N-3000 is a product designed to fulfill this need. 

STATISTICAL PROCESS CONTROL 

· Statistical process control (SPC) is a standard of practice for controlling industrial processes. Based .on the assumption 
that the human body is a process like any other process, SPC may be used to control a patient's vital signs. SPC 
identifies the changes in a process. In this study SPC is utilized to evaluate the differences in the behavior of the 
observations generated from the same individual using both the N-3000 and N-200 at exactly the same time. 

One important feature of SPC is that the user can balance the probability of false positives and false negatives. A false 
positive is a Type I error, looking for a change when no change occurred and a false negative is a Type II error, not 
looking for a change when a change has occurred. Type I and Type II errors exist in all measuring control systems. A 
reduction in the Type I error results in an increase in the Type II error. The "improvements" made in the N-3000 
relative to the N-200 reduces the Type I at the expense of increasing Type II errors; and when the N-3000 is used the 
caregiver has no control over the balance _Similar results to the N-3000 can be obtained by using SPC in combination 
with the N-200. The advantage of using SPC and the N-200 is that the caregiver retains control of the probability of 
Type I and Type II errors. 
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ANALYSIS PROCEDURE 

A non-patient(a healthy male) was connected to an N-3000 and N-200. ~ch Nellcor monitor was connected ~o a 
microcomputer using a custom cable. Each microcomputer was loaded with custom software for data collection, 
recording, and analysis purposes. A "large" number of data files were collected using both d~vices_ connected !o the 
non-patient. During one series of sessions Sp02 and h~ rate were c~llected ~ the non-patient simply sat With no 
movement. During a second series of data collection sessions the non-patient was mstructed to: 

1) Let the .systems run for a period of time to establish a bas~ line 
2) Press a function key on both computers 
3) Move his finger for a short period of time 
4) · Press a function key on both computers 
5) Return to an inactive state for the remaining data collection time. 

After the data were collected and recorded, the files for each data stream (SpO2 and heart rate) were displayed for the 
purpose of detailed examination and analysis. Each vital sign was uniquely different and will be examined indi~idually. 
Figure 1 shows a single non-patient (hand) with two fin~er probes connected to the N-200 and the N-3000, which were 
both connected to a microcomputer collecting, analyzing, and graphing data in real-time. 

Figure 1 A Two-finger Test 

SPO2 N-3000 VERSUS N-200 

For healthy individuals Sp02 data are relatively stable and are often highly autocorrelated because the patient is usually 
near a state of homeostasis. Data are autocorrelated when an observation is related to its prior value plus or minus a 

, small random change. By definition, the more an observation is related to its prior reading, the higher the 
autocorrelation. A healthy patient is often in a steady state condition or status (hemostats). A balanced system such.as 
a patient in homeostasis may be expected to produce autocorrelated data. In addition, the faster the data collection, the 
more autocorrelated the data. 

Figure 2 illustrates SPC charts for a data collection session with no movement. The top two charts (a control chart for 
averages and a control chart for standard deviations) are for the N-200 and the bottom two charts (averages and 
standard deviations) are for the N-3000. The data collection rate ·of the N-200 was heart-beat to heart-beat. The data 
collection rate of the N-3000 was once per second, so there are fewer data observations in the N-3000 chart than in the 
N-200 chart. Generally the N-200 set at heart-beat to heart-beat data collection will generate more data then the N-
3000 at one observation per second, however, the communication procedure also limits the data collection rate. The 
time period covered ,by the data on the screen was from 15:27:16 to 15:40:48 or approximately 13 minutes, the amount 
of time to fill the· screen with data using the N-200 and a subgroup size of n=5. The beginning time: 15:27:16 is shown 
in Figure 2, however, ~e ending time is not because the bottom file, which shows the data collected by the N-3000 
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stopped recording data before the time expired for the N-200. All four charts shown in Figure 2 display the same time 

period. 

Figure 2 SaO2-Oxygen Saturation N-3000 versus N-200 

Ill • • • :a: 

Nellcor N-200 

Nellcor N-3000 

Stable System of Chance Causes 

The control charts illustrated in Figure 2 did not indicate any changes in the non-patient's vital signs. The software 
changes the background color to yellow when a change in a vital sign occurs. The only yellow background on the chart 
was for the initial calculation time period. A total of 23 subgroups of size n=5 (in this example) or a total of 115 
observations were used to calculate the patient's initial control chart statistics. The red background at the end of the 
bottom chart indicates that the end of the data set was reached. A red background also means that a one-digit number is 
being received when a two-digit number was expected. Since the subject was a healthy male, no changes in vital signs 
were expected. 

Movement-An Unstable System 

Movement affects SaO2 measurements. Figure 3 illustrates a screen for the non-patient subject when movement was 
introduced. The control chart pair displayed in the top of the screen is for the Nellcor N-200. The control chart pair 
displayed in the bottom of the screen is for the Nellcor N-3000. Looking,at the very bottom of the screen, the ll's on 
the bottom of the screen indicate when movement started and stopped for the N-3000 data and the 2l's indicate when 
the movement started and stopped for the N-200 data. In neither case did the control chart indicate a need to recalculate 
control limits. The drop in SaO2 can be more clearly observed from the data generated from the N-3000 than the N-
200. 
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Figure 3 Movement Sa02 . 

: '2'1-lecf'-h6'-3000'20Al2A28. BQC XIL en a at: • •: : : 2 

Nellcor N-200· 

HEART RATE N-3000 VERSUS N-200 

Heart rates tend to change faster and to react to the environment more than SaO2. Examples of the Type I and Type II 
errors due to heart rate are shown below. .J 

Type/Error 

Figure 4 illustrates process control chart pairs for heart rate data for a non-patient for the N-200 (top) and the N-3000 
(bottom). The control chart for the N-200 illustrates a Type I error, a false positive. The control chart indicated a 
change,_ when no change had · occurred. Although the researchers know that heart rate has not changed, the N-200 
indicates more changes thari the N-3000. This is due to in part to the fact that the N-200 generates more data and 
therefore, has a higher probability of observing a run with observations beyond the control limits. The N-200 also 
shows more changes than the N-3000 because the N-3000 has improved filtering of"bad" data. 
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Figure 4 Heart Rate No Changes 

Type II Errors 

A Type II error is not looking for the reason for a change when a cha!}ge has occurred. Figure 5 illustrates two control 
chart pairs when movement is introduced. The graph clearly shows the motion on both the N-200 and N-3000, yet in 
no change is indicated on the control chart for the N-3000. The control chart missed the change because the change 
was not sustained an adequate length of time. This error occurs more often on the N-3000 because it collects fewer 
data observations and because it filters the data. We know of no measurement system where you can reduce the Type I 
error without increasing the Type II error. 

Figure 5 II Type II Errors 
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CONCLUSION 

When using the N-3000, there is a lower probability of making a Type I error, finding false positives, than when using 
· the N-200. When µsing the N-3000, there is a higher probability of missing events, making a Type II error, than when 
using the N-200. The filtering procedures inside the N-3000 reduces Type I errors, but increases Type II errors. The 
control of the balance between Type I and II errors is taken over by Nellcor and the caregiver is given no options. 
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ABSTRACT 
Current clinical monitoring-alarm systems provide caregivers with measures of patient 

- vital sign data shown as: 1) waveforms on a screen; 2) raw values; and 3) alarm systems. 
These monitoring systems have excessive Type I errors, which means that the care 
provider spends time looking for a change in vital signs, when no change has occurred. 
Most medical research has focused on reducing Type I errors, while researchers have 
virtually ignored controlling Type II errors, which means not looking for a change in vital 
signs when a change has in fact occurred. The hypothesis of this study is that: 

The use of process control charts balances Type I and Type II errors and will thus 
reduce the time caregivers spend looking for a change when no change has 
occurred, while at the same time reducing the number of incidents of not looking 

. for a change when change has occurred. 

This study demonstrates that the vital signs oxygen saturation and heart rate behave in a 
similar manner for two diverse patient groups relative to the application of control charts. 
According to these data, the number of caregiver examinations due to oxygen saturation 
alarms could be reduced by 86 to 97 percent, while the number of examinations due to 
heart rate alarms could be reduced by 77 to 93 percent. The study also demonstrates 
how the control chart reset rule selected affects the percentage reduction obtained. 

INTRODUCTION 
Current practice in clinical monitoring is to provide caregivers with patient vital sign data 
shown as: I) waveforms ·on the monitor display; 2) raw values; and 3) alarm systems, 
based on specification limits established by the medical judgement available, set to warn 
care providers of changes in vital signs. · Some monitoring devises offer limited statistical 
procedures, such as trend calculations; however, most monitors have no procedures or 
provisions for capturing data to provide evidence that can be used as the basis for clinical 
decisions. All monitors are provided with default values for alarms and many monitors 
allow caregivers to adjust the alarm values based on their best medical judgment. With 
the exception of when alarms sound, most often, vital sign data are only recorded once or 
twice per hour by the caregiver. Based on these limited data, caregivers decide which 
treatment is appropriate. Statistical evidence suggests that one or two measures of a 
patient's heartbeat per hour are not a statistically adequate sample for decision making. 
Especially since more reliable procedures, based on statistical process control are 
available. 
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Current clinical practice can be compared to ind~str!a! procedures used in Japan prior.to 
Dr. Deming's quality revolution. In the author~ opm~o~s, ~he only reason the one_pomt 
outside a judgement specification limit works m med1cme 1s the extra effort that 1s put 

· forth by high skill caregivers. 

WHY? 
Current clinical practice is to search for a cause when one measuremen!_ is beyond the 
specification limits. Industrial practice_ uses statistical process .control_ (~PC) ch~s ~o 
more accurately determine if a change m the process has occurred. Chmcal practice 1s 
lagging behind industrial practice for a number of possible reasons, such as: 

I) Physicians are unfamiliar with SPC 
2) Physicians and other caregivers are not trained in SPC 
3) Medial devices produce raw data. 
4) Legal problems (must use current practice) and FDA limitations 
5) SPC is not an alarm system · 
6) SPC results have not been compared one-to-one with medical alarm systems 

Traditionally, physicians receive limited statistical training and no training in statistical 
. quality control because there is iimited time in the current medical curriculum for the 

addition of any new "untried-unproven" material. Some medical schools are trying to 
address this problem by integrating new technology into the traditional medical courses. 

One of the greatest obstacles to applying industrial quality practices to healthcare is the 
legal system, which threatens caregivers to follow the accepted practice to avoid 

· litigation .. In addition, the FDA protects the public by limiting the use of new untested 
technology. It is impossible to establish-1 the benefits of SPC in a health · care setting 
without testing the benefits. When SPC is utilized, patient treatments are likely to change 
and the user is consequentially chaqging the practice of medicine. Therefore, the 
research for this study was limited to the analysis of data using SPC in the bclckground of 
the traditional care provided. 

SPC is a process control procedure that identifies the natural limits of a process and 
informs the user of the probability of a change in the process. Using the natural limits of 
a process, t4e user can determine the appropriate control limits above and below the 
average ( mean of the measurements of the vital sign) that will limit the probability that a 
specific observation exceeds the control limits. The control limits determine the range 
within which acc·eptable. data points will lie. A data point that exceeds a control limit is 
an outlier. Current medical practice requi~es the caregiver to search for a cause or apply 
a treatment when one data point exceeds the control limits. SPC improves caregivers' 
decisions because the control limits . can be recalculated and reset when a series of 
measurements exceed a control limit. 

The real-time Biomedical Quality Computer (BQC) system counts the number of outliers 
to determine when the control limits should be reset (recalculated). Recalculating control 
limits adjusts the range within which all acceptable data points will fall and will affect 
caregiver decisions with respect to the most appropriate treatment to apply. Using the 
BQC syste.m, ,the caregiver can control the reset rule to control the number of outliers that 
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are required before the control limits are reset. Changing the rule used to recalculate the 
control limits changes the number of times the control limits are reset. As the number of 
observations beyond the control limits increases, Type I error decreases, but the 
possibility of Type II errors increases. 

TELL ME A STORY 
The current clinical paradigm is that vital sign movement within the specification limits 
has no meaning. The magic of SPC is that it helps the caregiver read the story the vital 
signs are writing in real-time. The caregivers often ask the quality control engineer the 
meaning of the movement within the specification limits. SPC shows the caregiver when 
vital signs change, but only the caregiver, (nurse, physician, .. . ) can determine why the 

· change occurred. Figure 1 illustrates a Xbar and Sigma process control chart for selected 
vital _signs. 

DESCRIPTIONS OF STUDY #1 AND STUDY #2 
This analysis includes the results of two studies that were performed at two different 
hospitals under the supervision of different physicians who did not communicate with 
each other in any way. The patient group.in Study #1 included children age 2 through 15. 
The patient group in · Study #2 included premature newborns. In Study # 1, a SpaceLab® 
clinical monitor collected data at the rate of one observation every five seconds, while in 
Study #2 a Nellcor 200® monitor collected a data point for each heartbeat. The objective 
of Study # 1 was to compare the number of traditional monitor alarms to the number of 
alarms that would result using SPC. The objective of Study #2 was to compare the affect 
of all caregiver actions on the patient (including alarms) to the statistical story written by 
the data provided via SPC. The common aspect of the two studies was that both studies 
counted the number of monitor alarms for SaO2 and heart rate data, and both compared 
the number of traditional monitor alarms to the number of alarms that would sound based 
on the SPC data. 

TRUE ALARMS 
In the preliminary experimental design, the researchers wanted to investigate if caregivers 
could identify if an alarm was: 

1) False positive 
2) True positive - clinically irreievant 
3) True positive - clinically relevant 

There was no way to execute this experiment because the caregivers may have to react to 
an alarm three, four, or more times before the reason for the condition (alarm) is 
understood. The experiment that attempted to identify, the meaning of alarms as they 
occurred was a total failure·. In the described in this paper, alarms were treated as a 
homogenous group. 
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RUNS BEYOND 3 SIGMA 
Standard clinical practice is to react to. one point beyond a control limit. In Study # 1 data 
were collected at the rate of one obs_ervation every five seconds, while in Study #2 data 
were collected at the rate of one observation per heartbeat. In both studies the data were 
autocorrelated ( any observation is correlated with the previous observation) and the SaO2 
data are truncated to the nearest whole value making the data more strongly 
autocorrelate_d. 

In addition, there are a large number of self-correcting changes in biomedical data. The 
standard Shewhart proce~s control chart used in industry was not designed to handle self
correcting systems. The researchers adjusted the control limits for autocorrelation by 
calculating the amount of autocorrelation and then adjusting the control limits. The reset 
rule was also adjusted by requiring . that a specific number of adjacent data points 
exceeding the control limits were required before adjusting the control limits, rather than 
relying on a single value to signal an adjustment in control limits. The number of data 
points that comprise "a run" is under the control of the caregiver. The objective of using 
a run, rather than a single data point, is to identify a sustained change in a vital sign. A 
run that indicates a sustained change prior to reset is indicated in Figure 1. . _ 

Study # 1 used a SpaceLab® monitor which sampled vital sign data at the rate of one 
observation every five seconds. In Study # 1 with a subgroup size of 5 a run of 1 0 
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subgroups in a row required exactly 4. 17 minutes ( 10 measurements x 1 observation 
every 5 seconds x 5 observations per subgroup = 250 seconds; 250 seconds/60 seconds 
per minute = 4 .167 minutes) while a run of 20 subgroups in a row required exactly 9. 17 
minutes. 

Study #2 used a Nellcor 200® monitor that generated an observation for every heartbeat 
for short-term newborns that may be expected to have heart rates of 160 per minute plus. 
Using a subgroup size of20 and a run of 10 subgroups in a row takes approximately 1.25 
minutes and a run of 22 subgroups in a row takes approximately 2.75 minutes. Again, the 
decision on subgroup size and number of subgroups comprising a run is under the control 
of the caregiver. The caregiver may select the run length by estimating the amount of 

· time desired. When using a clinical monitor with a fixed sampling rate, the relationship 
between sample size-runs and time is fixed. When using a heart beat monitor, the sample 
rate is a function of the patient's heart rate. 

In order to control the decision-making time allowed in each study, the researchers 
selected a subgroup size of 5 for Study # 1 to speed up the time for decision making and 
the subgroup size of 20 for Study #2 w~s selected to slow down the time for decision 
making. Because of the difference between monitors we could not match the decision 
making time in the two studies. In addition, because of the nature of SaO2 data was very 
close to 100 percent in these patients, our control chart program automatically changed to 
a run length of 22, even when the caregiver has selected a shorter run. 

BALANCE TYPE I AND TYPE II ERRORS 
All decision-making procedures are subject to errors. The two types of errors are: 

Type I error: Looking for the reason for a change when no change has occurred 
Type II error: Not looking for the reason for a change when a change has occurred 

A reduction in the Type I error always means an increase in the probability of a Type II 
error. We have experimented with the theory of runs (the number of runs required 
before the control limits are reset) using one point beyond the three sigma limits (three 
standard deviations), runs beyond the 3 sigma limits, and runs beyond the six sigma 
limits. Type I and II errors change according to the decision-making rules employed. 

ALARMS VERSUS CONTROL CHARTS 
An alarm system with a fixed set of decision rules may be compared to a given SPC 
system with a selected set of control limits and reset rules. This study compares two 
alarm systems as used at Children's Hospital in Boston (1995-Study#l) and the Brigham 
& Women's Hospital in Boston (1997-Study#2). One difference was that at Children's 
Hospital the alarm system was based on specification limits controlled by the caregiver 
for individual patients, while at Brigham and Women's a global limit for all patients was 
used. · 

Figure 2 shows the reduction in_ the number of alarms when using SPC rather than relying 
on one observation beyond the limit rule. In all cases a reduction of at least 77 percent 
was obtained. When using the SPC rule that required 22 points beyond the control limit 
before the computer would recalculated the reset, resets were reduced by at least 92 
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· u · SPC d ced the number of alarms associated with Sa02 more than the percent. smg - re u . . l h 
number of alarms associated with heart rates for bot~ dec1s1on rules. The res~ t~ s ow 
_ that by increasing the required number of runs fallmg beyond the control hm1ts, the 
number of false alarms is reduced. 

Figure 2 Reduction in Indicators 
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Despite the differences in the studies ( completely different patient groups and the use of 
different decision making rules), there. i's a similar result for both locations. Using control 
charts in background indicates that control charts will reduce the number of times the 
caregiver should look at the patient: In addition, although the caregiver does have to 
examine the patient, the computer will provide a history of vital sign behavior on the 
screen reducing the effort required to obtain additional evidence of the patient's vital 
signs. 

SUMMARY 
The clinical monitor produces waveforms and raw digital data, which require caregivers 
to analyze the data. Setting specification limits are a matter of the caregiver' s judgment. 
When the manual alarm process is. compared to using process control charts, the manual 
system produces excessive false alarm~ and does not accomplish the objective of quality 
patient management and care. 

The underlying design of the Children's Hospital was based on alarms. It was assumed 
that the caregiver could tell if an alarms was false, true, clinically significant or not. 
Assigning the cause to the alarms proved to be an impossible task for the caregivers in 
the study. The researchers believe that the effort to identify the nature of each alarm 
resulted in _data inaccuracy and to mistaken recordings of data. 
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The SPC analysis shows that the vital sign oxygen saturation and heart rate behave in a 
similar manner for two diverse patient groups relative to the application of control charts. 
The decision rules are to find a balance of the Type I and Type II errors. In these studies, 
SPC reduced the number of examinations due to each vital sign alarms between 70 and 
90 percent. 
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ABSTRACT 
Historically vital sign data were collected and recorded once per hour while the clinical monitor 
displayed the data from heart-beat to heart-beat. The manner in which the data were presented 
reduced the value of the information _in the data so that caregivers came to believe the data had 
little value. Using SPC methods to display, the story of the patient's vital signs becomes more 
obvious and thus enhances the ~aregiver' s understanding of the story as it is told. 

INTRODUCTION 
The current clinical monitoring standard of practice is to display raw vital sign data and to expect 
the caregiver to watch the continuous display of numbers to draw conclusions about what the 
numbers mean. The current . clinical system produces some useful results, only because of the 
hard work and good judgmei:it of highly trained caregivers. 

Since raw data display systems do not work well in industry, engineers and statisticians have 
developed methods for data collection and analysis, known as statistical process control (SPC). 
The hypothesis is that a statistical process control (SPC) approach will provide the clinical . 
decision-maker with clinical information which provides a foundation for decision making. The 
main concern is that many ~aregivers have only seen clinical data as raw numbers and they do 
not recognize the story that can be revealed by learning to read the SPC control charts. 

Engineers, statisticians, and other math experts can prove that vital sign data reacts when 
selective patient treatments are changed, but cannot tell what a given SPC reaction means in a 
selected ICU for a patient with a given illness. The engineers know when there is a statistical_ 

' significant increase in a vital sign, but only a . caregiver can determine if the change in the vital 
sign _is good or bad. Good/bad depends on the patient's condition and the cycle of his or her 
illness. 

Currently, because of a lack of experience with SPC caregivers are not prepared to identify the 
meaning of small, but significant changes in a patient's vital sign. The problem is cyclical; until 
clinical monitors contain SPC capabilities, physicians cannot learn to use SPC, but monitor 
companies will not put SPC in monitors until physicians ask for SPC capability; but physicians· 
will not ask if they do not see the value in using SPC. 
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TELL ME A STORY 
All vital signs seem to contain information that should be useful for clinical decision making. 
Depending on the patient's condition some vital signs provide better information than others. 
Our experience tells us that caregivers often specify samples of convenience, that is they order 
the collection of vital sign data that happen to be easy, economical, and safe to collect. Figure 1 
illustrates the vital signs: SaO2 and heart rate collected from a patient prior to and after ~ 
operation for nasal polyps. The 11 on the bottom of the figure indicates when the operation 
occurred. All data to the left of the 11 were collected prior to the operation, all data to the right of 
the 11 were collected after the operation. The data (prior and post the operation) were collected at 
approximately the same time of day and under approximately the same conditions using a 
Nellcor 200 pulseoximeter. 

ns before and after nasal su e 
I 

The oxygen saturation (SaO2) behavior (story told) in Figure 1 was as expected. Prior to the 
polyp operation the patient's average oxygen saturation was lower than after the operation ( top 
most graph in Figure 1) and there was more variation prior to the operation than after the 
operation (after the vertical bold line in the top graph in Figure 1). 

The behavior of heart rate in Figure 1 was not as expected. Prior to the operation the patient's 
heart rate average and variation (measure using standard deviation) were higher than after the 
operation. In retrospect, the change in heart rate behavior was logical because the removal of the 
nasal polyps made it easier for the -patient to breath and thus the heart did not have to work as 
hard as it did prior to the operation. 
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Why were the results unexpected? Simply none of the caregivers had ever thought about the 
effect of nasal polyps on heart rate. In retrospect, the SPC charts demonstrated that heart rate 
was a better measure of the effect of the nasal polyp operation than oxygen saturation. In 
addition, the analysis tells us that the caregiver should take into account the existence of nasal 
polyps in a patient that has either high blood pressure and/or a heart condition. The vital sign 
analysis does not" tell the caregiver what to do about nasal polyps, only that heart rate can be 
effected QY the presence of nasal polyps. These results suggest that when tr~ting the entire 
patient for a heart condition, nasal.polyps have the potential of making breathing more difficult. 

SELECTED VITAL SIGNS 
Standard practice is that each caregiver determines the vital sign that should be monitored for 
any given patient. Often the decision is based on the available monitors as well as the condition 
of the patient. Among the commonly monitored vital signs are: 

1) Oxygen saturation 
2) Heart rate 
3) Temperature 
4) Blood pressure: Diastolic, mean, and Systolic 
5) Breathing interval · 
6) Blood sugar 

Current practice is to judge the significance of vital signs behavior against an absolute standard 
for all individuals. When using SPC a patient's vital signs current behavior is compared to a 
base period in the past. The objective of current practice is to determine if vital sign behavior is 
in a good or bad range while the· objective of SPC is to determine if the behavior of vital sign 
data has changed. Using the current system is a point is beyond the specification limits code 
blue (emergency) corrective action is needed. U sing SPC when a change occurs, the caregiver 
determines if the change is g~od or bad and then if any action is required. 

MEASURING THE WRONG PARAMETER 
The statistician is quick to point out that the data collected may or may not reflect actual changes 
in the patient and that all statistical methods can only analyze data behavior and not any · 
particular parameter (vital sign). The act of selecting a parameter is always the job of a caregiver 
and not the statistician. As noted above, vital signs are selected as measures as a function of how 
easy they are to measure and what devices are available, ·as well as the physician's preferences. 

Most patient vital sign measurements · have some degree of discomfort or in some cases a danger 
of infection. Some data are collected, because it is the standard of practice to do so. Some vital 

· sign data are of no value for clinical decision ,making. SPC may be used to determine if a 
particular vital sign reacts to any treatments for a given patient's condition. If ·a given vital sign 
does not react to a treatment used for a particular patient condition, then the caregiver should 
evaluate the significance of measuring the vital sign and whether the costs and discomfort of 
using the measure can be justified. 

POWER OF CHANGE 
The primary thing a control chart does is to identify change, to determine when a change in vital 
sign data behavior occurs. The primary thing the current clinical monitoring system does is to 
identify when the data are outside some specification limit. 
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The ability to identify a change at first seems simple and not too significant. Change is simple, 
but can be extremely significant, in particular, knowing that a statistically significant change has 
occurred (in real-time} means that corrective action may be taken, if the change is bad. If a 
change is good, action may be taken to reinforce results. Also if a treatment has been changed 
and no statistically significant change occurs in a significant data stream, then the treatment inay . 
have had no effect. 

Often small changes lead to big changes. Small changes can be early warnings of bigger 
changes to come in the future. In particular when specification limits are wide, small changes in 
vital sign behavior as identified by a control chart allow the caregiver to view vital signs as they 
are changing, before the major event happens. 

WHY STATISTICS? 
Statistics are numbers, which represent some aspect of the entity or process being mo~itored. 
Vital sign measurements are numbers that measure the behavior of a patient's bodily functions. 
Vital signs are statistics. 

Using the manual recording method of the current system it is impossible to collect and record 
all vital sign measurements for a given patient. Current practice is to collect and record one vital 
sign per hour or per half an hour maximum. Using computerized SPC methods most vital signs 
for a patient for a given time period can be collected and recorded. Some monitor-computer 
combinations collect data every heart beat while others may collect an observation once every 
five seconds. Some long-term data collecting procedures collect one observation every 15 
. seconds. The data collection rate is critical relative to data behavior, but we do not yet know 
how important the data collection rate is relative to caregiver decision-making and monitoring . . 

Data may be collected and recorded during the time when the patient is connected to a monitor 
that is connected to a net work or computer. This time period is only a sample of the vital signs 
of a given patient. To obtain 100% coverage, an individual must be connected to a monitor and 
computer for life . . A sample of once per hour or of an hour of heart-beat to heart-beat data is a 
sample. Samples are best analyzed using statistical procedures for maximum information. 

CURRENT SYSTEM 
The current system sounds an alarm whenever an observation is beyond specified specification 
limits. Initially, caregivers may think that they can identify the significance of an alarm when it 
occurs. This is an invalid assumption because it is often impossible to know the reason for an 
alarm, until after it occurs several times. There is no way to know if an alarm is: 

1) False positive 
2) True positive and clinically irrelevant 
3) True positive and clinically relevant 

The vital sign alarm is just one of many factors considered by the caregiver. Usually, to identify 
. !he ti:ue meaning of an alarm takes research. Sometimes the reason for the alarm can be easily 
identified. For example, w:ien a monitor lead falls off the patient. The usual case is that an 
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alarm sounds and the caregiver examines the patients, looks at other factors and determines what 
clinical action should be · taken. If the reason for an alarm is unknown, then a common reaction 
to an alarm is to instruct the local caregivers to keep an extra eye on the situation until the 
meaning of the alarm can be determine. · 

VITAL SIGNS TELL A STORY 
Vital signs are trying to tell us a story. SPC methods present vital sign data soJ hat we can read 
the patient's specific story. Vital signs tell us something about how the body is behaving and 
how it is reacting to treatment. Monitoring is a critical ·clinical activity. 

The current practice of observing and recording vital sign data one or twice an hour results in 
data that were of marginal value to caregivers. Because of the manner vital signs were 
presented, many caregivers have come to assume that vital sign data have little value. To learn 
to read SPC vital sign charts the caregiver must change their attitudes toward vital sign data and 
learn to read the story that is being told. SPC gives the physician quality real-time information 
that can result in better clinical decisions. 

1) 
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Genetic algorithms are general-purpose search techniques for solving complex problems. Based 
upon genetic and evolutionary principles, GA' s work by repeatedly modifying a population of 
artificial structures through the application of selection, crossover, and mutation operators. The 
choice of an appropriate structure for a particular problem is a major factor determining a GA' s 
success. GA's have traditionally been used for optimization, but with some enhancements, can 
be applied to classification and prediction problems as well. · 

Genetic algorithms are a type of evolutionary computation schema in which a computer attempts 
to mimic the processes of biological evolution. the basic idea is to apply that of natural 
selection and survival of the fittest to effective solutions in optimization problems. John H. 
Holland developed the first genetic algorithm (GA) in the 1970's. The genetic algorithm uses the 
concept of solution states encoded as binary-valued, or real-valued1 strings where a bit is 
analogous to a gene and the string is analogous to a chromosome. A set, generally called 
population, of candidate solution states, which are called chromosomes, is generated and 

. evaluated. A fitness function is used to evaluate each of the solutions in the population. The 
chromosomes encoding the better solutions are broken apart and recombined through the use of 
genetic operators such as selection, cross-over, and mutation, to form new solutions, or offspring. 
These offspring are generally better because they exhibit a stronger fitness to compete than the 
previous generation. The process is repeated until an acceptable solution is found within specific 
time constraints. This paper shall investigate the foundations of the genetic algorithm and 
explore its potenti~l as a viable artificial_ intelligence tool. 

Introduction 
The traditional GA begins with a population of n-randomly-generated structures, or 
chromosomes, where each chromosome encodes a solution to a given problem. The GA proceeds 
for a fixed number of generations. During each generation, the GA improves the chromosomes in 
its current population by performing selection, followed by crossover, followed by mutation. 
~emetic Algorithms (GA's) are adaptive heuristic search algorithms based on the evolutionary 
ideas of natural selection and genetics. The basic techniques of the GA' s are designed to 
simulate processes in naturai systems that are necessary for evolution. These basic techniques, 
especially those principles that were first laid down by Charles Darwin, are in essence "survival 
of the fittest" . 

All of this comes from the facts that in nature, competition among individuals for available 
resources results in the fittest individuals dominating over the weaker ones. 
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The Benefits of Genetic Algorithms 
It is better than conventional AI in that it i~ more robust. Unlike older AI systems, they do not 
break easily if the inputs changed slightly, or in the presence of reasonable noise. 

Also, in searching a large state-space, multi-modal state-space, or an n-dimensional surface, a 
genetic algorithm may off er significant benefits over more typical search of optimization 
techniques. 

Genetic Algorithm as an analogy to the Chromosome 
GA's are based on an analogy with the genetic structure and behavior of chromosomes within a 
population of individuals. 

Chromosome foundations: 
❖ Individuals in a population compete for resources and mates. 
❖ Those individuals most successful in each 'competition' will produce more offspring than 

those individuals that perform poorly. 
❖ Genes from 'good' individuals propagate throughout the population so that two good parents 

will sometimes produce offspring that are better than either parent. 
Thus each successive generation will become more suited to their environment. 

Search Space 
❖ Populations of individuals are maintained within search space for a GA, each representing a 

possible solution to a given problem. 
❖ Each individual is coded as: 

1. A finite length vector of component~ 
2. A set of variables, in terms of some alphabet, usually the binary alphabet { 0, 1}. 

Thus a chromosome (solution) is composed of several genes (variables). 
A fitness score is assigned to each solution representing the abilities of an individual to 
'compete'. · 
The individual with the optimal ( or generally near optimal) fitness score is sought. The GA aims . 
to use selective 'breeding' of the solutions to produce 'offspring' better than that of the parents by 
combining information from the chromosomes previous generation. 

General Evolutionary Processes 
The GA maintains a static population composed of n-chromosomes (solutions) with associated 
fitness values. Parents are selected to mate, on the basis of their fitness. Consequently highly fit 
solutions are given more opportunities to reproduce, so that offspring inherit characteristics from 
each parent. As parents mate and produce offspring, room must be made for the new arrivals . 
since the population is kept · at a static size. Individuals in the population die and are replaced by 
the new solutions, eventually creating a new ·generation once all mating opportunities in the old 
population have been exhausted. In this way it is hoped that over successive generations better 
solutions will thrive while the least fit solutions die out. New generations of solutions are 
produced containing, on average, more good genes than a typical solution in a previous 
generation. Each successive generation will contain more good 'partial solutions' than previous 
generations. Eventually, once the population has converged and is not producing offspring 
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· noticeably different from those in previous generations, the algorithm itself is said to have 
· converged to a set of solutions to the problem at hand. 

The below picture illustrates one generation of a GA with a population of size n = 4. The 
Chromosomes are represented as rectangles, each containing two square components. 
Components may take on one of two values, represented by the colors, black and white. Assume 
that chromosomes with two black components have the highest fitness, chromosomes with two 
white components have the lowest fitness, and mixed chromosomes have intermediate fitness. 
The selection stage holds four tournaments between randomly chosen pairs of individuals. The 
crossover stage then cuts and splices chromosomes at component boundaries. Finally the 
mutation stage, through random choices, mutates only the leftmost component of Chromosome 
9, yielding Chromosome 13. Although the initial population has no optimal chromosomes, after 
the generation shown, an optimal chromosome emerges. As can be seen by Chromosome 14. 

:;::::crossoverH:i::::c: 
liill!ii!iill![iilil!\!!!i

1

!!
1

! 
1

!!
1

!
1

::::\\!lli1\!
1

•i!!\!ii 

Implementation Details Based on Natural Selection 
After an initial population is randomly generated, the algorithm evolves the through the·use of 
three operators: . 

Selection is the population improvement or "survival of the fittest" operator. Basically, it 
duplicates chromosomes with higher fitnesses and deletes chromosomes with lower fitnesses. 

Crossover, when combined with selection, results in good components of good structures 
co~~ining to yield even better chromosomes. The offspring are the results of cutting and 
sphcmg the parent chromosomes at various crossover points. So we thus have that crossover 
represents the mating between individuals. 
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Mutation creates new structures that are similar to current chromosomes. With a small, pre~ 
specified probability, mutation randomly alters each component of each chromosome. This 
mutation introduces the randomness to the system. 

The Sel~ction Operator 
KEY IDEA: 

Give preference to better fit individuals, allowing them to pass on their genes to 
the next generation. ..--

The goodness of each individual depends on its fitness. There are many ways to establish the 
fitness, but we can generally say that the fitness may be determined by an objective function or 
by a subjective judgement. Below can be seen the algorithm for a standard method of evaluating 
the fitness of a population. 

The Crossover Operator 
Prime distinguishing factor of genetic algorithms from other optimization techniques. 
• Two individuals are chosen from the population using the selection operator. 
• A crossover site along the bit strings · is randomly chosen. · 
• The values of the two strings are exchanged up to this point. 

Example: 
If Sl=000000 and s2=11 i 111 

and the crossover point is 2 
then S1'=110000 and s2'=001111 

The two new offspring created from this mating are put into the next generation of the 
population. By recombining portions of good individuals, this process is likely to create even 
better individuals. 
• Using selection alone will tend to fill the population with copies of the best individual from 

the population. 
• Using selection and crossover operators will te~d to cause the algorithms to converge on a 

good but sub-optimal solution 

The Mutation Operator . 
With some low probability chromosomes being generated, a portion of the new individuals will 
have some of their bits flipped. · Its purpose is to maintain diversity within the population and 

. inhibit premature convergence. 

Mutation alone iriduces a random walk through the search space. That is that it introduces 
random changes to the chromosomes. 

The General Genetic Algorithms 
1. Randomly initialize the population of solutions. 

Use a population sufficiently large to be representative of the search space as a whole. 
2. Evaluate the fitness of each individual. That is, evaluate the fitness function for each 

solution in the population to see if the termination criteria for optimality are met. 
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3. While termination condition does not hold 
1. Replicate individuals based on their fitness. 

use a weighted roulette wheel to reproduce strings in the next generation in proportion to 
their fitness. 
1. Transform the individuals in the population. 

1. Randomly pick two parents from the population. 
2. Crossover the parents (pick a random point in the strings and exchange 

their top parts) to produce offspring. 
3. Mutate each offspring (randomly decide whether to flip each bit in the 

string) optionally flip each bit). 
2. Evaluate the fitness of each new individual. 

Termination Criteria 
A GA can be ~xpected to produce good solutions, but might never find a perfect solution. We 
now ask ourselves "When is a good solution 'good enough'? " The answer to this question as 
you might have guessed and due to the basic nature of genetic algorithms is that there are rio 
'Well Defined·' answers. 
In general, we find that when one· of the below conditions are met for a particular problem then a 
termination flag c~n be justified. · 

• After a pre-specified number of generations. 
• When an individual solution reaches a pre-specified level of fitness. 
• When the variation of individuals from one generation to the next reaches a pre-specified 

level of stability. 

·Where -are Genetic Algorithms Being Used? 
With the current efforts of research and industry, we find that genetic algorithms are being used 
more and more to effect optimal solutions to the many applications which have use brute force 
methods in the past. As can be seen by the diagram, the areas of interest and implementation are 
ever increasing. 

DISTRIBUTION 

ENTERTAINMENT ENGINEERING 
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More specific areas of implementation include: 
► Management: Distribution, scheduling, -project management, courier routing, container 

packing, and task assignment, timetables. 
► Financial: Portfolio balancing, budgeting, forecasting, investment analysis and payment 

scheduling. 
► Engineering: Structural design (e.g. beam sizes), electrical design (e.g. circuit boards), 

mechavical design (e.g. optimize weight, size & cost), process control, netwo~k design (e.g. 
computer networks). 

► R & D : Curve and surface fitting, neural network connection matrices, function 
. optimization, fuzzy logic, population modeling, molecular modeling and drug design. 

Who Specifically Uses Genetic Algorithms? 
Below can be seen just a few of the companies whom currently using genetic algorithms in their 
manufacturing and product lines: 
American Express, AT&T, Bell Labs, Exxon, GE, General Motors, IBM, Intel, John Deere, 
Lockheed, Motorola, MTV, NASA, Sears, Xerox, Australian Navy, ANSTO, Monash Uni, North 
Sydney Leagues Club and many more. The possible implementations are growing every day!!!! 

Summary 
We find that the operations of selection, crossover, and mutation the GA will converge over 
successive generations towards the · global ( or near global) optimum. 
Why these simple operations should produce fast, useful and robust techniques is largely due to 
the fact that GA' s combine direction and chance in the search in an effective and efficient 

. manner. 
_j 

Since the population implicitly contains much more information than simply the individual 
fitness scores, GA' s combine the good information hidden in a solution with the good 
information from another so~ution to produce new solutions with good inheritance fi:om both 
parents. This will inevitably leads toward an optimal solution to a problem. 

This investigation into the developments and implementations of genetic algorithms indicate that 
there is a large promise to this type of optimization.problem over the old-fashioned methods. 
This type of implementation could be of use to such areas a factorization problems which imply 
further advancements in the area of cryptology and communications could be presented in the 
near future. I personally look forward to investigating some of these areas in my future 
endeavors. 
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In this paper, some of the fundamental design issues in parallel architectures for Artificial 
Intelligence are introduced. An approach is proposed which is based on actor theory. Th 
proposed architecture addresses the fundamental organizational issues of large-scale parallelism 
and sharing.in a fully integrated way. It also serves as an experimental apparatus for testing 
large-scale artificial intelligence systems. The proposed technique also explores the feasibility of 
an architecture based on abstractions, which serve as natural computational primitives for -
parallel processing. Such abstractions should be logically independent of their software and 
hardware host implementation. 

INTRODUCTION 
Large-scale artificial intelligence systems are evolving rapidly because of the increasing growth 
of personal computers, the local, national and international electronic networks as well as the 
requirements of arm-length transactions among agencies. These systems should share following 
properties: (1): Continuous change and evolution. Distributed artificial intelligence systems are 
always adding new computers, users and software. As a result, systems must be able to change as 
·the components and demands placed upon them change. Moreover, they must be able to evolve 
new internal parts in order to accommodate the shifting work they perform. (2): Absence of 
bottlenecks. A bottleneck is a channel through which all communications must pass through. An 
adequate architecture for large-scale artificial intelligence systems cannot have bottlenecks. A 
centralized decision making mechanism would inevitably become a bottleneck; therefore, the 
decision making must be decentralized. (3): Arms-length relationships. In general, the 
computers, people; and agencies that make up distributed artificial intelligence systems do not 
have direct a_ccess to one· another's internal information. Arm-length relationships imply that the 
architecture must accommodate multiple computers at difficult physical sites that do not have 
access to each other internal parts. ( 4): Perpetual inconsistency among knowledge bases. Because 
of privacy and discretionary concerns, different knowledge bases will contain different 
perspectives and conflicting beliefs. Thus all the knowledge bases of a distributed artificial 
intelligence system taken together will be perpetually inconsistent. Decentralization also makes it 
impossible to update all knowledge bases simultaneously. Systems must have the capacity to 
operate in the presence of inconsistent and incomplete knowledge bases. Without a firm 
!heor~ical base, development of an architecture that is appHcable to large-scale artificial 
mtelhgence systems will be much more difficult. 

LARGE-SCALE ARTIFICIAL INTELLIGENCE SYSTEMS 
Large-scale artificial intelligence systems raise important issues for future architectures. Some of 

. them will be explained: (1 ): Integration of action, description, and reasoning. Three kinds of 
computer languages have been developed; the descriptive, the action-oriented, and the reasoning 
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or deductive. Descriptive languages represent knowledge using descriptions: languages that are 
based broadly on this approach include first order logic, KRL, NETL, Omega, and KL-ONE, etc. 
Action (object oriented) languages such as Fortran, LISP and Ada implement processes that 
change objects. They tend to provide relatively weak descriptions of the objects and the 
relation~hips among them. Reasoning languages plan, solve problem~, or prove theorems. Logic 
programming languages are a subset of the reasoning languages that are limited by cumbersome 
description capacities and by having inelegant mechanisms for taking action. Historically, 
languages strong in one of these kinds of capacities have ten~ to be relatively weak in the other. 
All three capacities: action, description and reasoning are necessary for large-scale artificial 
intelligence systems. (2): Inadequacy of the closed-world assumption. The closed world 
assumption is that the information about the world being modeled is complete in the sense that 
exactly those relationships that hold among objects are derivable from the local information 
possessed by the system. Systems based on the closed assumption typically assume that they can 
find all existing instances of a concept by searching their local storage. However, it is less 
realistic as large-scale artificial intelligence systems become more distributed since less of the 
information is available locally. (3): Empirical knowledge. Algorithmic procedures are 
procedures about which properties such as efficiency and correctness can be proved 
mathematically. In general empirical procedures make essential use of empirical knowledge and 
require interaction with the physical world in the real time. ( 4): Dynamic allocation. An Artificial 
Intelligence architecture needs to dynamically allocate and re-allocate computational resources 
as required by ongoing empirical computations. Empirical computations require dynamic 
allocation because it is impossible to plan in advance which procedures will need to be run. (5): 
Scaling issues. Of course simple linear scaling is theoretically impossible because 
communication delay increase·as a machine becomes physically larger. Linear scaling is that the 
speed of computation will increase in direct propbrtion to the number of computing · elements 
without any reprogramming. Use of the principles by which work is organized in large-scale 
human organizations is a powerful tool for making significant progress in architectures for 
·Artificial Intelligence. · 

PARALLEL ARCHITECTURES 
To deal with these issues, a computational theory of organizations and organization of work is 
developed. An architecture that is capable of dynamic growth must be able to undertake major 
reorganizations of the work of a computation as it grows· in size. In order to do this, the system 
must have an understanding of its own capabilities and limitations as well as an understanding of 
the goals and constraints of the computations being performed. 

Actor theory provides a foundation for addressing the problems of constructing distributed, 
large-scale intelligence systems. Actor theory treats issues of scaling information~processing 
systems in an integrated fashion: it applies equally to large-scale multi-processing machines that 
reside in a single room, and to those in which the machines are geographically dispersed. An 
actor is defined by its behavior when it receives communications. Message passing semantics is 
based on actors that are virtual computation units. When an actor receives a message it can 
perform the following four kinds of primitive actions concurrently: (1 ): make simple decisions, 
(2): create more actors, (3): send more communications, (4): specify its behavior in response to 
the next message received, thus characterizing its new local state. In practice, each actor tends to 
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· be relatively simple in order to keep systems modular. The power of actors stems from the ease 
with which systems of more specialized actors can be combined to accomplish larger tasks. 

The Apiary architecture is based on actor theory. The goal is to create an integrated, parallel 
hardware-software system that has the generality required for large-scale artificial intelligence 
systems. The Apiary as a whole has no "instruction set" since many computations can run 
concurrently. Instead, the Apiary can be modeled as a set of workers, each worker being 
analogous to a single computer executing instructions serially, together with its own memory, 
and the ability to communicate with other workers. The Apiary simulator must bridge the gap 
between programming sequential processors with modifiable state and a multi-processor system 
with no global state. 

The primitive operations of the Apiary are not like those of conventional machines. The Apiary 
must deal sol~ly with actors and their response to messages. Although an Apiary may be 
implemented at the lowest hardware level with transistors and wires, this must be hidden from 
Apiary applications. The four primitive actions mentioned earlier ( creating actors, sending · 
message, making decisions, and changing behavior) form the backbone of a virtual machine for 
an Apiary worker, together with operations on ~rimitive data types such as addition of numbers. 

The Apiary is a parallel problem solving system, where users write programs whose 
computations may range over many processors. Artificial Intelligence applications are 
characterized by their unpredictable nature. It follows that a parallel system for Artificial 
Intelligence must dynamically allocate all processors, communications and memory resources in 
the system, without explicit intervention by applications programs. 

The Apiary approach has some important consequences: 
(I): Actors may need to move from one worker's memory to another. Actors may need to move 
even while the program is running. Care must be taken to assure this does not disturb running 
process. One actor may need to communicate with an actor on another machine. When an actor 
moves from one worker to another, it is replaced with a forward actor on the local machine. The 
forward actor aut~matically forwards communications to the remote machine, so that movement 
of actors is transparent to running programs. To improve performance, the Apiary will want to 
spread out actors more or less evenly through the various workers, so that one worker's memory 
will not become a bottleneck. 

(2): Programs may need to move from one processor to another. The number and kind of 
computational activities may vary in the course of a computation so that no static allocation of 
programs to processors may _be used. To allow mobility of programs, we break up computations 
mto very small units called tasks. To improve performance, the Apiary will try to spread out 
tasks more or less evenly through the workers, so that as many processors as possible will be 
kept _busy performing useful work. The hardware will be composed of a changing number of 
physical processors, executing specific programs, each with its own local memory. 
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Recent advances in intelligent computer-based systems now allow us to model enterprises that 
were previously impossible to model accurately. The use of expert systems in Petronet's 
scheduling is not new, but normally the expert system is used to solve a specific localized 
problem. This paper outlines the methodology and processes of expert system used in pipeline 
scheduling. It describes a detailed Knowledge based engineering's involvement and provides a 
basic outline (?f the Petronet's scheduling problem and how the expert system solved it. 

Expert Systems 
In today's competitive environment, an essential requirement for survival is the effective 
integration and timely availability of information at all levels of the organization. Integration of 
information must be vertically and horizontally implemented in order to prevent isolated islands 
of information being formed, where these do not contribute to the well-being of the total 
organization. 

In recent years, expert systems have become the most visible and ·the fastest growing branch of 
Artificial Intelligence. Recent advances in Artificial Intelligence (AI) technology have seen the 
.emerge~ce of Expert Systems into the industrial marketplace, where they are rapidly gaining 
ground in the planning, scheduling and modeling of complex business systems and 
environments. 

An expert system is a computer program that simulates the judgement and behavior of a human 
or an organization that has expert knowledge and experience in a particular field. Typically, such 
a system contains a knowledge base containing accumulated experience and a set of rules for 
applying the knowledge base to each particular situation that is described to the program. 
Sophisticated expert systems can be enhanced with additions to the knowledge base or to the set 
of rules. The Expert System is programmed with the rules and procedures relating to how 
decisions should be made: this _includes a variety of soft reasoning - "rules of thumb" and a great 
deal of process information, which is often difficult to express in conventional mathematical or 
statistical terms. A Knowledge-Base is the name given to a set of Expert System reasoning: it is 
not just data or information, but encapsulates the knowledge of how to reason with the 
information. It is the ability to deal with, reason about, and manipulate data with knowledge that 
separates Expert Systems from other Information Technology (IT) products. In addition, unlike a 
human expert, the system can apply this knowledge many times per second over a wide problem 
area. Expert Systems are not intended to replace people; rather they are often described as an 
extra set of eyes and hands being applie~ to a problem. 

Appropriate expert systems can do much to improve efficiency and quality across all types of 
· organiza~ions and in all branches of industry. 
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With the technology of expert systems becoming mature, its use and importance are growing in 
industry, science and other fields. The common applications of expert systems contain controL 
design, diagnosis, instruction, etc. However, the bottleneck of knowledge acquisition and domain 
knowledge representation continuously deters the development of expert systems. · 

Expert system application could be built using AI language such as LISP and PROLOG or 
traditional programming language such as Pascal and Fortran. However implell!~nting as expert 
system from scratch in these languages is very difficult. Because they give little or even no 
guidance about how knowledge should be represented or what mechanisms for accessing the 
knowledge base should be equipped. Instead of using these high-level programming languages, 
an expert system tool (shell) is produced to help build an expert system application. It is believed 
that the expert system tool may partly solve the problems of knowledge representation. 

The Shell 
The expert system tool (shell) is a software environment for developing an expert system. The 
advantage of the expert system tool is that it helps the knowledge engineer, even the human 
expert, to build an application easily. It dictates how knowledge is to be represented and contains 
an inference engine for accessing the knowledge base. · 

Schank states:" ... a programming environment plus an inference engine doesn't make up all 
there is to building an expert systein ... the AI in complex expert systems was in the organization 
and representation of knowledge." Indeed the related knowledge has a different variety and 
structure and these different characters affect the effectiveness of system development 
profoundly. In order to understand the details of the problem domain and master the knowledge 
of solving the problem, an intermediate represeritation of the domain knowledge is desirable. It 
should be able to help the knowledge engineer during the analysis as well as the implementation 
phase. 

Knowledge Acquisition 
Knowledge acquisition is the process of translating the domain knowledge to a form suitable for 
an expert system. The most crucial and important task for the knowledge engineer is to help the 
human expert to structure, identify and formalize the domain knowledge. Knowledge acquisition 
is a bottleneck in the development of expert system. 

There is no formalized method used to select techniques appropriate to a particular problem. The 
usual motivation for the choice of techniques is its familiarity to the knowledge engineer, or the 
constraints of the expert system tool available. In order to validate the acquired domain 
knowledge, it must be fed back to the· human expert. Hence, the knowledge engineer must 
represent the acquired knowledge in some form. It is an advantage to represent the knowledge in 
a particular form, which is easy to understand by the human expert and -is appropriate· to the 
domain knowledge structure. Selecting a suitable representation will save the human expert's 
effort to validate the domain knowledge and help the implementation process. 

The design of data input for expert systems may be the most crucial and difficult .part of expert 
systems design and expert systems themselves may contribute to the quality of data input, for 
instance in verification checks. An expert system designer has choices to make about the way 
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. knowledge is represented and this impacts upon the inferencing of the system. Different 
definitions of expert systems are adopted which affect the clarity with which objectives for 
expert systems development can be set. 

Application in Transportation Planning and Scheduling 
Expert systems would appear to be a natural fit as a tool for improving the planning and 
scheduling of transportation processes. The fit would be assumed for several reasons. First, the 
goal of transportation pla·nning and scheduling is to improve the transportation process. 
Likewise, the goal of expert systems is to improve the process that the expert systems are being 
applied to. Second, transportation planning and scheduling concerns itself primarily with 
information, usually in digital form. Being in digital form, the information is in a natural state to 
be positively impacted by some type of expert system. Third, transportation planning and 
scheduling usually deals in large amounts of information. One of the capabilities of expert 
systems ·is to process large amounts of information and to produce an intelligent output. Fourth, 
prior to the industrial availability of expert systems, transportation planning and scheduling was 
the latest and greatest in transportation improvements. Expert systems is the next logical 
evolutionary step in transportation improvements. 

Several technologies in transportation planning and scheduling exist that can be helped by expert 
systems. The benefits of the experts systems utilized in transportation planning and scheduling 
are many. First expert system achieved improved information flow. second expert system is 
utilized to process complex and time-consuming planning functions as well as the complex 
flexible transportation options . Third, one expert system is comprised of several subsystems 
including production planning, diagram scheduling and operational control for more efficient 
·operation . Forth, expert system uses experiences it learned from the past to make optimal 
scheduling decisions . One expert system improves the ability of a FMS to adapt and change . 
This technology was used to solve a unique transport problem at Petronet using the G2 Real-time 
Expert System. Petronet operates South Africa's petroleum products pipeline network and is 
responsible for a high proportion of the bulk fuel transportation within the country. 

The pipeline network takes a node and star form, with several junctions and branches. It stretches 
from Durban up towards Ladysmith, where it then splits towards the Sasolburg and Secunda 
petroleum plants. From here the· major connections are directed towards Gauteng, extending 
from Alrode to Rustenburg and north Pretoria. In terms of volume Petronet transports. over 150 
million litres of liquid per week to eight customers at 19 major depots. A variety of petrol, diesel 
and other petroleum products are transported along the· same pipeline network, with products 
being injected one after the other. 

The scheduling task is a complex one: it takes around six ho~rs for an exceptionally skilled 
planner to create one week of schedule just for the Gauteng area alone. This schedule will have 
to be re-planned continually as clients change their requirements during the week prior to the 
~chedule becoming active. As is the nature of pipelines, any changes in volume requirements will 
impact on many later deliveries and consequently these will also have to be re-planned. 
Some issues which make this a difficult logistics problem are: 

. I. Lack of storage space: to pump any liquid into the line requires a corresponding amount to be 
pumped Qut simultaneously - there is no opportunity for buffering or pre-client storage. 
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2. Maintaining flow in the lines: it is advantageous to keep the liquid flowing in the lines. 
Continual start-ups are extremely wasteful·in terms of electricity, and also cause mixing to occur 
at the interface between different products within the lines'. This interface mixture is not readily · 
usable. 
3. Splitting/merging of liquid at junctions: certain pumping rate restrictions and junctions on the 

network require that liquid streams be merged or split at different places. For merging this 
requires accurate timing and arrival information to be known. For splitting of fl9ws, a great deal 
ofback-calculations of times, volumes and flow rates need to be-done . . 

In effect, planning - the functional hub of Petronet's activity- was a difficult and lengthy process, 
requiring highly trained individuals to produce accurate time and volume data on a continual 
basis for their fast-changing demand market. The creation of a schedule is also a computationally 
intensive operation, requiring accurate flow rates, arrival times and volumes to be known by both 
Petronet and their clients. Therefore it was a logical step to automate the scheduling process -
reducing the burden on the planning department and providing swifter reaction to client 
requirements. Petronet had unsuccessfully tried several techniques for automating the scheduling 
process before commissioning Knowledge Based Engineering and Deloitte & Touche. 
Understandably there was often scepticism that the project would be a success. 

Initially a great deal of Knowledge Engineering was required, learning how the scheduling was 
being done by hand, extracting the salient information and synthesising a set of rules which 
governed pipeline operations. Some rules were logical; some were obscure, having come about 
at Petronet probably through .trial and error. A pipeline simulator was designed for the first 
tranche of the project. Following this a scheduler, was added on top of the pipeline model and the 
rules governing the system were tested and refirrM. Often a specific rule would be shown to be a 
subset of a more generalised . rule and revisions would have to be made. 

A key requirement from the scheduler was flexibility: delivery patterns would need to be 
absolutely flexible in order to accommodate all reasonable client demands. It became evident 
that the users would have to specify at least some of their requirements - in this case the 
sequencing of deliveries by delivery depot. 

Once information relating to product supply and client · demand has been obtained, the planner 
then specifies the sequencing of depots and starts the scheduler. A few iterations may be required 
before the final satisfactory schedule is obtained: this is substantially quicker than hand
scheduling. Once the schedule is acceptable, new changes in client requirements may be made 
swiftly, arriving at a complete new schedule within a few minutes. 

The planner may then allocate clients to the delivered volumes of liquid. At any time the system 
can produce written and graphical outputs, allowing the planner to check that the schedule is 
exactly to requirements. The schedule is then sent to depots and other IT systems within Petronet 
where the data are used for a variety of operational functions. In practice, it is important to 
modify the schedule created by the expert system or to reschedule after modification. The 
scheduling expert system has a schedule editor. The planner can add, delete, shift and swap data. 
The greatest advantage of this system is its scheduling speedup. The scheduling time for a 
monthly schedule was reduced to 2 hours from 3 days, when done by a human expert. Also when 
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· human experts scheduled manually, a lack of balance occasionally resulted. Utilising the expert 
system, all constraints are satisfied. Also, the schedule can be changed whenever necessary; for 
example, when urgent orders need to be added. · 

Petronet's scheduling problem is an ideal application for Expert Systems where client 
requirements, complex interrelated rules, soft logic and human factors all need to be balanced out 
to arrive at a practical solution. Within South Africa, Expert Systems have provided Petronet 
with a working solution to a unique problem. The scheduling task is to assign all jobs to 
resources properly without any constraint. An improper assignment of a job will result in the 
occurrence of a "conflict". The critical success factor for a scheduling expert system is the 
ability to diminish the occurrence of conflicts by pre-thinking some conditions, or to resolve the 
conflicts through the reassigning of jobs to other alternatives. 

The acceptability of a schedule depends largely on the satisfaction of the various relevant 
constraints. It is almost impossible for the scheduling expert to consider all possible conditions. 
A feasible solution is only to consider the relative conditions of a job at a time, and select a 
suitable alternative to fit the job, then apply the process to another job. An experienced 
scheduling expert possesses the · knowledge to_ keep his task away from the occurrences of 
conflicts, or to reduce them at least. The Petronet's scheduling problem is such a complicated one 
that the occurrence of conflicts is unavoidable. They should be resolved through a serious of 
steps, which are to reassign the unscheduled job to other alternative or to adjust the scheduled 
job to fit the unscheduled ones. 

One cannot make the assumption that once given an expert system shell, any programmer or 
-domain .expert would be able to build an expert system application. In fact, as for a programmer, 
even he is a skilled person of the shell. Without knowing what knowledge to embody the 
application with, the sheer is not an expert system. Schank stated: " ... knowing what to program 
is the rear issue." in the meantime, for an end user, especially the one with no sense about expert 
systems, the shell will bring him into a nightmare. The domain expert should first understand the 
specific form that can be manipulated by a computer. The domain knowledge may be so 
complicated that he could have difficulty translating it into the specific form properly. 

It is necessary to provide the domain expert and the programmer, or the knowledge engineer, 
with an intermediate knowledge representation to shorten the gap between them. The 
representation should be understood effortlessly for the domain expert and be programmed easily 
by the program. Expert systems would appear to be a . natural fit as a tool for improving the 
planning and scheduling of manufacturing processes. Research of recent publications on the 
topic proves at least that applications of experts systems are being made to manufacturing 
planning and scheduling. · The fit would be assumed for several reasons. First, the goal of 
transportation planning and scheduling is to improve the transportation process. Likewise, the 
goal of expert systems is to improve the process that the expert systems are being applied to. 
Second, transportation planning and scheduling concerns itself primarily with information, 
~sually in digital form. Being in digital _form, the information is in a natural state to be positively 
tmpac!ed by some type of ~xpert system. Third, transportation planning and scheduling usually 

_ deals m large amounts of ·information. One of the capabilities of expert systems is to process 
large am~unts of information and produces an intelligent output. Fourth, prior to the industrial 
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availability of expert systems, transportation planning and scheduling was the latest and greatest 
in transportation improvements. Expert · systems is the next logical evolutionary step in 
transportation improvements. 
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This paper examines decision making based on inferences process. An emphasis is given on 
determining the principality of the process, and an examination of whether specific pattern does 
exist. The inferences process discussed will use fuzzification, inference, composition and 
defuzzification. The importance of implementing fuzzy control sets to influences system's behavior, 
and whether it is useful to implements it as well negative side-effects that may arise from 
implementing or not implementing them is also studied. Creating a fuzzy expert system also will be 
described along with ongoing process of creating a basic design of a fuzzy expert system to handle 
environment's condition (indoors). The system relies on a specific unit that runs under fuzzy 
control. The control will follow the pre-determined rules and allow changes on the input to 
determine the next action to be taken. 

INTRODUCTION 
Most of to4ay systems usually work based on a set of inputs that determines the action of the 
systems. One of the problems faced by systems is that the environments where they are used are 
seldom static, and more than likely be a dynamic environment with its constant changes. In 
decision-making systems where flexibility is a main concern, the traditional system may become a · 
disadvantage due to its static input requirements. The same thing can be said to research system that 
tends to changes from one research pattern to another. To overcome this disadvantage, a new 
system that works based on a different set of input and rules were required. Just like human being 
were able to deduce situation without having to had the "right input" as well as making intelligent 
guess of the outcome, these systems uses the amount of information currently present and make 
logical guesses and extrapolations about something unknown. It shares many similarity and basic 
concept to the expert systems nowadays. 

Since the envi~onment where this type of system is often vague, the use of theorem that addresses 
vagueness such as fuzzy logic, has tremendous impact. By replacing the Boolean logic. by sets of 
fuzzy memberships and rules for data reasoning, the fuzzy expert system differs from the regular 
expert systems. Similar to human being, fuzzy logic allows "deducing" ability, to determines 
whether input belong to a specific group by its characteristics, despite not having all the 
deterministic characteristic of that group. The most common use of fuzzy logic right now can be 
found the fuzzy expert systems, implemented in the form of fuzzy control. The applications of fuzzy 
expert system include fields such as pattern recognition, linear and non-liner control, robotic design, 
financial sector and many more fields. · 

BACKGROUND . 
The fuzzy logic concept which underlies fuzzy expert system, was initiated by Dr Lofti A. Zadeh 
fyom UC Berkeley in 1965. It was defined as a superset of conventional (Boolean) logic that has 
been extended to handle the concept of partial truth; truth values that lies between completely true 
and completely false (1). Zadeh uses this concept as a modeling tool for the uncertainty faced in 
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natural languages. By using fuzzy logic, it was possible to defined term such as warm, cool, t~ 
· short,. etc, mathematically in a way understopd by the computer. Words such as pretty tall or rather 
· short can now be formulated mathematically and processed by computers. This is an attempt to 
apply a more "humane" way of thinking to the computer-systems. 

Since its formal introduction in the United States, fuzzy logic is gaining extreme growth in Japan. Ii 
has becoming such a trends for electronic application to implement some kind of fuzzy logic 
method to succeed in the market. A particular part of fuzzy methodology called fuzzy control whicn 
consists of the sets of rules that govern fuzzy logic has becomes t he research focus of many group. 
Fuzzy control is definitely an integral part in the methodology as a control features just as classical 
control theorem govern regular systems, the difference is the inferences process that it introduces to 
the system. The growing number of application nowadays that uses fuzzy logic as well as the 
number of systems that can be classifieds as fuzzy expert systems are testament to their widespread 
acceptance and success. It has emerged as a profitable tool for the control of subway system and 
complex industrial processes, as well as for household and entertainment electronics, diagnosis 
systems and other expert systems. Improvements were constantly pursued · and major points will be 
discussing in the following section of this paper. 

Fuzzy Logic : The Concept 
Fuzzy logic is a superset of Boolean logic, with multi value logic that allows intermediate values to 
be defined between two extremes, namely the truth and the false value. Zadeh expressed that fuzzy 
logic should not be considered as a single theory, rather the process of fuzzification itself should be 
regarded as a methodology to generalize any specific theory from a crisp( discrete) to a continuous 
(fuzzy) · form 1 ). This has lead to new research fields such as fuzzy calculus, fuzzy differential 
equations and so · on. The fuzzy logic theorem itself has strong relationship to the fuzzy subset 
concept, just as there is a strong relationship between Boolean Logic and the concept of subsets. 
Classical set theory hold as follows: 

U: S __. (0, 1) 

symbolize mapping represented as a set of ordered pairs, in which U is a subset of S. Value of one 
is used to represent memberships, while the value zero represent non-memberships. 
Fuzzy subsets theory hold similar concept, but rather on just accepting the value of zero and one to 
represent memberships, it uses the term degree of memberships, where one represents complete 
memberships, zero .represents complete non-memberships, and values between zero and one 
represents the intermediate degree of memberships (1). It allows more than just true or false 
response to a statement: Is x .in· U ?, rather the value will be determines based on its degree of 
memberships and answer like probably, rather, kind of, etc can appears. It does. not only hold one 
extreme value and allows more flexibility with regards to the condition to the variables. 
The most common example used to illustrate the concept of Fuzzy Logic is that regarding height of 
a person. Zadeh described tall as a linguistic variable, which represents our cognitive category of 
tallness (1 ). Assigning a degree of membership to each person is the best way to represent tallness. 
In order to do that, first of all a membership function is required to established connection between 
taUness and height. 

The area from 4.0 fe~t to 7.0 feet is where fuzzy logic really applies. The value of the degree of 
tallness for an individual person will then be a point to determine the exact input. The value now 
can be converted into a degree of truth, since the logic now deals with truth or false values. · 
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degree of tallness = tall(x) = { 0 

I 

if height(x) < ·4 feet 
(height(x)-4)/3 if 5 feet <height(x) < 7 feet 

if height(x) > 7 feet 

degree of tallnes 

1.0 

0.5 

0 
eet 

Figure 1: Degree of Tallness (1 ). 

For example a survey can be conducted to a group of tall people. If an input such as "collect 
information from tall people" is issued, an electronic survey can now be programmed to translate 
this as collecting information from people that has a degree of tallness of greater than 0.7. Of 
course, this 1s never occurs, since a fuzzy control will usually be attached to it as well as some error 
control procedures. The more complex of computation of inputs usually requires two or more 
variables and seldom relies on only one variable. The basic fuzzy logic method handles the concept · 
or "and", ·"or" and "not" in the following way. 
degree of truth of (x and y) = minimum value(truth(x), truth(y)) 
degree of truth of (x or y) = maximum value(truth(x), truth(y)) 
degree of truth of (not x) = I - truth(x) 
This allows combinations of input to be processed by a system. Term such as X is tall and Y is cold 
can now be represented in mathematical notation and processed into the system. Of course the exact 
definition which one is acceptable (truth) and which one is not (false) will still be decided by the 
user or follow a set of rule· that is determined by the user, as we explore the fuzzy control concept, 
which control this behavior in fuzzy expert system. 

Fuzzy Control : Controlling Behavior of Fuzzy Expert System · 
Fuzzy Control allows the process of changing the behavior of the fuzzy expert system by changing 
the input, according to the rules in which the system operates. Works very similar to those of 
classical control system, fuzzy control offers advantages in that it can be applied in system that does 
no behave in a regular pattern. Classic control theorems usually use mathematical models to define 
relationship between one state into another state, characterize or pr~pelled by given inputs. 

► (SYSTEM) reference-----►~, 

-----(MODEL) 
Figure 2: Classic Control System (I) 
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. This system works by modifying input values to match the desired output. For example, if the user 
wanted output value of x, · but the current output is y, the control will consider the difference and 

· readjust input value so it will produce the output value of y. Notice that this system is not input, 
driven, but output driven. 

Disadvantage of control system like this as mentioned above, is that the system is assumed to 
behave in a_ monotonic pattern. To adjust the system so it can function based on different patterns, 
the mathematical model will have to be adjusted to accept_ and deals with many more possible 
situations. In other word, as the system becomes more complex, it would be harder to create the 
mathematical model to support the control system. Fuzzy control replace the mathematical rnodcl 
with collection of rules that instead of depicting the behavior of the system as a whole, reflect 
behaviors of sub-parts of the system. Binding them together to represent the whole system is the · 
conducted during the inferences process, which will be discussed later in the paper. Important to 
understand is that fuzzy control replaces the mathematical model in the classic control system with 
a "fuzzy model". The output and input are untouched and considerably remained the same as with 
the classic control system. Fuzzy control also uses the concept of fuzzy numbers, which are 
collections of fuzzy subsets along the real number line. It uses membership function to represent 
which part of the subsets the real numbers really belongs to. 

Fuzzy Expert System : The Concept 
Most of the fuzzy logic methods that we have been discussing earlier are applied in a group of 
systems called fuzzy expert system. It similar yet differs than the traditional expert systems. The 
main difference is being the use of fuzzy logic instead-of Boolean logic. Fuzzy expert system uses a 
collection of me_mbership function and rules that are used to reason about data, and unlike 
conventional expert system which are mainly symbolic reasoning engines, fuzzy expert system are 
oriented toward nu~erical processing (although that's not the only field the system is applied to). 

Since fuzzy logic consist of set of rules, the rules itself follows a similar form such as this: 

if x is low and y is high 

premise-+ · 

x, y = input variable_ 
. z .= output variable 
low = membership function defined on x 
high= membership function defined on y 
-medium= membership function defined for z 

z = medium 

conclu on 

premise = describe to which degree the rule is applicable 
conclusion= assign a membership function to .each of the output variables 

Typical fuzzy expert system allows more than one conclusion per-rule, as well as having more than 
· one rule. The collection of groups of rules is refers to as knowledge base. 
With a given set of rules, fuzzy expert system will apply it to the inference process to compute the 
output variable based on specific input variables. The inferencing process is the heart of fuzzy 
expert system, and involves the combination of four processes: 
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1. Fuzzification process 

0 ring this process, each input variable will be assigned a membership function, based on their 
ac~ual values. The process is pretty similar to the degree of tallness example, where a degree of truth 
will be assign to the input variables for each rule. 

2. Inference process . . . . 
Inference process will take the truth value for each premise and applied to the . conclusion part. In · 
other word, it will take the input variables, applies the rule and compute output variables, resulting 
in one fuzzy subsets to be assigned for each output variable for each rule. This is indeed a complex 
process, and the most common rules associated with inferencing are the Min and the Product Rules. 
In Min referencing, the output membership is clipped of at a height corresponding to the rule's 
premise computed degree of truth (fuzzy logic And), while in Product referencing, the output 
membership is scaled by the rule's premise computed degree of truth (5). 

3. Composition process 
Combining all the fuzzy subsets occurs during composition process. Here, all fuzzy -subsets 
assigned to each .output are combined together to form a single fuzzy subset for each output variable 
(each output variable will now has exactly one fuzzy subset associated with it). The rules associated 
with Composition process are the Sum and Max rules. In Max composition, the combined output of 
the fuzzy subsets is constructed by taking the pointwise maximum overall the fuzzy subsets 
assigned to output variable by the inference rule (fuzzy logic or). In Sum composition, it is 
constructed .by taking the pointwise sum over all the fuzzy subset assigned to the output variable 
according to the·inference rule (5). 

4. Defuzzification Process 
This process is used when converting a fuzzy subset to an exact number is needed. Different types 
of defuzzification methods exist in the field. Two of the most common techniques are the Centroid 
and Maximum. In the Centroid Method, the crisp value of the output variable is computed by 
finding the variable value of the center of the membership function for the fuzzy value, where as in 
Maximum method, a variable values with maximum truth value is chosen as the crisp value for the 
output variable (5). 
Note : Not all fuzzy expert systems include the Defuzzification process in their inference 

process, and it remains an op~ional process to the whole inferencing. Some system 
even combined the Composition and Defuzzification process into a single process. 

As you can see the inferencing process implement fuzzy logic methodology in it works. In fuzzy 
~xpert system, the inferencing process itself is controlled by the fuzzy control application, directly 
tied to rules. Like traditional expert system, fuzzy expert system will also have knowledge base 
where all the fuzzy rules and subset is stored. The rules itself are composite knowledge gathered by 
"ex~ert" of the field, and programmed into the knowledge base. It can be anything such as problem
solvmg rules, procedures or data intrinsic to the field. Where fuzzy logic and inferencing process 
really occurs in a fuzzy expert system is in the decision of what rules to apply, especially in 
threshol~ condition. Fuzzy expert system also faces similar problem to those of common expert 
: stem m knowledge transition. Transferring representation of knowledge from the expert to the 

owledge base is the most difficult part of any expert system, due to many circumstances and the 
~atural ~omplexity of the task itself. Once this has been achieved, then the fuzzy logic method and 
mferencmg can be applied to the decision-based process of the system to provide a solution or 
output desired. 
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. Decision based system are the most common application of fuzzy expert system, due to fuzzy lo~c 
. concept that allow better ·comprehension of the situation as well as classifying input. Thanks to 
fuzzy logic, fuzzy expert system is able to simulate conditions that are inherently imprecisely
defined · by classic logic. Fuzzy expert system incorporates within them, the reasoning prowess 
derived from those of humans. Some of current implementation of fuzzy expert system includes 
decision support system, financial planners, meteorological expert system and many more. 

Temperature Control System: A Fuzzy Expert System Proposal 
This system is an intended proposal to implement fuzzy logic anato create a simple prototype fuzzy 
expert system. · I choose to simulate a fuzzy expert system that control the temperature since I 
believed this is a rather simple way to illustrate how fuzzy logic is applied. The system itself 
possesses similar characteristic with the air conditioner unit in average house or apartment. The 
control system however is far . more complex, with the intended incorporation of fuzzy control in its 
nexus. 

Figure 3: Temperature Control System 

digital 
system 

The basic principles of the system will be quite simple. The control system will receive input from 
user and based on data from current condition, will issue command to the core system, until the 
desired condition based from the input is achieved. 
The input condition consists of: 

. I) Current Temperature 
2) User's Temperature 
3) Rate of temperature change . 
4) ' Outside' s Temperature , 
The output condition (to the digital system;Cooling system) consist of: 
I) Amount of cooling 
2) Amount of heat 
The input condition will be provided by the user (to input desired temperature) and by the 
monitoring system; which is a digital · thermostat. Information will be relayed to the temperature 
control system, which is run on a microprocessors system, with memory storage to store the rules. 
Based on this information the fuzzy control will applies it to the rules and create an .output decision 
which is passed toward the digital system;cooling system. The information will be pass in binary 
form and the digital system (which is an electronic system directly tied to the cooling system) will 
translate it to the cooli~g system in term of number of cooling/heat produced. The use . of fuzzY 
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ontrol will also allow greater efficient for this system by manipulating the outside temperature. 
~ince the fuzzy control will have knowledge of the current temperature outside the area (room, 
building, etc), when the situation is right, air from the outside can be channeled in to help cool or 
heat up the air inside (increase/decrease c~rrent temperature), w?~le i~ the same time, save !he 
amount of cooling or heat produced by coolmg system (great for utility bills!). Also by calculatmg 
the rate of temperature change, the fuzzy control can then applied more or less cooling/heat when 
necessary (if the cooling process or the heating process of the area is too slow). All can be achieved · 
by applying the rules associated with the rate of temperature change, and when the result is 
unsasticfactory, changes can be conducted immediately to speed up (or slow down) the process. Of 
course all of this will be greatly dependent on the rules that govern the fuzzy control, but it already 
showed the advantage over regular control system. Since this is just the preliminary proposal and 
my knowledge of fuzzy logic and rules are somewhat limited, I have not yet decided the actual set 
of rules· that will govern the fuzzy control, nor do I have more specific details regarding the system 
implementation. In my initial idea, however, the rules will look quite similar to this: 

if current temperature is high and desired temperature is low and outside temperature 
is high then cooling_ amount is high and outside transfer is nil 

The code itself will be more than likely be implemented in either the assembly language or the C 
language due to its proven reliability and success, but no initial code has yet been developed for the 
time being. I am hopeful that more details can be implemented once I have sufficient knowledge of 
implementa1ion of this type ~f system. For the mean time, the scratch design does show some 
advantages over· the standard temperature control system. 

CONCLUSION 
Fuzzy logic and fuzzy expert system does off er the advantages over classic logic system, although 
in my opinion, it will not totally replace the classic logic. It provides a valuable addition to standard 
logic, and allowed many options which has been lacking by the industry. Application that uses 
fuzzy logic is now wide-ranging, and also has the ability to modeling conditions, which are 
inherently imprecisely defined. Fuzzy expert system allows new processing methodology that 
resembles, in some way, the human reasoning itself. Improvement and continuing research in this 
field hold promises to the creation of a true Artificial Intelligence system that does posses the traits 
of intelligence_ being. Nowadays th(;>Ugh, the impact of fuzzy logic can be found in many fields, as 
well as examples of fuzzy exp.ert systems currently being used. There is still a good amount of work 
needed for the topics, just like the example temperature control system has a long way to go from 
implementation, but framework for this field has been masterfully set and its will surely be the 
attraction for years to come. 
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Abstract: 
This paper is about the design of a Decision Support Expert System(DSES) which is used for 
helping a credit-card corporation to make a decision on whether or not to approve the 
application of an increasing credit line requested by a customer. The main function of the DSES 
is to support making decisions based on the consistent application of the corporations' policy and 
experience, and a number of factors pertaining to the application. The paper introduces the main 
structure of the DSES, and fuzzification techniques, which is the basis for constructing rule
based models that can encapsulate knowledge needed for consistent judgement. DSES can save 
time and improve the consistency for making decisions. 

1. Introduction 
There has been a tremendous interest in the development of expert systems for business 
applications since the second half of 1980s. Expert systems have been developed in many areas 
of business such as banking, auditing, trading assistants, consumer credit services, resource 
management, insurance, and so on. These systems play a major role in reshaping traditional 
notions of how decisions are made. Making decisions for credit-card corporations is very well 
suited to the expert system approach. For exampJe, the employees of a corporation make their 
decisions by combing a number of factors pertaining to the application along with the 
employees' experience and judgement. Besides, many employees make the similar decisions 
many times a day. However, some fuzzy factors exist during making decisions, such as how to 
judge if a customer has a good credit or bad credit. All this kind of fuzzy factors ma:ke it hard for 
employees to make decisions. Credit-card corporations are realizing the value of using expert 
system to improve turnaround time and ensure consistency. Some credit-card corporations have 
used expert system to make decisions. For example, American Express has already used the 
DSES to make a decision on whether or not to approve the application the request from a 
cus~omer for increasing credit line. The purpose of this paper is to introduce the DSES for 
supporting decision through evaluating the credit of a customer. As an expert system, DSES 
consists of a user interface to facilitate communication between the expert system and its user, of 

. a knowledge base, of a database, and of a inference engine, which is a means of matching the 
data in the database to the expertise in the_ knowledge base, deducing its response, · and using 
defuzzyfication to get the output. 

2. Knowledge Base 
Knowledge base deals with the structures used to represent the knowledge provided by the 
domain expert or experts. It is the heart of any intelligent r system. Any expert system must first 
work from a body of experience and information indigenous to the domain (knowledge base). 
Then it can employ a diagnostic or inference method to proceed from known symptoms or facts 
to probable causes or results. 
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----. Question 
Us 

Knowledge Base 
(Facts, rules) 

User Interface 

Inference Engine 

DSES Structure 

Database 

(I)Production Rules: The general structure of a production rule is "IF P THEN C" where P is 
the premise of the rule and C is the conclusion. The premise is some restricted sequence of 
clauses connected by the connectives and or or. The connectives often serve as min and max 
.operators, respectively (I will talk about it later). The rules are set up in some LISP functional 
format. The conclusion may be an action to be taken, or a clause to be added to database, which 
is in some other premise. The following is some fuzzy logic rules which only represent a small · 
part of the whole knowledge base: 

RULE 1: IF credit= good and income= very high and current_line = low THEN 
decision = approve 

RULE 2: IJ! credit= good and income= high and current_line = normal THEN 
decision= cosign 

RULE 3: IF credit = good and income = high and current _line = high THEN 
decision = deny 

During each pass of the fuzzy logic system operation, the knowledge base ( rule base) is · 
evaluated and outputs generated. There are many ways of computing the output of individual 
rules and combing the results. Termed fuzzy inference methods are discussed in part 4. 
(ll)Fuzziftcation 
The data variables which the system use have to be translated into "linguistic variables" which is 
the primary building block of any fuzzy logic system. Here, multiple subjective categories 
?escribing the same context are combined. In the case of income situation, not only very high 
mcome but also high income, normal income, low income and very low income exist. These are 
called "linguistic terms" and represent the possible values of a linguistic variable. In other 
words: the linguistic term's degree of validity for the membership of the linguistic variable can 
be assigned a value and be tomputed. This operation is called fuzzification. For example, 
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assuming that- income of any customer is greater than $50,000, which is assigned the value of 
1.00. Let "income" = $40~000, the result of.fuzzification (the linguistic values) would be: 

very high degree of validity= 0.75 
· high degree of validity= 0.90 
normal degree of validity= 0.75 
low degree of validity= 0.30 
very low degree of validity= 0.00 

3. Database 
Although we have created a knowledge base that contains production rules for deciding whether 
to approve a request for an individual customer, the knowledge base, though endowed with our 
expertise, is useless unless it can relate to the situation of this applicant. In another word, the 
expert system will not be able to transform the information contained in the knowledge base into 
advice concerning this application unless we provide it with information about the applicant. 
Therefore, the system needs the user to input all information about an individual customer. The 
information includes the customer's current income, credit history, and so ·on. Then the database 
can use Front-end compiler to store this information. So the database is the repository for 
information required by the DSES to reach its conclusion( s) based on the expertise contained in 
its knowledge base. The Front-end Compiler is a program that receives data from the user and 
converts it to a form that can be understood by the inference engine. The inference engine 
compares the transformed data with the rules in the knowledge base. 

4. Inference Engine . 
How do the database and knowledge base components communicate with each other? For 
example, how does DSES decide which of the prdduction rules in its knowledge base is 
applicable to the sit1,1ation described in the database? This is the task of the third major 
component of the system: inference engine. Th~ inference engine is an expert system tool built 
for the evaluation of the knowledge base, and it decides which information in the knowledge 
base applies to the compiled data. The inputs to the inference engine are the compifed data 
(provided by the Front-end Compiler) and the knowledge base. The outputs are the conclusions 
of rules that have been fired. The theory and the structure are described as follow: 

(I) Evaluate rules . 
. Fuzzy reasoning involves deci~ion making based on ambiguous or ill-defined assumptions and 

incomplete data (Zimmermann, 1991 r A fuzzy logic-based system generates output categories 
by inferring cause-and-effect relationships provided in its knowledge-base. The goal is to 

· generate the most logical (best possible) conclusions even for rules with multiple antecedent 
conditions and rulebases with conflicting rules. T·he process of "inferring" conclusions based on 
certain assumptions and premises that are satisfied in whole or in part, is termed the inference 
process. Fuzzy inference entails the evaluation of rules, resolution of conflicts, and aggregation 
of multiple recommendations. The DSES uses the most popular fuzzy inference strategy, max
min inference. In the max-min inference method, the min operation is used for the AND 
conjunction (set intersection) and the max operation is used for the OR disjunction (set union) in 
order to evaluate the antecedent clause in each rule. For example, assume a custom~r want to 
increase his credit line. He/she has a good credit. His/her income is $30,000 and the current 
credit line is $5,000.· Suppose fuzzification for the variable credit produces a 0.8 degree of 
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. ·membership in the set 'good', a 0.7 degree of membership in the set 'normal' for income, and a 
0.9 degree of membership in the s~t 'high' for current_line, then: . . 

Rule: IF credit= good and mcome = normal and current_lme = high 
THEN dedsion = deny 

Evaluation : min(0.8, 0. 7, 0.9) = 0. 7 decision is deny. 
The value 0.7 is used to represent the degree of membership in the set 'deny' for decision. If 
multiple rules have the same result, the max operation is used to resolved conflicts. When the 
inference process is completed, the resulting data for each output of system are a collection of 
fuzzy sets or a single, aggregate fuzzy set. So the system need to use defuzzification techniques 
to produce the output. 

(II) Inference Procedure 
This process of testing, or "firing," rules in an optimal sequence is aided by two major inferring 
techniques found in many rule-based expert system development tools today: forward chaining 
and backward chaining. DSES adopts the former one. 
In forward chaining, the information in the database is compared with the IF part of the rules in 
the knowledge base. If a rule is found whose IF part matches the information in the database, the 
rule fires, that is, the rule's THEN part is added to the data in the database. The procedure 
repeats until all possible conclusions are drawn. The flowchart in the next page represents the 
logic that drives a forward chaining inference procedure. 

5. User Inierf ace (1/0) 
The final major component ofDSES is the user interface that facilitates interaction between the 
user of the system and the database. To use the DESE, the user needs to enter information into 
the data -base, information that is transferred into a form that can be understood by the inference 
engine, then is compared to the information in the knowledge base by the inference engine. The 
cues for requesting this information from the user are the responsibility of the user interface. The 
user interface consists of a number of input and output devices that can be used by the user for 
interaction with the system. Natural language input is available to the users. Besides, DSES can 
use the Question-Answer Program to explain how the system reached its conclusion. The 
purpose of the Question-Answer Program is to retrieve the chain of firings in the inference 
engine and di_splay all rules and data that were involved in the firing of that rule. 
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6. Conclusion . . . . . 
· This paper presented an a~phcati~n of expert systems te~hmques to the_ credit doma~n. All the . 
applicant programs are wntten usmg Pascal. After runmng the system m parallel with the credit
card corporation staffwe·can conclude that DSES improved the making decisions process by 
speeding it ~p, and makin~ it consistent. 
DSES provides the followmg benefits: 

1. Savings in time - decision can be made within several minutes instead of an hour or 
so per application 

2. Elimination of user oriented mistakes and calculation errors 
DSES may be extended by interfacing it to a database management system containing the 
applicant data in the application forms, thus reducing the manual entry of application data into 
the system. However, the need for the intermediate stages( database interfaces) will slow down 
application processing and provides less flexibility and control. 
Despite the drawbacks of current DSES as mentioned above, generally speaking, it has been 
proven to be a useful aid for the credit-card corporation staff. Considering the future 
development ofDSES, it has very promising potentials. 
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The Hyper Text Marking Language ( HTML) document is structured in subparts by means of 
tags. Each subpart is associated with different importance. A significance degree of an index 
term can then be computed by weighting the term occurrences according to the "importance" 
associated with the tags in which they appear. In this way, the numeric significance degree of a 
term takes into account the explicit authors' indications of the different importance of the term in 
the document. The model could improve the effectiveness of the retrieval process. 

2. INTRODUCTION 
The advent of the World-Wide-Web has implied a huge increase in the quantity of textual 
information available on line. In this enormous distributed hypertext system, as the amount of 
information increases, the traditional hypertext paradigm of "point and click" used for browsing 
has been quickly recognized as impractical. The consequent need for better retrieval techniques 
has caused a strong resurgence of interest in the research done in the area of Information retrieval 
(IR) [I]. The production of effective retrieval results is dependent both on subjective factor, such 
as users' ability to express their information needs in a query, and on the characteristic of the 
Information Retrieval System (IRS). 

_) 

Internet users are often satisfied by amount of information retrieved; the problem comes from the 
precision of the retrieval, a sort of"landing problem" with user near, but not at the documents 
they are looking for. 

To solve this problem and improve IRSs, some fuzzy extensions of the boolean retrieval models 
have been proposed in the literature. In this paper, in a fuzzy representation of documents 
structured in logical subparts (such as title, abstract, introduction, etc.) has been proposed. In this 
system, for a given term in a document, different degrees· of significance are first computed, one 
for ·each document section, based on the semantics of the sections, and then aggregated to obtain 
the overall significance degree of the term in the document. With each section an importance 
weight can be associated, which is used in the phase of aggregation. 

In this paper, a fuzzy representation of HTML[2] documents considered as structured entities is 
proposed, in which their syntactic structured entities is exploited to compute the significance of 
terms. The basic assumption is that, when writing a document in HTML, one associates a 
different importance with different documents' subparts, by delimiting them by means of 
appropriate tags. · 

The model in this paper is a first attempt to improve the effectiveness of the retriev~l process, by 
associating different importances to the HTML tags. The computation of the significance degree 
of a term in a document is obtained by first computing the significance degrees of that term 
inside the different tag~, and then aggregating these values by taking into account the different 
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importances of tags. A ranking of tags based on their i~poi:ance allows to assi~n a _diff ere~t 
· numeric weight to each tag, and consequently the contnbut1on of a word occumng m a tag 1s 
modulated by this importance weight. · 

3. FUZZY INFORMATION RETRIEVAL SYSTEM (FIRS) . ' 
To automatically evaluate a user query, an IRS needs a formal representation of the documents · 
content, which captures and synthesizes the meaning of a document written in natural language. 
The objective of an indexing-mechanism is then to generate documents' surrogates, which can be 
automatically processed by. the matching mechanism. The indexing mechanism constitutes a 
crucial component affecting the effectiveness of an IRS. The most common indexing 
mechanisms are based on the assumption that the presence of a term in a document is an 
indication of the topics it deals with. In full-text indexing all terms, named index terms, are 
automatically extracted from the documents and organized in a formal representation, which 
depends on the. adopted IR model. To define a document representation means then to make 
explicit the correlation between the document information content and its index terms. . 

The traditional ·boolean model is the retrieval model that is generally adopted by commercial 
IRSs; here a document dis formally represented by the mathematical set of its index terms, R(d) 
= {t}, where t E T. The function correlating terms and documents F: D x T -+{O, 1} take only two 
values: the value F(d,t)=l (F(d,t)=0) indicates the presence (absence) of term t ET document d E 

D. °As in this representation there is no means to express the varying degree of concern of a term 
to a document, a extended boolean model based on fuzzy set [3, 4] theory is defined. 

In this model the boolean representation is extended by the introduction of index term weights. 
The correlation function F is allowed to take values in the unit interval, F: D x T ➔[O,JJ, thus 
representing a document as a fuzzy set of terms, 

R(d)= Lµrµit)/t,µAt) = F(d,t) 
WhereF(d,t) = t/d, *g(]DFJ[5]. 

tfctt is a normalized term frequency which _can be defined as: 
tfctt = OCCcttlMAXOCCd, OCCctt is the number of occurrences oft in d, MAXOCCd is the number 
of occurrence·s of the most frequent term in d. g is a normalization function and ID Ft is an 
inverse document frequency which can be defined as: IDF1 = LOG(N/NDOCt}, where N is the 
total number of documents in the archive and NDOCt is the number of documents indexed 
by t. 

The above equation means: F is defined on the basis of statistical measurements, the more 
fre~uently a term appears in a document, the higher its significance in the document. On the 
bas1s of these considerations, function F has been defined so as to increase with the frequency of 
term t in the document d, and to decrease with the frequency of the term in all the documents of 
the archive. 

!t can be noticed that at the basis of defi~ition F(d,t) there is an assumption that the information 
_is h~mo~eneous distributed in documents. This assumption does not hold for a variety of 
apphcatio~s, such as the management of scientific papers, in which documents are naturally 
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structured in logical subparts, or sections, containing information semantically self-consistent. 
and self-contained. The occurrences of a term in different documents' sections play a different 
role, which can be taken into account according to different criteria for each section. 

4. FUZZY REPRESENTATION OF HTML DOCUMENTS 
An HTML document can be seen as a structured entity. The documents' subparts are identified 
by tags. Each subpart is constituted by the text delimited by a distinct tag ( as a same tag can be 
employed more than once, and in d.ifferent position inside the do_cument,_ the concept of 
document subpart is not meant here as a unique, adjacent piece of text). Such a structure is at the 
same time more subjective as it carries the interpretation of the document provider, and it is more 
general as it can be applied to archives which collect heterogeneous documents, i.e., documents 
that can have different logical structures. When generating an HTML document a user 
explicitates the importances associated with different pieces of the text: 

If characters of different dimensions are used inside the text, the bigger the dimension, the more 
important the information carried by the text; to bold or to italicize characters generally means to 
highlight a portion of the text with respect to others. Tags constitute then indications of the 
importance of documents' subparts~ which could be usually exploited in defining an indexing 
function, with the aim of differently weighting the occurrences of a given term in the document, 
depending on the position. 

Based on this idea, a new indexing model is proposed, which takes into account the syntactic 
structure of an HTML document to compute terms' significance. 

The computation of the significance degree of a ttrm in a HTML document is carried out · in 
subsequent step: 
□ First, for each class of tags, tagi, a function Ftagi: D x T ➔[O, 1] must be defined. 
□ Second, each class of tags, tagi, an importance weight Wi E [0,1] is associated with each tagi; 

the higher the emphasis that a tag gives -to the text associated with it, the higher the 
importance weight of the tag. 

□ Finally, the distinct degrees of significance co~puted in step 1 are aggregated through a 
function A: [O, Ir ➔[O, I], where m is the number of _the considered classes of tags. The 
result is the overall degree of significance of the term in the considered document. 

R(d) = L,ET µd(t)/ t 

An HTML document can then be represented as a fuzzy set of term: 
In which the membership values correspond to the overall degrees of significance of term in the 
document. 

All HTML tags are listed in TABLE 1, and in TABLE 1 a proposal of tag ranking in decreasing 
order of importance, is proposed, based on some commonsense assumption. As the definition of 
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~uch a ranking is subjective, even if it should be based on objective assumptions, other ordering 
could be defined. 

Rank Class Name Tags 

1 title TITLE 

2 Head 1 .,. HI 

3 Head2 H2 

4 Head3 HJ 

5 Emphasized 1 TT,B,l,U,EM,STRONG,CITE,BLINK,BLOCKQUOTE,CREDIT,HP 

6 Head 4 · H4,CAPTION,CENTER 
7 Head 5 HS 
8 Head6 H6 
9 Hypertext tags HREF,IMG,LINK 
10 Lists OL,UL,DL,MENU,DIR, TH, TR 
11 Emphasized 2 SAMP,KBD,XMP,PRE,LISTING 
12 Delimiters P, TD,PLAINTEXT ,text without tags 

TABLE 1. Tag ranking for the HTML 2.0 

As certain tags can be employed to a similar aim, we choose to simplify the hierarchy of the tags, 
grouping some of them into different classes. It is assumed that the members of a same class 
share the same importance weight. A last consideration is related to the text that is not delimited 
by any tag: this text is included in the lowest class. 

5. FUZZY HTML DOCUMENT RETRIEVAL SYSTEM (FHDRS) 
The definition ofFtagi depends on the characteristic of the class of tags tagi. For example, the tag 
title has to be used just once in a document, and it should contain a short text. For this reason it 
could be assumed that a single occurrence of a term makes it fully significant inside this tag. The 
function Ftitte could then be defined as a two valued function, so as to take the value 1 if the term 
appears in the title tag, the value p otherwise. For the other tags/classes, as the length of the text 
they are delimiting in a document is variable, a more general definition should be considered, 
based on the frequency of the term inside the tags. The following normalized frequency is then 
proposed: · 

Ftagi( d,t) = OCCtagidt/MAXOCCtagid, 

where OCC,agidt is the numb_er of occurrences oft inside tagi in d, MAXOCC,agid is the number of 
occurrences of the most frequent term inside tagi in d. 

Starting from the list of tags in decreasing relative order of their importances (TABLE 1 ), the 
numeric weights Wi associated with the classes tagi can be computed through a simple procedure. 
In ~~LE 1, it is assumed that tagi is more important if and only ifi<j (being I andj the rank 
P0s1ttons of tagi and tagj respectively in the ordered list). In other words, the lower the position 
number of the tagi in the ranking list, the· higher the importance of tagi. 
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By assuming that the numeric importance values of the tags are equi-distant, first a numeric 
· integer importance equal to n-i+ I can be associated with tag, and then its normalized importance 

weight Wi can be computed as: 

W; = (n-i + 1)/"°' .~ i L.J,-1..n 

Once the single significance degrees of a term into the tags have been computed, these have to be 
aggregated in order to produce an overall significance degree·ofthe term into the documents' 
section. Different linguistic quantifiers were selected to allow users for a dynamical choice of the 
computation of the significance degrees of terms. In this paper, we define a "static" 
representation of HTML document. For this reason, a unique aggregation function is proposed. 

Due to the syntactic nature of the structure of HTML documents, the contribution of terms in all 
tags should be taken into account in the aggregation. To this aim a weighted average is adopted: 

A( Ftagl ( d, f), .. F,ag/ d, f)) = L-= F,agi ( d, f) * W; 
I l.. n . . 

where 

"°' w. = I L.Ji=} .. n I ' 

And Wi is associated with tagi. 

Put them together, in the computation of the overall significance degree F(d,t) of term tin 
document d, the inyerse document frequency of term t could be taken into account: 

F(d,t) = (Li=l..nFcag;(d,t)*w;)* g(JDF,). 
Where g(IDF1) is the same meaning with th_at of fuzzy IRS. 

R(d) = LtETµAt)lt,µAt) = F(d,t) 

5. FURTHER CONSIDERATION 
Some other aspects should also be considered when· defining a index HTML documents. 

1) The contribution of a tag should be penalized proportionally to the length of the text that the 
tag delimits. It should be take into account that the percentually longer the text delimited by 
tag: The less the significance of a term occurring inside the tag. To model this aspect, tags 
importances could be modified proportionally to a factor which can be defined as a function 
of 

NTOTOCCd 
NTOTOCC1agi 

where NTOTOCCd is the total number of word occurrences in document d and 
NTOTOCC~gi is the total number of word occureences in tagi. 
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. Z) The second aspect is the problem of nested tags. The nesting of tags is natural in the HTML 
language. When these situations occurs, an enhanced evaluation of the weight of term inside 
nested tags can be done in various ways, starting from a simple choice, i.e., taking the weight 
of the most important tag, to the most demanding by aggregating all the tags while smothing 
or exalting their weights. 

3) Another issue concerns the computation of g(IDF1). This factor is generally taken into 
account in IRSs to modulate the significance of a term by taking into accoutn its frequency in 
the whole documentary base. However, when considering dynamic documentary bases like 
those available through internet, the computation of this factor is costly, due to the variability 
of the documtnts' contents over the time. 

4) The use of tags that give HTML an hypertextual characteristic could also be taken into 
acco~nt. This means we can adopt a associative retrieval mechanism, by which the links are 
very often created to connect network-related document, not necessarily content-related . 
document. 
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ABSTRACT 
Speech recognition is intensively studied in recent years and vocabulary size getting larger 

and larger. The processing time to find a best-match case in large vocabulary is one important factor 
to assess recognizer performance. This paper utilizes a Fuzzy Logic approach for speech 
recognition to simplify and speed up the template matching process. This method greatly reduces 
the computation complexity associated with the conventional methods such as dynamic time
warping (DTW) or hidden-Markov models (HMM). 

1. INTRODUCTION 
In speech signal analysis, the complexity of phoneme waveform and the contents shifting 

_ from one pattern to the next can be very clearly displayed using speech spectrogram. The approach 
proposed here utilizes the information of speech spectrograms to simplify the algorithm for word 
comparison, making the processing quicken so that it can speed up the recognition. The 
spectrogram's vertical dimension displays the fretjuencies contained in the signal. The horizontal 
dimension shows how the frequency patterns shift as one speaks in time. Frequencies with greater 
amplitude are darker in the diagram. The spectrogram can clearly represent the complex harmonic 
structure of sound. The fundamental frequency appears as a dark band at the bottom of the 
spectrogram diagram and the formants are shown as dark bands in the middle of the frequency 
range. The darkness of the formant bands indicates the high amplitude of the frequencies in the 
formants. Formant locations reflect the size, shape, and position of the vocal tract at the time a 
phoneme is spoken.[1][2]. The location of the fonnants, their distance from each other, and the 
ways in which they change as people speak provide critical information for the identification of the 
phonemes when words being uttered. The spectrograph produces a detailed depiction of the formant 
patterns of speech and that can be observed and identified by the human eyes. However, one can not 
apply the spectrogram diagram directly into automatic speech recognition process. Based on the 
spectrogram diagram, one can understand that e,ach word has its own unique combination of 
phonemes, therefore, it has its unique formant frequency-changing pattern too. This information is 
used in here to perform isolated word speech recognition using fuzzy logic. 

In speech recognition process, the major issue is to use an appropriate way to extract the 
features (characteristics) from a word. If features of a certain word are unique regardless of the 
environmental situations, then the word is easy to be retrieved and the speech recognition is 
successful. Unfortunately, there · are no such features that fit any environmental situations. 
Generally, every kind of features depends on some specific conditions. Linear. pr~dictive coding 
(LPC) is one type of feature used in speech recognition systems. The LPC technique is able to 
operate at low bit-rate using relatively modest computational resources while providing a very 
usable coded representation of the original digitized speech signals [1][2]. LSP (Line Spectrum 
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p . ) parameters are another representation and they are directly derived from the LPC parameters. 
L;•; parameters are interpretable in terms of the fo~mant frequencies of t~e model. Especiall~ ~he 

roots of P(z) = (A(z) + A(z-1
)) I 2, where A(z) ts the LPC polynomtal, are called pos1tton 

efficients and they are highly correlated with the formant locations of the speech signal [ 4]. The 
;~sition coefficients changing pattern should reflect the formant changing pattern of the speech 
signal. These changing pattern~ ~ombined ":ith a ~y lo~ic met~od is used in this paper to replace 
DTW method in speech recogmtton processmg. The idea ts descnbed as follows. 

2. CODE REPRESENTATION 
During the processing, frames are overlapped over 60%, therefore, the LSP coefficients are 

heavily correlated not only in intra-frame but also in inter-frame. From the LPC processor, a 
feature set matrjx A;,1 is obtained from each word as ( 1 ). 

al 
1 

a2 
1 

ai 
1 

al a2 al 
Al = 

2 2 2 

I 

a1 a2 al 
p p p 

aJ 
1 

aJ 
2 (1) 

Where j = 1,2, ... , J is the frame order within the word. i = 1,2, ... , p , an p is the LPC order. From 

A;,j, LSP po~itive roots P;,1 are obtained as 

lA 
p: p( ... 

p( j 
Pl'= ~; p; p~· ... pf (2) 

I • 

P~12 
1 2 j 

P,12 P,12 Pp12 

From equation (2), LSP parameter's auto-correlation function across the frame can be 
obtained. If the autocorrelation index is set to k = l O and LPC order is set to p = 10 , another code 
representation set is obtained as: 

l
rP,10) rp,1(2) ... ,P,l(IO)j 

Rp.,(k) = 'P·:(l) rP,2_(2) . . . rP,2~10) 
. . . . . . 

rP,s(I) rP,s(2) rP,s (lO) 

(4) 

1 J-l-lkl 
Where r. (k) = - ~ .,..(n) n <n--k) 

P,l N L..J-1 .n , .. . , 
n=l -

} J-1-lkl 
rp .(k) =- ""p<")p(n-k) (5) 

·' N .i..J i ; • 
n=l 

F' Hence, a new code representation can be obtained for speech recognition training mode ( see 
~g. l) to form a fixed size matrix for each word to represent that specific word's features regardless 

~S the word length. The elements of the matrix are auto-correlation sequence extracted from entire 
_P parameters of that word. This idea relates to the information provided by spectrogram, i.e., 
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finding the unique formant changing pattern of every individual word as their feature 
representation. 

3. MEMBERSHIP FUNCTION GENERATION 
Using· Fuzzy Logic, some flexible ranges for each element of the feature representation is set 

depending on associative rule. This way the membership_ function for each element is generated. 
This procedure within training step is called membership function generation. It is described as 
follows. 

As each word is being trained several times (15 times in this paper). One can get several 
matrices for each word, denoted as 
R~t(k) = [R~j (k), R~;(k), ... , R~':?(k)] (6) 

Where N is the training time. Then, one can average the corresponding elements of every matrix, 
i.e. 

1 N 

raverage (1) = -"'"' r(n) . (7) 
P , l N~ P ,l 

n=l 

The membership value assigned to r:.ieage(k) is '1 ', while the membership values assigned to 

r;:t(k) and r;:t(k) are '0.2' respectively, see Fig 2. Thus, membership function matrices are 

. generated for each word as a feature template. For this project, 10 digits, from zero to nine, are 
recognized. T he word with the sma.llest difference is a correctly recognized word. It is just like the 
fuzzy "IF, THEN' -rule, i.e., "if the difference of th~ testing word and word MB is the smallest then 
this testing word is word B", or say "if the testing word's membership for word MB is the biggest 
then this testing word.is word B". 

In this approach, a test sample, M test, i_s · obtained. After using the same procedure to obtain 

the feature set, RP,test ' this feature set is compared with the feature sets, say RP,zero ----·RP,nine , which 

are stored as templates to calculate the elements membership value for each word using rule-based 
function shown in Figure 3. For example, assuming one element of testing word' s feature 
representations is 1.2, from Fig. 2, it is seen that it "hits" the "solid" triangle (the membership 
function of "word 1 ") at 0. 8 and the "dash" triangle ( the membership function of "word 2") at 0.5. 
The same procedure is done for all the other elements. In other words, the testing feature set 
matrix RP,test is compared _with RP.zero ~RP.nine, then the entire differences from all elements of each 

matrix are added together to get the test word RP,tesJor each stored reference word's membership 

value. For example: 

~ero = IlrP,1 (l)tesl'rP,1 (l>zerJ, · · ·V°p}k)tesl'rP}k)zerJ, · .} . 

=0.6+0.2+0.9+ ... 

Mone= LtrP,1 (l)tesl'rP,1 (l)onJ, . · .[rpik)tesl'rP}k)onJ, .. } 

=0.2+0.2+0.7 + ... 
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M. == ~k,Pl(l)tesl'rP,l(l)ninJ, .. •VP,i(k)test'rPik)ninJ, .. } 
mne U ' 

:=0.0+0.1 +0.3 +. · · 

From the results, the largest value indicates the best matching case. The technique used here is 
called "maximum approaching degree", i.e., 

The whole procedure of recognition mode is shown in Figure 4. 

4. SIMULATION RESULTS 
The data used in paper are ten digits, 0,1, ... 9, and every digit is uttered 15 times. First, both 

LSP positive roots and different roots were used as features. The result was unsatisfactory with an 
error rate of 48. 7%. Next, only the LSP positive roots were used as features, the result is better with 
an error rate of 7.3%. Finally, when the LPC parameters were directly used as features, the result is 
more favorable with an error rate of only 4. 7%. If features are chosen properly, better results can 
still be achieved with less computation. It is also shown that fuzzy logic can be used in speech 
recognition processing to replace the DTW and not only simplifying the computation but also 
improving the results. 
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This work will give a general explanation of multiple-valued logic in just a few steps. We shall 
first provide a loose definition of multiple-valued logic along with some background information 
on the subject. Next, we will show some ways in which this type of logic can be implemented in 
hardware. This step will be important since it will show that one can build a system with 
multiple-valued logic circuits with a moderate amount of work. Finally, some advantages and 
liabilities of this type of architecture will be pointed out. 

Il. INTRODUCTION 
Before the applications of multiple-valued logic can be understood, we must first look at the 
development of this train of thought. A multi-v~ued argument is one whose statements can be 
equivalent to values other than "T" or "F". The implementation of additional values has been a 
topic of discussion for at least a couple of decades before the first modem computers were built. 
·originally, these ideas were considered for the purpose of dealing with special problems in 
discrete math, particularly those that deal with paradoxes and indeterminance. One of the most 
influential professors who worked with multiple-valued logic was a man named Lukasiewicz. 
According to Nicolas Rescher, Lukasiewicz published a work, in 1920, dealing with 3-value 
logic (Rescher, 1969, p. 22). In this work, Lukasiewicz cited a statement saying, "I shall be in 
Warsaw at noon on December 21" (Rescher, pp. 22-23) .. Statements, like this one, dealing with 
the future motivated his development of a third value. In Lukasiewicz's eyes, this value, 'I', . 
represented what he called "the possible''. Upon examination, one could also see it as a form of 
indeterminance (Rescher, pp. 22-:-23). 

Also, there were other similar views offered by S. C. Kleene and D. A. Bochv~. The one view 
that was notably different was the one offered by Bochvar, a Russian logician (Rescher, p. 30). 
In his system, the third valu·e took on a meariing that was "paradoxical" or "meaningless" 
(Rescher, p. 29). This view, published in 1939, portrayed the value, 'I', as being infectious in 
nature (Rescher, pp. 29-33). If but one statement in an argument took on this third value, the 
whole argument would take on this value when the normal operators were used (Rescher, pp. 29· 
33). It is important to notice that these different interpretations arose because they concentrate on 
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d'fferent categories of difficulties that are encountered in normal Boolean logic. Also, one must 
1 
nsider the fact that multiple values can be interpreted in many different ways. 

00 . 

!t :~:!~ Lukasiewicz published his 3-value system of logic, he later expanded his train 
of thought to four values and bey?nd (R~scher, pp. 36-37). This was ~o~e some ~ime i? the early 

193o's and began to reveal some mterestmg patterns as systems of logic mcrease m their number 
of values (Rescher, pp. 36-37). In surveying these logics, Nicolas Rescher pointed out these 
patterns specifically in his section dealing with n ton+ 1 valued logic (Rescher, p. 91). One 
example of this involved the method in which complement values could be assigned (Rescher, 
pp. 92-93). It seems that no matter how many different values one has in a system of logic, there 
is a consistent and effective way in which one can find the complement of any value in that 
system (Rescher, pp. 92-93). When looking at it another way, logic systems seem to have the 
property of "polarity". The value, 0, can be looked at as one "pole" and the nth value would be 
the other and the two would be opposites. Now, let us say that we have a 4-valued system and 
that those values are O through 3. According to this train of thought, the values, 0 and 3, are.the 
"poles". The poles, of course, are complements of one another. The only question left is how 
the compliment of a value like 1 could, logically, be taken. The process is relatively simple. The 
value, I, is closest to the zero "pole" and is exactly a distance of one from it. To compliment, we 
must look at the opposite "pole" and move the same distance of one from it. This lands us on the 
value of 2 which means that it is the compliment of 1. This method is pretty clear when dealing 
with logic that has an even number of values. However, as we saw in the 3-value logic of 
Lukasiewicz, there are two values that compliment one another while the odd value seemed to be 
neutral in nature. This fact also holds true in any other system with an odd number of values. 
So, for the sake of simplicity, we shall concentrate on logic systems with an even number of 
values whenever possible. 

IV. LOGIC GATES AND BASE 4 LOGIC 
When Lukasiewiczian concepts are used as a basis, one can expand the application of Boolean 
operators to systems of any number of values. Nicolas Resch er had already done this in his 
publication, but let µs look at it from a slightly different perspective. Consider the logical values 
to be priorities rather than values like true, false, etc. The value O would, of course, be the lowest 
priority while.the nth value would be the highest priority. Now, when studying the AND 
operator in Boolean logic, one may notice that the lower value tends to dominate pairs that have 
this operation applied to them. In multi-value systems, the same concept will hold true. For 
example, let us take the expression, 2 AND 3. By the modified definition of the AND operator, 
t~e ~ will be asserted. On the flip side, one can also modify the OR operator definition by a 
su~ular expansion of the Boolean system. In the Boolean system, the higher value dominates a 
pair where the OR operator is applied and it follows that the operation 2 OR 3 will yield the 
v~ue of 3. It is important to notice that this modification of these two basic operators in no way 
disturbs their behavior in the Boolean logic. Since these basic operations have been successfully 
translated to multi-valued logic systems, one can easily introduce the alternative operators such 
as NAND and NOR, which are two very _important operations used in computer architecture. 

_In N. D. Belnap's paper, published in 1975, circuitry was envisioned using 4-valued logic 
(Belnap, ~975, pp. 8-9). In one example, the values of "true", "false", "none", or "both" were 
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cited as the specific values for this logic (Belnap, p. 11 ). Each of these values has complements 
that are easy to deduce. In regards to operators and operations, axioms were even in_iplemented 
that could be used to draw up hardware circuits (Belnap, pp. 15-36). It becomes obvious, then, 
that computer architecture, using multi-valued circuits, was conceived quite some time ago. 
With this in mind, it can be safely assumed that actual computers exist that operate with multi
valued logic. It is curious, however, that computers are not built like this now that there is some 
really good technology at our disposal. For this reason, some of the hardware asp_ects shall be 
examined. 

V. BUILDING MEMORY 
Our main area of examination will be the application of multiple values to memory circuitry. In 
his book, Franco Preparato details the basics for constructing memory flip-flop circuits. 
Obviously, his work dealt only with binary computers, however, these applications are still very 
useful to those who would consider the constrµction of a computer that is multiple-valued in 
nature. When Preparato spelled out the construction of S-R flip-flops, he. showed that there were 
four possible combinations of inputs with only three being valid (Preparato, 1985, p. 13 7). Now, 
let us consider the nature of the val.id inputs. When both inputs are zero, the output value is 
preserved. The other two sets of input puts either a one or a zero as output (Preparato, p. 137). 
These value-changing inputs have in common the fact that R and S are compliments of one 
another in both these cases. When testing the R-S flip-flop with multiple values, in accordance 
with "priority" logic, it turns out that these same properties of valid inputs still hold. If any value 
is asserted on S, the output will be equal to S provided that R is the compliment of S. As one 
may have already deduced, when a zero is asserted for both R and S, the current value of the 
output is preserved. All other values are discarded because they are not useful for the purpose of 
making memory circuits. This leads us up to thd D flip-flop, which is used for data storage 
(Preparato, p. 135): As it works out, there are but three modifications that need to be made to the 
D flip-flop that will enable it to function properly in a multiple-value environment. First, the 
clock must be modified to pulse at the nth value of the resident "priority" logic. In binary, that 
value just happens to be 1. So, if the resident logic has four values, the clock should pulse on a 
3. Secondly, instead of using Rand its associated NOT gate as the inputs, Sand an associated 
NOT gate should be used. Finally, the NANO gates would have to be replaced with AND gates. 
These changes will insure that the value being asserted on the input line is reflected in the output 
when the clock pulses. It is interesting to note that this version of the D flip-flop also works for 
binary. Since these circuits are the building blocks ·of binary memory, they have now become 
the building blocks of multi-valued memory. 

VI. THE COEXISTENCE OF BINARY AND BASE 4 
The next area of interest would have to be 1/0 operations. Besides having memory, 1/0 controls 
must have a system of parity for error detection. Unfortunately, there is a drawback to having 
more than two possible values in any given bit of data. While it is possible to come up with a 
system of error detection, error correction would not be feasible since there is no way to tell how 
to correct a bit error without having seen the original information. A binary system has the 
advantage when a bit value is incorrect since there is only one other possible value. For this 
reason, why not keep the system of binary parity? It is a relatively reasonable task to convert 
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.from one number base to another via circuits. Thi~ task b:comes e~en simpler if the hard~are 
d signer uses logic where the total number of possible logic values is a power of two. Basically, 

ee could still use the old reliable system of binary 1/0. On an even more important note, binary 
; 0 must be used in order to make computers, which utilize multi-valued logic, functional with 
systems that already exist. Now, this coexistence of binary and multi-valued circuitry is made 
possible by polar nature of these different logic systems. As an example, let us consider the 
clock. Within multi-valued memory, the clock does not have to pulse on every possible value. It 
only needs to pulse on the "pole" values of O and the nth values. If one has 4-value memory, that 
would be a pulse on O and 3. For the binary counterparts, the value, 3, will seem like the value 1 
because of the structure of the circuits. So, one can plainly see that such interaction is very 
possible and, as we shall see, recommended. 

VD. PROS AND CONS 
All in all, it is very plausible to construct a computer using many-valued logic by applying the 
concepts that we dubbed, "priority" logic. Bear in mind that this "priority" logic is based on . 
Nicolas Rescher's interpretation of the Lukasiewiczian model of logic. At this point, one might 
be compelled to wonder how such a computer would be of any further benefit to us. The 
primary benefit of this many-valued design would .be its effect on storage. Particularly, the 
amount and size of memory available within the system. Memory circuits, of course, encompass 
devices such as ROM, PLA, RAM, and registers. When considering the nature of registers, it is 
known that register size determines the maximum amount of memory that can possibly be 
accessed in ·most machines. In many PCs, the register size is typically 32 bits. Assuming that 
one is dealing with an address register, a little over 2 billion memory addresses could be 
accessed (if available). Now, if an address register employed 3-value logic in order to access the 
same number of addresses, only 20 bits would be needed to do so. Further, if this register used 
4-value logic, the number of bits needed would then be reduced to 16. This is a 50% reduction 
in register size if 4-value logic is implemented in the hardware. What makes this even more 
interesting is the fact that memory blocks, like RAM, would see similar reductions in size. It is 
apparent that as the number of values in any given logic increases, the size of the resulting 
hardware decreases noticeably. Besides helping to save space, a system such as this gives a 
hardware designer a.unique opportunity to drastically reduce the energy requirements of a 
computer. However, if the circuitry is designed to represent logics above 4-value, energy 
conservation might be stemmed if the hardware is not sensitive enough to deal with the extra 
voltage ranges. All in all, the advantages come from the fact that it takes a relatively smal.l 
amount of multi-valued bits to represent a large number of hardware states. 

Of course, there are some liabilities to consider. One is related to the implementation of 1 's 
compliment subtraction. For this to work, only the number with the greatest absolute value may 
?e ~mplimented and a new method of flagging negative numbers IJ}ust be developed, otherwise 
!twill only work on number~ that have the same number of digits. Frankly, it may not be worth 
it to even try and it seems much easier to have binary ALUs interact with multi-valued memory 
through a decoder as was suggested for 1/0. Another problem arises when attempting to 
represent all the logical values in the circuits. There are not very many mediums that lend 
~hemselves to representing more than 2 values. The problem with wire circuits is that they get 
·tter as the voltage running through them increases and that is exactly what could happen as 
t ey are m~de to represent more values defined as ranges of voltage. For example, in binary 
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circuits, both values could be represented 'Yithin 10 volts whereas a 4-value circuit might 
require15 to 20 volts. It is apparent that the required voltage may quickly increase as one 
attempts to introduce more values. A more notable disadvantage is in the fact that the logical 
algebra (or multiple values will be significantly more complicated than Boolean algebra. Also, 
multiple valued logic has not been developed as much as Boolean logic has, so there are very 
few shortcuts. Fortunately, all of the above problems can be effectively controlled, but they are 
enough to ·ensure that the development of a pure, multi-valued computer will take some time. 

VIII. CONCLUSION 
In dosing, it is important to understand just what a multi-valued logic computer does for us. 
Importantly, this type of computer allows hardware-level work to be done with numbers of a 
radix higher than base 2. If a designer designs a computer that implements multiple values via 
the "priority" logic, he/she could conceivably manipulate base 10 ( or higher) numbers at the 
hardware level making memory content easier to keep track of. Again, this type of hardware 
design would cause drastic reductions in the size of computers. The far-reaching benefits of this 
should be obvious and, as technology improves, one could build computers that are extremely 
small, but powerful. Even though there ·are a greater number of associated disadvantages than 
advantages, it should be noted that the disadvantages do not have near the universal effect as 
does the advantages of multi-valued logic. 
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Abstract. 30 computer graphics are generated by the display of set of textured polygons within 
a 3-axis coordinate system. The models, groups of polygons, can be displayed in real time, with 
interactive properties, or as a set of rendered images strung together to form an animation. 
Practically any concept can be demonstrated within a 3D environment. This due to the fact that 
the models can be as near, or as far, from visual reality, and that the user can have control over 
the physical properties of the virtual environment. 

To demonstrate non-intuitive concepts, we model normally intangible concepts with symbolic 
representations, with which we can interact. Concepts such as quantum information theory, or 
quantum cryptography can be demonstrated by using symbolic representation and interaction of 
the normally intangible elements· of these concepts. 

In this paper_ we present the generation and application of computer generated 3D graphics, both 
conventional animation, and what is often termed "Virtual Reality". The techniques, technology 
and equipment used in generating, and displaying the graphics are discussed. We also examine 
the 3D graphics and animation in the communication of abstract or non-intuitive concepts. The 
theory and concept of quantum computing are demonstrated. 

1. General Introduction. As we progress into the new millennia we are finding that computers 
are reaching limitations in the speed to which we can process a single instruction. As such is the 
case, we have made strives to develop massively parallel systems which further take us closer to 
the neural processor type systems. These limitations are a result of the ever-continuing 
miniaturization of current technology into the extreme micro space regions. It is into this area 
that a new and .speculative type of computing has been suggested. This new type of computing 
marks the coupling of study of phystes with the challenges of computers and has been aptly 
named Quantum Computing. 

For most of us the challenges of a new field just require some time to absorb the material of that 
field, but for the understanding of quantum computers from a non-intuitive standpoint, we must 
employ the use of three dimensional graphics to elucidate the concepts. 

1.1 Quantum Computer Introduction. The classical model of a c~mputer uses the 
~ndamental building block, known as the bit, and can only exist in one of two distinct states, a 
O or a 'l'. In a quantum computer we are not limited by these singularity of bit states. This 
'quantum bit', usually referred to as a 'qubit', not only exists in the classical '0' and 'l' states, but 
cand. ~ also be in a superposition of both states. This is where the quantum world of understanding 
_ tuers from the classical world. 

·nu . 
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If we conside~ a register of n-classical bits, then it would be possible to use this register to 
represent any one of the numbers from O to· 2° at any one time. On the other hand, if we then 
consider the same n-bit register as that of qubits, then we can see that each bit is in the 
superposition or coherent state and that the register can represent all the numbers from O to 2° 
simultaneously! 

A processor that can use registers of qubits will in effect be able to perform calcqlations using all 
the possible values of the input registers simultaneously. This phenomenon is called quantum 
parallelism, and is the motivating force behind the research being carried out in quantum 
computing. 

For example, in digital computers, the voltage between the plates in a capacitor represents a bit 
of information: a charged capacitor denotes bit value 1 and an uncharged capacitor bit value 0. 
One bit of information can be also encoded using two different polarizations of light or two 
different electronic states of an atom. However, if we choose an atom as a physical bit then 
quantum mechanics tells us that apart from the two distinct electronic states the atom can be also 
prepared in a coherent superposition of the two states. This means that the atom is both in state O 

and state 1. To get used to the idea that a quantum object can be in 'two states at once' it is 
helpful to consider the following experiment. 

2. Quantum Experimental Theory. As a clean introduction to the basic quantum concepts we 
have included simple but concise _reprints of the graphical representations of quantum 
interactions and relations from · Un saut d'echel/e pour /es calculateurs which has been adapted 
by A. Barenco [I]. 

Let us try to reflect a single photon off a half-silvered mirror (i.e. a mirror which reflects exactly 
half of the light which impinges upon it, while the remaining half is transmitted directly through 
it) as shown in figure A below. 

Figure A 

After the encounter with the mirror we classically conclude that the photon is in the reflected or 
in the transmitted beam. It also seems that it would be sensible to say that the photon is either in 
the transmitted or in the reflected beam with the same probability. That is one might expect the 
photon to take one of the two paths choosing randomly which way to go. Indeed, ifwe place two 
photo-detectors behind the half-silvered mirror in direct lines of the two beams, the photon will 
be registered with the same probability of being either in the detector 1 or in the detector 2. Does 
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. · Uy mean that after the half-silvered mirror the photon travels in either reflected or 
it r~mitted beam with the same probability 50%? No, it does not! We can at once say that, in 
~:, the photon takes the dire~tions of' two paths at on~e'. This c~n be demonst~ated by 

combining the two beams with the help of two fully silvered mirrors and placmg another half
:~vered mirror at their meeting point, with two photo-detectors in direct lines of the two beams 
as can be seen in figure B below. 

Figure B 

Because we would expect that there· is a 50% chance for the photon to take each path, we would 
expect that each detector would register the photon only 50% of the time. However, that is not 
what happens. 

If the two possible paths are exactly equal in length, then it turns out that there is a 100% 
probability that the photon reaches the detector 1 and 0% probability that it reaches the other 
detector 2. Thus the photon is certain to strike the detector 1. We are left with the inescapable 
belief that the photon must, in some sense, have actually traveled both routes at once. We find 
that if an absorbing screen is placed in the way of either of the two routes, then it becomes 
equally probable that detector 1 or 2 is reached as can be seen below in figure C. 

Figure C 

The investigations shows that blocking off one of the one of the paths actually allows detector 1 
to be reached, and that with both routes open, the photon somehow knows that it is not permitted 
to ~~ch detector 2, so it must have actually traveled both routes. It is therefore perfectly 
legitimate to say that between the two half-silvered mirrors the photon took both the transmitted 
and the reflected paths or, using more technical language, we can say that the photon is in a 
coherent superposition of being in the transmitted beam and in the reflected beam. By the same 
token an a~om can be prepared in a superposition of two different electronic states, and in general 
a quantum two-state system, called a quantum bit or a qubit, can be prepared in a superposition 
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of its two logical states O and 1. Thus one qubit can encode at a given moment of time both O and 
1. -

We can now see that this type of elemental description would be exceedingly difficult without 
the uses of 3D graphics and representations to demonstrate the principles. 

3. The Quantum Superposition Principle. Now we push the idea of superposi!Jon of numbers 
a bit further. Consider a register composed of three physical bits. Any classical register of that 
type can store in a given moment of time only one out of eight different numbers. (i.e. the 
register can be in only one out of eight possible configurations such as 000, 001, 010, ... 111.) 

A quantum register composed of three qubits can store in a given moment of time all eight 
numbers in a quantum superposition of the encoded states. This can be seen below in figure D. 

It is quite remarkable and a wonder of the quantum world that all eight numbers are physically 
present in the register, but it should be no more surprising than a qubit being both in state O and l 
at the same time. If we keep adding qubits to the register we increase its storage capacity 
exponentially i.e. three qubits can store 8 different numbers at once, four qubits can store 16 
different numbers at once, and so on; in general n qubits can store 2° numbers at once. Once the 
register is prepared in a superposition of different numbers we can perform operations on all of 
them. 

Figure D 

For example, if qubits are atoms then suitably tuned laser pulses affect atomic electronic states 
and evolve initial superposition of encoded numbers into different superpositions. During such 
evolution each number in the superposition is affected and as the result we generate a massive 
parallel computation albeit in one piece of quantum hardware. 

This means that a quantum computer can in only one computational step perform the same 
mathematical operation on 2° different input numbers encoded in coherent superpositions of n 
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~bits. In order to accomplish the same t:s~ any classical computer _has _to repeat the same 
~mputation 2° times or one has to use 2 different processors working m parallel. 

What this meant to the real world is that quantum will ultimately contribute with the savings of 
computational resources such as time and memory. We know that as conventional computers 
grow in power and speed then they too offer great savings. So what is the catch. The catch is that 
classical computers need exponentially more time or memory to match the power of quantum 
computers and this is really asking for too much because an exponential increase is really fast 
and we run out of available time or memory very quickly. · 

Although quantum computation requires new quantum technology its real power lies in new 
quantum algorithms whi~h allow the exploiting quantum superposition that can ~ontain an 
exponential number of different terms. Quantum computers can be programmed m a 
qualitatively new way. For example, a quantum program can incorporate instructions such as' ... 
and now take a superposition of all numbers from the previous operations ... '; this instruction is 
meaningless for any classical data processing device but makes lots of sense to a quantum · 
computer. As the result we can construct new algorithms for solving problems, some of which 
can tum difficult mathematical problems, such as ~actorization, into easy ones! 

4. Quantum History. The story of quantum computation started as early as 1982, when the 
physicist Richard Feynman con~idered simulation of quantum-mechanical objects by other 
quantum system.s [2]. However, the unusual power of quantum computation was not really 
anticipated until the 1985 when David Deutsch of the University of Oxford published a crucial 
theoretical paper [3] in which he described a universal quantum computer. After the Deutsch 
paper, the hunt was on for something interesting for quantum computers to do. At the time all 
that could be found were a few rather contrived mathematical problems and the whole issue of 
quantum computation seemed little more than an academic curiosity. It all changed rather 
suddenly in 1994 when Peter Shor from AT&T's Bell Laboratories in New Jersey devised the 
first quantum algorithm that, in principle, can perform efficient factorization [ 4]. This became a 
'killer application' --- something very useful that only a quantum computer could do. Difficulty 
of factorization und~rpins security of many common methods of encryption; for example, RSA -
-the most popular public key cryptosystems, which is often used to protect electronic bank 
accounts, gets its security from the difficulty of factoring large numbers. Potential use of 
quantum computation for code-breaking purposes has raised obvious questions. 

In principle we know how to build a quantum computer; we can start with simple quantum logic 
gates and try to integrate them together into quantum circuits. A quantum logic gate, like a 
classi~l gate, is a very simple computing device that performs one elementary quantum 
oper~ion, usually on two qubits, in a given period of time [5]. Of course, quantum logic gates 
are different from their classical counterparts because they can create and perform operations on 
q~antu?1 superpositions. However if we keep on putting quantum gates together into circuits we 
will quickly run into some serious practical problems. The more interacting qubits are involved 
the harder it tends to be to engineer the in!eraction that would display the quantum interference. 
tpart fro~ the technical difficulties of working at single-atom and single-photon scales, one of 
~ e most important problems· is that of preventing the surrounding environment from being 
affected b:y the interactions that generate quantum superpositions. The more components the 
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more likely it is that quantum computation will spread outside the computational unit and will 
irreversibly dissipate useful information to· the environment. This process is called de-coherence. 
We are now left with the major task of engineering sub-microscopic systems in which qubits 
interact only with themselves and not with the environment. 

Some physicists are pessimistic about the prospects of substantial experimental advances in the 
field [ 6]. They believe that de-coherence will in practice never be reduced to th~.point where 
more than a few consecutive quantum computational steps can be performed. Others, more 
optimistic researchers, believe that practical quantum computers will appear in a matter of years 
rather than decades. This may prove to be a wishful thinking but the fact is the optimism, 
however naive, makes things happen. 

The current challenge is not to build a full quantum computer right away but rather to move from 
the experiments in which we merely observe quantum phenomena to experiments in which we 
can control these phenomena. This is a first step towards quantum logic gates and simple 
quantum networks. 

Can we then control nature at the level of single photons and atoms? Yes, to some degree we 
can! For example in the so called cavity quantum electrodynamics experiments, which were 
performed by Serge Haroche, Jean-Michel Raimond and colleagues at the Ecole Normale 
Superieure in Paris, atoms can be controlled by single photons trapped in small superconducting 
cavities [7]. Another approach advocated by Christopher Monroe, David Wineland and 
coworkers from the NIST in Boulder, USA, uses ions sitting in a radio-frequency trap [8]. Ions 
interact with ea·ch other exchanging vibrational excitations and a properly focused and polarized 
laser beam can separately control each ion. _, 

· 5. Quantum Computer in Nature? As our development of the universal information theory 
progresses into new realms of understanding, we are forever required to push ourselves to the 
limits of plausibility. And it is in the area ·of these limitations that we are sometimes able to push 
the developments of a science a small step forward. This may, or may not, be true in this case 
but it's an idea just the same.

1 

Although the developments of quantum computing are still very theoretical in nature, the subject 
is progressing wit_h some degree of success. This success is built upon the equations described 
by Heisenburg, Schrodinger, and Dirac from which the foundations of quantum mechanics are 
known today. 

To the end of quantum computing, quantum mechanics describes the states of atoms and other 
species through the use of the wave functions of Schrodinger such that the functions represent 
the superposition of all of the states of the atom in question. This gives rise to the quantum bit, 
or qubit, which actually holds the history of the states. This is to mean that, in theory, and 
infinite amount of information can be embedded within the qubit. In reality, we think that there 
. are dimensional limitations placed upon this qubit. 
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When faced with a problem, or some type of new technology, we often find ourselves looking to 
·see if Mother Nature has already addressed this problem, or something similar, and we think that 
it has in this case. 

The question is, "Could this qubit concept be a basic building block of something around us 
everyday?" Our resolve is to theorize that it is. And more than that, we think that the qubit could 
be a basic building block to the way in which the human mind actually stores information. This 
qubit could be used to make a_.quantum register, as it were~ that v:e will _just ~all a qregiste~. 
These qregisters allow us to simultaneously evaluate functions with an mfimte number of mputs. 
Although, as we have stated, there are NOT actually an infinite number of inputs in the qregister, 
there are 2° inputs where n is the number of qubits in the register. 

We, further, theorize that the "human" computer is quantum in nature and is composed of a 
collection ·quantum neural, and quantum fuzzy, type processors all of whom use this qubit design 
as basic fundamental constructs for memory storage and manipulation. 
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ABSTRACT 

The Role of Polymorphism and Inheritance in 
Recursive Algorithms in Object-Oriented Programming 

By M.J. Miller and Dr. Adel Ali 
University of Southern Mississippi 

Computer Science Department 

Some algorithms and data structures are best implemented using recursion, especially when trees or 
linked lists are involved. But, not many programmers use recursion in designing object-oriented 
programs. What is the role of recursion in object-oriented programming? Much flexibility is extended 
to an object-oriented program using recursive object structures. What is the influence of 
polymorphism and inheritance on recursion? These two concepts allow for six different types of 
recursion in object-oriented programs. This is ~ue to the different ways to combine objects. What is 
really interesting in object-oriented programming is that recursive structures can come about 
dynamically during program execution The clear separation of class design may conceal the fact 
recursion is possible, or may terminate unexpectedly. Further, the dynamic nature of interaction of 
classes and their objects prevents detection of whether or not recursion has occurred by mere 
inspection of the source code. This paper defines six different types of recursion possible in object
oriented programs and examines scenarios of when they can occur. Being mindful of these types of 
recursion during the design stage of object-oriented programs will lead to better programs which do 
not have recursive instabilities. 

The inspiration for this article came from revie~g different textbooks and articles for information 
on how to implement Object-Oriented data structures. Not one of the references I checked mentioned 
anything about · recursion. That was rather odd since every non-object-oriented text has a section on 

· recursion. Recursion has long been the answer to implementing theoretically infinite data structures 
such as linked-lists and trees. In computer science, recursion can be used to define algorithms, data 
structures, and languages in terms of simpler versions of themselves. In most programming languages, 
structured statements may contain sequences of arbitrary statements including structured statements. 
They are thus defined recursively. Functional and logical programming styles depend on recursion 
even more than imperative programming styles. The object-oriented paradigm opens new ways to 
structure programs. System functionality is distributed across several classes and class levels. To 
enhance adaptability, many classes and operations ·are defined by means of pointers to objects of 
abstract classes and by cohesive methods that implement only small pieces of a system function, but 
often delegate related tasks to ·different parts of the same object or to objects of similar kinds. While 
improving software adaptability, this leveled and incremental approach distributes global correlations 
across a class graph. Moreover, in typical object-oriented programs most of the object relations and 
message-method relations are established and changed dynamically. 

Most tasks in object-oriented programs are performed by passing messages from one object to 
another. A message can activate different methods depending on the class of receiver. Within such 
methods, objects can again send messages with the same signature to other objects. Is this a recursive 
situation? A message could be seen as a function call with an additional parameter that identifies the 
receiver. However, sending a message with the same name to another object is different from 
invoking the same fun?1ion with different actual parameters. This is because the message could invoke 
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a iotally different method. The question re~ly is: _What constitutes a recursive call? The answer to 
this question goes much deeper than one nught think! . 

This paper is a summary ofmy study into object-oriented recursion. In this study, a set of terms and 
notation had to be used in order to systematically analyze and clarify these recursive structures. This 
analysis is presented in the most general manner, and, thus, no attempt is made to show how these 
different types of recursion can be implemented. Only abstract examples will be used throughout this 
paper. Subtyping will be expressed through inheritance. All methods are assumed to be dynamically 
bound; this forces messages to be resolved dynamically. Because dynamic semantics allow objects 
to behave differently at different times, active verbs will be used for describing object configurations 
and message scenarios. Whether they occur depends on the object state and the state of its context. 
In this paper, object-oriented programs are considered a system ofinterconnected objects that pass 
messages to each other. 

The next section discusses structural recursion in the context of object-oriented programming .. Six 
basic types of recursive object definitions are given, and an examination of the influence of 
inheritance and polymorphism on recursion. 

Recunive Object Structures 
Self-referencing classes 
Complex structures can be built from simpler ones by applying the technique of recursive 
composition. The simplest form of a recursive structure is built by means·of nodes containing pointers 
to nodes of the same type (like a linked list). Figure 1 shows how such structures can be built. In class 
A_ an instance variable p is declared to hold pointers to objects of class A. Such a definition can be 
used to construct chains of equally typed objects. A chain can be defined in terms of itself: An object 
chain is either an empty chain or an object with an attached chain. At this point, the object-oriented 
version of a recursive definition of a structure is similar to a conventional definition. Traversing such 
a structure requires testing whether the variable p points to an object. 

.Al A2 

0 ~ ..---I -,-p -1 --► 

p>A 

Class View Object View 

Figure I. Self referencing structure 

Consider now pointers from objects of class B to objects of class A, where B is a subclass of A. A 
variable P is declared in B that can point to objects of class A. Then, another subclass S is declared 
from A. Figure 2 shows a representation of this scenario. From the object view of Figure 2, it's easy 
to see that the first object belonging to A but not to B ( the S object ) terminates the object chain of 
class ~- Due to polymorphism, the same variable p can be used to construct recursive as well as non
recursive s~ructures. This is the basic structure of the decorator pattern: Arbitrary objects of 
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subclasses of A can. be wrapped in decorators, in this case objects of B. Dec?rators can ad? new 
functionality to these objects dynamically. If the v~able B.p is allo~~ to pom~ to a collection of 
objects of class A, · then objects of class B become aggregates. This ts t~e basic ~tructure_ of the 
composite pattern. The example depicted in Figure 2 differs from Figure I m that 1t uses 
polymorphism to terminate the chain of objects. This means that traversing the object chain does not 
require testing for the end of the chain. Instead, traversing methods can be used that recursively 
invoke a method of the current object's successor. At the end of the chain, dynamic binding 
automatically ensures that a non-recursive method ( class S ) is execu_ted. -· 

p>A 

Figure 2. Self referencing structure across class boundaries 

Types of recursive structures 
T~e next example shows how inheritance and polymorphism influence recursive object definitions. 
Figure 3 shows two classes A: and B, where B inherits directly from A. Four declarations of instance 
variables_( two _in A ~d_ two~ B) and two ~erited instance variables in Ballow six different ways 
to combme obJ_ects. Figure 3 md1cates these six fundamental object combinations which are labeled 
I to 6. Each case will be discussed to examine the degree of recursion that exists between the 
connected objects: · · 

0-----0 w 

w>A A.w>A 
x>B A.x>B 

'y>A 
z>B 

Instance variable·s w,x inherited 
from A 

Figure 3. Types of structural recursion 

A2 

D 
w 

X 

Y· 
7. 

Bl 4 
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1. A.w>A: This instance variable is defined in class A, and refers to an object of class A or any 
subclass of A The variable w always refers to an object with another variable w. This type of self
referencing structure definition closely resembles the way recursive structures are defined in non
object-oriented programs. I would like to define this as hard recursion. 

2. A.x>B: This instance variable refers to an object of another class B. It therefore does not 
immediately define a recursive object structure. However, because Bis a subclass of A and all B 
objects inherit the instance variable x, this leads to recursive subclass B. I call this delayed 
recursion. 

3. BJ1>A: The variable y refers to an object of the superclass A This is the same situation as shown 
in figure 2. The instance variable can be used to build a chain of B objects, but it can also refer 
to an object of any other subclass of A or to A itself thereby terminating an object chain. Because 
B.y can refer to objects of classes other than B, this is called soft recursion. 

4. B.z>B: Like A.w, this instance variable introduces hard recursion, but this time within B. 
5. B.w>A: The instance variable w was inherited from class A. It refers to an object of class.A. In 

this respect, B.w is similar to B.y and thus appears to introduce soft recursion. But because the 
instance variable was already introduced in A, it is present in all objects whose classes are derived 
from A. This means that every object referred to by w will also have an instance variable w. In 
other words, this is nothing more than hard recursion. 

6. B.x>B: The instance vari~ble x was inherited from class A and refers to an object of class B. The 
effect is the same as with B.z, or x can allow for hard recursion within B. 

Recursive Chains 
How can these three types of recursion lead to constructing chains of objects? Hard recursion occurs 
when objects of class A have an instance variable that refers to objects of the same class. All objects 
of class A and its subclasses Ai have such an instance variable and thus contain a pointer to another 
object of class A or any of its subclasses Ai. Figure 4 shows an object chain using hard recursion. The 
chain consists of arbitrary objects of classes Ai and ends with a null pointer. 

Delayed recursion occurs when objects of class A have instance variable that refers to objects of a 
subclass B of A. All objects of class B and its subclasses Bi inherit this instance variable and thus 
contain a pointer to another object of class B or any of its subclasses Bi. Objects of class C, which 
inherit from A but not from B, cannot point to themselves. They can, however, point to the first 
node of a recursively constructed object chain. C objects can thus be seen as anchors of recursive 
object structures that solely consist of B objects. Figure 5 shows an object chain using delayed 

. recursion. The chain starts with a C object and ends with a null pointer. 

Soft recursion occurs when objects of class B have an instance variable w that refers to objects of a 
superclass A ofB. All objects of class Band its subclasses Bi inherit w. As a superclass of B, the 
static type A of instance variable w imposes fewer constraints than B does. Therefore, it is not 
guaranteed that the object referred to by w is an object of the more 
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p>A 

Al ~ - . A1n A:1 A:,, .-----i.___.J A.:A · I __ ... _H n ,.__I ~► ••• -+~ 

Instance variable p that Al and A2 inherit from A 
A.p>A 

Fi re 4. Ob· ect chain constructed with hard recursion 

C 
C 

A.p>B 
Bl I 

Bil Bi2 . Bin 

_P 1---ci]~ ... ~ J 
p>B B A.p>B 

A.p>B 
B2 

A.p>B 

Figure 5. Object chain constructed with delayed recursion I 

~ 

specific subclass B. This means that an object chain can end with either a null pointer or with another 
class W that directly inherits from A but not from B. W objects can thus be seen as chain terminators. 
Figure 6 shows an object chain that starts with a Bi object and ends with a W object. 

In general, recursion is introduced if a class A defines of inherits an instance variable w of type B and 
one of the following relations holds for A and B: 1) A and B designate the same class, 2) B is a 
subclass of A, or 3) Bis a superclass of A. In other words, if the static type of Aw is a class in the 
tree based on A, then either hard or delayed recursion is obtained. In both of these cases, the dynamic 
type of A. w "is restricted by its static type to the class tree based on the class A. If the static type of 
A.w is a superclass of A, a pointer can "escape!' the class tree based on A In this case, soft recursion 
is obtained. , · 

w 

'B.p>A 
Bil Bi2 Bin W 

C£J~---.. ···~-+CJ 
p>A 

B.p>A 

Figure 6. Object chain constructed with soft recursion 



Recursive structures and multiple inheritance 

What's really amazing is that recursion can occur when classes A and B are not related at all! This can 
be accomplished with multiple inheritance as shown in figure 7. In this example, A represents a link 
and B represents a data item. Class AB combines these properties and thus defines objects that 
contain both links and data. Figure 7 shows the effect of this definition is that S objects serve as list 
anchors and W objects serve as list terminators. Figure 8 shows how multiple inheritance can combine 
delayed and soft recursion. 
• The inheritance path A-AB defines a delayed recursion because the instance variable is defined 

in the superclass A and refers to objects of the subclass AB. 
• The inheritance path B-AB defines soft recursion because AB objects contain a pointer to objects 

of superclass B. 

A non-recursive reference from a source class to an otherwise unrelated destination class can be made 
recursive by uniting the classes later with multiple inheritance. This means that recursion can suddenly 
pop-up in places where it was not originally planned. 

s 
ABI 

A.p>B s ABI AB2 w p>B 
AB 

A.p>B ~~----+L2J--.1 
Ap>B AB2 

w 
A.p>B 

Figure 7. Introducing recursion by means of multiple inheritance 

~ 
AB 

p>B 

A.p>B ~ 

Figure 8. Combination of delayed and soft recursion 

Conclusion 

I AB I 

I AB I 
A.p>B 

Inheritance path A-AB: delayed recursion 

Inheritance path B-AB: soft recursion 

The following observations can be made from this investigation of recursion in object-oriented 
programs: 
• Depending on the type of an instance variable and the point of its declaration, there are different 
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types of structural recursion - hard, delayed, and soft. 
• Polymorphism and dynamic binding can make e~plicit tests for the end of recursion obsolete. The 

end of recursion is determined by the classes of the objects involved rather than the algorithms. 
• Multiple inheritance can introduce recursion in otherwise non"'.recursive structures. 
• Structural recursion usually leads to functional recursion, but need not. 
• Dynamic binding makes recursion impossible to detect statically. However, it is possible to 

identify sets of classes that will possibly lead to recursion and othe~s that will tenninate recursion. 

Although· used unconsciously, recursion, along with polymorphism and dynamic binding, is an 
important mechanism for constructing flexible and adaptable object-oriented programs. Programmers 
often combine classes without realizing that the resulting structures are highly recursive. Up to now, 
little has been written about recursion in object-oriented programs. Many new facets can be added 
to recursive structures using inheritance, dynamic binding; and polymorphism. The clear separation 
of classes may distract the programmer from detecting · recursive structures. What's worse is that 
dynamic binding can make it impossible for the programmer to determine if recursion will take place 
just by inspecting the source code. It is necessary to recognize the presence of recursion in object
oriented programs in order to program more effectively. 
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ABSTRACT 
This article introduces a system designed to accumulate temporal data from multiple 

sensors connected via the Internet. To avoid network congestion, I propose a multiple 
server architecture with a real-time feature for fast data collection. There was a 70% 
probability of this feature achieving. a 90% rate of data collection within the specified time 
limit. I believe the real-time feature of this system will be very useful in a variety of 
network applications. 

1 BACKGROUND 
I ~ave developed a real-time data collection and accumulation system that makes it 

possible to ·get temporal data from many computers connected to a wide area network, 
i.e., the Internet. Recently computers have been installed in cars, where they calculate 
speed, mileage-fuel ratio, global position, road and traffic conditions, and the like. If these 
computers could be connected to the Internet, with their information publicized, drivers 
could easily find routes that · would minimize the cost and environmental damage of car 
activities. In another scenario, home computers may monitor the energy consumption 
dynamics of a house. ·By gathering the information from these individual computers, it is 
po~ible we could understand the mechanism of the heat island problem ( a phenomenon in 
which the air temperature in urban areas is always higher than in the surrounding area) 
and find a solution to the problem. As another example, if home computers could be m·ade 
to sense earthquakes, and if the information collection time was significantly faster than 
the speed of the earthquake, then it would be possible to raise the alarm in advance of 
the earthquake. It is easy to see that real-time data collection and accumulation is an 
important area of technology in which we can simulate and analyze global dynamics with 
the aim of realizing global optimization and predicting disaster 'based on real measured 
data[l]. · 

There are several kinds of application that use multicast communication. Video on 
demand is the most typical application based on multicasting. But multicast-based appli
_cations use one-directional communication; client programs do not send acknowledgement 
pac~ets to the multicasting program, because the simultaneous receipt of numerous pack
ets would caµse congestion at the receiver site (Figure 1). Congestion, of course, is to 
be avoided, since it could cause degraded network performance or even cause the net
work to go out of service. This is one of the serious problems of the Internet. Some 
mission-critical data collecting systems are -8§.ng exclusive lines to avoid this problem. 



Figure 1: Packet flows on multicasting and on synchronous replying. 

For example, AMeDAS (the Automated Meteorological Data Acquisition System), which 
is operated by the Japan Meteorological Agency,_ makes observations of weather over all 
of Japan. This system has 1,300 AMeDAS stations which observe and send information 
through its exclusive lines. As another example, NOAA (the National Oceanic and At
mospheric Administration) also uses exclusive lines to collect observing data. But since 
having exclusive lines is very expensive compared with using the Internet, it would be best 
if we could collect data through the Internet to both same money and to greatly increase 
the number of observation points. There are some theoretical issues [2, 3), but no system 
is implemented yet. The technology would have two requirements: to have access to both 
past data and current data to support_ analysis and to execute with a very fast turnaround 
time in order to be u~eful for predicting natural disasters . 

.J 

2 MULTIPLE SERVER ARCHITECTURE . . 

To build a data collecting system that would operate through the Internet without. caus
ing congestion, the author designed a system ·with multiple server architecture (Figure2) 
that consists of three kinds of software modules named clients, collecting servers and 
data source servers. The clients are the user interface software, which accepts a user's 
request and provides collected data to the user. The collecting servers are the software 
that collects data from data source servers in cooperation with other collecting servers 
concurrently. The data source servers are the software that polls sensors, gets the data 
and adds the data to its own database. One data source server can maintain multiple 
sensors, and one collecting server ·can collect data from multiple data source servers and 
other collecting servers. Note that this architecture' has a tree structure, wit~ a client's 
program at the top and sensors located on the bottom from any user's point of view. This 
hierarchical architecture relaxes the concentration of packets and reduces the probability 
of network congestion. 

2.1 · Data Collecting Protocol 

Figure 3 shows the p~cket flow in this architecture. When a user requests that a client 
collect data (1 in Figure 3), the client refers the request to the nearest collecting server 
(2). The collecting server multicast the request to other collecting servers and data source 
servers concurrently, following down the hierarchical structure (3). The data source servers 
get data by polling sensors (4, 5) or accessing its database (4', 5'). This selection depends 
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Figure 2: Overview of Multiple Server Architecture. 
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Figure 3: Packet flow of the proposed architecture. 

on the time attribute specified in the request. Then it sends the acquired data to the 
collecting server ( 6). The collecting server combines received data and sends it to the 
client (7). Finally the client provides the collected data to the user (8). To maintain the 
database of the data source server, it polls sensors to determine which one is responsible, 
and stores the acquired data in its database periodically. This database and the time 
attribute specified in a request make it possible to provide past-time data. 

2.2 Real-Time. Feature 

The Internet is an unstable network, that is, some of its connections must he down 
some of the time. Unfortunately the time-out algorithm adopted in TCP /IP (Tuansmission 
Control Protocol/ Internet Protocol) is not enough to realize fast response time constantly. 
To solve this problem, I proposed a time-out estimation routine. By monitoring the network 
·periodically, the relation between a time-out value and the data collection rate is found 
and provided to users. When users are allowed to specify a time limit value, this system 
provides more than 90% of data in the specified time. Users can also be allowed to specify 
when data was measured, which allows them to collect old data from distributed databases. 

3 SIMULATION 
To simulate and evaluate the performance of the software based on the proposed multiple 

server architecture, I first measured the statistical behavior of round trip times on the 
Internet and. built a numerical model from the results. I then evaluated elapsed time 
performance of tl~e proposed architecture to collect all of sensors' data. Last, I . evaluated 
the collection rate within specified time-out. 
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3.1 Round Trip Time Estimation 

A ping program on a Unix machine was used to measure round trip time on the Internet. 
In a 5-minute interval, 2;000 values of round trip time from my site (www.ina.sd. keio. ac .jp) 
to each of two Internet sites were measured. Figure 4 shows two frequency distributions of 
round trip time; one is to WWlv. u-tokyo. ac. jp, a domestic site close by my site, and the 
other is to www. usouthal. edu, an oversea site. · 
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Figure 4: The frequency distribution of round trip time. 

Generally, if the frequency distribution of the delay time between one-hop connections 
is given with exponential function, then the frequency distribution of round trip time 
between n-hops is known to be given with 2n-Erlang distribution. With a traditional 
shared-media Ethernet, delay time behavior niay be treated as an exponential function 
because of CSMA/CD (Carrier Sense Multiple Access with Collision Detection) protocol 
effects. But recently shared-media Ethernet hubs are taking the place of Ethernet switches 
or IP switches. Instead of occurring collisions, these switches store and fonvard · packets. 
In this case, the distribution of delay times is much narrower than that generated by using 
shared-media Ethernet, so I suppose that the probability distribution p(x) of delay time x 
on each connection is 1-Erlang distribution, as shown in Equation 1. 

. p(x) = e: {1) 

Here ..x-1 is the average of the delay time and ,x-2 is the standard deviation of the delay 
time. 

3.2 Simulation Results 

Using 1-Erlang distribution as the probable distribution delay time, the author sim
ulated software behavior based on the proposed multiple server architecture. Figure 5 
shows the structure of this simulator. The height of the tree structure is l = 4, each 
middle level collection server communicated with c = 2 collection servers and d1 = 3 data 
source servers in the lower layer. The final level collection servers had d2 = 5 data source 
servers. Each datalsource server maintains s = 5 sensors. The total number of sensors was 
s{ di L~=0 (2n) + d22l} = 1,265. 
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Figure 5: Simulated Structure of Multiple Server Architecture. 

For each server i, the turnaround time n to the lower software module j is given as 
Equation 2. 

ni = Dii+Ti+Dii 
~ 2Dii + Ti (2) 

If the user wants to collect data from all of sensors, the turnaround time n is given as 
Equation 3. 

n == m~nj (3) 
J 

Figure 6 shows the simulation result of Ti. Here the sensor polling time is 1 and A is also 
1. Since the height of the t~ee was 5, Ttop was expected to be 11 when it used exclusive 
lines, i.e./ p(l) = 1. However, the average of Ttop was around 42, which is 4 times longer. 
This means that the turnaround time on the Internet is very unstable, and there is no hope 
of collecting all of the desired data in some specified time. 
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Figure 6: The simulated frequency distribution of round trip time. 

The real-time feature was estimated next. When a user specifies the limit of Ttop, each 
server j estimates its time limit Ti by using estimated delay time Dii and Equation 2. 

Ti= ni - 2Dii (4) 
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... 

And each server discarded sensor data collected after the time limit. 
Figure 7 sh9ws how much data was collected within a specified time period. The left half 
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Figure 7: Collection rate within specified time-out. 

of Figure 7 shows that the collection ratio grows almost enough when time-out is specified 
to be equal to the average of T,,0 p = 42. Also, the right half of the figure shows that there 
is a 70% probability that the collection rate will be over 90% when a user specifies the 
time-out as the average -of Ttop • 

4 CONCLUSION 
This article described a proposed real-time data collecting and accumulating system 

that is. suitable to operate on the Internet. The multiple server architecture reduces the 
probability of congestion arising, and the real-time feature can limit the collecting time . 
Although this system is designed to collect temporal data, it can also be applied to many 
traditional network applications such as archie, world wide web cache servers, distributed 
database management systems or meta search engines. The author is currently planning 
to apply this feature to these applications. · 
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ABSTRACT · 
This paper describes a project designed to move multiple Client/~erv~r(C/S) applicatio~s usi~g a 
variety of environments and databases onto the Internet. The proJect ts presented from mcept1on 
(including the sales cycle) through the initial implementation. Contrasts are drawn between the 
original concept, the_ succeeding project phases, and the actual delivered system. A number of "lessons 
learned" in the areas of business, project planning, and technology are discussed. Additionally, the 
authors present a current view on where the project could go in the future. 

BACKGROUND 
The Military Traffic Management Command (MTMC), a component of the United States 
Transportation Command (USTRANSCOM), is the surface transportation manager responsible for 
global traffic management, worldwide port operations, deployment engineering, and integrated 
transportation systems. The objective of this project was to produce the Electronic Transportation 
Acquisition (ETA) web site that would provide a single access point to all ofMTMC's business 
applications for all current and potential customers. The ET A system was to support the goal of 
achieving an integrated and inter-operable information infrastructure and leverage the Web technology 
to improve "customer" service to other Commercial/Government Transportation business partners. 

PROJECT HISTORY 
An EDS corporate capabilities presentation was given to the MTMC management staff in December, 
1996. At that time, an immediate need existed to develop a web-enabled pilot of a Single Sign-On 
(SSO) system for all ofMTMC's business applications. The next 5 months was spent working with 
MTMC to draft up a Statement of Work (SoW). An initial Task Order (TO) was issued to start work 
in August 1997. This TO called for the development of an Operational Concept Description (OCD) 
and System Design Description (SDD). The project followed standards as described in MIL-STD 498, 
the Military Standard for Software Development and Documentation. This first stage of the project 
was completed in December 1997 with delivery of the SDD to MTMC. 

:",fter furt_her negotiations, a second TO was issued calling for the development, testing and 
implementation of a pilot system based on the SDD completed in December 1997. This effort lead to 
the implementation of the ET A web site in April 1998. At that time, only two of the C/S applications 
?ad implemented any web technology, and a third was scheduled to be completed and ready for 
implementation at the same time as the ET A web site. These three C/S applications were selected as 
target applications to be included as part of the initial implementation of the ET A system. 

In August 1998, through a competitive re-compete for this effort, the contract to continue this effort 
was awarded to another contractor. 

The r~mainder of this paper will discuss the project from the business, project management, and 
technical perspectives. 
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THE BUSINESS PERSPECTIVE 
From a business p·erspective,. this project held out a lot of promise for future business. It was EDS's 
first dealings with this customer for anything outside of LAN support. EDS has provided the customer 
with corporate information regarding our capabilities, and had been requested to provide a more in
depth presentation of these to MTMC. In December 1997, after a successful presentation .. .to the 
customer, EDS was asked to work with MTMC support staff to help draft a So Wfor this project. It 
was stated at that time that MTMC wanted work on the pilot to begin within a three-month period. 

While a draft SoW was put together within the first 45 days of 1997, it took another seven months to 
actually negotiate a signed TO. In this time, a number of things were changing at the customer's site. 
Oversight and steering committees were formed that were to be in charge of this effort. Therefore, 
before work even began, a new group of people was introduced in the middle of negotiations. This 
meant backtracking over previously agreed upon tasking with the new customers, some with differing 
views as to how we should proceed. Additionally, there was a lack of funding resulting in the effort 
being broken up into smaller units of work,- each funded separately. 

This same type of funding delay occurred twice more in the life of the project. There was a two-month 
gap in funding between the end of the first phase and starting the second phase. The second, and most 
costly, was a gap after the second phase. These delays caused staffing problems because with no 
-billable work to perform, members of the project staff were reassigned to other projects. In fact, 
because of the delays in the initial start up, the project was actually staffed two or three times before 
we ever started. The gap between the 1st and 2nd phases caused some change in personnel because we 
were unable regain all of the same experienced staff after the project started up again. 

To add more uncertainty to the picture, MTMC assigned an inexperienced Contracting Officer's 
Techn1cal Representative (COTR) to the project. For the EDS team, we had assigned a Senior Systems 
Engineer and a Task Manager who were used to dealing with experienced government counterparts. 

From our technical perspective, we did a great job selling our capabilities to a new customer where we 
had no prior relationship or experience. We did everything possible to negotiate and finalize a contract 
that would deliver to the customer his desired results. We restructured the deal under three different 
contract vehicles, providing the customer the best and most comfortable arrangements possible. The 
scope of the contract was re-worked three times to match the effort being provided with the customer's 
available funding. 

Once the contract was executed, we could have tried to provide additional business support to the 
customer by helping him learn the job, overcoming his inexperience. This could have helped our 
retention of this project in the end. In fact, not only did we lose this project, but the project was turned 
over to a different COTR and the first one was re-assigned. 

THE PROJECT MANAGEMENT (PM) PERSPECTIVE 
From the Project Management perspective, the project went very well. Plans and schedules, including 
milestones for both customer and EDS tasks, were developed and used to track progress. Formal . 
monthly Project Management Reviews (P:rvfRs) were held with MTMC to ensure that progress was 
being made, and that all parties were kept aware of anything that might affect the schedule or content 
of the project. . 

Intermedia{e deliverables were used to ensure that MTMC understood the project status, and more 
importantly, what tpe next steps were in the development cycle. When forced to split up the project 

. '---
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into separate phases because of funding issues, each phase ended with a major task or deliverable 
milestone. This was planned by EDS to ensure that any loss of knowledge or critical resources would 
be· kept to a minimum. 

From an EDS standpoint, Risk Management was missing. There were a number of small ( separately 
insignificant) signs that perhaps someone more skilled in spotting these things would have caught. The 
lack of coordinated planning and direction across the C/S applications, an inexperienced customer 
C0TR, and lack of continuity of effort on the task were the primary signs. 

In terms of direction, each C/S application had its own Project Manager (PM), budget, staff, and 
priorities. Each was at a different point in terms of web-enabling the application, and those that had 
started were taking different approaches to the task. Our project was managed by a group that the 
government refers to as an IPT (Integrated Project Team). Basically, management by committee. 
Each C/S application had one or more representatives to the IPT. It was to this group that we 
submitted all requests for action or information. 

As changes in direction occurred, plans and schedules were updated to reflect all of the changes. 
Change was controlled by forcing all changes through the IPT, or, if there was not unanimous 
agreement in the IPT, through the P:MR process for approval. 

Getting information from all of the different C/S applications took longer than expected. Our requests 
were always secondary to the individual application efforts. More than once the EDS team was forced 
to backtrack in our design and development efforts because information that had design or 
implementation ramifications was delayed/missing/late. 

While our COTR was the chairman of the IPT, his inexperience in controlling such a group, organizing . 
the meetings, and setting firm deadlines for action items and responses were all areas of concern. As 
mentioned earlier, experienced sales and marketing support could have helped by assisting the COTR 
in organizing and performing these tasks. We are finding that in the contracting world, this type of · 
relations~ip building is critical in the development of long term customer relationships. Had we done 

. this, the COTR may not have been replaced, and we might still be on the task. 

The sub-dividing of this project into multiple phases because of monetary problems was not viewed as 
being as much of a threat as it turned out to be. In the end, they were partly to blame for our only real 
technical problem. The project was originally scheduled to be completed by the end of May, 1998. 
Because of the delays, the project ran into June, when EDS was left without access to the technical 
lead of the project. During that absence, a great deal of effort was expended on a solution that did not 
fit the target platform. By the time the error was identified, there was no time left on the contract to 
correct it. _This problem, and the lack of experience of the COTR are directly responsible for the loss 
of this business. · 

THE TECHNICAL PERSPECTIVE 
This project was initially planned and budgeted to cover the development of a web site with: 
• minimal web page development (static pages) 
• the purchasing of a COTS ( commercially off-the-shelf) software package to perform the security 

and application connection . . . 
m101mal custom code development to provide the bridge between the COTS product selected and 
the individual applications, and to support the operation and maintenance of the web site 

In the end, it was anything but that. 
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MTMC's Internet capability consisted of a number of interconnected Web pages providing anyone · 
( users, vendors, customers, etc.) with Internet access to Comman_d relate~ news, progra~ in~ ormation, 
presentations, procedures, contractor requirements, and contract mformatton. The web site did not 
provide access to any of the C/S systems. In the MTMC environment: 
• Each C/S system had its own separate link to its user base 
• Several of the applications were starting to web enable their user interface, but there was.,no 

common approach or sharing of resources (hardware or software) 
• Each of the C/S applications was independent in terms of security, access, look and feel of the user 

interface, and data collection, presentation, and retention 
• The MTMC public web site had no security from outside users (There were no firewalls) 
• Each application had its own support structure 
• Each applications had its own processes and procedures with regard to Quality Assurance, 

configuration management, change control, documentation, and training ( almost all were informal, 
undocumented processes) -. . 

Phase I 
During Phase I of the project, the primary objective was to complete the Requirements Determination 
and initial Design for the system. While the high level requirements were given, it was shaking out the 
details, given MTMC's political and C/S applications state of flux at the time, that took much more 
work than anticipated. The project staff worked in three different areas at the same time. One group 
took responsibility for identifying products / vendors that currently had products on the market to 
perform the user/application authentication. A second group was responsible for performing a site 
survey on the current environments to identify where the existing hardware and operating system 
environments would, or would not, meet our requirements. The final group worked with the customer 
to gain the detailed business requirements and then convert them into technical requirements. 

This phase of the project went almost exactly accordfog to schedule. There were some minimal in
stream changes and delays, but nothing out of the ordinary. 

The requirements were broken down into the following main items: 
• Single Sign-On (COTS): Web Enabled; Seamless Transition to Applications; Multi-thread 

Capability; Do not to impede progress on individual C/S application web-enabling projects; 
Common Look & Feel 

• Minimize Application Impact: No new software on end-user platform; Use Existing Infrastructure 
to .. extent possible; Leave control of traffic with the C/S applications 

• Security: Encryption was mandated (Army Regulation AR380-19, 1 Aug 90). However this was an 
application· issue. Placement of expected firewalls was not yet determined 

• Common Look & Feel: Seamless transition between applications; Keep user unaware of back-end · 
applications 

· The initial design ~oncept proposed was to develop the front-end processing with a single link to each 
C/S applic~tion selected for the pilot ( each application handled their own web-enabling). The front
end would perform user and application authentication, and then through a new browser window, 
connect the user to the application via a link selected by the application. Some additional help and 
informational web . pages were also to be provided. 

The methodology, used to evaluate potential MTMC "Single Sign-On" products is the same 
method~logy that EDS uses internally to evaluate hardware and software products - it is called the 
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EDS Technology Assessment Process (TAP). EDS uses TAP to evaluate all desktop, LAN and 
workgroup products. This is basically a I 0-step process, as follows: 
• -Survey the industry to develop a List of Potential Vendors (we selected 13) 
• Create an Evaluation Matrix from existing template 
• Assign weights to each item in the matrix 
• Identify "Pass/Fail" Criteria 
• Pass-I. Reduce the working list of vendors using the "Pass/Fail" criteria(we dropped 9) 
• Send the remaining vendors the matrix (less internal use fields) to complete(To speed the process, 

vendors were invited to present their product to the project team prior to completing the matrix) 
• Pass-2. Each matrix return was scored, and results placed into the master Evaluation Matrix 
• Re-evaluate Pass/Fail criteria using vendors supplied responses ( end of Phase I) 

Note: The following two steps were actually performed during Phase II of the project. The customer 
was given the opportunity to modify weighting factors, and participate with the project team in the 
"hands-on" Lab Testing. 
• Hands-On Lab Testing. All surviving products are brought into a Test Lab, installed and 

evaluated. Results of the "hands-on" testing are added to the Evaluation Matrix 
• Price Negotiations. The top two or three products t~en enter Final Price Negotiatiqns. Pricing 

results are posted to the Evaluation Matrix, which is then complete - and the Final 
Recommendation is made 

What is described is the way it is supposed to work. By the time we got to Phase II, only one vendor 
brought a product to the test lab. Luckily for us, it worked! 

Phase I of the project concluded with the delivery of the SDD, an updated OCD, and a presentation of 
the preliminary design to the customer. 

It was at this point that changes started to occur. During the first of two presentations we gave to the 
customer. on the design, it was decided that links to the applications should be made by function, not a 
.single link to each application. 

Looking through vendor-supplied literature on products performing this type of authentication, we 
were led to believe that a large portion of the process was already automated into the products. What 
we found during the vendor presentations ·was that a great deal of process was automated, but only for 
those applications that resided on compatible platform environments. This was not the case here. 
Each of the selected applications was on a different platform, using a different operating system, and a 
different database. This required a larger portion of the authentication and application connection 
being performed by custom code developed as part of the project. 

Phase II 
!he primary goal of this phase was to complete the design, coding, testing, integration, and 
implementation of the pilot web site. . 

The design was to use NetworkEnterprise Server 3.5 for the web server on a large Windows NT 4.0 
platform. All communication between the user and the ET A web server is done through a single 
Secured Sockets Layer (SSL) connection to keep recognition of an authenticated user. Arriving at the 
web ·site, the user was prompted for an ID and Password. Using an SSL connection, and the standard 
web server log-on process, users were authenticated to the web site. If the user was not authorized, 
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control was transferred to the home page qf the MTMC public web site. Otherwise, the user was 
presented with the ET A Home Page. 

Two different databases control the user presentation and authentication in the system. User 
authentication is spread between the client and server portions of the SSO COTS software. Encrypted 
private key communication is used between the client and server. Security is enhanced by the fact that 
the IP address of the client and server are used as part of this key at installation time. Should someone 
locate, retrieve, and move the client portion of the software, access to the server database of 
authentication information is denied. In addition, the database containing the authentication 
information to applications for each user is itself encrypted. Therefore, getting the database without 
the means to access it does no good. 

The second database contains data related to each link that appeared on the menu pages. This database 
is used to retrieve information each time a functional menu_ is generated and presented to a user. The 
database contains all information necessary to link to the specific application. 

Perl scripts were used to build the custom co4e needed behind the scenes to authenticate users and 
open new browser sessions for each menu item selected. Authentication had to be passed to the new 
session between the end user and the application, because once the session was created and control 
passed to the application, the ET A would no longer be a part of communication. The new window 
would be a direct link between the end user and the application web server. 

Technically, all that could be done was done to ensure the product delivered not only performed to 
specifications, ·but was also re-entrant to allow the user the abiiity to select multiple functions from the 
menus concurrently. In fact, the applications had to be tested to ensure that they all handled (however 
deemed appropriate by the application) multiple log-on requests by the same user. This was something 
that some of the applications had to add before being made available through the ET A web site. 

THE FUTURE 
Over the cou_rse of this project, two papers were written discussing the future of this project. 

The first was written while under contract to MTMC, and was provided to them. This dealt with 
political is_sues relevant at the time~ and the possible use ofLDAP as a long-term solution to some 
remaining implementation issues. This approach is currently being investigated, and we possibly, 
implemented under the current effort. 

The second paper was written as part of a Master's Degree program at the University of Southern 
Mississippi. This paper dealt with the possible use of Mobile Agent technology within the MTMC 
applications. We believe that this is something to take a serious look at, but will require enterprise
wide re-direction and business re-engineering to accomplish. This might provide solutions for issues 
like portability, scalability, reliable communications, and maintainability. It would actually eliminate 
the need for some functions to be ~ccessible through the web. 

CONCLUSION · 
We believe that technically, the design was sound. Based on the evaluation criteria agreed to by the 
customer, the implementation of the pilot was a success. Two out of the three originally selected pilot 
applications were available from the ETA web site immediately. The third was delayed due to an error 
in implementing. the application interface. 
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The problem that remained was one of perception. The perception that we as a project team failed 
came from users and customer project staff members that were not made aware of the priorities and 
criteria agreed to with the MTMC management. This was partly due to the fact that the So W-was 
written to allow for too much latitude in what was actually to be completed. We built in the flexibility 
to adjust the scope the scope as we got further into the project, but it allowed for "scope creep" to occur 
and permit expectations to become less than clear. 

While satisfying our primary customer, we failed to manage the risks associated with some of the 
business issues surrounding this project, and control the expectations of some users and application 
support personnel. 

This was the author's first web development project. It was quite an awakening to realize that in the 
current environment, all types of outside issues were lumped into the perception the customer has of 
"the application system". These included firewall design and implementation, Domain Name Server 
availability, hardware failure, network failures, and end-user system and browser configuration issues. 
We were also surprised by the difference between what (from the Industry publications) is claimed to 
be current technology, and what is really what we would call "production ready". There were very 
large differences between what I assumed to be stable solutions and reality. Based on this experience, 
so much is changing so fast, that by the time is what we. would consider stable, it is no longer 
considered current. The big problem is that this phenomenon will just get worse as the speed at which 
the technology is changing continues to get faster. 
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USING O.R. TECHNIQUES TO DETERMINE FOOTBALL STRATEGY 
David Kohler 

San Francisco State University 

ABSTRACT 
This paper suggests that, by a process of gross approximation and aggregation,_ it mighrbe 
possible with O.R. techniques to determine a strategy for an "average" American football game. 
This strategy, while far inferior in an overall sense to the strategy a human coach could produce, 
nevertheless is superior in one aspect: it can probabilistically assess the future implications of 
each decision; that is, it can plan further ahead. If this method were to be implemented it might 
reveal areas in a coach's game plan where improvements might be made. 

INTRODUCTION 
This paper describes a way of planning the basic strategy for a football game. The method -

is very crude and theoretically simpl~ (perhaps even naive and fanciful), 
requires enormous computing resources (which, nevertheless, an NFL team could surely 
provide), 
is useful only in the early and middle part of the game when the score is fairly level, 
does not specify which individual play should be used in a given situation; rather, it specifies 
a group of plays (called & "call group") from which the individual play should be chosen by 
the coaches, and 
is intended to be merely a basis upon which the coaches can plan the game in detail. 

It has only one advantage over a human coach: it can plan further ahead. 

The word "strategy" is used here in the game theory sense; for each situation that might occur in 
a game, the method determines a set of plays (or, rather, "call groups") which might be used in 
that situation, together with a corresponding set of probabilities of using those call groups. We 
describe the method below as a series of steps. 

TERMINOLOGY 
We use the word call to denote the Formation and Play, as explained in Figure 1. 

Call 

Formation Play (Series/hole) 

Power Off-
Tailback carries ball off-tackle, 

Offense I 
Tackle 

through hole created by lE, FB and 
. pulling weakside guard 
Send strongside OLB to pick up ball 

Defense 34 Sky white carrier. Strong safety fills off-tackle 
hole. 

Figure 1. 

I 
'---.. 
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STEP 1 
The purpose of this step is to dramatically reduce, by elimination and aggregation, the number of 
calls to be considered. 

First, we eliminate from consideration all unusual calls, rarely used calls, surprise calls, 
desperation calls, and calls designed specifically to attack or defend when in the Red Zone -
from any formation. These calls can be inserted into the game plan later by the coaches. 

Then we group similar calls into call groups. An offensive call group is a group of calls that are 
similar with regard to point of attack and key positions involved. For example, one call group 
might consist of off-tackle plays from a Brown, Red or I formation where the halfback is the ball 
carrier. Similarly, the calls in a defense call group are all designed against the same point( s) of 
attack. 

Our method plans the game strategy in terms of call groups. The human coaches would then 
need to choose the individual call(s) to be used from each call group. 

One hopes it might be possible to arrive at a set of 40 offense and 15 defense call groups that 
cover the vast majority of "regular" calls that might be used in a game. 

STEP2 
This step estimates the probability distribution of yards gained for each pair of offense and 
defense call groups the two teams might employ on a down. (In this crude method we ignore the 
possibility of turnovers.) 

Obviously, it is not possible to do this for a specific game because there is not enough data on the 
two teams involved. However, over the years each NFL team has acquired an enormous amount 
of data. Each team's data base contains the details of every down of every game the team played. 
Also, before each NFL game, the two teams exchange the films of their three most recent games 
and these too are recorded in detail in the data base. A team that has been in the NFL ten years 
will have acquired at data base of at least 75,000 downs. 

This data base can be used to estimate the probability distribution of yards gained for each pair 
of offense and defense call groups, when two "average" teams play each other. That is, for each 
offense call group versus each defense call groups ( a total of 40 x 15 = 600 combinations), we 
determine the probability distribution of yards gained, based on how these two call groups have 
performed against each other historically. · 

STEP3 
Next, we simplify the game itself by assuming that a game consists of 120 downs, not one hour 
of elapsed time. A typical game does consist of about 120-140 downs. This assumption is 
necessary in order to frame a football game as a Markov decision process. The removal of time 
as a consideration in play selection implies that the strategy we develop for the last few downs of 
a game is of no use whatsoever. Our strategy will only be relevant in the early and middle stages 
~a~f · 
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STEP4 
Consider the last down of the game (down# 120) between two average teams, which we will 
refer to as I and II. Also, ~ssume the game is in the following state which we will refer to as state 
s: 

• Team I has possession. 
• Team I is 4 points behind. 
• The ball is 4 yards from Team II's goal line. 

Recall our assumption that these two teams perform as well as an average NFL team has 
performed over the last ten years. Clearly, Team I can win the game only if it gains at least 4 
yards on this down. If it were to use a particular offense call group, say an off-tackle play, and 
Team II were to use a particular defense play, say Sky White, we can compute the probability of 
Team I's winning the game on the basis of the probability distribution derived in step 2, for this 
pair of call groups. 

STEPS 
By repeating Step 4 for each of the 40 offense call groups at Team I's disposal versus each of 
the15 defense call groups available to Team II, we can obtain a matrix of probabilities of 
winning the game when the game is in state s on the last down of the game - see Figure 2. 

1 
2 

Defense 3 
4 
5 

call o 

Figure 2 

Offense call Groups 
1 2 3 4 So o o o o o o o o o o o ~ ~~ 

t---------t--+-------------~ 
o t---------t--+-------------~SkyV\lhite 

Groups 0 

STEP6 

0 

0 

0 

14 
15 ---------L--.1-------------__J 

The next step is to develop an optimal strategy for Team I when in states, using von Neumann's 
conservative, strategy. Assume that in this situation Team I uses call group j with probability pj, 

L 
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and Team II uses defense call group i with probability Qi- As is well known, the conservative 
strategies of both teams are obtained from the optimal solution of the following linear program: 

p1 ~O, for j 

LP1= 1 
j 

L aif ~ v for a/Ii 

Maximize v 
Team I and Il's optimal strategies are the primal and dual solutions of this linear program, 
respectively. The variable v represents the probability that Team I will win the game from states 
on the last down of the game. 

STEP7 
In this step we reduce the size of the state space by means of reasonable simplifications and 
aggregations of states that are known, from the practice of the game, to require similar strategies. 

On any given down, the state of the game is described by these factors: 
• Possession 
• Field position ( distance from trailing yard marker to defending team's goal line) 
• Down 
• Distance 
• Score Difference (Team I's score minus Team Il's score) 
• Hash Mark 

It should be pointed out that human coaches cannot deal with such an infinite state space and 
consequently must reduce _it to categories such as : 

: • Attacking in the red zone (within 20 yards of opponent's goal line) 
• Defending our goal line 
• 3rd or 4th and long (8 or more yards) 
• 3rd or 4th and short (3 or less yards) 

One assumes that the game strategy would not be distorted excessively if the state space were 
limited in the following way_s. Notice that this categorization is not as crude as that adopted by 
human coaches. 

• Field Position: 96, 80, 60, 40, 28, 16, 10, 6, 4, 2 (IO possibilities) 
• Down and Distance : 

Down 
First 
Second 
Third 
Fourth 

Distance Number 
10 I 
16, 12, 10, 8, 6, 4, 2 7 
16, 12, 10, 8, 6, 4, 2 7 
16, 12, 10, 8, 6, 4, 2 6 

Total possibilities 21 
• Score difference: -21, -14, -10, -7, -3, 0, 3, 7, 10, 14, 21 (11 possibilities) 
• Hash Mark: Middle (1 possibility) 
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Certain of the 15 Down and Distance categories are not possible in certain Field Positions. In 
fact, the total number of possibilities· of Down and Distance & Field Position is 180. Therefore, 
the total number of states is 2 x 11 x 180 = 3960 on every down except the last one. On the last 
down of the game, Down and Distance are irrelevant so the total number of states is only 22. 

STEPS 
In this step we repeat the computations of Step 6 on each of the 22 states that .might occur on the 
last down of the game. This means that on each down of the game it is necessary to solve an LP 
of 41 variables arid 16 constraints for each of the 22 states. 

· When this step is complete, we will have for each of the 22 states : 
• the optimal conservative strategy { pj} to be used by Team I, and 
• the probability that Team I will win the game from that state, v. 

We will refer to these 22 states the key states for this down. 

The { pj } and v for some other state, say state t, can be estimated as an appropriately weighted 
combination of the { pj } and v of the key _states that are closest to state t. An example will make 
this clear: Let us suppose that the game is in this state : 

State t : Team I has possession, the score is even, and the Field Position is 20. 
The key states that are closest to state t are : 

State t' : Team I has possession, the score is even, and the Field Position is 16. 
and 

State t" : Team I has possession, the score is even, and the Field Position is 28. 
State t is not a key state but it is between states t' and t", and its field position is 4 and 8 yards 
from states t' and t", respectively i.e. state tis one-third of the distance from t' tot" . Therefore, 
we may reasonably make these approximations : · 

pj = 2/3 p'j + 1/3 p"j for all j, 
v=2/3 v' + 1/3 v" 

STEP9 
Next we take the dynamic programming (or value iteration) approach of working backwards 
from the· end of the game. 

First, we repeat Step 8, but for the 119th down of the game. Essentially, the process is the same as 
Step 8 but with these differences : · 

(a) Down and Distan_ce becomes a factor, which expands the state space to 3960 states. 
This means that on each down of the game it is necessary to solve an LP of 41 
variables and 16 constraints for each of 3960 x ½ = 1980 states. We need only 
consider half of the 3960 states because the LP solution for each states also provides 
the solution for the complementary state in which the teams are switched. 
Nevertheless, this is a very large computational problem, but not a totally impossible 
one. 

(b) For each state we compute a matrix of values, similar to the matrix shown in Figure 2 
but the computation of the elements of this matrix is much more complex. The 
~lement.aij of the matrix for states represents the probability that Team I will win the 
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game from this state if it uses its r call group and the other team uses its ith call 
group. We let : 

- T be the set of all states t that can be reached from state s on the next down of 
the game, 

- Vt be the probability that Team I will win the game if the game is in state ton 
the next down, and 

- P(s,t) be the probability of reaching state t from states. 
Then, 

aij = L v,.P(s,t) 
teT 

We repeat this step for the 118th down, then the 117th down, and so on, until the value matrix and 
strategies do not appear to change very much from down to down. 

This final set of strategies is the one that applies to the early and middle stages of a real game. 

CONCLUDING REMARKS 
This model was implemented for a football board game in which the offense could ·only choose 
from 7 plays and the defense from 3 plays. The outcome of each play was determined by a 
random number ( the throw of two dice) and a translation matrix that converted the random 
number into an outcome of yards gained and, possibly, a turnover. The game was fairly realistic 
in that the outcomes depended on the strengths and weaknesses of the teams and on the plays 
they selected. Our computer model was unbeatable at this game. 

Whether a larger model will ever be built seems unlikely. Nevertheless, it is an interesting 
prospect to contemplate - for the author, at least. 
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In this paper, forecasting models are developed to predict the number of service difficulty reports 
(SDRs) for aircraft structural component groupings. One of the databases maintained by the 
Federal Aviation Administration (FAA) is the Service Difficulty Reporting (SDR) system. It 
provides FAA inspectors with data on equipment inoperability and assists in the evaluation of 
safety and maintenance programs. The nonlinear modeling capability of artificial neural 
networks is used to develop SDR trending models for four major structural component groupings 
for two different aircraft operators. 

Key words: Neural networks, aviation safety. 

1. INTRODUCTION 

The Federal Aviation Administration (FAA) in the United States is responsible for regulating 
aircraft traffic and safety. A significant increase in domestic air traffic coupled with an aging 
population of aircraft has led the FAA to initiate new aircraft safety research effort. These efforts 
are .intended to provide the FAA's Aviation Safety Inspectors (ASis) with the means to evaluate 
and control appropriate surveillance levels for aircraft operators. Most automated analytical tools 
that are available today are based on statistical analyses and as such are reactive. Artificial neural 
networks,' on the other hand, represent a promising analytical alternative that might bridge the 
gap between statistics and a tool that increases the ASI' s effectiveness and proactiven~ss. · As 
s-qch, this paper explores the application of a mature technology to a novel problem domain. 

One of the FAA' s databases is th~ Service Difficulty Reporting (SDR) system. It provides FAA 
inspectors · with reliability and airworthiness statistical data necessary for planning, directing, 
controlling, and evaluating certain assigned safety and maintenance programs. Estimation of the 
total number of SD Rs in a giv~n time interval that a particular airline would be expected to have, 
stratified by structural aircraft component groupings, could help to identify situations in need of 
heightened level of surveillance by the F AA's safety inspectors. An excessive number of SDRs 
in a given time period could suggest mechanical, operating, or design problems with certain 
aircraft, while too few SDRs reported in a given time may could suggest organizational or 
management prnblems, lack of regulatory compliance, airline maintenance cutbacks, or financial 
or labor problems. Both situations would merit closer scrutiny by FAA safety inspectors. 
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• In this paper, forecasting models are developed that predict the number of SDRs for aircraft 
structural component groupings, referred to as ATA (Air Transportation Association) Chapters. 
This study uses data from two specific operators with homogeneous fleets (i.e., all 737 aircraft). 

· It is an extension of previous SDR forecasting research [I, 2] in that it stratifies ·forecasts by 
structural component groupings. 

2. NEURAL NETWORKS 

Neural network technology mimics the brain's own problem solving process. Just as humans 
apply knowledge gained . from past experience to new problems or situations, a neural network 
takes previously solved examples to build a system of "neurons" that make new decisions, 
classifications, and forecasts. Neural networks look for patterns in training sets of data, learn 
these patterns, and develop the ability to correctly classify a new pattern or to make forecasts and 
predictions. Neural networks excel at problem diagnosis, decision making, prediction, and other 
classifying problems where pattern recognition is important and precise computational answers 
are not required or structural models are unknown or too complex [3, 4]. 

Neural networks can be distinguished between continuous-output and classification networks. 
Which one to use is determined by the underlying problem. In this research, we have used a 
classification neural network since the knowledge of the exact number of SD Rs expected is not 
as important as knowing whether the expected SDR count is high versus low versus average. 
Further justification on this decision is given later in Section 3 .2. A popular classification 
network is the Probabilistic Neural Network (PNN) [5]. In this research, we utilized the 
NeuroShell 2 software to construct and evaluate neural networks. 

3. DATA DISCRIPTION 

The variables that are thought to be logically related to the SDR analysis, and were found to be 
statistically relevant in previous studies [I, 2], can be divided into five classes: 

(J) Fleet information: Statistics regarding the fleet of a particular carrier. Includes the fleet's 
size, the fleet's composition, the fleet's average age, the fleet's operational region, and the fleet's 
usage, such as average number of cycles per month and average flight time per cycle. We 
utilized the fleet size. 

(2) OPS (Operations) Surveillance Results: Assessment of the results from all operations 
surveillances performed on an aircraft operator. Operations surveillances focus on an operator's 
procedural knowledge to fol!ow safety regulations and the performance abilities of the crew. We 
utilized both, the total number of operations surveillances and the number of unfavorable 
operations surveillances. 

(3) AW(Airworthiness) Surveillance Results: Assessment of the results from all airworthiness 
surveillances performed on an aircraft operator. Airworthiness surveillances focus on the 
maintenance-related aspects of safety. We utilized both the total number of airworthiness 
surveillances and the numbe~ of unfavorable airworthiness surveillances. 

(4) Event information: Numerical and narrative information about any event as defined by FAA 
regulations. These regulations distinguish between accident, incidents, and occurrences. The 
distinguishing criterion is the severity of the event. In our study, we utilized the number of 
accidents, number of incidents, and number of occurrences. 
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(5) SDR information: Numerical and narrative information about submitted SDRs as described 
above. In our study we utilized the number of SDRs by ATA Chapter code. 

All counts as utiiized in this study are monthly aggregates. 

4. DATA PRE-ANALYSIS AND CONSEQUENCES 

From previous studies it is known that best results are achieved for carriers with homogeneous 
fleets. This is true . because focusing on homogeneous fleets eliminates effects related to fleet 
composition. Therefore, the current study analyzes the same two carriers as in the previous 
studies, both with homogenous B-73 7 fleets. 

In order to avoid the above-mentioned problems with data scarcity due to the disaggregation of 
the SDRs by AT A Chapter codes, and in order not to divert attention from the concept, we have 
focused only on SDRs with the four most frequent ATA Chapter Codes in our data. These were: 

• 53 -Fuselage • 52-Doors • 33 -Lights • 57 - Wings 

The study period was chosen according. to data accessibility, resulting into a five-year period 
form March 1993 through February 1998. 

In order to construct an effective and more accurate neural network, a forecast of actual numbers 
of SDRs was not intended, nor is it possible or meaningful. Such a forecast would obviously be 
unreliable and without practical use. Instead, categorizing numbers of SDRs (by AT A Chapter 
Codes) into High (H), Medium (M), and Low (L) will yield more useful information. To this 
end, for every AT A Chapter Code ( and each of the two considered aircraft operators), the 
number of SD Rs was plotted over the five-year study period. A trend-line was computed, and the 
deviation of the actual numbers of SD Rs from the trend was used to compute a sample standard 
deviation. The residuals of the actual numbers relative to the trend-line (the linear fit) roughly 
resembled a normal distribution. Thus, with the trend-line as a function of the expected number 
of SDRs over time, the computed standard deviation, and the assumption of a normal 
distribution, the data was categorized as follows. Two more trend-lines ( an upper trend-line Tu 
and a lower trend-line T1) were computed such that statistically 33 .3% of all observations fall 
above Tu, 33 ;3% fall between Tu and T1, and 33.3% fall below T1., as depicted in Figure 1. 

Figure 1. Categorization of SDR counts into H, M, L 

Categorization of SOR Counts 

Tine 

Since the number of unfavorable surveillance inspections is only meaningful with respect to the 
total number of surveillance inspections, these two variables were combined to define one new 
variable, the percentage of unfavorable inspections (for operations and airworthiness). 
Fur:thennore, the numbers of incidents · and occurrences were c-ollapsed since the distinction 
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· between them is not always clear and sometimes confused during reporting. In order to account 
for first and second order time effects, the data has also been lagged one and two months. In 
.order to level the effects of data spikes, data were once analyzed using actual monthly dat~ and 
then a second time by using three-month moving averages (MAs) instead. 

5. THE NEURAL NETWORK (NN) MODEL 

As suggested by the data and the underlying phenomenon, SOR counts were categorized. and 
supervised Probabilistic Neural Networks (PNN) were selected, trained, and tested. Experiments 
with different network architectures did confirm that best results are achieved with PNNs. 

For comparison, the data were not categorized in H, M, Land three continuous-output network 
architectures were tested: a three-layer standard backpropagation neural network (BPNN), a 
Jordan-Elman recurrent BPNN, and a General Regression Network (GRNN). All three 
architectures were tested on raw SDR counts, but none produced reasonable results. 

The PNN analysis has been divided into two separate parts, one for and with actual monthly data, 
and one for and with smoothed ( three-month MA) data. In each of these two parts, the two 
considered aircraft operators have been analyzed separately. For each of the two operators, the 
four most frequent AT A Chapter Codes have been considered separately. For each of these four 
ATA Chapter Codes, three separate NNs have been trained and tested, one with a forecast 
horizon of one month, one with a forecast horizon of two months, and one with a forecast 
horizon of three months. Thus, altogether 48 different NN s have been trained and tested. 

All neural networks have a set of 21 inputs and 3 outputs each. The inputs are: 

• Fleet size for months t, t-1, t-2 
• Percent unfavorable OPS surveillance for months t, t-1, t-2 
• Percent unfavorable AWS surveillance for months t, t-1, t-2 
• Number of accidents for months t, t-1, t-2 
• : Number of [incidents+ occurrences] for months t, t-1, t-2 
• Three indicator variables for the category of SDR count (H,M,L) 

for months t-1, t-2 : 

The outputs are: 

• Three indicator variables for the category of SDR count (H,M,L) 

(3) 
(3) 
(3) 
(3) 
(3) 

(6) 

(3) 

The 24 neural networks developed for the actual monthly data and the 24 neural networks 
developed for the smoothed ·(three-month moving average) data differ only in that the former use 
ac~ual data for the inputs and outputs while t~ later ones use smoothed data for all inputs and 
outputs. Each of these 48 data sets had 52 patterns total, corresponding to the 52 in the five-year 
study period. Note that the first four and the last four months had to be truncated due to three
month averaging and data lagging. 

Each of the 48 data sets has been divided into training, test, and production sets. A division of 
60% (training set), 20% (test set), and 20% (production set or unfit data) was made, and resulted 
into 32, 10, and 10 patterns, respectively, for the training, test, and production sets. The actual 
selection of patterns was random since experiments with the selection indicated no crucial 
sensitivity and random is deemed the best choice in absence of other reasoning. However, in 
order to allow for comparison among the 48 models, the same randomly chosen pattern division 
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was applied to all 48 models. Furthermore, the neural networks were robust to changes in the 
default parameters. Thus default parameters were used for the training of all 48 models. 

6.RESULTS 
After training, each one of the NNs was applied once to a set of all patterns and once to the 
production set only. Figures 2-5 summarize the results of the 24 predictive models for the 
smoothed (three-month MA) data applied twice, once to the pattern set -and once to the 
production set. There are another 24 predictive models for the actual (not smoothed) data, but the 
results are not shown here. 

Since all the models are classification networks, standard measures of prediction accuracy, such 
as the Mean Square Error (MSE) or R2, were not computed. Instead two other measures of 
prediction quality were defined: 

• Success Rate S _Rate :=(# of correctly classified patterns) 
(total # of patterns) 

• a-Value of rejecting the neural network as a random generator 
This performance measure builds on the theory of hypothesis testing. In hypothesis testing, a 
type I error is committed if a null-hypothesis is rejected when it is, in fact, true. The 
probability of committing this type of error is commonly denoted by a.. In other words, a. is 
the probability that the observed results could have occurred under the null-hypothesis. In our 
case, the null-hypothesis is the hypothesis that the neural network is a random generator that 
picks any predicted value at random out of the possible output value domain (H, M, L). Then, 
under the null-hypothesis, the probability of picking k out of n output values correctly, is 

a=(:}(½J-(ff-'l 
Figures 2-5 summarize the prediction quality of the NNs for the smoothed (three-month MA) 
data (st~atified by ATA Chapter Code, by Forecast Horizon, and by Operator). Each table 
summarizes the quality of the three forecast horizons (t+ 1, t+2, t+3) for each of the four ATA 
Chapter Co4es. The top row indicates how many predictions are accurate for the respective NN 
model. The bottom two rows indicate the prediction quality of the respective model with regard 
to the above-defined performance measures of the prediction quality. Figures 2-3 summarize the 
prediction quality on the pattern set, Figures 4-5 on the production set. For example, Figure 3 
summarizes the prediction results of the NN s on the pattern set for Operator B with smoothed 
(three-month MA) data. The NN for ATA code 33 and a two-month forecast horizon, for 
_instance; classified 45 out of the 52 patterns correctly, corresponding to a 87% success rate and a 
zero probability that such accuracy could have been randomly achieved. 

Figures 2-3: Correct NN Classifications for Pattern Set and Smoothed Data 
0 erator B - Pattern Set - 3 Month MA 

number or correct c,...lflcatlon: 
42 4,3 .. 45 ... '7 .. 41 50 51 52 ATA 41 42 43 44 45 ... 47 .. 41 50 51 52 

t+2 t+3 t+t 53 t+t t+3 t+2 
t+3 t+2 t+t n t+2 t+3 t+t 

t+2 t+t t+3 57 t+2 t+t t+3 
♦ ♦ ♦ ♦ ♦ ♦ 

M•: 71% 11'11, 13% 15'11, 17'11, 11'11, '°" 12"4 14'11, N'II, 11'11, 
« -Err: 

100'A, 11'11, 13% 15'11, 17'11, an. IO'II, 12"4 M'II, N'II, .... 100'II. 

Fig,ures 4-,5: Correct NN Classifications for Production Set and Smoothed Data 
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tor A - Production Set - 3 Month MA 0 erator B - Production Set - 3 Month MA 
number of correct claalflcaaon: number of corn,ct claNlflcatlon: 

1 2 3 4 5 I 7 I t 10 ATA o 1 3 4 I 7 I t 10 
t+3 t+2 t+f 53 t+f t+3 t+2 

t+3 t+2 t+f 33 t+3 t+2 1+1 
. t+3 t+f t+2 57 t+2 t+3 t+f 

Mate: K 10% 20'll, 3K 401, SO% IO"JI. 700. IO'llt tn. 100% 
a. -Err: 

As indicated above, the neural networks were robust to changes in the default parameters, and 
not sensitive to the selection of training, test and pattern sets, suggesting that the underlying 
problem is learnable and that the NNs were able to learn variable associations. The two 
prediction quality ·measures do further indicate existence of relationships in the underlying 
process as well as the capability of the neural network to recognize those relationships. Note that 
the success rate expected by a random generator is only 33.3% (not 50%). Further it can be 
observed _that the forecast quality generally decreases with increasing forecast horizon ('t+ 1 ' -
fields are predominately on the left, 't+2' -fields in the middle, and 't+3 '-fields on the left-hand 
side of the figures) . This is in agreement with what is to be expected of forecast models. 

7. CONCLUSIONS 
In this paper, forecasting models are developed to predict the number of service di(ficulty reports 
(SDRs) for aircraft structural component groupings. The results show that NN technology is a 
powerful analytical tool, capable of ad-hoc modeling of complex relationships. These NN 
models can be obtained without the necessity of having a structural model of the underlying data 
generation process at hand. For data with random spikes and outliers, as in the underlying study, 
Probabilistic Neural Networks (PNNs) are most appropriate and will yield best results for 
classifying data patterns. 
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Abstract 

Neural Network in Business Application 
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Hattiesburg, MS 39406-5106 

Business opportunities often depend on finding useful groupings of clients, detecting advertising that 
works best for certain customer segments, determining manufacturing and product storage strategies are 
optimal, and predicting the rise and fall of pertinent financial markets. Techniques from intuition to 
statistics are applied to such tasks until the number of distinct driving factors becomes unmanageable. In 
such complicated situations, neural networks can be of a ·great help. This paper describes the steps of 
employing neural network to business applications. It demonstrates an example in buyer s~lection of 
direct marketing. The paper also shows how this approach's contrasts to the two-pass logistic regression 
and expert systems. · 

Introduction 
Business opportunities often depend upon . finding useful groupings of client, detecting advertising that 
works best for certain customer segments, determining what manufacturing and product storage strategies 
are optimal and predicting the rise and fall of pertinent financial marketing. Techniques from intuition to 
statistics are applied to such tasks until the number of distinct driving factors becomes unmanageable. 
Biological systems, however~ deal well with multiple inputs, contradictory information, and missing in 
promptly assessing threats and opportunities. Therefore, methods that can emulate the brain's abilities in 
pattern recognition and control might be expected to provide great value in selected business applications. 

Neu·ral networks, which are based on a nonlinear ,computing technology, excel at complex pattern 
recognition and prediction. Rather than simply grouping customers or prospects into broad segments or 
subgroups, neural networks quickly learn to distinguish specific patterns of behavior and relate these 
patterns ~o known outcomes for the behavior being modeled. Once a neural network is trained to 
recognize the patterns associated with a behavior, to records where outcomes are not known. Because 
these scores are assigned on a case-by-case basis, a neural network can easily identify those people who 
do not "make the cut" in the linear calculations of traditional segmentation techniques. The end result is 
that neural network models are at least as good as - and when relationships are complex or nonlinear, is 
far better ~ than those generated by other modeling strategies. . 

What will Neural Network Help for Business Applications 
While using neural network techniques in. business applications, it can enable you to: 
• · Differentiate between prospective buyers and non-buyers, drastically reducing the amount of money 

previously wasted pursuing non-buyers. 
• Distinguish between single-time buyers and multiple-time buyers so that you can market to them 

accordingly or use what you learn to find ways of converting single-time buyers to multiple-time 
buyers. 

• Identify people who are likely to lapse from a program so that you can use what you learn to offer 
them special incentive to stay. . 

• Identify potential new markets and quickly respond to changes in the current market by being able to 
spot new trend. . 

• Launch new products and services more effectively. 
• Identify cross-sell and up-sell opportunities. 
• Detect whether an event such as fraud has occurred. 
• Providing, greater, certainty in assessing risk and predicting customer behavior which is useful for 

decision making. ' 
! • 
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. • Risk Estimation of Investment 
• Forecasting Currency Exchange rates 

The Architecture of Neural Network 
· Unlike other information · processing technologies, neural networks actually learn by generating 
knowledge in the form of weighed relationships. This learning process is based on mathematical 
algorithms that "adapt" or change network connection weights in response to example inputs and known 
outcomes. 

The following is a simplified representation of a neural network. It has three layers of nodes arranged in a 
tree structure, which are th~ input layer, hidden layer and output layer . 

..... 
:1 + 
l> 

u ·• 

• xj 

The nodes in the input layer are passive, meaning that .they do not perform any computations. Because 
they serve only to accept data from an input record, the number of input nodes is always equal to the 
number of variables used in a model. Each input node is associated with a network connection weight. 
These weights, which change with respect to a variety of input patterns, connect each of the input nodes 
to each of the nodes in the ne~1: higher layer, which usually is referred to as the hidden layer, which is also 
called the feature-detection layer because this actually is its function. The number of hidden nodes is 
always at least two and increases as the number of input node increases. 

Each hidden node . gets its value by performing an internal activation which is the sum of the pair-wise 
products of each inputs and its respective connection weights: 

(lxW0)+(X1 x~)+(X2 xW2 ) +(X3 xWJ+ ... +(Xn x Wn) 
then passing this activation through a nonlinear transfer function. Each hidden node has a different value, 
even though it receives the same inputs, because each hidden node has a different set of connection 
weights. This is how the neural network learns the features within the data, with the weights of each 
hidden node adjusting to learn about a particular behavior pattern. 

The third layer is the output layer. It gets its value by summing the values of the hidden nodes, after 
multiplying these values by another set of connection weights, and then passing this activation through 
yet another nonlinear transfer function. The value of the output node, which is always between O and 1, is 
the neural network score assigned to the given input record. 

L~arning Procedure and Rules ·_ 
Neural network learning procedures involve adjustments to reinforce helpful neural weights and biases, to 
reduce the negative impact of improper settings, or to minimize the overall error level of the network. 

A neural network begins the learning process with a guess for each network connection weight. The 
preprocessed data in a carefully selected training sample is fed through the neural network and network 
outputs are computed. Because the outcome for each record is known, the neural network is able to 
subtract the network output for a record from its actual known outcome to produce a network error. The 
measured errors for the network is the root mean square (RMS) of the network errors produce a record 
set, the neural network adjusts the network connection weights. It then randomly selects another record 
set and measures the RMS error again. By watching whether the RMS error increases or decreases, the 
n~u~ _network knows how to adjust the connection weights for the next record set. The training goal is to 
mm1m1ze the measured network error over the entire set of data in a training sample. 
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A · common form of supervised learning in a layered feed-forward network is the Delta Ru~e. The 
difference or delta between the desired and actual output is calculated for each output neuron. This error 
difference' term th~n is used to change · the weight for connections back from the output neuron to its 
predecessor neurons. The magnitude of this weight change is the product of the error, the strength of the 
stimulation from the connected predecessor, and a learning-rate parameter. If all of the weights are 
changed in this manner, then the answer in a subsequent trial with the same input will give less error. 
After the procedure of modifying the weights of connecting neutrons, the net then is said to be learning 
the desired output for this input pattern. 

The Delta Rule, which is also called Widrow-Hoff learning, is ~Wki = [ 8k ]x;17 
It is the weight update formula, where: [ok] = [(tk -ok )]=error in the kth neuron's activation. tk is the 
target or desired activation of neuron k in the output layer, ok is the actual activation of output neuron k, 
xi is the ith neuron's activation from the prior neural layer, 1J is a learning rate parameter. 

How to Employ Neural Network Technology in Business Application 
In order to employ neural network technology, there should be several steps: 
1. Get a lot of input situational data and preprocess . 

a. Take a broad-brush overlook. Is anything new or really different? Should attention be paid to the 
situation? Is there opportunity or danger? . 

b. Carefully compare the current situation with historical records and business knowledge. 
2. Put the data through a category sifter- eliminate redundancies and reinforce commonalities. 

a. Reducing the number of key features or variables helps to focus attention. 
b. Clustering depends on the internal redundancy and co-relations in the input data. 

3. Build up efficient neural network model and train it up 
a. According to the actual requirement (time critical?, accuracy requirement?, the number of input 

factors, stability requirement?), select a proper neural network model. 
b. Use the selected large amourit of data to feed up the neural network. 
c. Test the stability and accuracy of the network and until it meets the requirement. 

4. Build up connection with the trained-up neural network model and the business application and 
business database. 

5. Putting neural networks to work in real business environment. 

In the procedure of implementing neural network technique in business application, selecting proper 
choice of neural network model is very important. The choice of the type of network and its type of 
implementation is based on the nature of the application, the nature of the data and performance 
consideration. The table gives an indication of the types of network suitable for different business 
applications. · 

Neural Network Model 
Application Back-propagation Hopfield Botzmann · Kohonen 

machine 
Classification • • • • 
Behavior • • 
Analysis 
Decision Making • • • 
Optimization • • • 

Neural Network for Business App- An example in Direct Marketing 
To demonstrate how effective neural networks are, the following is an example of neural network 
technique used in direct marketing. 

A direct-mail company wants to select the potential buyers, who are likely to respond to a direct mail 
offer, from a large amount of customers and then post some advertisement information to them. The 
challenges are how to pick and choose the individual people who are most likely to respond, regardless of 
what segment or subgroup they might be associated with. Successful direct marketing is more than a 
numbers game. It requires a keen understanding of people and their motivations. The answers to the 
questions- "Exactly who will respond?", "To what degree will they respond?", and "Why will they 
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respond?" are in the business database. Yet, ironically, the more extensive the data that are collected in 
the database, the harder it can be to transform it into useful information about individual prospects and 
customers. The increasing inputs or fields will affect greatly the decisions. 

In this case, there are three methods that are usually used to tum the data into useful information. 
1. Using two-pass logistic regression: 
Using the two-pass logistic regression, one of the most popular statistical methods, firstly, we should find 
the best way of classifying your audience into two segments and then limit the amount of errors by 
identifying a second plane that intersects the first. The graphic representation of this problem appears in 
the following figure. The gray areas show sections of the population that were incorrectly classified by 
this statistical method. The existence of these areas shows that because the statistical method is linear and 
the pattern is nonlinear. · 
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2. Using an expert system 
Expert or knowledge-based systems are based on rules that define the characteristics of the subject. The 
rules governing the process for this particular example are summarized as follows: 

If Age> A2 and I 1 <Income and Income<l3, then mail. 
If A 1 <Age and Age<A2 and I 1 <Income and Income<l2, then mail. 
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The graphic representation showed below is the selection using an expert system. We can find out that the 
rectangular boundaries resulting from the if-then rules of an expert system still result in segments that are 
overlooked. The reason is what we get from rules are still getting linear blocks. 

3. Using a neural network 
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· The following figure shows th~ nonlinear, curve-fitting solution that a neural network provides for this 
direct mail example. Even though a few buyers were overlooked and a few non-buyers were selected, the 
neural network's solution is much better than those provided by the other two methods. 

We can see how this last set of characteristics closely matches the basic nature of direct-marketing 

-a· ·JLy~rs 
. ~ - - Non bu)'C'S 

applications. Because there are no hard l?oundaries that limit where neural networks can look to find the 
next buyer, we can pick up pro3pective buyers who otherwise would have been left out, and we eliminate 
those people who are the most unlikely to purchase, even though they happen to be appeared in a 
promising segmerit. 

Typically, overall improvement over statistical methods and expert systems in a direct marketing 
application is between 8% and 15%, which is substantial in terms of potential revenues. 

4. Summary 
Two-pass logistic regression uses linear boundaries on heuristically determined, non-overlapping subsets 
of data. This statistical method is best used when: 

• Information flow is sequential 
• Large volumes of data exist 
• Information is rather st:able 

Expert systems uses if-then rules to create rectangular boundaries, best used when: 
• The domain is well understood 
• Rules and facts are dominant 
• Explicit rules can be formed 

Neural networks use adaptive learning algorithms to get nonlinear boundaries, best used when: 
• The domain is dynamic 
• Judgment is required 
• · No explicit rules can be formed 
• Time is critical . 
• The application is highly interactive and has multiple constraints 

From above example we can see how this last set of characteristics closely matches the basic nature of 
direct-marketing applications. . 

Successful Story of Neural N~twork in Business Application 
In a big supermarket corporation in United Kingdom, they use ''Neural Network for AS/400" as their 
business analysis tools to analysis the behavior of customers. 

· After analyzing a huge amount of business data in thousands kinds of goods and customers with the 
technique of neural networks, the business application shows out that a strange underlined rules - ''The 
baby's diaper and beer are we!l sold to young man in the weekend." With the hint of the rule, the sales 
managers found out ~he ~eason of the strange customer behavior. In England, most of young men have to 
take care of, the babies m the weekend, because they don't want to lost their face, they pretend to buy 
some beer as their main propose to supermarket and buy the diaper just by the way. The sales manager 
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made up the sales strategy -"decrease the price of beer and greatly increase the price of diaper."- for the 
young men will not care much for the price of diaper but they care for the price of beer. The strategy 
attracted more customers. They are successful and achieve great revenue. 

There are many other successful examples, including analyzing the Standard & Poor's bond prediction 
risks financial classification and so on. Because neural network product offerings run a wide range of 
capabilities, reliability and price, many companies are beginning to research and develop and selling such 
types of products. 

Existing Issues and Limitation 
There are following main issues and limitations for neural network in business applications: 

1. There should be enough situational data for neural network training. 
2. A proper and stable network model and algorithm 
3. Inability to explain any results that they obtain. Neural networks operate as 'black boxes', 

whose rules of operation are completely unknown. 
4. It is hard to measure the quality of neural network performance. When the result of the 

business application comes out, we can only measure it by statistical methods and know 
nothing about its reliability. 

5. The majority of neural network is simulated on sequential machines, giving rise to a very 
rapid increase in processing time requirements as the size of the problem grows. 

Summary of Neural Network Applications for Business System 
From the above description a'ld analysis, we find that neural network is not the panacea for all the 
problems existing in business application. Neural network is good at the following problems occurred in 
business applications: 
• The required solution is non-linear. 
• Intelligence to calculate the responses for the cases that has never appeared before. 
• The problem may be unknown or very difficult to explain or formalize. Instead of rules, a set of 

business examples exists, giving a set of inputs to the problem and their corresponding solutions, 
given by experts or ordinary business data. 

• The data are noisy or contradicted or missed somewhere. 
• The data domain is changing dynamically. 
• High speed processing is needed and Traditional Method cannot be easily used. 
• Based on the business s~tl!s analysis, judgement is required. 

Future of Neural Network for Business Application 
As the issues exists, scientist and businessman are applying the neural network technology to data mining 
technique in data warehousing construction, because there are large amount of business data in data 
warehouse or data mart. Neural network research is extending the range of neural architectures and 
learning strategies or algorithms, while further proving the utility and reliability of existing systems. At 
the same time, combinations of neural network systems together with other hot areas of analysis, such as 
expert system and fussy logic rules are also the directions. The directions include using expert system to 
divide the domain in block and use neural network to analyze in the block domain, which will simplify 
th~ neural network model and algorithm and accelerate the processing speed, forming hybrid systems 
w1~ genetic algorithms helping to structure and tune neural network, and with neural systems providing 
guidance in the construction of fuzzy logic rules for expert system applications in business. 
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a Modified Carry-Lookahead Adder 
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ABSTRACT 

Addition has always been of special importance in the arithmetic units of- digital 
computers as they play an essential role in all arithmetic operation ( addition, subtraction, 
division, and multiplication.) Currently, carry-look-ahead addition is the most widely used 
method for fast addition. In this work, a modified carry-look-ahead algorithm, which is 
partly based on quaternary (4-valued) logic, is explained and implemented (using a Xilinx 
XC4010XL FPGA board.) Moreover, using the Foundation package, the timing and delays 
of both adders are realized, discussed and compared. 

Depending on the length of the operands, the described adder was found to increase the 
addition speed by as much as 33% in over the regular carry-look-ahead adder. This 

· paper starts with a detailed desaiption of the algorithm and it's implementation 
techniques. A comparison based on the results obtained using this adder is then carried 
out. Finally the advantages and disadvantages of this technique are discussed. 

Introduction 
Many computer applications such as digital signal processing and digital simulations 

· require a large number of arithmetic operations. Consequently, computer designers now 
place a high priority on building the fastest possible arithmetic units, subject to various 
technical constraints. This motivation has led circuit designers to devise faster circuits, 
which are in turn used to implement basic building blocks of the arithmetic unit 

Arithmetic units perform addition, subtraction, multiplication, and division. The speed of 
these· units depends mainly on the speed of the adder because all arithmetic operations 
employ adders. In early computers, which used ripple-carry adders, most of the addition 
time was due to carry propagation. Many different methods describing faster ways of 
propagating the carry were proposed.1

• 
2
• and 

3· Among these methods, the carry-look
ahead (Cl.A) approach emerged as the most popular one because of its modular structure 
and simplicity. With the Cu\ method, the addition of two n-bit numbers takes 4/og,n 
gate delays, where 'r' is the fan-in (The maximum number of inputs on each gate).4 The 
CLA approach has been applied to multiple-valued systems. 5 

Ripple-Carry Adders 
Two n-bit binary numbers, x = x n-1 ••• xo, and y = y n-i .•• yo, may be added by adding 

. each pair of bits X;and y. as well as the .carry bit q. Adding these bits for i= Oto n-1, we 
can produce the sum bit s,(for i= 0 to n-1) and an output carry c ;+i• Such that: 

S;=X;$Y;$C; 

C; ::: X ;-1.Y ;..1 + X ;-1.C i-1 + Y ;-1.C i-1 for i= 0, 1, ... , n-1 

., Mr. Rahimi is a graduate student at the University ofSoUJhem Mississippi, Box 5137, 
H'!ttiesbur~ MS 39406-513 7, USA 
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Carry-Look-Ahead Adders 
It is possible, however, to reduce the delay of the carry chain -in this kind of RCA by using 

· what is called the carry-look-ahead (CLA) technique. For a 4-bit adder slice, which adds x 
;+3 x ;+2 x i+J x~ y ;+J y ;+2 y ;+1 Y.; and the input carry c;., if we define carry-generate 
function g; = X,·Y. and carry-propagate function p; = X; $ y; the four carries c i+v .•• , c i+4 

can be expressed as follows: 
C i+l = g i + p;.C; (1.1) 
C i+2 = g i+l + p i+J•C i+l (1.2) 
C i+J = g i+2 + p i+2•C i+2 (1.3) 
C i+4 = g i+J + p ;+3.C i+J (1.4) 

Furthermore, after forward substitution, we can express each of these four carries in 
terms of d, as in the following expressions: 

C i+l = g; + p;.C; 

C i+2 = g i+l + p i+l•gi + p i+l•P;.C; 

C i+3 = g i+Z + p i+Z•g i+l + p i+2•P i+l•gi 

+ p i+2•P i+I•P;-C; 

C i+4 = g i+3 + p i+3•g i+2 + p i+3•P i+2•g i+I 

(1.5) 
(1.6) 

(1.7) 

+ p i+J•P i+2·P i+l•gi + p i+J•P i+l•P i+1-P;.C1 (1.8) 
Equations (5) to (8) show that carries c ;+1, c ;+2, c i+:Jt and c ;+4 can be computed directly 
from input bits and input carry e; without the ripple effect. Similarty in equations (5) to 
(8), if the variable appearance increase, the number and size of terms will increase. 
Furthermore, each variable p ;+1o O s Ks n-1, appears (k+ l}{n-k} times in the carry 
equations. For example, Pi appears four times, and p ;+1, p ;+2, and p i+3 appear 6, 6, and 
4 times. With a higher number of variable a·ppearances, we increase the fan-out of their 
drivers, which increases the size and delay of the entire implementation. For these 
practical reasons n is usually limited to four, but may be as large as eight A comparison 
of the delays for RCA, one-level and two-level CLA are displayed in table 1. 

T bl a e 1: De avs or 1 - ,t a er. a ues in paren fi 6 b. dd V I th d I f eses are e avs rom Xo or Yo. 
CARRY CHAIN RIPPLE DELAY ONE-LEVEL ClA TWO-LEVEL CLA 

Co(Xo,Yo) to C1+1 19.2ns (23.4ns) 4.8ns (13.0ns) 4.8ns (13.0ns) 

Co(Xo, Yo) to <;1+2 38.4ns (42.Gns) 9.6ns (17.8ns) 5.6ns (16.2ns) 

Co(Xo, Yo) to Cr+3 57.6ns (61.8ns) 14.4ns (22.Gns) 6.4ns (17.0ns) 

Co(Xo, Yo) to Cr+4 76.8ns (81.0ns) 19.2ns (27.4ns) 4.8ns (19.4ns) 

Modified carry-Look-Ahead Adders 

Consider the 4-bit binary RCA, which has 4 binary full adders (BFA's ). Any ~o 4-bit 
binary numbers can be added on this adder. The same binary addition operation may be 
performed on only two quaternary (4-valued) full adders (QFA's), if the binary inputs are 
converted to quaternary numbers and-the quaternary sum is again converted to a binary 
number. Figure 1 illustrates such a 2-digit quaternary ripple-carry adder with the 
appropriate enaxters and decoders. 

Obviously, C2 and ~ of the binary adder are identical to C2 and Ci of the quaternary 
adder. This is true because the carry is always binary regardless of the base of the 
numeric system in a 2-input adder. Furthermore, each quaternary digit is equivalent to 
two binary bits, hence two BFAs are equivalent to one Quaternary Full Adder (QFA). 

The modified Cl.A method is based on the fact that half of the carries in a binary adder 
are identical to the carries of the equivalent quaternary adder. In our method the two 
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binary inputs are converted to two quaternary numbers. The CL.A method is then used to 
compute the carries of the quaternary system, which is the same as half of the carries of 
the original binary system. 5 If the encoders that convert the binary inputs to quaternary 
numbers are shifted one bit to the left, the computed carries will represent the other half 
of the original binary system~ Instead of shifting the encoders, another set of encoders 
may be provided to let the two systems work in parallel for fast results. 

· b3, b2 a3 a2 b1 bo a1 ao 

ii ii ii ii 
ENCODER ENCODER 

qbo qao 
,, ,, 

qs2 q5o 

.,, .,, 
DECODER DECODER 

l i i l 
S3 S2 S1 So 

Figure 1. 4-bit Modified Binary Adder 

Binary to Quaternary Encoder 
There are different techniques for designing a converter to convert two bits binary code 
to a quaternary code, a practical way is using a 2-bit digital-to-analog converter. 

Computing the Even Sum Bits 
To do the calculations for a MCLA adder, we need to compute the even sum· bits and the 
odd sum bits separately. Consider the two binary inputs A= ao a1 ••• an-1and 8 = b0 b1 .• • 

· bn-1 , which are to be added. These inputs are converted to two quaternary numbers QA 
= qao qa2 ... and QB = qbo qb2 ... such that: 

qa; =a;+ 2a;+1 

. • qb; = b; + 2bi+l 
for i = 2,4,6. .. 

(2.1) 
(2.2) 

rn· order to employ the CLA method, the carry propagate Pi and carry generate Gi of the 
quaternary system must be computed: 

{ 0

1 if qa1 + qb; > 3 

G;= 

otherwise 

(2.3) 
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P;= 

1 if qa; + qb; = 3 

0 if qa; + qb; < 3 

Dont care othetWise 

(2.4) 

Once the G; and P; are determined, a CLA generator circuit is used to compute the 
carries. This is made possible by the fact that the G;, P;, and the carries are binary signals 
although they represent a quaternary system. The carry equation is: 

(i-2)/2 i i 

C;+1 =G; + I (ITPi)·Gu +(l]Pi)·co (2.5) 
. k~ j=k+l J 

for i = 0, 2, 4, 6 ... 

. The above operation computes the even carries (c21 c..i, ~, ... ) of the original binary 
system. The next step is to compute the even sum bits using following equations: . 

S; = C; $ U; (2.6) 
where U; = a; $ b1 for i = 0, 2, 4, 6 ... 

In the above equation U; may be computed earlier because a; and b; are available ~t the 
beginning of the addition operation. However, we can avoid the quaternary hardware if 
we combine the encoders and the PG circuit The result of this combination is one circuit 
or block with binary inputs and binary outputs. Therefor the Gi and Pi equations in terms 
of the binary inputs are: 

G; = a ;+1-b i+1 + a ;+1-a ;.b; + b ;+1.a ;.b; (2.7) 
P,- = b ;+i-b; + a ;+1•b; + b ;+1•a; + a ;+1.a; (2.8) 

So by having carries propagate and generate, we can compute carry bits, using equation 
(2.5) for even carry bits, and equation (2.6) for even Sum bits. 

Computing the Odd Sum Bits: 
The same procedure described above may be used to compute the odd sum bits. If the 
subscript iis allowed to take the values 1, 3, 5 ... instead of 0, 2, 4 ... , equations (2.1) to 
(2.8) become: · 

Gi= 

qa; =a;+ 2.a1+1 
qb; = b; + 2.b;+1 

{ 

1 if qai + qbi > 3 

O othetWise 

Pi = 0 if qai + qbi < 3 -

{ 

1 if qai + qbi = 3 

Dant care otherwise 

(i-2)/2 i i 

ci+l = G; + L ( IT P2).Gu + cTT.P2).Co 
k=il j=k+l J=O 

i = 1, 3, 5, 7 ... 

where u; = a; fl) b; 
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(2.9) 
(2.10) 

(2.11) 

(2.12) 

(2.13) 



and G; = a i+1.b i+J + a i+1•a j,b i + b i+1•a i•b i 

P; = b i+1-b; + a i+1•b i + b i+1•a i + a i+1•a; 

The Complete Modified Adder 

(2.15) 

(2.16) 

. (i-2)/2 t ' i . . 

The C;+1 = G; .+ I ( ITPi) · G2k +(l]P2.) · Co romplete modified adder may 
. k={) j=k+l J 

be viewed as two parallel systems, one to compute even bits and one to compute the 
odd bits, as illustrated in Figure 2. 

I 
I 

~, ~, 

Odd Bits 
of the Sum 

S3 S1 

. Figure 2~ Block Diagram of the Modified Adder 

Implimentation: 

I 

H ~, 

Even Bits 
of the Sum 

S2 So 

The Ma.A was implimented and tested using Field Programmable Gate Arrays. Using this 
technique many different addres could be implimented on the same IC, allowing for more 

· appropriate testing~ Furthermore, different size adders could be implimented and tested. 
The software used provides simulation that can be used to measure timing delays at the 
at the transistor level, on the actual IC. This allowed for the timely acqusition of 
comprehensive timing delay data on a variety of designes. The software and hardware . 
used were a product of Xilinx corporation. 

The procedure used to test was by firstly simulating the design after the Make process is 
completed. The completion of this stage pins each component to its physical x-y 
coordinate on the Silicon. That is, simulatoin at this stage would give timing delays based 
on the actual layout of the trasistors on the IC rather than logical timing delays. The 
design is then downioaded and tested for proper operation. To test the timing delays for 
such devices, would requier the use of high speed test equipment. The equipment 
available for this work could provide timing delays, however, with a sizable reading error. 
Using different techniques, it was found that the results obtained from simulation and 
those obtained from testing the ICs were simillar. The data dispalyed in this publication 
were obtained through simulations performed on Xstep Foundation package, running 
designs on 4000 and 9000 series FPGAs. 
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The circuits for the addres were disigned using VHDL, which is -readily supported 
by the Xilinx product. Details on the these products may by viewed at 
www.xilinx.com 
Results: Timing and Delays 
The time to complete the addition of two n-bit numbers is given by following delays: 
Generate Pi and G1 = 2 gate delays 
Generate Cn.1 = 2(2(number ofCLA levels) -1) 

The number of CLA levels = Iog~nti), where 'r' is the fan-in. 8 

Total delay = 2 + 4(log r (n I 2)] Gate delay 

To test the speed of the MCLA, a 5-bit MCLA and a 5-bit CLA were designed and 
downloaded to Silicon using Xilinx and Foundation. Orcuits were tested for verification of 
proper performance. The simulator was then used to obtain detailed data on timing 
delays. Table 2 shows a sample of these delays. 

able 3. MCLA an T d CLA d I fi 5 b. dd e avs or - ,ta ers 
Present State Next State CLA MCLA Percent 

A B A B Delay Delay Difference 

10H 04H OCH 03H 1.2ns O.lns (+)1100% 

OCH 03H !CH 07H O.Sns O.Sns (+)60% 

lCH 07H 03H 08H 0.8ns 0.6ns (+)33% 

03H 08H 13H OCH 0.2ns O.lns (+)100% 

13H OCH OFH OBH 0.7ns 0.6ns (+)17% 

OCH OBH lFH OFH 0.7ns O.lns (+)600% 

lFH OFH OOH OOH 0.4ns 0.6ns (-) 33% 

Conclusions: 
Using FPGAs to measure the timing delays for a CLA and a MCLA it was found that the 
MCLA can perform addition at a rate that is about 33% faster than the normal a.A. This, 
however, is only true for certain operand lengths. The tradeoff here is adder size for 
speed. This is because the MCLA uses more Silicon space than a normal a.A. Therefore, 
for machines where the. operand size is fixed, Ma.A may provide for faster addition. 
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ABSTRACT 

Benchmarking can be defined as a means to compare and assess programs, functions, or processes 
of similar and competitive systems so that the best practices can be adapted and implemented to 
improve an existing operation or system. In an effort to initiate an interdisciplinary program in 
business and engineering education at a university, a benchmarking study was performed of 
national universities with existing programs. This paper will discuss the results of this study and 
the program approach taken by the university conducting the study. 
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INTRODUCTION 

Benchmarking has become a common practice in industry to assess and compare a c,ompany' s 
current position with others in the same business or operations. A. T. Kearney, Inc. defines 
benchmarking as a means by which to compare programs, functions or processes so that best 
practices can be shared, resulting in overall improvements for participants

1
. However, 

benchmarking is a process that be used by any type of organization to compare similar and 
competitive programs. Higher education has even become a competitive institution due to limited 
·financial resources and increasing costs of operating colleges and universities, · and benchmarking 
studies are becoming more common in media publications of rankings and ratings2

. This paper 
will discuss a benchmarking study of unique programs that combine business and engineering 
education. The results were used to design an interdisciplinary program at a southern university. 

WHY BENCHMARK? 

A number of engineering-related organizations that monitor engineering programs in colleges and 
universities suggest that a new curriculum will be needed to address the challenges of the 21 st 

Century. Most conclude that there is a need for cross-functional and interdisciplinary training and 
education to promote breadth of technical knowledge, team-based skills, and business sense. 

Since one of the objectives is to prepare graduates with the necessary skills and knowledge for 
industry, the Colleges of Business and Engineering at Tuskegee University sought to address this 
need by first benchmarking existing programs in U.S. colleges and universities, and then later 
designing a program for its interdisciplinary curriculum. The development of this innovative 
curriculum will help increase the marketability of its graduates. 

BENCHMARKING STUDY OF INTERDISCIPLINARY PROGRAMS 

The benchmarking approach proposed _by the A. T. Kearney, Inc. consulting group was adopted to 
conduct the study. The Kearney benchmarking process consisted of four phases: 1) planning; 2) 
data gathering; 3) Analysis; and 4) Communication phase. Each step is iterative. The planning 
phase requires defining objectives and candidates for the survey. The data gathering phase 
identifies the medium of collecting the data and obtaining it. The analysis phase reviews and 
analyzes the data and draws conclusions. The_final phase of communication determines how the 
results will be .shared. 

The objective of the study was to procure and study information about · curricula and courses at 
universities throughout the country that offer an interdisciplinary approach to business and 
engineering education. The approach can be in the form of cross-disciplinary courses, case 
studies, design-related projects, instructional techniques, industrial representation, and degree 
programs. 
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Eighteen colleges and universities were identified and selected for the benchmarking study. The 
selection was done by programs descr.ibed in resources like the internet, library publications, and 
national conferences. A survey instrument was developed, and was completed by mailings, 
telephone interviews, site , visits, and participation in conferences. Two surveys were mailed to 
each institution to be completed by an individual from the business school and the other from the 
engineering program. Out of 3 6 surveys solicited, 11 were returned and completed satisfactorily 
to analyze for valid results. 

The survey showed that most programs (70%) used elective courses and projects to promote the 
interdisciplinary programs between business and engineering. The courses were offered by both 
programs, and then directed jointly by both colleges. The overall objective of the interdisciplinary 
programs was to increase the marketability of students by potentially higher salaries and the 
number of job offers. The benefits revealed by the schools were to increase the recognition of the 
university by industry and academia, and encourage more recruiters of its students. 

CONCLUSIONS 

After careful review of the survey results, Tuskegee University developed an interdisciplinary 
course for engineering and business students. The course examines the management of 
manufacturing operations. The course has seen a positive enrollment and response from the 
students, and has been offered several times. It is a team-taught course from business and 
engineering faculty, and has been offered as an elective course. Other courses may be developed 
based on student demand and faculty availability. 
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This paper presents a critical assessment of the relevance of interactive multimedia, hypermedia 
and distributed multimedia for learning within the education and training sector in Northern 
Ireland. It outlines the key elements of multimedia and examines the relationships to one another. 
The role and importance of interaction and navigation. in interactive multimedia programs are · 
examined from a learner's viewpoint. It queries whether there are significant pedagogical 
differences between interactive multimedia and its component parts. 

Interactive multimedia·, hypermedia and distributed multimedia are defined from a technological, 
conceptual and theoretical viewpoints. The impact of student learning styles and cognitive 
psychology on the design of interactive multimedia systems is considered. The effectiveness of 
different media is related to different modes of learning. It concludes by examining whether the 
use of interactive multimedia can initiate or enhance flexible and independent learning styles 
among students. 

· 1 INTRODUCTION 
Within education, multimedia has often been described as a technology looking for a problem to 
solve. Educationalists are frequently accused of seizing on each new technology and claiming it 
has the potential to revolutionise education. Historically the pedagogic rationale for the use of 
information communication technology (ICT) in education has tended to be 'oversold' in a rather · 
idealistic way, with the curriculum being 'enriched' and the students being 'extended' in all sorts 
of exciting directions. A serious consequence of these unrealistic expectations has been the 

· disillusionment that many teachers feel towards the use of educational technology in general and 
multimedia in particular. All schools in Northern Ireland, primary and secondary, now have 
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access to at least one multimedia computer. Almost half the post-primary schools, but only a 
tenth of primary schools, have acc~ss to multimedia on the Internet[!]. 

Multimedia computers make encyclopaedic data readily accessible to pupils. The technology 
motivates children to ~ccess the information in a way that text based encyclopaedia often failed 
to do. However, if this technological motivation is not matched by a pedagogical analysis then 
children may not be able to evaluate properly the information into knowledge. Multimedia is an 
adaptive medium that can be used in material originally developed for a linear or narrative media, 
text, photographs, video or animation. Laurillard (1995) comments that 'because it can be an 
adaptive medium, this requires the learning objectives to be re-constructed if the new medium is 
to achieve its pedagogical potential and offer a new kind of learning experience to students'[2]. 

2 TECHNOLOGY OR USER PERSPECTIVE? 
It is important that we view multimedia interfaces from an appropriate perspective. Marmollin 
( 1997) has pointed out that the multimedia approach can be viewed either from a technological 
perspective or from a user-centred _ perspective[3]. The technological perspective is defined 
through lists of common technical charactedstics of systems claiming to be multimedia systems 
such as multidimensional presentation techniques, multimodal interaction or hypermedia 
techniques. The focus in this technology perspective is on the medium or on the technology. In 
contrast, the user-centred perspective focuses on the possibilities offered by the technology. In 
other word, a multimedia interface should be -¥iewed as a multisenory, multichannel, 
multitasking and multi-user approach to systems design. The emphasis should be on what such 
an approach offers the user rather than what it technically comprises. 

2.1 Hypermedia: Multimedia on the Internet 
Hypermedia is a computer mediated, random access, interactive medium that displays text, 
image, sound, animation and video. In order to transmit multimedia, Cotton & Oliver (1997) 
sugg~st that the Internet will need to support the fast, effective throughput of interactive, full 
motion video and digital sound [4]. This can be done by employing high speed network media or 
by using . high compression techniques that allow data to be transmitted at lower speeds. The 
Internet can off er students access ·to large quantities of pertinent information in text, video and 
sound with the potential of consulting with a teacher on-site or though desktop conferencing. 
Multimedia education on the Internet is most likely to be used to support teaching and teachers, 
rather than replacing them. 

The hypermedia structure of the futernet enables a student to build his/her own know ledge base 
in any way he/she wishes. The downside of this is that students can become side-tracked, 'lost in 
cyberspace'. A significant adyantage of hypermedia is the ability to set up a structure that enables 
the user to access available information. This can be achieved through a hierarchical structure 
involving topics, sub-topics and sub-sub topics. A hypermedia structure is very flexible in . 
allo.wing a student to build his/her own knowledge base and to assess the information in a very 
personalised way. The disadvantage of allowing students unstructured access to all information 
within a system is that they can easily be side-tracked and get lost within the system. 
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2.2 Distributed Multimedia 
Distributed multimedia is used to describe the situation in which a number of multimedia 
workstations are interconnected by one or more multiservice networks. Most of the major 
developments in distributed multimedia have concentrated on constructing prototypical 
distributed multimedia applications such as multimedia conferencing, video on demand, video 
phones and teleworking [5]. Technological advances in both computer and communication 
technologies over the last ten years have meant that it is now economically feasible to have a 
large number of workstations spread across a large organisation and to connect these computer 
facilities to a high speed LAi~ (Local Area Network) or WAN (Wide Area Network). Among the 
main areas suitable for distributed multimedia are scientific collaboration, conferencing systems 
and distance learning. 

3 MULTIMEDIA & LEARNING 
Interactive multimedia systems, including hypermedia and distributed multimedia can deliver a 
new kind of learning experience to students. CD-ROM based, multimedia encyclopaedias allow 
children to do research. Since it is an active environment, the students are motivated to persevere 
in a way that they did not do with printed material. This innovative approach must be matched by 
an equally strong pedagogical principles to ens'-!re that the result of the student's research are 
educationally beneficial. Four steps in the teaching-learning process are identified. These are 
firstly, discussion between teacher and learner; secondly, interaction between the learner and 
aspects of the environment defined by the teacher; adaptation between the teacher and learner 
and finally, reflection on the learner's performance by both teacher and student. Laurillard ( 1995) 
suggests a number of design features that should be included in a multimedia interface to support . 
the four learning activities outlined. Table 3.1 overleaf summarises the main design features. 

Angeli des & Dustdar ( 1997) however argue that to be successful, different media must be 
COI":Ubined and co-ordinated by the computer in a natural way, otherwise there will be a risk of 
informtion overload. Success in multimedia approaches will depend more on a combination of 
media rather than on the provision of a rich set of media. Interactive multimedia information 
systems can achieve a higher level of information transfer because they provide customisation 
that allows end-users to receive information and to participate actively in the process. It permits 
evaluation of end-user prreferences, performance and rapid scoring and statistical assessments of 
responses [ 6]. 

Alty ( 1991) has expressed concern that the ability of multimedia to provide a rich and varied set 
· of rriedia (text, graphics, animation, audio, Video) is likely to lead to information overload rather 
than to improved learning. He argues that multimedia is not just about extending the choice of 
media available; of linking. disparate media together into some auditory/visual experience. 
Instead, the success of multimedia will depend on media combination, synchronisation and 
coherence being used to exploit features of human cognition such as recognition, learning and 
retention [7]. 
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Table 3.1 Design features to support a Multimedia Interface 

DISCUSSION • Give students access to a range of appropriate media types and provide 
the student with advice on how to approach the investigation. 

• Break down the path to the ultimate goal into smaller goals for 
investigation. 

• Provide a 'teacher's commentary• on each goal and how relevant data 
relates to it. 

• Give learners the means to produce their own commentary. 

INTERACTION • Provide ways of investigating the data and recording findings. 

• Suggest the amount of investigation appropriate for each goal. 

• Inspect and comment on the amount of investigation carried ?ut. Provide 
intrinsic and extrinsic feedback. 

ADAPTATION • Allow the student to edit his/her own descriptions. 

• The teacher's analysis should only be available to the student after the 
student has completed his/her analysis. 

• There should be associate linking between the type of student 
descr.iption and the type of task goal so that the student can select an 
appropriate task. 

REFLECTION • Provide a questioning strategy to elicit student responses. 

• Provide a way to interpret or categorise a student's action or description 
to support the questioning strategy. 

• Record the student's actions to enable interpretation and/or categorisation. 

• Encourage the student to process the information found. 

• Use higher level goals to integrate the work done at lower levels. 

·. 4 . NATIONAL GRID FOR LEARNING (NGfL) 
By 2002 all schools, colleges, universities and libraries and other learning institutions will be 
connected to the Grid, thus enabling seventy five percent of teachers and fifty percent of students 
to use their own e-mail addresses. The NGtL has been developed to enable schools to access 
resources on the Internet,- on remote CD-ROMs and through video conferencing, so as to 
encourage _students and teachers to develop a range of ICT and publishing skills. NiNE (Northern 
Irel~d Network for Education) is the Northern Ireland node of the NGtL. Ultimately, the Grid 
will be developed so that learners in the various countries of the UK can access information more 
directly relevant to their local education systems. 
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The Virtual Teacher Centre (VTC) is inte_nded primarily to help develop a system that will stand 
up to large numbers of users accessing it concurrently. It is envisaged that in subsequent phases 
of the VTC it will contain a much wider range of material for teachers. Presently, th~ main areas 
of material on site can be categorised into three areas. Firstly, schemes of work for curriculum 
subjects; secondly, examples of high quality material used by practising teachers, such as school 
behaviour plans and individual education plans and thirdly; information and guidance on 
aovernment policy for a variety of issues. The primary areas include the national literacy and 
b . 

numeracy strategies, raising standards and effectiveness, school management, school finance, 
special education nee_ds and homework clubs. 

The Grid also includes a range of Web-based materials designed to support teaching and learning 
across the school curriculum. The areas currently covered are Special Education Needs, Art, 
Englis_h, Design & technology, History, Geography, Mathematics, Modem Languages, Music and 
Science. in . addition, there are a range of resources and links to support teachers' continuing 
professional development. Much of this material has been developed by the Curriculum IT 
Support (~ITS) initiative, i.e. a set of projects funded by the government to help teachers 
enhance their use of ICT in the school curriculum. 

5 NORTHERN IRELAND NETWORK FOR EDUCATION 
Since its launch in October 1997, The Northern Ireland Network for Education (NiNE) has 
grown significantlras a result of direct commitment from classroom teachers. The material is 
specifically relevant to the programmes of study within the Northern Ireland (NI) curriculum. 
Linked to the NiNE web site are three developing groups. These are the NI Mathematics Forum, . 
the Certificate of Competence in Information Technology at key stage 3 and Initial Teacher 
Training for Geography project. Seconded teachers and Education Board field officers were 
appointed by the NI Council for the Curriculum, Examinations and Assessment (CCEA) to 
develop learning matepal in CD-ROM and web site formats. 

The Department of Education NI (DENn in January 1998 launched the CLASS Connect, an 
extension to CLASS (Computerised Local Administration of Secondary Schools). This project 
will provide a managed Internet service to all schools in NI. As NiNE develops, there are further 
plans to create a secure area within it thus allowing DENI and CCEA to post to the site material 
which is 'internal' to the NI education service. It will also allow parents and pupils to access 
worksheets for assignments, with only NiNE teachers having access to the answers . 

. 6 CONCLUSIONS 
Success in multimedia approaches will depend more on a combination of media rather than on 
the provision of a rich set of .media [8]. Used appropriately, multimedia improves the quality of 
the education process. The main advantages of using interactive multimedia in education is the 
ability to use the most appropriate medium for the required message, e.g. text for thoughts, . 
graphics for spatial relationships and animation for dynamic information. An interactive 
multimedia environment also gives the learner more control over his/her learning strategy than 

. traditional teaching methods. The learner is able to make decisions about the sequencing and 
content of learning and is able to construct their own perspective on the subject. Feedback 
allows the student the · opportunity to correct errors and the teacher the opportunity to motivate 
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students by crivino- them a sense of success and reassurance. Multimedia on the Web faces the 0 O 

. same pedagogical issues as interactive multimedia on CD-ROM. Success in on-line teaching and 
learning will only be achieved if there are well-defined instructional objectives and thorough 
preparation of materials to be used in the classroom. 

Development work in interactive multimedia and distributed multimedia is still at a very early 
stage with the education system in NI. CLASS Connect was launched in October 1998. As a 
result all schools in NI will have Internet access over the next two years. rhis adds· a further one 
thousand schools to the NI network. The mandatory scheme for ICT competence for all 
classroom teachers launched in January 1999 will only be successful if coupled with immediate 
production of distance learning materials and tutor support over a distributed multimedia system. 
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ABSTRACT 
Powerful calculators, computers, and similar devices are now inexpensive enough for 

routine classroom usage. Their presence has caused content changes in mathematics and science 
courses. This paper discusses how these changes have led to modifications in our curricula that 
attempt to better explain the connections between theory and application. 

INTRODUCTION 

1 

Mathematicians study mathematics for its beauty, elegance and purity. It is an endeavor 
to rigorously build a new story upon the axiomatic edifice of our predecessors. For the majority 
of college students including a fair number of mathematics and science majors, mathematics is 
largely a tool, a way to better grasp the workings of the world. Our institution has made an effort 
to better serve this latter community while continuing to teach the rigorous, theoretical approach 
in our upper-level mathematics courses. Our hope is that in more directly meeting the needs of 
the general university population, they will be better able to apply mathematics in their own 
disciplines. Moreover, they may come to appreciate mathematics for its coherent, aesthetic view 
of our world. Powerful, hand-held technology~is the tool that has driven this process. 

A BRIEF HISTORY 

The Mathematics Department ofNorthwestern State University began experimenting 
with the substantive use of technology in our courses seven years ago. We began with the 
calculus sequence. In the fall of 1992, we introduced graphing technology into the calculus 
classes and began using a text that assumed the ability to use technology effectively was 
intrinsically important [Hu 1992]. The course now emphasized the concepts of calculus over 
algorithms and required the usage of graphing calculators and/or computers. Students saw the big 
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picture from the beginning; they learned the ideas behind calculus as illustrated by technology 
before they learned the sometimes-confusing algorithms for derivatives and integrals. This 
allowed for classroom work that was of an open-ended, exploratory nature. We saw an increase 
in the population of our_ calculus courses and the number of mathematics majors [S-P 1998]. 

Our success there led us to incorporate graphing calculators into all college mathematics 
courses. This has proved to be a success as well. Student and faculty satisfaction have improved. 
There has been a marked improvement in standardized test scores in the general population [S-P 
1998]. 

Now, our goal is deeper articulation of mathematics and science content. We are 
integrating demonstrations of real-world problems that lead to mathematical models. Thus, a 
rationale for the study of mathematics is integrated into the content. This is only possible because 
of the opportunities that technology has provided. 

A PROBLEM SOLVING MODEL 

Any real-world problem situation can be divided into four main steps. First, the verbal 
description is transformed into a symbolic model. Second, the resulting model is solved using 
algorithmic procedures and symbolic manipulations. Then this symbolic solution is interpreted as 
an answer to the verbal model. Lastly, by studying many problems patterns are recognized. 
Thereby, a student begins to develop a synthetic, theoretical understanding of a class of problems 
is developed. 

Mathematics at a crossroads 

Historically, the second step has occupied the majority of time in the classroom [ref]. 
Students were t·aught pencil-and-paper algorithms for solving problems. Though some students 
prospe~ed, many were uninspired, and the numbers of students in mathematics and science 
declined to alarming levels [L 1991]. A new approach was needed. For our school, incorporating 
powerful, h_and-held technology was_this approach. 

Technology shifts the focus from the second step. Equations are not intrinsically 
significant. They are the symbolic representation of rich, meaningful problem situations that 
permit us to answer sign1ficant questi~ns. The graphing calculator can solve a problem in. 
moments that might once have consumed an entire class. Moreover, many problems that were 

. insoluble by hand are equally accessible. When technology allows us to solve twenty problems 
in the time that it took to solve one, we can solve enough to see the patterns. That is, we can see 
real mathematics. 

Example: the solution of the quadratic 

· To better understand the power of technology to change our curriculum, consider the 
solution of a quadratic equation, the culmination of many algebra and precalculus courses. For 

example~ 6x2 -19x+13=0. The first approach is often factoring. We must consider the pairs 
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of factors of 6 [(1,6), (2,3)] and 13 [(1,13)] until we determine through trial and error that 

6x2 -19x + 13 = (x - 1 X 6x -13) . So the solutions of the equation are x = 1, ~ . 
6 

Consider the similar equations 6x 2 -19x + 12 = 0, and 6=2 -19=+ 20 = 0 : Neither of 
these can be factored. We can, however, resort to completing the square, or the application of the 
quadratic formula to find a solution. These methods are not helpful if the equation is of a higher 
degree . . 

A graphing calculator can handle this problem by sketching the curve and finding its 
zeros as shown. This method works equally well for all of the given equations and can be 
generalized to any equation. 

Zero 
xc:2.16667 

MRIN ~RD ~UTD 

Zero 
xc: 1. 

MRIN 

By solving many equations in this fashion, the student begins to develop an 
understanding of the nature of quadratics. S/he comes to heuristically understand the deeper 
properties: a quadratic has two or fewer real solutions, a quadratic always has an extreme value, 
a quadratic function is continuous, ... 

1 X 

The time that is used to be spent on algorithms can now be spent on applications. A 
student may master a technique for solving an equation or inequality. If the student cannot apply 
this technique to the real world, s/he has not really learned the mathematics. The applications are 
the important part. 

The following are a representative set of examples from four different areas in science. In 
each example, a physical p.henomenon is related to a symbolic model. Wherever possible, the 
example is based on data collected using probes connected to a hand-held calculator. We use 
Texas Instruments products; similar products are available from a number of manufacturers. 

Py 
Projectile Motion: In this experiment a ball was dropped under a motion detector [B 

1994]. The height of the ball is recorded at various times. The changing height of a bouncing ball 
illustrates two physical phenomena. The first phenomenon is the continual decrease in the 
maximum height the ball reaches on subsequent bounces. By fitting a curve of the form 

31
3 

31111, to these points we motivate a discussion of exponential decay. 
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The second phenomenon is illustrated ifwe choose a particular bounce and isolate those 

points. By fitting a curve of the form y = ax2 +bx+ c, we observe that the motion of this object 
is quadratic. Thus, we discuss an important principle of physics while motivating the study of 
two important classes of functions. 

r. 

A 

I 

Chemistry 

Acid-Base Titration: In this experiment a beaker is filled with a HCl solution. A pH 
sensor is placed in the fluid. Measured amounts of Na OH solution are introduced into the beaker. 
A probe attached to a data gathering device for the calculator measures the pH after each 
addition. The cumulative volume of base added to the solution is also entered into the calculator. 
An exainple of data collected by this experiment is shown below. 

Also shown below, the graph of pH versus volume of Na OH exhibits change that is 

modeled by a logistic function. A function of the form y = a + d is fit to this data. 
. l+becx 

~rinciples of chemistry have motivated the consideration of another important class of functions. 

,.,., ............ . 

vol(Ml) 
MAIN -.. RAD IIUTD fUNC 

Electronics 
Discharging Capacitors: In this experiment a resistor and capacitor are connected in 

parallel and a,ttached, to a battery. A voltage probe is attached across the capacitor-resistor 
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assembly. Then the battery is removed and the probe records the decay of the charge in the 
· capacitor [B2 1994]. As shown below this data also models exponential decay. The graph on the 

'JOLTS 'JOLTS 

TI"E(S) TI"E(S) 

right shows the exponential function fit to this data. 

FUTURE PLANS 

We will continue to incorporate demonstrations of physical phenomena in our 
mathematics classes to motivate the discussion of mathematical topics. We are attempting to 
coordinate efforts with our science faculty by equipping them with the probes to collect data with 
hand-held calculators. Since all students own such a device from their mathematics classes, they 
already have an analytical tool. Thus, both areas will benefit from this synergy. 

The advent of hand-held CAS 

In the last two years, there has been another important development in technology. Hand
held Computer Algebra Systems (CAS) have become affordable for the college student. These 
devices will cause even more changes in mathematics teaching as they can perform symbolic 
calculations. 
,~!,,l,11f!;,.Tl:1~lat:;,1, .. ~~,alc,:.,~· u .. l r~!1sl1nf!;,.Tll1~M:;,f, .. ~~1alc,l:11· u .. l 

: 

• fac.tor(6 · x 2 - 19 · x + 13, x) 
(x- 1)·(6·x - 13) • solve(6•x2 - 19 · x + 12 = a, ► ■ so 1 ve( a · x 2 + b · x + c = 0 , x) 

Jb 2 -4 •a·c-b ► • so1',.(6 •x 2 - 19·x + 13 = 0, ► 
x = 13/6 or x = 1 

◄ m + 19 -cm- 19) _1_2_ or X • 12 x • 2 .a or x =-

MfllN HD flUTD FUNC 2130 MfllN HD flUTD FUNC 1130 MfllN RilD flUTD FUNC 1130 

This functionality extends to calculus. The most intractable derivatives and integrals can be 
computed in a few moments. Values of definite integrals with no symbolic anti-derivative may 
be approximated to a great degree of accuracy: 

l~ '2• F>• F'I• rs "• 
• Al ebra Cale Other Prgrv.IO Clean Up 

•,fx(x><) (ln(x) + 1) · x>< 

•fx(cos(x2 •y + #x)) 

-(ex+ 2·x ·y) ·sin(#x + x 2 • \I 

•t(cos(x2 · Y + e><)) -sinh, -x2 + e><). x 

MfllN RflD flUTD 30 3130 

1:"1111() n• r>• ,,.. rs ""' 
•~Algebra Cale Other Prgrv.IO Clean Up 

■ J(ctan(x))3)cix 
2 ·(cos(x))2 · ln(lcos(x)I) + (sin(x))2 

2 ·( cos(x))2 

■ J:. sin(x2)dx .77265171269 
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The introduction of the CAS has entered the scene and has made us rethink the content of 
courses. A pencil-and-paper algorithm is appropriate when it enhances the understanding of a 
mathematical concept. Our task is to decide when technology is a better approach [D 1998]. 

This ·decision is· not absolute. Sometimes the by hand approach is beneficial at one point 
but not another. In our Calculus I course, students must pass a test on the rules of derivatives. 
They cannot pass the course unless they have displayed competency with these rules.: .. In the 
majority of problems, they are encouraged to use a CAS to facilitate their work. 

In many ways, a new piece of technology is like a genie out of his bottle; there is no way 
to put him back in. CAS exist and we must prepare for their presence in our classrooms. They 
require us to rethink our entire mathematics curriculum. The graphing calculator and the 
handheld computer algebra system have entered the scene and the teaching of college 
mathematics and science will never be the same. 

REFERENCES 

[Bl 1994] Brueningsen, C., Krawiec, W., "That's the Way the Ball Bounces," Exploring Physics 
and Math with the CBL System. Dallas, TX, Texas Instruments, 1994, 49-53 . 

[B2 1994] ibid, "Charging Up, Charging Down," 63-67. 

[D 1998] Demana, F ., Leinbach, C., Waits, B., "Enhancing Advanced Mathematics with Hand
held Computer Algebra Tools." a paper presented at the ICME Conference, July 3-6, 1998, 
Samos, Greece. 

[Ho 1997] Holmquist, D ., Randall, J., Volz, D.~ "Acid-Base Titration," Chemistry with 
Calculator Based Laboratory, Portland, Oregon, Vernier Software, 1997, Lab 24. 

[Hu 1992] Hughes-Hallet, Deborah, Gleason, Andrew M., et. Al., Calculus, Preliminary Edition, 
John Wiley & Sons, Inc., 1992. 

[L 1991] A Call for Change, Leitzel, James R. C., Editor, The Mathematical Association of 
America, MAA Notes, Washington, D. C., 1991. 

[S-P 1998] Serio, Frank and Pollacia, Lissa, "Technology Based Reform in Mathematics and 
· Computer Science Instruction," Proceedings · of the International Conference on Industry, 
Engineering, and Management Systems, 1998, 46-51 . 

L 
136 



A TEAM-BASED MANAGEMENT-BY-OBJECTIVE SYSTEM FOR 
PLANNING ACTIVITIES AND EVALUATING STUDENT PERFORMANCE 

Dr. Tracy S. Tillman, CMfgE, CEI 
Manufacturing and Quality Programs 
Eastern Michigan University 
Ypsilanti, MI 48197 
IT_ TILLMAN@ONLINE.EMICH.EDU 

Introduction 
This paper will describe a team-based Management-By-Objective (MBO) system for a university 
capstone course in which students integrate industrial R & D, concurrent engineering, and 
production m~nagement systems for the actual design, manufacture, and sale of products. The 
system enables students to plan, manage, and evaluate their work under the guidance of the 
instructor, based on team objectives and lean production system criteria. The application ofthis 
method of planning and evaluation has been very successful, and provides a realistic example to 
students on how to manage teams and evaluate individuals participating in team-based projects in 
industry. 

Background 
Prior to taking the senior-level capstone course described in this paper, the students will have 
completed a junior-level design for manufacturing course, in which the students design a product 
and the processes and tooling for its production, as part of a concurrent engineering design 
project. They will also have completed a follow-up senior-level manufacturing engineering and 
analysis course in which they finalize the design work done previously by the junior-level class, 
order tooling and test materials, and build and test product prototypes, make tooling, and conduct 
pre-~roduction process testing. 

The third, senior-level capstone manufacturing enterprise course is the capstone course for 
students in our program. In this course, students order production materials and produce the 
product using the tooling they previously designed and built. During production in the school's 
manufacturing laboratory, the students use inspection and SPC techniques for quality assurance. 
Appearance, functionality, and quality must be high, as the products are either made as fund
raisers for the manufacturing program, or for companies outside the school. 

Planning and Evaluation for Concurrrent Engineering 
A key to making this project work is the combined use of (a) concurrent engineering techniques 
and (b) a team-based management by objective (MBO) and peer review technique for planning 
and evaluation of performance. Evaluation of personnel performance in concurrent engineering 
projects is a difficult task in industry, as well as in the classroom. However, the combined use of 
concurrent engineering and team-based MBO planning and peer review evaluation techniques has 
enabled realistic and effective planning of activities and evaluation of performance related to those 
activities. 
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Concurrent Engineering 
. Turino ( 1992) . defined concurrent engineering as "a systematic approach to the integrated, 
simultaneous design of both products and their related process.es, including manufacturing, test, 
and support" (p. 3). 

In the junior-level course, the students are organized into (a) product, (b) process, and (c) tooling 
groups to design, simultaneously, the product and their related processes and tooling that will be 
manufactured by the students in the senior-level course. In the senior level courses, the students 
are organized into (a) general business management, (b) product and process engineering, ( c) 
manufacturing planning and control, and ( d) factory operations groups. 

The reader may recognize that these groups are representative of the major organizational areas 
shown on the CASA/SME (1987) CIM Wheel. It is interesting to note that while the 
organizational structure of the class/enterprise is based on the old 1987 CIM wheel structure, the 
process of the class/ enterprise is based more on the new CASA/SME ( 1993) Manufacturing 
Enterprise wheel. In practice, the old Wheel model seems to better define manufacturing 
organization structure, and the new Wheel ~odel better defines enterprise processes (Tillman, 
1996). 

Gantt Charting 
While the teams in both courses are relatively empowered and self-managed, they are led through 
weekly planning and scheduling meetings in which design and production ideas are discussed and 
plans are developed or updated using Gantt charting techniques. Kerzner (1992) described the 
Gantt chart as the most common type of graphic display for project scheduling. Typically, task 
bars are used to show activity time for tasks listed on the vertical axis of the chart against time 
shown on the horizontal axis. 

For each class, an overall project planning gantt chart showing the major activities needed to 
complete the entire project is developed and updated weekly. Also, team planning gantt charts 
are developed weekly to show the specific activities planned and completed by each member of 
each team. 

Students are better able to understand the inter-related planning and scheduling needs among and 
across teams by developing the gantt charts in team and overall project groups. It also becomes a 
positive motivational factor for them to show that they have (or have not) completed a task on 

.. schedule, when their task bar is darkened-in to show percent completion in front of the entire 
class. 

Management-by-Objective (MBO) 
Robbins (1994) defined MBO as "A system in which specific performance objectives are jointly 
determined by subordinates and their superiors, progress toward objectives is periodically 
reviewed, and rewards are allocated on the basis of this progress" (p. 198). The advantage of this 

· system is that overall objectives are converted into specific objectives for organizational units and 
individual members. The assumption with MBO systems is that if all the individuals achieve their 
goals, then their unit's goals will be attained, and the organization's overall objectives will become 
a reality. (Robbins, 1994). 
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In class, the students develop overall project and weekly individual objectives with their peers, 
· according to the tasks that are determined to be completed as shown on the overall project and 

weekly team gantt charts. A student's performance in the course is partially based on the number 
of objectives set and the number achieved on time. There is more to evaluating their performance 
than using just :MBO, however. 

While MBO systems have worked for some companies in the past, MBO techniques have more 
recently fallen out of favor (Becht ell, ( 1996), because of the propensity for limiting of activities 

· and evaluation of activities to only those specifically set for and by individuals, which limits 
creativity and team-based cooperation. The problem can be resolved by using a peer performance 
evaluation technique. 

Peer Performance Evaluation 
Tillman (1994) described a system used for evaluating the performance of individuals working in a 
lean/agile manufacturing environment, which includes concurrent engineering. This system of 
evaluation has been used for selecting individuals for hire as part of a pre-employment assessment 
process, and can be even more useful for periodically evaluating performance of individuals by 
fellow team members after employment. 

In this system, potential or current employees ( or students in this case) are rated on their 
performance by fellow team members (fellow students) in the following key areas: 

1. Team leadership. 
2. Team participation. 
3. Problem identification and solving. 
4. Initiative. 
5. Meets planned tasks and objectives. 
6. Quality of work. 
7. Willingness to· help others. 
8. Adaptability to change. 
9. Promptness. 
10. Communication and interpersonal skills. 

When employees (students) learn that they will be evaluated, as well as evaluate their peers, on 
these behavioral characteristics, they learn to perform better as team members working in a 
concurrent engineering or lean/agile manufacturing environment. 

Overall Evaluation 
Each student's overall evaluation, in either course, is based partly on their performance on 
traditional academic tasks such as assignments and tests, and partly on their performance for the 
project phase in the class. Their project phase performance is based on using a combination of the 
MBO system and the peer performance evaluation system. The more team-oriented objectives the 
students set and attain, and the more they exhibit the team-oriented characteristics listed above, 
the better their performance and evaluation. 

Conclusion 
This paper described the techniques used by the instructor for students to (a) plan and manage the 
concurrent engineering design and production work for the project teams, (b) plan and manage 
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their own work tasks, ( c) evaluate their work as related to the objectives they set, and ( d) 
evaluate others and be evaluated on desirable team-oriented behavioral characteristics. 

The advantage of this system is that the objectives that are set and achieved by the students are 
project, team, and organization based, and that the students maintain a team orientation due to the 
peer-performance evaluation system. It avoids the problems that some companies have 
experienced with MBO systems, while talcing advantage of the benefits ofMBO. Thi .. ~. combined 
MBO/peer performance evaluation system can be very effective and motivational for individuals, 
especially in an empowered, self-directed team orientation. 

This method of evaluation has been very successful · academically, and provides an example to 
students how to organize a system for planning and evaluation of individuals working in teams in 
industry. 
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ABSTRACT 

This paper examines the development of the CalPERS corporate governance program from one of 
monitoring firms' board compositions, greenmail and poison pill tactics to one of enhancing 
shareholder value. It looks at firms targeted by CalPERS over time and the attempt by CalPERS 
to quantify its program's success by examining "the CalPERS effect." 

The California Public Employees Retirement System [CalPERS] is one of the larg~st public 
pension funds in the world. Its assets exceed $150 billion at present. CalPERS has also emerged 
as a leader among institutional investors seeking to become agents of change with respect to 
corporate governance practices. This paper provides an historical overview of CalPERS' 
experience in corporate governance since the late 1980s. 

Background - Active vs. Passive Investing 

Passive portfolio management is normally associated with index funds. However, passive 
investing typically is interpreted as portfolio management techniques that do not involve any 
direet efforts to affect th·e corporation invested in [ and, consequently, returns on that investment]. 
Obviously, given the choice managers would prefer passive investors, as their behavior is not 
constrained in any fashion by those investors. 

On the other hand active investing denotes investors engaging in actions intended to change the 
behavior of the target corporation, most often as an effort to increase returns produced by that 
corporation. Active investing can take such forms as: 1) outright purchase of the selected 
company; 2) taking controi of the board of directors; 3) securing board representation; 4) using 
~roxies; 5) monitoring and publicizing management performance at the target company. 1 

Ca/PERS' Initial Corporate Governance Strategies 

The CalPERS corporate governance program began in 1987. Much of the credit for initiating and 
implementing this program is attributed to Dale Hanson, who was CEO of the fund at this time. 
CalPERS sought to institute more pervasive management accountability, develop "better" 
boardroom practices, and encourage corporations to appoint truly independent directors rather 
than staffing their boards with senior management. The early efforts were focussed on 
governance issues and attempted to eliminate widespread corporate practices such as greenmail, 
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poison pill arrangements and weighted voting. 2 There was little if any direct emphasis on financial 
performance or increasing shareholder returns. Table I lists the firms targeted by CalPERS during 
the first six years of its corporate governance program. 

Table I 
Firms Targeted by CalPERS by Year 

Alcoa 
Consolidated Freightways 
Gillette 
Great Northern Nekoosa 

· Avon 
Bell & Howell 
Continental Corp. 
First Interstate 

EG&G 
KMart 

Armstrong World 
Boise Cascade 
General Motors 
Hercules 
Inland Steel 

American Express 
Chrysler 
Control Data 
Dial Corporation 

Advanced Micro Devices 

L 

1987 

1988 

1989 

· 1990 

1991 

1992 
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Ryder 
Texaco 
US Air 

Halliburton 
Lockheed 
Whirlpool 

Occidental Petroleum 
TRW 

ITT 
Northrup 
Scott Paper 
Sears 
WR Grace 

IBM 
Polaroid 
Salomon Brothers 
Time Warner 

Pennzoil 



Champion International 
MacFrugals Bargains 

Sizzler International 
Westinghouse 

During the first three years (1987 - 1989), CalPERS concentrated primarily on poison pill 
arrangements and non-confidential shareholder voting schemes. However, beginning in 1990 their 
emphasis shifted toward increased earnings and stock performance. As a matter of fact, by 1992 
CalPERS' criterion for including organizations in its corporate governance program had become 
performance of the corppany' s stock. All of the companies included in the corporate governance 
program ranked in the bottom half of the S&P 500 when stock performance was used as a metric. 

In 1993_ a new selection process was implemented to further systematize target firm selection. 
CalPERS stock holdings were ranked by performance over the preceding five years. Those 
corporations in the bottom quartile of the S&P 500 were identified as "poor performers". Further 
reduction of the group using ancillary criteria produced the "failing fifty" . From this list of fifty 
firms the CalPERS Ad Hoc Corporate Governance Group selected ten firms for inclusion on their 
"Focus Twelve" list for 1993. Note that Time W c1:rner and Sears were carryovers _from previous 
years. 

Advanced Micro Devices 
Boise Cascade · 
Champion Int'l 
Chrysler 

Governance Survey 

Table II 
1993 Focus Twelve Firms 

IBM 
MacFrugals 
Pennzoil 
Polaroid 

Sears 
Sizzler 
Time Warner 
Westinghouse 

In 1994 CalPERS took a new approach to corporate governance. The General Motors board of 
directors had recently completed and publicized a self-imposed process of reviewing corporate 
governance models. As a consequence of this review, GM' s board published a list of twenty
eight specific guidelines for governance and its position on those issues. CalPERS found GM' s 
review useful, · and decided to make use of its tactic. 

Early in 1994 CalPERS sent a corporate governance survey to the chairmen of the board of each 
of the 200 largest companies in which it held stock. Later in the year it also sent the survey to an 
additional 100 companies in its portfolio. The letter accompanying the survey noted GM' s self
analysis and challenged these 300 firms to follow GM's example. 75% of the firms responded, 
with more than 50% reporting their governance practices as "excellent" or "good" with respect to 
the guidelines established in the survey instrument. 5 A summary of responses can be seen in Table 
~II overleaf 
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A+ 

Table III 

Self-Analysis Survey Summary 

Exceptional Response (Comprehensive list of guidelines 

Number of % of 
Responses Responses 

with the Board of Directors [BOD] clearly involved 86 29% 

A 

B 

C 

D 

F+ 

F 

Excellent Response (Excellent list of guidelines but not 
always clear as to BOD involvement) 

Good Response (Minimal list of guidelines; currently 
active in the self-evaluation process and future BOD 
action possible) 

Satisfactory Response (Acknowledged corporate 
governance as an issue for future BOD involvement) 

Missed the Point (Minimal response; satisfied with 
informal internal review usually without BOD 
involvement 

Brush Off (Sent a reply but it was obviously a brush ofl) 

No Response 

Totals 

Adding to Shareholder Value 

39 13% 

33 11% 

30 10% 

22 7% 

12 4% 

298 100% 

Having been recognized in 1994 as a leader in corporate governance [in part because of their adoption 
· of the GM governance practices survey], CalPERS sought to demonstrate the value of its corporate 
governance activities to its stakeholders. The means it chose was an evaluation of the effects its 
activities had on portfolio value. CalPERS commissioned Wilshire Associates to conduct . a study to 
ascertain if their corporate governance program improved performance of the target companies' 
stocks. The Wilshire Associates studies concluded that CalPERS' corporate governance activities in 
the 1gg7 - 1994 time period did have a real and statistically significant positive impact on the share 
prices of targeted firms. 

The first study [January 1994] measured the performance of 42 companies identified by CalPERS' 
' ' 
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Corporate Governance Group as poor performers during 1987 - 1992. The study concluded that 
· while stock price of these firms trailed the S&P 500 Index by 66% in the five years before CalPERS 
acted, stock price returns exceeded the index by 41 .3% in the subsequent five years. 

An updated study (July 1995) was performed to provide a five year period post CapPERS activity 
for all firms included in the analysis. This study found an excess return for the post activity five 
year period of 52.5%6 

· This phenomenon of in~reased returns relative to the market as a whole is now referred to as "The 
CalPERS Effect" .7 Based on the original study, the 41.3% excess return amounted to an increase 
in annual retuni of 7 .2%. That 7 .2% increase in return is often cited with respect to CalPERS 
investment performance, and has added over $100 million in excess returns to the Fund. 

In 1996 a CalPERS news release indicated that a further refinement of the original study 
[including 53 firms rather than the initial study's 42] demonstrated that subject firms' stock 
returns had trailed the S&P 500 by 75.2% in the pre-action five year period and outperformed the 
index by 54.4% in the post-action five year period.8 

This same news release identified the "Focus Ten'' target companies. 

Table IV 
1996 Focus Ten Companies 

Applied Bioscience 
Basset Furniture 
Charming Shoppes 
Edison Brothers 
Melville Corporation 

Oryx Energy Company 
Rollins Environmental Services 
Stride Rite Corporation 
United States Surgical 
Venture Stores 

Note that this group represents smaller, less familiar companies and that this shift is a deliberate 
policy of the CalPERS investment board. 

Ca/PERS International Corporate Governance Program 

International equities currently comprise about 16% of CalPERS investment fund. Their stated 
goal is to increase the allocation to 20% withi·n the next few years. If the CalPERS effect were to 
apply on the international section of its portfolio, CalPERS would recognize on the order of $500 
million in annual returns. In March of 1996 the CalPERS board announced its plans to develop a 
formal international corporate governance program. The board's initial efforts will focus on firms 
in France, Germany, Japan and the United Kingdom. 

The board feels that its UK corporate governance program will resemble its US program. 
~owever, in France the restructuring of the national economy and the currently in process 
adoption of US equity culture will require further thought. Similarly, Germany's insider-oriented 
system is only recently facing criticism for its less competitive position in global capital markets. 

145 



Finally, Japan has a structure that is the most varied in comparison with the US. Shareholder 
· returns are secondary to those of the firm and the Keiretsu - the alliance of executives, banks and 
subsidiaries. 9 

· 

Conclusion 

CalPERS is a recognized leader in institutional corporate governance programs. It has been 
successful in targeting firms and helping those firms turn around company performance, leading to 
increased shareholder value. Their frequently cited "CalPERS Effect", based on the Wilshire 
Associates studies of 1994 and 1995 show them to have succeeded in their mission. However, 
given that the start date for performance measurement is 1987, one should exercise extreme 
caution in predicting future results. The system has yet to be tested in a period of extended 
market downturn. 

It will also be interesting to follow CalPERS attempts at corporate governance in the international 
milieu. Recognizing the differences in cultures, laws, structure and markets, the Board is taking a 
cautious approach in this endeavor. 
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ABSTRACT 

This paper focuses on a recycling mode{that incorporates both economic and environmental factors. The 
need for an environmentally conscious recycling model has become necessary because the world 's 
growing economy has led to an equally growing waste production. Furthermore, in most production 
establishments, their primary concern is the design and manufacture of goods, little emphasis is placed 
on integrating environmental factors into the designing and manufacturing stages of products. Therefore, 
developing an environmentally conscious method of disposing of this growing waste is vital to preserving 
the health of the environment. 
In this paper, an economic recycling model was developed, then environmental factors were incorporated 
into the economic model. Apart from environmental protection, recycling by reuse also has underlying 
economic benefits as seen in the analysis of the recycling model developed in this paper. 

1. INTRODUCTION 

Since the 1990s, concern for the environment has increased tremendously. In 1992, the largest gathering 
of top leaders occurred in Rio de Janeiro, Brazil during the Earth Summit sponsored by the United 
Nations. This summit was aimed at -drawing international attention to the increasing hazard posed by the 
growing rate of pollution of our environinent by human activities. [l] For example, "the generation of 
municipal solid waste (MSW) in the United States increased from 2.7 lbs per capita per day in 1960 to 4.3 
lbs in 1990" [2]. Some of the problems associated with waste disposal that is void of environmental 
conceni include ozone layer depletion, air pollutiqn and acid rain. [I]. 
Because of these rising hazardous impacts of environmental pollution, addressing environmental 
pollution issues is now a matter of life and death. If the present rate of environmental pollution is 
not checked by the adoption of environmentally conscious design and recycling, ' .. . life as we 
know it could not survive' [1] . . 
Although this paper will primarily focus on environmentally conscious recycling, it is important to note 
that environmentally conscious designing is necessary to achieving the goal of environmentally conscious 
recycling. A product has to be designed with environmental safety in mind. For example, designing for 
environmental safety includes designing for disassembly and selection of environmentally safe material 
for the production stage of the material. The phrase, "environmentally conscious" simply mean "with low 
[or no] environmental burden" [3]. Products become environmental burdens, if when discarded into the 
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environment, they are capable of producing harmful side effects on humans and other life forms that 
depend on environmental activities for survival. Recycling is simply putting back into use products that 
are no longer useful to the origjnal consumer. When the original consumer retires a product, either of the 
following could occur-it could be: 

1. Discarded into the environment; 
2. Landfilled by waste management agencies; 
3. Incinerated to generate energy; and 
4. Reused, either directly or reconditioned [2]. 

Recycling is demonstrated only in the fourth alternative. Although the third alternative, incineration to 
generate energy, could be argued by some environmentalist as a recycling activity, however, incineration 
of products like the computer is capable of producing harmful environmental waste that may be difficult 
to manage. Computer products are made of materials, such as Silicon and other metallic oxides that are 
harmful to the environment; therefore, reuse of these products is the best recycling alternative [4]. In 
order to achieve environmentally conscious recycling, this paper will discuss the economic recycling 
model, and how to incorporate environmental consciousness into the recycling model. In conclusion, a 
feasibility analysis of the model will be conducted to determine how applicable the model is to industry. 

2. ECONOMIC RECYCLING MODEL 

In order to be able to develop a viable economic recycling model, an understanding of product value over 
time is necessary. The value of products usually decrease with time, but the rate at which the depreciation 
occurs varies between new and used products. Most new products decrease in value much faster than old 
or used products. For example, the value of a new car may decrease by as much as $3000 (or more
depending on the model) after the first year, but the same car after about five years will only decrease by 
about $1000 or less per year. Computers and other household appliances show similar depreciation 
patterns. The relationship between product value and time has been shown to be exponential [5] . See 
figure 1 below. 

Produ~t Value V(t) 

sv ____________________________ ;::_=, __ ::-::_:-------

n nne 
Figure 1: Product Value versus time (an exponential model) [5] 

The cost and return analysis otherwise known as the · 'iron law of recycling' determines the traditional 
recycling mod~l, from an economic perspective. This law states that for recycling to be possible, the cost 
of recycling (CR) has to be less than the total disposal cost (TDC). Environmental considerations are not 
accounted for here [6]. The basic elements of CR Includes: 

Cc-collection cost 
Sc-sorting CQSt 
Tc-transportation cost 
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Cr -remanufacture/reconditioning cost, and 
- SV -salvage value 

The relationship between CR and its elements is shown in the equation below. 

CR = Cc + Sc + Tc + c, -sv (i) 

The relationship between TDC and its elements is shown in the equation below. 

TDC= Cc+ De +Tc (2) 

Where De is the disposal (incineration or landfilling) cost. Therefore, comparing CR to TDC derives an 
economic recycling model. If 

CR<TDR (IM) 

recycling is preferred; however, if the reverse is true then recycling is not economically preferred. For 
example, from equation (1) it is reasonable to infer that for profit: 

SV > Cc + Sc + Tc + Cr. (3) 

Therefore, 
SV =Cc+ Sc+ Tc + C, + P, (P = profit) (4) 

Substituting ( 4) into (I) yield: 

CR=-P (5) 

The cost of recycling, in equation (5), is the negative of the profit derived from the practice. In other 
words, recycling will always generate a profit, P. Also ifwe substitute this value of CR into the inequality 
CR< TDC, we discover that: 

-P < TDC (6) 

Since TDC is positive, recycling will always be feasible. However, it is not possible to arrive at this 
conclusive decision if no profit is generated from the recycling practice. For instance, a look at the 
alternate scenario in which loss is incurred shows that: 

SV < Cc + Sc + Tc + Cr. 

If loss, L is added to the inequality (7), 

sv = Cc + Sc + Tc + c,. -L 

Therefor (6) becomes: 
L<TDC 

(7) 

(8) 

(9) 

Since Land TDC are both positive entities, an economic recycling model that results in (9) will not be 
feasible. However, by incorporating environmental factors into this recycling model, it is possible to 
further reduce the value of CR (L) such that it becomes negative resulting in a feasible model. The 
detailed analysis of this will be done in the next section. 
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Figure 2 below s.hows a schematic illustration of this economic recycling model. When a product is 
· retired, it undergoes a process of economic analysis in which the management of manufacturing 

establishments decides if CR is less· than or greater than TDC. If CR < TDC, the retired product then 
undergoes a recycling process and later sold back to the consumer; however, if CR > TDC, the product is 
simply disposed of either by incineration or landfilling. 

Retired 
Products 

Economic 
Analysis 

Retired 
Products 

CR<TDC 

DISPOSAL 
PROCESS 

Figure 2. Economic recycling Policy Model 

Recycling 
Process 

Reconditione 
Products 

Consumers 

3. INCORPORATING ENVIRONMENTAL CONSCIOUSNESS IN THE RECYCLING MODEL 

The economic model shown above can be modified in order to make environmental protection 
part of the economic analysis [6]. For example, two factors 0 and cl>, which associates numerical 
values to the extent of environmental burden created by the product's disposal or reuse 
respectively, will · be included in the model. The factor 8 defines the environmental cost of 
d1sposal of the retired product into the environment. The factor cl> describes the environmental 
cost of reusing the retired products. In the model discussed above, these environmental factors 
were not considered. But these two factors are always associated with retired products and for a 
given product, its cl> and 0 values differ significantly. Whenever a product is being reused or 
disposed ~ff, a net environmental cost of (<I> + (-0)) is added to the CR side of the inequality 
(IM) while a net environmental cost of (8 + (-cl>)) is added to the TDC side of the inequality. 
Thus, the resulting recycling model becomes: 

CR+ (cl>+ (-8)) ·< TDC -:r (8 + (-cl>)) (2M) 

Simple Analysis with the Mod~l Above: 
· In order to illustrate the environmental benefits that will be derived from the application of the integrated 

model (2M), two instances will be examined. First, when cl> is much lager than 8 (cl>>>8), in this case(♦ + 

_ (-8)) can be approximated by ♦ and (8 + (-cl>)) can be approximated by -ct,. Secondly, when 8 is much 
larger than ♦ (8>>cl>), in this case (cl> + (-8)) can be approximated by -8 and (8 + (-cl>)) can be 
approximated· by 8. For example, if we apply the second scenario to the inequality (9) what will result 
will be: · 

L + -8 < TDC + 8 OR 
L - 28 < TDC (10) 

Since 8 is large, the quantity (L - 28) will be negative. Therefore, based on the model (10), where 
environmentaJ factors are integrated into the recycling model, more products will be recycled, in 

L 
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comparison to the case that economic fa~ors alone determine whether a product is recycled or not. In the 
· second example, we apply the first scenano to (6): 

-P+ ♦ <TDC+(-4>) OR 
-P+2♦ <TDC (11) 

Since ♦ is large, the quantity (-P + 2♦) will be positive; therefore, recycling will most likely not be a 
feasible practice. It is interesting to note that if environmental factors are not considered, recycling will be 
a feasible practice. However discouraging recycling in this instance is an environmentally wise decision 
because · much environmental haz.ard is produced by the reuse of the product, while less environmental 
haz.ard results from its disposal. 
Finally, assigning dollar amounts to cl> and 8 should be done on individual bases because the values of 
these factors for different materials differs depending on the type of product and material involved. The 
model that is set forth in this paper is expected to act as a guide. 
For example, products that are composed of biodegradable materials create little or no environmental 
burden when disposed into the environment; therefore, products in this category should have a 8 value of 
approximately zero. At the other extreme end are products that are made of highly hazardous materials, 
radioactive elements for instance. Other substances generate highly hazardous wastes, such as nuclear 
wastes, when in use. Products in this category should be assigned high cl> values. Other products should be 
assigned ♦ and 8 values depending on how much their reuse or disposal into the environment creates 
hazard. 
With environmental factors now associated with the economic recycling model, the cost of 
recycling of retired products will either increase or decrease much more than when economic 
factors alone are considered_ depending on how much environmental burden is associated with 
the product. However, these changes in CR will result in more retired products (with low to 
moderately high cl>) following the recycling process cycle and smaller number of retired products 
being disposed off-resulting in lesser environmental burden (See figure 2). 

4. METHODS OF INCORPORATING ENVIRONMENTAL CONSCIOUSNESS INTO 
RECYCLING 

It's time industries start to adopt environmentally conscious changes such as the "ecofactory" proposed 
by Dr. Hideo Inoue [8]. ''The ecofactory [ecologically conscious factory] proposed here aims to establish 
next generation mechanical engineering contributing to the resolution of global environmental disruption 
problem without impairing the manufacturing economy or activities for technological progress" [8]. The 
typical ecofactory consists of "production-system factory and the restoration-system factory." The figure 
below shows the main fields of the ecofactory. The primary purpose of this two main system is to help 
reduce the burden on the environment created by the use and disposal of industrial products and energy. 
An elaborate discussion on the ecofactory can be found in Dr. H. Inoue's paper in the ECDMjournal [8]. 
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New Material :::::>: R@ Production-System roducts 
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Consumption 
Recycled Market 
Material 

Control & Resource ¢:0 Assessment Restoration-System 
System Factory 

Figure 3: Main.fields comprising the Ecofactory 

S. CONCLUSION 
With the alarming rate of increase of waste generation in the United States and abroad, the idea of 
adopting an environmentally conscious recycling method should be made a rule, not an option, if the 
health of the global environment is to be preserved. 
This paper is only an introduction to the concept of incorporating environmental consciousness into 
recycling model. The economic model developed is aimed at providing a guide to industries in making 
economic analysis for recycling purposes. The need to look beyond economic consideration to 
environmental concerns is strongly.emphasized. 
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Like many developing countries, Egypt has shifted from a government controlled to an open 
market economy. Under the influence of GATT and the lowering of duties on imported products, 
the country has been flooded with imported products which compete with locally produced 
products. In order to raise the quality of their products and be competitive locally and globally, 
many Egyptian companies, particularly in the priv~te sector, started seeking ISO 9000 
certification. This paper discusses the challenges and benefits of ISO 9000 implementation and 
certification in these companies and its effect on the customer, management, employees, and 
suppliers. 

INTRODUCTION 
For many years, Egypt's economic policies were based on a centralized state-controlled system. 
This system was characterized by the public sector's complete control of industrial production 
and business, restricted import policies, and a highly regulated system of controls on private 
economic activities. The cumulative effect of those policies by the mid- l 970s was a rigid, 
segmented, inefficient and slow-growing economy. 

In 1974 the Egyptian government announced an "Open Door Policy" to attract foreign and 
private sector investments. However; this new policy did not lead to a fundamental change or 
improvement in the Egyptian economy. In 1991 the Egyptian government embarked on a 
comprehensive economic reform which substantially opened the Egyptian market to foreign and 
private sector investors. In the last few years a major shift has occurred in the Egyptian economy 
based on encouraging the private sector to achieve rapid, efficient and sustainable growth. 

With a population close to 60 million and customers hungry for consumer products, Egyptian 
entrepreneurs flourished in manufacturing all kinds of products, not only for local consumption 
but also for exporting to the U.S., the Arab countries, and the European market. By the end of 
1998 the private sector constituted about 96% of the number of all manufacturing companies in 
Egypt[4]. 

ISO 9000 IN EGYPT 
As more and more European and foreign buyers became frustrated at having to verify the quality 
of Egyptian goods they purchased, a growing interest in ISO 9000 in Egypt has emerged. With 
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the growing preference of companies in Europe and elsewhere to do business with ISO certified 
suppliers, many Egyptian companies began to fear that prime international markets would be · 
closed to non-ISO certified companies. Also, a European Commission directive in January 1993 
required producers of regulated products to carry the Commission mark [ 6]. One of the 
requirements for applying this mark is having a certified quality system. This European directive 
applies to all manufacturers who wish to sell their products within the European Union. In 
addition, new product liability legislation in Europe specifies mandates that all supplt~rs involved 
in the supply chain, not only the manufacturers, could be held jointly or separately liable should a 
product cause consumer injury. This legislation increases the pressure on suppliers to 
demonstrate proof of the quality of their products, and according to Bossert [ 1 ], the commonly 
accepted standard for supplier quality assessment is ISO 9000. 

All this has led the Egyptian government to increase pressure on local manufacturers and service 
providers to improve quality through ISO 9000 implementation. Although not mandatory, 
certification is advantageous in improving management, process efficiency, and quality. However, 
by the end of 1998, only 3 50 Egyptian companies were ISO 9000 certified. Many of these 
certified companies are private, family--owned companies, or small businesses. For simplicity we 
will refer to them as small businesses. 

CHALLENGES OF ISO 9000 IMPLEMENTATION 
Implementing ISO 9000 in small businesses can play an important role in improving their 
competitiveness locally and globally. It can be an important step towards improving their quality 
and it can give these companies an advantage when competing with other non-certified manu
facturers. However, small bt'1sinesses in Egypt are facing major challenges on their road to ISO 
9000 certification. 

Limited Resources 
According to Callaghan and Schnoll [2], the primary issue facing small businesses today is one of 
limited resources. Most companies when asked will identify money, personnel, and time as their 
most problematic resources. The financial stability of many small companies may constantly be 
teetering b~tween solvency and bankruptcy, which limit the financial resources that can be 
focused on areas like training, computer systems, and ultimately implementation of an ISO 9000 
quality system. The cost of education, training, documentation, and improvement of quality 
systems according to ISO 9000 requirements, as well as the costs of the certification process 
itself, can be overwhelming for many small businesses . 

. Lack of Customer Focus 
For many years only limited ~mounts of consumer goods were allowed to be imported to Egypt, 
while locally produced prod~cts were usually scarce and of poor quality. Customers were used to 
product shortages and their poor quality. They considered themselves lucky if they could even 
find their nee4ed products, even if those products lacked the quality they were seeking. Because 
of this_ situation, and due to the fact that demand always exceeded supply, local manufacturers 
were able to sell their products without having to respect or even regard their customers in any 
fashion. Customers had been trained to be appreciative just to find products they needed 
regardless of their quality. In addition, customers both expected and accepted poor quality in the 
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products they purchased, and more importantly, wouldn't dare complain about this. This type of 
· environment among the majority of small businesses in Egypt earned them a reputation of having 

poor customer satisfaction records, lack of service after sale, and inadequate customer complaint 
systems. These problems with customer satisfaction will be magnified with the implementation of 
the new changes in ISO 9000 certification, which is to be published in November 2000. 
According to Mroz [5], the new ISO 9001 will involve more requirements for customer 
satisfaction and continuous improvement than the current one. 

· Bad Product Quality 
Since most of the small businesses in Egypt lack the engineering expertise needed for 
sophisticated product design and development, most of the products produced by these 
companies have poor design and quality. In addition, they also have limited variations in types 
and styles. Furthermore, not only are the prices of these products relatively high, but their 
delivery schedule is unreliable. 

Inefficient Management 
In most cases the owner, who is usually also the general manager, has no formal management 
training, and other functional managers are family members of the owners who als~ lack any 
formal management skills. Therefore, most of the managers have little product, process, and 
product management skills, and possess poor understanding of customer needs, requirements, and 
expectations. The organizational structure of companies are fuzzy and informal with no definition 
of job responsibilities and authorities. Most of the key decisions are made by the owner. There is 
little planning and control activity at all levels of the business and most operating procedures are 
informal. Most communications are informal which results in confusion at all levels. Quality is 
viewed as something "extra,'~ therefore there is a weak and limited quality control system and 
usually no quality planning, improvement, or measurement efforts. Employee evaluations and 
reward systems are informal and usually create rivalry and morale problems. In general, company 
problems ·are chronic and there is a lack of internal management audits and corrective action 
procedures. 

Low Employee Morale 
Lack of employee formal evaluations and reward systems results in a lack of trust in management 
and low morale. Inadequate training, poor compensation, long working hours, poor working 
conditions, and low morale result in lack of loyalty and high employee turnover. 

1dversary Suppliers 
Company employees and suppliers usually work as adversaries. There is no supplier management 
process in place for the evaluation, selection, education, partnership, certification, and recognition 
of suppliers. The only control on quality of materials from suppliers is partial inspection by the 
company. In general, the materials supplied have limited variety, poor quality, and high prices, 
and suppliers have poor delivery schedules. 

IMPLEMENTING ISO 9000 
For most small businesses the concepts, principles, techniques, methods for designing, producing, 
and assuming quality products are not understood well enough to be implemented with 
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conv1ct1on. In many companies, jf a quality department exists it typically reports to the 
production department and its role is confined to inspection and testing of the finished product. 

According to ISO 9000 requirements [3] quality management systems should be based on four 
levels: controlled dpcuments' qua~ity manual, procedures manual, work instructions, and forms 
and records that are designed, adhered to and updated by all management personnel. The 
discipline of using this quality system is not understood clearly by many small busi~ess managers 
to be implemented effectively. 

Because of the large amount of quality training needed at all levels, and the organizational 
changes required, the implementation of ISO 9000 quality management system has been extensive 
for most companies. 

Since most communications in Egyptian companies are verbal and informal, the documentation 
requirements for the ISO 9000 standards have been extensive. The documentation that has 
typically existed is most companies before ISO 9001 implementation versus the required 
controlled documents by ISO 9001 .elemems are represented in Table 1. Note the absence of the 
first three levels of controlled documents is very obvious. 

Most small businesses depend on consultants for quality system documentation. Companies 
depend almost exclusively on con!,ultants to write their quality manual. Consultants also write the 
operational procedures, the work instructions and the quality records with the participation of the 
company management repreEentative and his documentation team. 

Competition among registrars is high since the number of registration offices and their combined 
capacity exceed the demand for ISO 9000 registration. Since registrars are anxiously seeking 

· business_ to keep their offices functioning, most companies get certified from the first visit of the 
registrars who are not stringent in their audits. This has unfortunately given the false assumption 
that ISO 9000 certification can simply be bought. 

· Most companies seek the real value of implementing and maintaining these systems as a marketing 
tool to p·romote their products as well as their company's image, and not necessarily to improve 
the quality of their products 0r quality system. 

BENEFITS OF ISO .9000 IMPLEMENTATION 
Aside from the marketing advantage gained from ISO 9000 certification, small businesses which 
attained certification have seen sif;.lificant improvement in their products, customer satisfaction, 
management style, and relationship with suppliers, even though the auditors have been lenient in 
their certification standards.· : 
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Table 1 

ISO 9001 (1994) Elements and Required vs. Existing Documents in Most Companies 

Level 1 Level 2 Level 3 Level 4 
ISO 9000 Quality Systems Elements Quality Operational Work Forms and 

Manual Procedures Instructions Records 
1. ' Management Responsibility • • • •x 
2. Quality System • • • • 
3. Contact Review • • • •x 
4. Design Control • • • •x 
5. Document and Data Control • • • • 
6 . . Purchasing • • • •x 
7. Control of Customer-Supplied Product • • • • 
8. Product Identification * * * * 
9. Process Control * • *X *X 
10. Inspection and Testing • * •x •x 
11. Control of Inspection, Measuring and * * • *X 

Test Equipment 

12. Inspection and Test Status • * * •x 
13. Control of Nonconforming Product • • * * 
14. Corrective and Preventive Action • • * • 
15. Handling, Storage, Packaging, • * * *X 

Preservation and Delivery 

16. Control of Quality Records • • * • 
17. Internal Quality Audits • • • • 

: 18. Training • • • •x 
19. Servicing • * • *X 
20. Statistical Techniques * • • * 

* = Represent the ISO 9001 required controlled documents 
X = Represent the documentation that exists in most companies before ISO 9001 implementation 

Through ISO 9000 certification, companies began recognizing the importance of their customers. 
Their understanding of their customer requirements have improved. Customer complaints are 
taken more seriously and cu~tomer complaint systems have been developed. Emphasis has been 
given to improve service after sale and, in general, an overall improvement in customer satis
faction has been achieved. 

With more attention given to customer needs, more product varieties have been offered and 
significant improvement in product design and quality has been achieved. 

In order to comply with the structured and disciplined quality system needed for ISO 9000 
certification, companies developed formal procedures, responsibilities and authorities, as well as 
more documentation to satisfy the requirements even though most of these new formal respons-
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ibilities are not fuliy adhered to. A formal organizational structure has been developed even 
though they are not being used effectively. More paper work has been added to satisfy the 
requirements without reaping the benefits of better planning and control. In general, one of the 
best benefits of ISO 9000 certification so far has been the increased quality awareness at all levels 
of the organization. 

There is definitely more training provided to employees, as well as some improvementj n their 
working conditions. There is still a lack of formal evaluations and reward system, and a high 
employee turnover rate still exists. 

Relationships with suppliers have improved through a better system of supplier evaluation and 
selection. This in turn has improved material quality and delivery schedules from suppliers. 

CONCLUSIONS 
The management of most small businesses which have been ISO 9000 certified have id~ntified the 
benefits of ISO 9000 implementation as a marketing tool that promotes the company's image and 
the quality of their products. However; the cost of implementing and using the ISO 9000 
standards has been relatively high compared to the potential benefits of these systems. 
Management of the companies need to get more awareness training about the proper use and 
benefits of ISO 9000 quality management systems. They should take a leadership role in 
embracing the positive changes that could result from implementing these systems to achieve a 
substantial and significant improvement in their company's management, quality systems, and 
product quality. Management should empower employees by putting decision making in the 
hands of those who are closest to the job and have considerable insight into problems and 
solutions. In addition, management should use the team approach for problem solving to achieve 
consensus and promote a spirit of cooperation anq shared values among employees. Lastly, ISO 
9000 registration offices should be more stringent in their audits to help companies adhere to and 
improve their quality systems. 
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ABSTRACT 
Often, logisti~s and supply chain managers are preoccupied with issues that have little to do with 
customer needs, for instance, warehouse efficiency, transportation fleet utilization, or 
justification of technology investments. We consider the design and management of supply 
chain systems that are driven by customer requirements and comment on some of the strategies 
that enable a customer-focused view of supply chains. These strategies are borrowed from the 
fields of marketing and information technology and include include customer segmentation, 
product differentiation, and collaborative planning systems. We also comment on logistics 
performance measures that integrate logistics costs with customer service excellence. 

INTRODUCTION 
A supply chain consists of the production and warehousing facilities, transportation 
infrastructure, and information technology support to enable the delivery of goods and services 
according to the demands of a customer. A schematic view of a typical supply chain is given in 
Figure 1. Material and information flow in both directions from/to suppliers, plants, distributions 
centers and customers. Although the figure shows only one stage in the supply chain, similar 
linkages exist both downstream as well as upstream in actual supply chains. 

Problems involving the design and management of supply chains can be broadly classified into 
production or distribution problems. Production problems involve decisions on location of 
manufacturing facilities, establishing suppliers of raw materials, capacity planning of plants, and 
production scheduling. Distribution problems are concerned with determining optimal volumes 
of product flow from one plant to another or to a distribution center, stocking levels of raw, in
process and finished goods inventories, choice of shipping modes, and the routing of 
transportation fleets. 

Research interest in supply chain design and management has mainly centered on capacity 
planning, operations scheduling, materials requirement planning, warehousing, and 
transportation modes and costs. In particular, researchers have developed models and algorithms 
to determine the location and installed capacity of factories, the prioritization of customer orders, 
the amount of in-process inventories to store, and the transportation channels to use, almost 
always using a cost minimizing objective in the models [1, 3, 5, 6, 10, 14]. 
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Figure 1: Structure of Typical Supply Chains 
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In addition to the question of logistics efficiency as measured by the cost of delivering goods and 
services to the customer, there is the related issue of service level. Service level is defined as the 
extent to which customer-needs are met. The emphasis on customer service in the design and 
management of supply chains has recently attracted the attention of researchers and practitioners. 
Kuglin [9] has recently published a book that addresses this issue directly. Kuglin's text is aimed 
at the practitioner who is interested in planning and managing customer-led supply chain 
processes. Although Kuglin exhorts the importance of customer needs in supply chain design, 
his book does not offer concrete ideas on how to actually elicit this information from the 
customer. Poirier and Rouser's [11] book provides systematic guidelines on building the 
relationships between suppliers and customers in order to obtain this vital information. The 
work of Hughes, et al. [8] provides a-functional ten-step action plan for securing competitive 
advantage by leveraging customer value in the supply chain. A more technical treatment, yet 
limited in scope, is provided by Hall and Porteus [7] who developed equilibrium policies for a 
simple dynamic model of two firms that compete for customers based on service quality. Two 
e?(amples are presented in this paper; an internet service providers using a queueing model to 
predict service levels, and make-to-stock producers using a newsvendor model. 

Clearly, service level and cost are positively correlated; a higher level of service is likely to 
imply higher cost (see for example, Figure 2). The important question of cost versus service 
level trade-off must be addressed as a strategic planning activity. This management strategy is 
beyond the scope of this paper. Instead, this paper focuses on the approaches for enabling supply 
chains. to incorporate customer input and even participation in the planning, design and execution 
of its processes so as to achieve the desired service levels while maintaining cost targets. 

I 

'----
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Figure 2: Service Level - Cost trade Offs 

Service Level 

CUSTOMER SERVICE NEEDS 
Customer service is increasingly becoming an important component of a company's 
management strategy. The first and most important aspect of customer service is understanding 
who the customer is and what exactly are the customer's requirements. Clearly, the most reliable 
source for ascertaining customer needs is the customer itself. Literature in marketing has some 
advice on how to obtain customer preference information. Some avenues for gathering this 
information are listed below. · 

1. Customer Service Department of the supplier is a rich source of customer preference data. 
Unfortunately, most of this data is negative, resulting from customer complaints. However, 
the negative data provides valuable information on the types of problems customers are 
currently experiencing, and in tum, provides directions for process improvements. 

2. Marketing and sales personnel come into direct contact with current and potential customers. 
A streamlined method of gathering customer needs data from marketing contacts and 
communicating it back to the research and design units of the supplier is likely to provide 
useful information for product as well as process improvements. 

3. Some companies resort to direct interviews or surveys of customers in order to better 
understand customer needs. Care is needed to ensure that the survey does not impose a 
burden on the customer. On the other hand, if the customer is assured that the results of the 
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survey will guide improvements in service delivery, the chances of receiving candid and 
useful information obviously increases. 

INTEGRATING CUSTOMER SERVICE NEEDS IN SUPPLY CHAINS 
In a recent study performed by The Performance Measurement Group [12], it has been reported 
that "best in class" companies had 50% to 80% less inventory than the median. The -~urprising 
part of this study is that almost all the benefits were derived from process improvements based 
on a better understanding of (internal) customer supply chains and their requirements, and not 
from sophisticated mathematical modeling or investments in technological infrastructure. 

Utilizing Customer And Product Segmentation 
Ideas borrowed from the field of marketing may prove to be very helpful in designing effective 
customer oriented supply chains, for example, market segmentation. This is based on the 
recognition that the universe of customers is not homogenous, and that different sets of 
customers have different service level requirements. Not only do customers expect varying 
levels of service, they are also willing_to pay the higher costs associated with these services. A 
logistics strategy based on a common set of delivery times, shipping modes, handling care and 
cost to all customer may fail to take advantage of this opportunity. Customers who demand 
higher service levels (high maintenance customers) are also relatively more expensive to serve. 
Utilizing a common pricing structure for all market segments has the undesirable effect of 
forcing the low maintenance customer to subsidize the costs of the high maintenance customer. 
Instead of alienating a set of customers, it is advisable to either focus only on a single customer 
segment, or to institute a pricing structure commensurate with service levels. 

Even within a single customer segment, product differentiation may dictate varying levels of 
logistics service. For example, supplying a hospital involves bulk items such as linens, cleaning 
agents, paper goods, etc as well as expensive and time critical items such as blood, vaccines and 
prosthetic devices. Clearly, shipping by truck may be suitable for the bulk items, whereas, blood 
supplies may need air delivery and have additional secure handling and traceability 
requirements. 

Using Technology To Collaborate with Customers 
Instead of viewing the customer as simply the recipient of the product, significant value can be 
generated by actively involving the customer (and the customer's customer) in the process·of 
planning and designing the supply chain. Examples include forecast sharing, continuous 
replenishment programs or vendor managed inventory, and shared capacity planning. As 
. example, suppliers obtain direct access to the inventory and demand data of each downstream 
customers, and, in tum, make prepare their forecasts. 

·Organizations are realizing the critical importance of technology in forming partnerships with 
their customers to enable their supply chains to function in a responsive manner. The internet, 
intran~ts and extranets, automatic identification and real time data capture technologies, EDI, · 
and Enterprise Resource Planning software facilitate this process. Consider for example the role 
played by bar-code shipping labels in the retail industry. Large retailers demand that cartons be 
labeled in a special way so as to simplify their receiving and inventory control operations. 
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However; suppliers often fail to meet the exacting standards imposed by large retailers such as K 
Mart and Wal-Mart. To help suppliers meet the shipping label mandate, some bar-code label 
companies have set up internet sites that allow retailers to upload their standard label f~rmats, 
which can be easily downloaded by suppliers, thereby eliminating the chance of errors and 
resulting cost of retailer fines. 

As ·another example, significant improvements in customer satisfaction may be achieved through 
the use of EDI and the concept of an Inter-Organizational Information System (IOIS). The IOIS 
solution [2] involves an integrated data processing/data communication system utilized by two or 
more separate firms. Iri a typical IOIS setup, the inventory and price information of several 
vendors is transparently visible to the customer. Instead of stocking parts in its own warehouse, 
the customer simply has access to the order picking systems of its vendors. When a part is 
needed, the customer scans through all it's vendors stores and requisitions the part from the most 
cost-effective _vendor. The part is directly shipped by the vendor to wherever it is needed, either 
to the customer's assembly area or directly to the customer's customer. In return for their 
willingness to provide access to their database and storerooms, the vendors receive a monthly 
statement detailing how many orders were awarded to each vendor and the price charged by each 
vendor. This allows vendors to compete for business by altering their pricing structure on a 
regular basis. Clearly, this degree of customer-supplier partnership cannot occur without strong 
technology support at all links of the supply chain. 

LOGISTICS PERFORMANCE METRICS 
Several measures of supply chain effectiveness have been suggested in the literature. Some of 
the key measures can be categorized as follows. 

Production and Inventory Costs 
Cost of raw materials 
Cost of factory operations 
Warehousing cost 
Capital tied in inventories 
Stock loss due to pilferage, decay, or obsolescence 

Transportation Costs 
Cost of shipping as_ a function of gross revenues 
Cost of shipping empty containers 

· Damage or loss during shipping and handling 

Costs of Inadequate Customer Service 
Order entry errors 
Errors in billing 
Error in crediting payments 
Late deliveries 
Unavailability of ordered item 
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A composite measure of logistics performance that incorporates tangible costs as well as the 
· "costs" resulting from inadequate customer service may be provided by the Supply Chain 
Operations Reference Model (SCOR). SCOR, maintained by the Supply-Chain Council 
[ www .supply-chain.org] is a framework for specifying business processes and for measuring the 
performance of processes related to supply chain effectiveness. The main contribution of the 
SCOR model is that it provides a language for communicating within functions of a company 
and between trading partners. This language then be matched against best practices or 
benchmarking performance data; the end result is a tool for measuring supply chain performance 
[4, 13]. 
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UTILIZING THE INTERNET TO CHANGE BUSINESS 
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ABSTRACT 
There is a new game in the high stakes world of information management, and it is· called 
network computing. The game board is the entire universe of information. The pieces are wealth 
of new and existing technologies that can move and interact in a variety of ways. The winning 
strategy is simple: Plug some inexpensive computing devices into a managed network that makes 
your products and services available to a global market and links consumers and suppliers to the 
right level of corporate information. 

INTRODUCTION 
Until, recently business relied on a combination of three distribution channels, direct, retail and 
distribution, to get their products to markets. But as with just about everything else it touches, the 
Internet and the Web are causing dramatic changes in commerce. Indeed, the Internet and Web 
have emerged as the fourth channel for marketing goods and services, and it is a fast and 
dynamically growing channel. 

The Web has reached the inflection point where you go from what do I do with this thing to how 
do I live without it. It integrated itself so hard into peoples lives that you can not imagine doing 
business or living without it anymore. A Web address is rapidly becoming as essential as a 
telephone and a fax line. Having a Web site not only ·provides an additional communication 
channel, but it boosts the credibility as a serious, forward-looking company. Vendors, potential 
partners, and prospective employees will be looking for business on the web. 

THE FOUR C's OF THE WEB 
Today, the state of the Web ·can best be defined in terms of what I will call the Four Cs, and we 
have to use them to our advantage to conduct business. 

Convenience: With the web, the worlds information resources can be accessed easier, 
faster, cheaper and more convenient. Which means, that we can get information about clients, 
competitors etc., from all qver the world and use them to our advantage. More and more people 
(customers) use the Web to search and compare businesses/products and business can not pass 
t_he opportunity to provide information about themselves. 

Content: There are about 351 million Web addresses on the Web. Sites resculpting the 
information to suit the individual preferences of each user. Therefore, business can utilize the 
Net to obtain information customized to their customers. 

Communication: The communicative elements of the Internet - e-mail, chat rooms, and 
newsgroups - represent very important communications links between the site visitor and the 
developer of the site. The ahility to bring people together and bring them information that is of 
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interest to them individually 'is increasing. By having a internet site business could communicate 
· with their customers on a I to I basis. 

Commerce: Online commerce is just in the beginning to become a sensation on the Web and 
business should not pass the opportunity to get their share. Recent development makes it safer to 
use any kind of payment method, thereby increasing the customers who are willing to shop over 
the Net. The Web will have a substantial economic effect on every business that use~__it. 

TECHNOLOGICAL INTEGRATION 
The change in the distribution structure of an industry is an interesting one, in particular the 
impact on intermediaries. They were traditionally providing an infrastructure such as a sales 
network (physical places such as shops, specialized personnel, etc.) and managing the 
complexity of handling customer requests. Electronic commerce can replace some of these 
functions traditionally performed by these intermediaries. 

But the technology alone will not solve issues or create advantages for a business. It needs to be 
integrated in an organization, with the. change management issues linked to people resisting new 
concepts · and ideas. It also needs to support· a clearly defined and well communicated business 
strategy. Only companies that know how to create this fit and maintain it through various kinds 
of environmental changes will be successful in the long term. The issues of finding a balance 
relevant to electronic commerce systems are: 

• between strategy and technology 
• between technology and the organizational processes . 

, • between technology and people 

The central thrust of business strategy is how to build and strengthen · the company's long-term 
competitive position in the marketplace. Managers are obliged to look beyond the present 
business mission and think strategically about the impact of new technologies. The managerial 
task of·introducing, implementing and executing an electronic commerce strategy, is to figure 
out what must be done to integrate the strategy in the overall strategy of the business, to put the 
strategy in place, execute it proficiently and produce good results. 

There are two ways of seeing the alignment between technology and the organizational 
processes. The first is the need to redefine some processes after the introduction of an electronic 
commerce systems, so that these systems become fully integrated in the way an organization 
does business, e.g. in the marketing department; that it will be used as a tool of marketing 
·products. · The other way of aligning processes and technology is to use the latter to enable a 
redesign of the processes, thereby reducing the cost, time and number of errors associated with 
the process, while increasing the service level. 

New technologies need to be aligned with people's understanding and capacity of dealing with 
them because most of them do not have the understanding or knowledge how to handle the new 
technology. Thus, they have to be trained to handle the new system. 
The Business needs people with a strategic vision, an understanding of the various internal 
business processes which w:11 be affected, knowledge of the information systems with which to 
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integrate ·the new systems, a strong technological mastery but also graphical design skills, etc. 
· Therefore, only a cross-functional team including specialized outside partners will be able to 

successfully lead a new way of doing business. 

AREAS FOR UTILIZATION OF THE INTERNET 

Product promotion 
Through a direct, information and interactive contact with customers, electronic commerce can 

. enhance the promotion of products. The use of electronic commerce is to provide product 
information to customers, through on-line electronic brochures or buying guides. This can be 
seen as an additional marketing channel, allowing to reach a maximum number of customers. 
The advantages of electronic commerce as a way to deliver product information is its availability 
anytime, anywhere. But using an electronic medium also allows for interactivity and 
customizatio~. Electronic commerce offers an opportunity for new promotion strategies, 
enhancing the branding of i:roducts. As such, the quality of the "advertisement" is the primary 
value in product promotion. The Web has already established itself as an important direct
marketing tool. 

New sales channel 
Due to the direct reach to customers and the two way directional nature in communicating 
information, electronic commerce systems represent a new sales channel for existing products. 
Considering electronic commerce, and in particular the World-Wide-Web, as a sales channel 
makes sense for two kinds of products: 

1. physical products which can be advertised and/or ordered on-line, such as computer 
hardware or wine 

2. products which can additionally be delivered over the electronic commerce medium, such 
as information or. software. 

By extending the notion of selling "informated" products, we see new product categories 
emerging. For instance: 

Direct savings 

• direct selling (i.e. selling products) 
• content selling (i.e. selling information) 
• advertising (i.e. giving out information such as news or 

directories for free) 
• transaction & links (i.e. charging a fee for a transaction) 

By using a public shared infrastructure such as the Internet and transmitting and reusing 
information, electronic commerce systems can lower the cost of delivering information to 
customers. Sharing a digital infrastructure such as the Internet compared to owning a physical 
one, marketing, distribution and customer service costs can be reduced. By using automated 
systems and its architecture, personnel, phone, postage, and printing costs can be reduced, too. 
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This is especially important in service industries, where the cost of customer service usually 
. exceeds the product costs. The customer value will also be higher, through a quicker reporting, 
or through the added information value. 

Time to market , 
Because of their instantaneous nature, electronic commerce systems allow a reduction of the 
cycle time associated with producing and delivering information and servic~s. For some 
products, the ability to distribute or receive a product as soon as it's been created is of primary 
importance. 

Customer service 
Through intelligence built into systems and the extended availability of support systems, 
electronic commerce systems can enhance customer service. For example, using the Web to 
provide customer support. The ability to provide on-line answers to problems, through resolution 
guides, archives of commonly problems, electronic mail interaction and all that 24 hours a day, 
365 days a year, builds customer confidence and retention. Monitoring how customers use this 
support information also provides in~ights on improvement areas in current products and the list 
of issues encountered with products can be a significant source of product feedback for the 
design of new products. 

Brand or corporate image 
Electronic commerce systems.will become one of the components of a brand or corporate image, 
especially while targeting technology-friendly customer segments. Building a brand or corporate 
image is of prime interest in some industries, especially those with commodity products or high 
competition. 

Customer relationships 
Electronic commerce systems will allow for more personalized relationships between suppliers 
and their customers, due to their ability to collect information on customers needs and behavioral 
patterns. The focus has to be on establishing relationships with customers, based on learning 
their needs and desires, proposing the right products and keeping these relations active 
throughout the years. 

New product capabilities 
The information-based nature of the electronic commerce process allows for new products to be 
created or existing products to be customized in innovative ways. The ~usiness value electronic 
commerce can provide comes from changing the products in addition to the way they are 

. advertised, ordered or delivered. This is mainly due to the potential of collecting information 
which will be used to customize products. The key is the ability to store customer preferences, 
use a flexible manufacturing technique to adapt a product to their particular needs and operate a 

· network of suppliers which will join together to manufacture and deliver a product. 

Hunu:1n Resource & Staff Management 
People are the most critical resource of any organization. Providing personnel with Internet 
access can in itself contribute to the positive culture and the technological environment that most 
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high-quality personnel expect. Job postings on the Internet are becoming a quick and inexpensive 
way to announce available positions and to get rapid on-line response from interested parties. 

Vertical & Horizontal Partnerships 
Supplier, an alliance or a research partner, they all can be linked to each other through the 
Internet. Electronic-Data-Interchange (EDI) low cost links can be established between the 
corporation and banks (for financial transactions), customers and suppliers (for automatic 
ordering and invoicing), as well as partner companies (for exchange of information, electronic 
meetings etc.). 

Intranet 
An increasing number of companies are trying to achieve a competitive advantage by applying 
Internet information technology to establish links among their employees, across functions, with 
their customers, and between data and decision makers. Intranets are a system that supports the 
concept of the empowered employee. The ability to move information rapidly and directly 
through a corporate hierarchy by computer network affects the decision making process: People 
lower down in an organization can now make their views heard throughout the firm. This 
technology enables firms to have a richer level of information flow between the companies 
divisions and the customers, and to give their line employees the information they need to make 
decisions. 

World-Wide Representation 
The Internet is in about 150 countries. Its world-wide spread delivers a unique possibility to 
establish communication and collaboration channels between members of business teams 
interested in communicating efficiently (through text, voice or video) and sharing information 
( documents, progress reports, data, etc.). The Internets infrastructure provides a business with a 
high level of flexibility, helps to cut costs, speeds up processing documents, enables 
brai~storming and discussion groups, etc. 

Relationship between Internet- and "Traditional"-advertising 
Although e-commerce is new, some of the rules of traditional advertising have not changed. To 
effectively market products or services on the internet, you should seriously consider the BIG 3 ! 
(I) TARGET AUDIENCE (2) GOOD AD COPY and (3) KEY EVALUATION. The first and 
foremost thing to consider in advertising is selecting the proper location for your ads. You must 
concentrate your efforts on your target audience. Once you have decided who you are trying to 
reach, find out what types of publications they are most likely to read. This means for the Net, 
you have to look into smaller publications like specialized online newsletters and magazines. 

Since an important part of successful advertising is trial and error, the second thing you need to 
do is to run different ads to find the ones that work best. Although this trial and error is 
necessary, there are some good guidelines to follow when writing classifieds e.g. attract your 
reader with a catchy word or phrase right up front, study other classifieds etc. 
The last important factor in classified advertising is the "key". Keying an ad is a simple yet 
powerful way to determine which ads and publications are working best for you. An easy way to 
do this with email, is to ask people to enter something in the subject box. This is the type of 
information that you must focus on to hone your marketing skills. These factors all hold an 
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importance place in traditional advertising, and they have certainly carried their importance over 
to the internet. Once you master these three skills you will be on your way to bigger profits. 

CONCLUSION 
The interactivity from Electronic Commerce does not replace but instead compliments the 
"traditional" marketing channels. It is important to remember that the Internet is not the only 
sales medium. Even with success in this field, firms should have no plans. .. to cease retail 
operations or mail less of their catalogs. Some customers want the convenience of at-home 
shopping, others want to get out and touch the merchandise. Electronic commerce is just another 
method to reach a group of customer, to be precise customers who are comfortable with PC's 
and who like to communicate through electronic channels. 

The future for Electronic Commerce on the Internet looks bright even if there are still some 
major hurdles to bypass, e$ the relative insecurity of the network. It offers connectivity at a 
level not previously available to business. The cultural changes brought by instant global 
communication are just beginning to penetrate organizations. The internet gains, little by little, 
ground in every corporation and will soon become the main communication and research tool in 
most firms. Some people may wonder what the Internet will look like in the future. The technical 
base will certainly evolve, but one can be sure that the Internet will keep on growing and connect 
networks every day. 

It does not require a futurie teller to predict that business use of the Internet will expand 
significantly over the next few years. As the resources for commercial transactions become 
increasingly sophisticated and reliable, more and more companies are making the connection 
between competitive advantage and internet access. The electronic highway is more than a tool 

_ for business. It is shaping and redefining the way companies are doing business. 
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The methods of a computational object are analogous to the defined processes of a 
business organization. Exploration of this organization-as-object metaphor leads to a 
"object model" of business workflow management. This is a departure from existing 
models such as document routing and conversational loops. Some implications of the 
model are considered and the implementation of Reactor, a business process executive 
built from this model, is discussed. 

RELATED WORK 

A business process is a collection of activities or tasks that support essential 
organizational and business functions. These activities complete a particular process and 
are bound by a set of relationships and dependencies. A process may range from an 
unstructured assembly of spontaneously generated activities to a highly structured 
activity that can be defined prior to its execution. The amount of human interaction 
during coordination and execution of the process is as variable as the process itself. 
Some processes require extensive human interaction during coordination and execution, 
while others are highly automated, requiring little or no human participation [Sheth, 
,997].. A workflow process is an automated process that directs the coordination, control 
and communication of the activities. 

While the design of work and the design of software are distinctly different domains 
[Butler et al., 1999], clearly both possess object-oriented qualities. Organization 
modeling is concerned with describing the structural aspects of an organization. Business 
processes describe what has to be collaboratively done and when, how, and by whom this 
is accomplished [Ott et al., 1999]. Workflow management systems support the goals of 
business process management. The degree of support is dependent on the workflow 
potential of the supported business process [Becker et al., 1999]. Business processes that 
are goal-oriented, regardless of whether they are sequential, circular, fixed, or ad hoc, are 
ideal processes to be implemented using a workflow management system. 

A workflow process is a script prescribing the use of business objects to reach particular 
business goals. At runtime, the workflow system will manage the flow of control and 
data between the business objects, will establish transaction boundaries around the 
objects, and will ensure that the proper organizational units become responsible for 
utilizing the services provided by the various business objects [Leymann and Roller, 
1997]. 
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Although workflow systems are an academic and business success, a more general model 
of process support systems is elusive. In their proposal for II federations" of cooperating 
process support systems, Estublier et al. discuss software process system models and their 
limitations [Estublier et al., 1999]. 

An object-oriented approach to business processes and to workflow specification __ 
produces modular collections of interacting objects, instead of merely creating a sequence 
of actions. Three principles of object-oriented programming are encapsulation, 
inheritance and polymorphism. Encapsulation hides the inner details of individual 
activities comprising a process. Polymorphism allows for situations where the meaning 
of an operation is unknown until execution time. Inheritance allows the reuse of 
processes that were defined previously. Through inheritance, class behavior is extended 
to fit new requirements and new environments. Classes and class hierarchies can be 
abstract (extendible) or concrete (fixed). Class operations can be virtual (extendible) or 
non-virtual (fixed) [Miller & Hsia, 1999]. These definitions illustrate how an object
oriented program mirrors the complexity .and variability of the processes that comprise a 
business enterprise. 

INTRODUCTION 

Two conceptual models underlie some currently available commercial workflow 
management systems: document routing, and linked conversation loops. Both models 
have inherent limitations that become more troublesome with growth in the scope of the 
activities to which workflow management technology is applied. The document routing 
model breaks down for complex business processes involving the preparation and 

· approval of multiple documents, as well as for mechanical procedures that involve no 
documents at all. The conversational model is unsuitable for managing tasks that are not 
conversations. Neither model specifically addresses problems such as integrating 
automated tasks with work performed by people, or conducting business processes that 

. involve multiple enterprises. 

In an attempt to identify a more generally applicable workflow model, we suggest that 
the m·ethods of a computational object are functionally analogous to the processes of a 
business organization. That is, a population of objects is a potent metaphor for an 
enterprise. 

TESTING THE METAPHOR 

To test this metaphor, we consider several questions about the differences and similarities 
between objects and organizations. 

1. Po organizations, like objects, exhibit: 

a. "is-a" relationships? Yes. Suppose that the Los Angeles office for company XYZ is a 
dome·stic sales office. It is an instance of a class of organizations called "domestic sales 
offices," \3/hich have some common features that distinguish them from other offices. 

I 
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Moreover, domestic sales offices may be thought of as deriving from a base class called 
"sales office" to which other types of sales offices, such as international, may belong. 
Specific organizations are object-like in being instances of general classes of 
organization, and these classes can be arranged in a taxonomy that serves as a basis for 
inheritance. 

· b. "has-a" relationships? Yes. An aircraft manufacturing firm, for example, typically has 
an engineering division which in tum has a quality assurance department. 

c. interaction by "m·essage exchange"? Yes. For example, business organizations issue 
purchase orders to one another, request signatures on orders delivered, and issue invoices. 

2. Is encapsulation relevant to the structure of a business? 

Yes. Business organizations expose to the world only a small fraction of their processes 
and state. Most processes can be initiated only from within the organization (analogous 
to the private methods of an object), and much information is considered confidential and 
proprietary (similar to an object's private attributes). 

3. Are business processes polymorphic? 

In a broad sense, yes. An order for forty carburetors may be placed with different auto 
parts distributors. One distributor will respond more quickly because its order processing 
process is more efficient. The same "message" has been presented to multiple 
organizational "objects" and they have responded in different ways. 

It appears then, that the specification of a business organization's processes is analogous 
t~ the programming of the methods of a class. However, there are significant differences 
between organizations and objects. 

First, organizations are idiosyncratic in a way that objects typically are not. Each store of 
a restaurant franchise may in theory operate in exactly the same way, but in practice some 
processes may be modified or added to accommodate local market or workforce 
conditions. 

Second, an organization's structure is not static. Its behavior and state may change over 
time. New auditing procedures are necessary when inventory starts to disappear, and new 
records must be retained to support those procedures. 

Third, any single instance of a defined procedure may persist across · days or weeks, may 
be distributed across many participating individuals, and may itself change significantly 
as obstacles or opportunities appear. 

In short, organizations are idiosyncratic, dynamic, flexible, reflective, and self
modifying. 
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REACTOR . 

The discussion above suggests -that one way to implement software for workflow 
management, or more generally, business process execution, would be to use a 
programming language that is computationally complete and supports idosyncrasy, self
modification, and persistent, distributed instances of behavior. 

PXL (Process Execution Language; originally Workflow Language, WFL) [Ames et al., 
1997, 1998].is the expressive basis of the Reactor process executive system. PXL is an 
extension of Tel and is designed to execute the processes of organizations by 
commanding a process execution server, in approximately the same way that an object
oriented programming language is designed to execute the methods of objects by 
commanding a computer's central processing unit. 

PXL computational completeness is derived from Tel. Processes defined in PXL are 
stored in Reactor's database in a "compiled" form. PXL commands issued in real time 
cause those processes to be executed. In~tances of execution of defined processes, called 
initiatives, also reside on the database. Initiatives and the values of their state variables, 
called operands, are therefore persistent. 

The PXL get and edit commands retrieve and modify operand values. new creates a new 
initiative; delete destroys an existing initiative; start sets an initiative in motion, 
activating all steps that are not contingent on the completion of any other steps; end 
completes a step, causing the activation of all steps that are contingent on that step's 
completion. PXL' s edit command can add, delete, and modify the steps of existing 
initiatives evenwhile they are running. Initiatives may be in effect self-modifying, since 

· a user who has been assigned a task may be authorized to edit that initiative. 

A given step may constitute work assigned to an individual, a script that is to be executed 
automatically, or both. The scripts are themselves written in PXL, so a process easily can 
invoke another process of the same organization, just as one method of an object can 
invoke another method of the same object. Finally, the tell command enables processes 
to send PXL scripts to the process execution servers of other organizations. That is, one 
organization's processes can invoke the known (public) processes of another 
organization. The process execution server typically runs on a networked computer, so· 
users and software elements anywhere on the network can issue PXL commands. This 
allows the execution of an initiative to be highly distributed. 

FUTURE WORK 

The "organization-oriented" model ofworkflow management suggests that other features 
of object-oriented programming technology also might be applicable to process 
execution. For example, an organization can only invoke another organization's 
processes if it knows what they are and what parameters they require. This argues for the 
desirability of a workflow management analog to the interface repositories in object 
systems such as CORBA. 

L 
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Reactor currently lacks explicit support for defining classes of organizations. Packaged 
libraries of PXL process definitions for various business functions are an obvious first 
step, and development of such libraries is underway. But since there is no class 
instantiation and no inheritance without class definitions, it is questionable whether 
Reactor at present really supports object-oriented management. 

·Anon-object-oriented application is a homogeneous, flat function space that may be 
well-organized but is difficult to reuse. Either it must be used in its entirety or else the · 

. user must know which functions are needed and all other functions invoked by those 
functions. Moreover, function naming proliferates in such an application because there is 
no polymorphism. In short, the non-object oriented application is complex because it is 
not partitioned, largely because there is no well-understood partitioning standard. 

Similarly, .a non-object-oriented enterprise would be characterized by a homogeneous, 
flat process space (global, enterprise-wide process definitions) that might be well
organized but would still be difficult to reuse. Such an enterprise may be difficult to 
understand, in part because of the proliferation of process names. Again, its process space 
is in part complex because it is not partitioned, and there is no standard for partitioning it. 

In contrast, Reactor clearly supports "structured programming" for business process 
specification. Process execution can be subject to sequence, alternation, and iteration. 
Complex processes can be decomposed into simple subprocesses that "fan out" and "fan 
in." Finally, a definite structure effectively manages processes and encourages high 
process cohesion and low process coupling. 

Consider that the methods of objects are functions that enable applications, and well
written methods are themselves drafted within the "structured" guidelines. The 
".organization-oriented" model of workflow management adds value by partitioning the 
process space on the basis of the classes of organization to which processes principally 
pertain. Therefore, it seems reasonable to conclude that Reactor can indeed support 
object-oriented workflow management. 

SUMMARY 

Reactor is a commercial business process management system built on the object
oriented (organization-oriented) model ofworkflow. Reactor uses PXL, a 
computationally complete language supporting idiosyncrasy, self-modification, and 
persistent, distributed instances of behavior. PXL specifies the execution of 
organizational processes just as an object-oriented programming language is used to 
specify the execution of objects' methods. In PXL, processes are decomposed into one or 
more subprocesses which may be decomposed further, merge together, or continue to 
completion of the process. Reactor uses PXL to efficiently and correctly model and 
manage the coordination and completion of business processes. 
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We believe the organization-oriented object model can do more than just help us 
understand business and support it with process execution software. Perhaps it can offer 
hard-won lessons learned to business itself. 
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Abstract: 

The paper -investigates va1ious authoring tools that instructor can use to create the 
interactive tutorials to strengthen comprehension and retention of the covered material. 
Given examples will cover: Authorsoft 4.0, 1 Visual Basic, Authorware 4.0.2

'
3 Internet 

accessible, fully interactive tutorials in the area of microprocessors that offer evaluation of 
the answers will be shown. Students' evaluations of multimedia format of inst[l:lctions and 
usefulness of Web-based tutorials are presented. 

The Authoring Tools 

Technology is progressing at a rapid pace and an instructor should take advantage of new 
available educational tools. These new products offer the authoring tools, which can 
enhance learning experience for students. Authoring tools offer features, which go beyond 
capabilities offered by presentation software such as PowerPoint. The authoring tools such 
as AuthorSoft, Authorware, Toolbook, etc., offer not only ability to program in an 
interactivity of various type, and sophistication level, but also to create interactive, 
educational documentation available on Internet. 
The authoring tools were developed to allow a relatively inexperienced person with 
rigorous programming, such as Visual Basic or C++, to produce professionally looking 
multimedia documentation with relative ease. These software tools were designed to 
simplify "programming process" and make it possible to create tutorials/documentation 
relatively quickly without reference to real "code." The new tools though, much easier to 
learn and master than classical programming, do require time investment and willingness 
to experiment. It is helpful though if an instructor does have some background in any type 
of programming. 

There is already an extensive literature on active learning,4-6 multimedia, 7-
9 etc., which 

strongly suggest an integration of teaching/learning processes .to improve learning 
outcomes. The new tools enable one to facilitate active, interactive learning environment. 
The author fascinated by new technology, attempted with success in his judgment, to 
bring new tools into a classroom to improve teaching/learning experiences for students. 
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How to Apply the Authoring Tool: 
Address the Specific Educational Problem 

In designing the multimedia tutorial/ documentation an author should focus on specific 
educational goal to be achieved. Tutorials are more effective if they are relatively concise 
and limited timewise. Posted on PCs or a network in laboratory setting can be accessed 
and processed anytime and anywhere by a student. 
As an example the author would like to describe tutorials developed for microprocessors 
course. Namely, in that class students had to master the hardware details and 
programming skills at assembly programming level and any additional opportunity to 
review rather difficult material would strengthen the comprehension and retention of the 
material. To enhance learning process the author created the tutorials accessible on local 
area network of PCs in EET lab on microprocessor terminology, operation using 
AuthorSoft 4.01

, inexpensive ($25 educational price) software by Spirit of St. Louis 
Software Company, see figure 1. To create Web-based fully interactive tutorials the 
author used Authorware 4.02 by Macromedia, see figure 2,3. Authorware 4.0 allows one 
to program the various types of interactivity. Level of sophistication of interactive 
communication can be programmed according to the need. The user can be asked to type 
full answer, select the proper choice, etc. The software provides various "tracking" tools, 
which can be incorporated in a given application to provide the viewer with 

Figure 1 

I'--
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an evaluation of the answers at the moment of tutorial completion. This is a very desired 
feature because it gives an instant feedback to the student, see figure 3. Various types of 
performance criteria can be programmed: time limit, limit for number of trial answers, etc. 

Some Practical Hints 

To guarantee smooth operations of Web-based tutorials the author strongly suggests to 
use local server to store the original files. Often it is necessary to communicate with · 
.network administrat~r to equip network operating system with necessary plug-ins or 
required small software files responsible for executing various features. Other, more 
detailed remarks: one should try to minimize all images to minimal satisfying size in order 
to·speed up transfer operations. One should avoid "fancy" forms and formats for text, 
background, etc. Microsoft Office provides many features, which make job of writing and 
debugging-Web-based documents relatively "pain free." The author found the NotePad, a 
simple word editor, to be very useful in editing and correcting HTML code. 

Figure 2 
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Figure 3 

Assessment 

To evaluate the impact of using the multimedia format in lecture delivery and the 
usefulness of interactive tutorials, the author distributed a questionnaire to students after 

· the course was completed. The anonymous answers were submitted to the author via 
campus· or regular mail. The two ·questions asked were as follows: 
1. The multimedia format of presentation helped me to better understand the material. 
2. The Web Tutorials available on Internet helped me to better understand the 
programming details ·of 68000-mi~roprocessor assembly language. 

Students had to respond by circling one of the following answers: 
Strongly Agree Agree No Impact Disagree Strongly Disagree. 

Excel diagrams showing the results are displayed on figures 4,5. 

The results, although based on small size of sample, limited to students taking 
microprocessors class, usually below 10, were very positive. One student wrote a one 
page letter indicating a very significant, positive impact of multimedia/tutorials in 
improving understanding of the difficult material. There was one comment about "mishap" 
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in running of the tutorial under Windows screen due to the fact, in author believe, of not 
knowing how to change screens, not due to faulty program. 
In addition, the author noticed significant improvement in understanding of the cove~ed · 
material during the fall' 98 semester relative to previous semesters. This "subjective", 
nonquantified result combined together with quantified outcome of the survey gives the 
author a strong motivation to extend the approach to other classes. 

Multimedia Assessnent: Multimedia format was helpful 
to understand the material better. 

2 3 4 5 

<··· Strongly Agree Strongly ll~agree -··> 

Figure4 

Multimedia Assessment: Interactive tutorials available on 
Internet were helpful. 
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Conclusion 
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<··· Strongly Agree Strongly Disagree •··> 

Figure 5 

An instructor should take advantage of the new educational tools currently available. 
Multimedia format enhances attractiveness of the presented material and also can 
successfully challenge the students' misconceptions about studied material. Produced 
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tutorials with.any of the authoring tools would enable students to work at their own pace 
and to increase comprehension and retention of the material. Web-based material offer 
accessibility anytime and anywhere. To be successful an instructor has to invest time and 
energy to learn new "stuff' and to design learning/teaching processes which incorporate 
modem ·tools effectively. 
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This paper describes a project to automate current administrative processes associated with the 
U.S. Army Test Activity's Test, Measurement and Diagnostic Equipment organization. This 
software upgrade will allow the electronic submission of data over the internet, as well as 
providing remote access capabilities for users. 

INTRODUCTION 

In 1963, the Army consolidated all of its independently evolving programs into a single entity for 
metrology and calibration [ 1]. Laboratories, within the U.S. Army Test Activity (USAT A) 
organization, are tasked with ensuring that measurement capabilities (i.e., at installations, depots, 
test centers, and used by the soldier on the battlefield) are· sufficiently accurate and traceable to 
established and · accepted national standards. 

Depending on accuracy requirements, the laboratories provide direct support for test, 
measurement, and diagnostic equipment (TMDE) used with Army weapons systems and 
organizations. A primary TMDE software system is referred to as the TB 43-180 database, due 
to its output, the Department of the Army (DA) Technical Bulletin (TB) 43-180. The database, 
and its subsequent output, identify all field US Army calibration and repair requirements for the 
TMDE. The Technical Bulletin data is also used in support of Army calibration facilities, 
Research, Development, Test and Evaluation (RDT&E) centers, Army depots, and the 
Department of Defense (D_oD) Metrology Information and Document Automation System 
(MIDAS). 

Current database maintenance operations are manually-driven, i.e., hardcopy forms (DA Forms 
3758 and 2028) are mailed in by the users and are subsequently manually reviewed and 
processed. As part of this review, Federal Logistics (FEDLOG) and DoD MIDAS data are 
accessed. The submitted forms or other correspondence are then mailed back to the originator, 
advising of the approved actions taken. 

The TMDE organization is currently undergoing a series of consolidations and downsizing, 
similar to those experienced by other military and non-military U.S. government organizations. 
In fiscal year 1998, T~E experienced a continued reduction from baseline 1990 levels of 
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civilian and military personnel, as well as associated budget [2]. At the same time organizational 
responsibilities remain constant. A logical response to this situation is to automate current 
processes in order to better leverage existing TMDE monetary and manpower assets. A software 
upgrade to the TB 43-180 database has been proposed for this purpose. 

This software upgrade will allow electronic submission of DA Forms 3758 and 2028. Further, it 
will provide remote access to users at RDT &E facilities and depots. These remote a~~ess and 
submission capabilities will permit the users to be responsible for their own data input, yet still 
maintain USAT A validation and approval of the data. 

DEVELOPMENT APPROACH 

Electronic data interchange (EDI) is the direct computerized exchange of business data between 
companies. In an EDI system, electronically transmitted data replaces routine paper documents 
(e.g. purchase orders and material releases) throughout a company's transaction cycle [3]. This 
concept is intended to reduce data entry costs and errors, as well as improving leadti'ines. By 
1994, the number of companies using some form of EDI exceeded 140,000 [4]. Anecdotal 
evidence suggests even more firms have taken advantage of this approach [5,6] . 

Since the mid-1990s, the growth of internet technology has lead to a more mature phase of EDI 
deployment [7]. A more open architecture is presently favored, allowing communication beyond 
an explicitly defined, and thus limited, set of key partners. This current approach, which allows 
communication among a wide variety of partners, vendors, and customers, is based on internet 
transport combined with international content standards [7]. 

Utilization of the internet was thus proposed for this research project. It was envisioned that an 
intranet web would be created that would allow customers to electronically submit DA Forms 
3758 and 2028 .- This intranet would operate under the existing TMDE internet homepage, and as 
such would be accessible by any authorized user with internet communication capability. In 
addition, this proposed intranet would be enabled with on-demand electronic mail ( e-mail) so 
that the users could convey any special additional information associated with these DA forms. 
Within this ·proposed intranet web, the capability to generate e-mail via a Microsoft (MS) Access 
hyper-link, for use by TMDE personnel, would be implemented. This would allow TMDE to 
electronically provide USATA validation/approval of data feedback to the RTD&E community 
and depot managers. · 

Initial Design 

Based upon an initial set of meetings with the TMDE customer, a summary architecture of the 
system was developed. Clicking on to a specific option on the TMDE internet homepage ( or one 
of it's subordinate pages) will initiate a series of screen templates for user data input. These 
screen templates were envisioned to be consistent with the existing displays on the MS Access 
front end to the TB 43-180 datab2se. This would facilitate subsequent review by TMDE · 
personnel. 

I'-.... 
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User input requests would be stored in a temporary data file, pending review. TMDE evaluation 
· of submitted forms would be accomplished through the use of MS Access. TMDE personnel 

would then review and validate the inputs. Feedback to the customer could then be provided by 
on-demand e-mail in order to request additional information or to supply electronic approval/ 
disapproval with attendant information. Once the customer request is approved, the MS Access 
temporary file will be conveyed to the Oracle permanent database using the existing Oracle 
front-end software developed by TMDE. The temporary input file would provide the basis for 
generating special reports. 

Hardware/Software Considerations 

The TB 43-180 database resides on an HP 9000 minicomputer, utilizing HP Unix V. 10.2 and 
Oracle V. 7. The current review process utilizes a Pentium-based microcomputer, referred to as 
the functional proponent desktop PC, for data access and analysis. Microsoft Access 97, in a 
Windows 95 operating environment, provides a user-friendly interface to the Oracle database, as 
well as a means of accessing FEDLOG, MIDAS, and the Government-Industry Data Exchange 
Program (GIDEP). 

The USATA Local Area Network (LAN) presently utilizes Novell V. 4.11 software on a series 
of Pentium 200 network servers. The TMDE internet homepage is available via the LAN. It is 
currently resident on a Sun Microsystems hardware platform, utilizing Live Wire software. The 
homepage is also accessible via a Windows NT 4.0 platform, using Internet Information Server 
(IIS) 3.0 and Active Server Page (ASP) 1.0. Frontpage software is utilized for graphics, although 
not for web management functions. Microsoft Data Access Components (MDAC) are also being 
used. 

This research utilized hardware, software, and communications resources compatible with these 
exis~ing TMDE investments. These resources are currently available at The University of 
Alabama. 

SYSTEM ARCHITECTURE 

Based upon subsequent data gathering, a functional system design (FSD) document was 
developed and submitted to TMDE. The purpose of the FSD was to carry the design to a 
sufficiently detailed level to support actual programming of the system, as well as to obtain 
customer confirmation on the direction of the project. Specifications were provided for the 
overall system, with input, output, and processing capabilities defined. Preliminary formats of 
individual screens were also provided. 

Upon obtaining TMDE customer feedback regarding the functional system design, the software 
upgrade was constructed. The upgrade is referred to by the project team as the Validation and 
Approval Support System (VASS). As identified in the functional system design, an intranet web 
was constructed that will allow the electronic submission ofDA Forms 3758 and 2028. This 
intranet will operate under the existing TMDE internet homepage, and as such will be accessible 
by any authorized user with internet communication capability. 
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The users will input data via these dynamic webpages. Dynamic (also referred to as "active") 
webpages include embedded objects which users can interact with in a natural way. Examples of 
embedded objects include animated text, form controls, calendars, automatically updating 
scripts, and Java applets. Static pages are not changed as a function of user action with the 
webpage, arid merely. support reading and branching. The scripting tool selected provided a 
webpage for a dynamic interaction, in order to support user data entry and the communication of 
this input. One restriction for dynamic webpages is that they must be stored on a pe~sonal 
computer running MS Internet Information Server. 

In order to resolve compatibility problems, ASP version 1.0 was used to the extent possible for 
capturing user input data. ASP is used to generate conventional HTML code for webpages. This 
approach has the benefit of allowing code to be generated and interpreted by the specific server 
(in this case the T1,IDE), and is independent of the internet browser used by the customer. 

Input Specifications 

Selection of the appropriate option from the TMDE homepage will invoke the intranet. The main 
menu, entitled TB 43-180 Database Input Review, is initially displayed. Selection of either of the 
form options results in subordinate displays. The Quit option, on the main menu, links back to 
the T1,IDE home page. 

For the two input pages identified, several additional capabilities are included. Along the bottom 
of the page are options for Next Record and Submit. The Next Record option allows the input of 
multiple records of the same typ·e, i.e. batching. The Submit option transmits the input data for 
storage in the temporary Access database, and returns the user to the main menu screen. The 
Submit option may be invoked, at the user's discretion, after the entry of one record or of 
multiple records. 

In the upper left comer of each page is the online Help facility. This will provide 
context-sensitive help via a pop-up screen. At any point, generic internet functions ( e.g. the Back 
button in Netscape) may be invoked. 

Processing Specifications 

Processing of the input data is limited. As discussed in the next section, the temporary input file 
~ill .provide the basis for generating special reports and updating the Oracle database. No 
calculations are applied by the system. The review process is conducted as a manual effort by the 
· system user. 

The only special logic applied by the VASS system relates to the identification of duplicate data, 
· and the purging of old data. Upon submission via the webpage, data is time/date stamped and 
submitted to a buff er storage file. This buffer is checked for duplicate submissions based upon 
the time/ date stamp before copying the data inputs to the Temporary Access Database. The · 
time/date stamp is also used by a purge program which deletes any records in the buffer older 
than twenty days. This logic is necessary to delete old records after they have already been 
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_ copied to.the Temporary Access database, and was identified as a requirement during the beta 
test period. 

Output Specifications 

The data entered by the user, via the intranet, will update the relevant Access tables. This will 
enable TMDE personnel to review and evaluate the web-based request. A series of Access 
screens,- analogous to the web pages previously discussed, were developed for this purpose. 

The banner screen has options to select the either of the two subordinate screens, in order to 
create a tracking report consistent with the existing report configuration, or to submit the data to 
the Oracle database. Online Help and Quit options are included. 

In additfon to .the standard input fields, the Form 3758 screen also has the capability to display a 
"combo box". This will be initiated by the user selecting the scrollable box in the Instrument 
Specifications area of the form. The combo box will then display selection options for Parameter, 
Range, and Accuracy. Subsequent to the selection of one of these options, information may then 
be entered into the text box immediately below. Although it appears that there is only one text 
box available on the screen, the system will allowthree text boxes in the Access tables (i.e. one 
associated with each of the selections of Parameter, Range or Accuracy). This will allow 
multiple entries for each Form 3758. 

Based upon the data sent to the Access, the TMDE personnel will search the Oracle database, 
using an existing software tool. Based upon the results of the search, the relevant ACCESS 
forms will be completed. The product of the temporary ACCESS file is a flat file for upload to 
Oracle. 

VE~FICATION AND VALIDATION 

Accepted software engineering techniques were used to verify and validate the system. The 
verification process ensures that the system will perform the functions identified in these design 
specifications, through the successful completion of a predetermined series of confirmation tests. 
Testing was executed on an individual program, module, and overall system basis. Upon 
identification of any errors, a structured problem analysis and resolution procedure was 
conducted. 

A simple ASP-based webpage linked to Access was created as an initial test platform. It was 
used to successfully input data via the internet to an Access file. This test was conducted on 
several different PC-based hardware platforms. The ASP/ Access test platform was extended to 
allow entry of Form 3758 data over the web, using these modified screens. TMDE personnel 
conducted the input of representative data over the internet In the first set of tests, the Access 
database and the internet server used resided at The University of Alabama. In the second set of 
tests, the prototype system was installed on the TMDE development server, then these tests were 
repeated. This determined if the software executes in the customer environment. These 
preliminary sets of tests also provide the TMDE users with the opportunity to give further 
guidance and feedback on the software's functionality and appearance. A full set of predefined 
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test cases was then executed at The University of Alabama in order to insure that the completed 
VASS software worked as designed. 

Validation is the process of determining that the system addresses the original customer 
requirement's. The completed VASS system was installed on a development server at Redstone 
Arsenal, Huntsville, Alabama. Content validity was established through face validation of the 
completed system, and associated documentation, by TMDE personnel. Actual cases .. and data 
representative of the USAT A operational situation were applied. A beta test period was 
allocated for further evaluation, training, and post-implementation support. 

CONCLUSIONS AND KEY BENEFITS 

As noted by Minoli and Minoli [7], the purpose of EDI "is to enable easy and inexpensive 
communication of structured information throughout the corporate community. EDI can 
facilitate integration among dispersed organizations. Another ofEDI's goals is to reduce the 
amount of data capture and transcription; this results in a decreased incidence of error, reduced 
time spent on exception handling, and .fewer .data-caused delays in the business process". 

Based on these well-documented benefits, a web-based EDI application was developed to 
automate current TMDE processes. The final version of this system is capable of executing on a 
Windows NT server, supporting Microsoft Access, at the client site. The software system, 
hardcopies of the system code, and full system documentation were provided to the TMDE 
customer at the conclusion of this project on December 16, 1998. 
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ABSTRACT 
A user chooses a Web page. An agent does argumentation analysis on the text and develops 
knowledge which it then uses to find other pages which will be interesting to the user. The power 
of the method is that it finds very few hits, rather than the millions of hits found in the average 
Internet keyword search. 

INTRODUCTION 
At present automated database information retrieval is based upon semantic net representations 
such as subject identifiers and keywords. Automated database searching is available for full text 
and bibliographic databases. Bibliographic databases are databases where only specially selected 
aspects of the information are stored. Full text is where the whole of a text is held online. It was 
the oldest and least sophisticated way of holding information online and for this reason (lack of 
search and query mechanisms, expense of storage) was not much used until recently, when search 
algorithms became mor~ powerful and storage became cheaper. The need for better search and 
query methods for these databases is urgent. Individual key words without their context convey 
inadequate information for most indexing problems (Burgin and Dillon, 1992). Also current 
search methods repay only well structured searches which are based upon the user knowing the 
semantic categories he is seeking. This means that such searching is useless for someone who is 
unfamiliar with the field, or someone who wishes to browse. By definition, browsing involves 
unstructured or ill-defined search criteria (Cove, 1988; Palay, 1981; Hildreth, 1982) or search 
criteria which generate too many hits (Ellis, 1989a; Ellis, 1989b ). Even when specialists do 
searches, they often do not follow a rigid search policy and deviate when unexpected results 
~ccur·(Bates, 1979). There have been notable·-successes in the technical area, with gateways and 
user-friendly interfaces, but the major problems continue to be not the mechanics of the system 
command language but with search strategy (Fenichel, 1981). The main problem seems to be that 
semantic representations require the searcher to have a clearly developed idea of what he wants to 
find: a somewhat unhelpful and paradoxical state of affairs (Kircz, 1991 ). 

Currently information retrieval makes use of a simplified semantic model of the domain of interest 
which acts as a bridge between the indexer's view of the subject and the user's query. The one 
relation used is that of semantic similarity, (together with boolean connectives, truncation and 
adjacency commands or user-judged relevance weights if best match searching is used). All these 
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search criteria place considerable responsibility on the searcher: he has to have a very clear and 
structured picture of what he seeks. 

One thing is crucial to the indexing task: a text can be unambiguously represented by a semantic 
network by one or several indexers. The following difficulties indicate the enormous inherent 
problems (Cleverdon, 1988). (1) If two groups of people construct thesauri in a particular subject 
area, the overlap of index terms will only be 60 percent. (2) Two indexers using the same 
thesaurus on the same document use common index terms in only 30 percent of cases. (3) The 
output from two experienced database searchers has only 40 percent overlap. (4) Experts' 
judgements of relevance concur in only 60 percent of cases. 

Admittedly, these problems would exist in any approach to indexing. Yet to assume, as in the 
semantic-based approach to indexing and to subject analysis, that the information is value-free, 
that there is only one way of interpreting it, and that it is unidimensional in only consisting of 
'facts' rather than possessing the attributes of intention, goal, activity, theory, evidence, and so on, 
is to make these problems very much more likely. An indexer faced with the task of representation 
of 'the analogies by which Darwin hit upon his theory of evolution by natural selection' should be 
free to place several perhaps conflicting interpretations upon it ( overspilling of ideas from 
Darwin's interest in geology and his noting of the vast changes brought about by minute erosion 
processes over millions of years; analogies between changes in human customs adapted to 
environment and physical evolution). 

The taxonomies revealed_ by l·hetoric may be very different from those conventionally encountered 
by indexers. Rhetorical taxonomies distinguish between future- and past-oriented arguments, ·pro
status quo and pro-change arguments, emotional and rational arguments, quantitative and 
qualitative arguments, and so on. Also, argumentation does not follow a linear development. 
Articles do have conventional wisdom', 'criticism', 'new approach' in roughly that order, but often 
the categories become very mixed together. Some attempts to characterise text as a series of 
sections (Dijk, 1983) or even rhetorical stages (Kintsch, 1982; Kircz, 1991) are therefore 
inevitably oversimplifications. Empirical work on reading has shown that a start-to-finish strategy 
is only one of several which readers use Dillon et.al., 1989). It is more accurate to regard an 
argumentational description of an article as a gestalt one, and the precise location of its 
occurrence within the text as merely tactical and opportunistic. 

The theoretical ideas from which this paper originates come from a project to develop a 
computational model of argumentation (Sillince, 1994). The program's specification includes an 

-ability to take either side of a main claim and to develop a directed graph of supporting and 
attacking subclaims (Sillince & Saeedi, 1999; Sillince, 1998). They have been applied previously 
_ to the problem of indexing ac~demic articles (Kircz, 1991; Sillince, 1993, 1992). 

AN EXAMPLE 
Consider the text: 
"The nurse administrator in the hospital said that the new equipment was a godsend and will 
reduce the dependence on ac!.ministered drugs. Senior managers at St Helens also made the point 
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that although accounting rules make it difficult to acquire the equipment, this problem will 
· eventually be solved, and that the equipment should lead to major savings". 

Ar mentation anal sis: 

PROBLEM 1 = the dependence on drugs. 
SOLUTION 1 = reduce PROBLEM 1 
CLAIM 1 = The new equipment was a godsend and will SOLUTION 1 
CONTEXT 1 = nurse administrator 
CONTEXT 2 = hospital 
CLAIM 2 = The CONTEXT 1 in the CONTEXT 2 said Claim 1. 
PROBLEM 2 = difficult to acquire the equipment, 
CLAIM 3 = accounting rules make it PROBLEM 2 
PROBLEM 3 = this problem 
SOLUTION 2 = PROBLEM 3 will eventually be solved 
GOAL 1 = savings 
SOLUTION 3 = the equipment should lead to major GOAL 1 
CONTEXT 3 = Senior managers 
CLAIM 4 = CONTEXT 3 at St.Helens also point out that although CLAIM 3 is true, 
SOLUTION 2 , is true, and that SOLUTION 3 

A thesaurus includes 
CONTEXT = [ nurse administrator, hospital, senior managers] 
CLAIM = [ was, will, said, make, point out] 
SOLUTION = [reduce PROBLEM, PROBLEM solved, lead to GOAL] 
PROBLEM = [ dependence, difficult, problem] 

The :agent then looks fot the most complex string of the following: 

CLAIM 1 includes SOLUTION 
CLAIM 2 includes SOLUTION 
CLAIM 3 includes PROBLEM 
CLAIM 4 includes PROBLEM +·SOLUTION+ SOLUTION 

The most complex string above is the last one i.e. 
CLAIM 4 includes PROBLEM + SOLUTION+ SOLUTION 

So the agent looks for a match for CLAIM 4, which is 
PROBLEM = difficult to acquire equipment 
SOLUTION = this problem (accounting rules) will eventually be solved 
SOLUTION = the equipment should lead to major savings 

Which is formalised as look for 
(PROBLEM+ ("acquire" or "equipment"))+ 
(SOLUTION+ ("accounting" or "rules"))+ 
(SOLUTION +("equipment" or "savings")) + 
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CONTEXT 
where PROBLEM means select any synonym word appearing in PROBLEM thesaurus etc 
and where "acquire" means select' any synonym word appearing in thesaurus for "acquire" 

An example of a match would be: 
"Ways of overcoming the hardware crisis in healthcare have been successfully formalised. The 
answer was found because of the economies demanded in the current spending round." 

where the analysis would be: 
"Ways of overcoming (SOLUTION) the hardware (equipment) crisis (PROBLEM) in healthcare 
(CONTEXT) have been successfully (SOLUTION) formalised (rules). The answer (SOLUTION) 
was found because of the economies (savings) demanded in the current spending round." 

Now consider the text: 
"Lord Dearing's idea of a compact between universities and the government is under-threat as the 
government has made it clear that cuts will continue until at least the next general election". 

The ar umentation anal sis is: 

CONTEXT 1 = Lord Dearing 
CONTEXT 2 = universities 
CONTEXT 3 = government 
CLAIM-I = CONTEXT 1 's idea of a compact between CONTEXT 2 and the CONTEXT 3 
CLAIM 2 = CLAIM 1 ~ under threat 
PROBLEM 1 = CLAIM 1 is under threat 
CONTEXT 4 = general election 
PROBLEM 2 = cuts 
CLAIM 3 ·= PROBLEM 2 will continue uritil at least the next CONTEXT 4". 
CLAIM 4 = the government has made it clear that CLAIM 3 
PREMISE 1 = CLAIM 4 
CLAIM 5 = CLAIM 2 as PREMISE 1 
CLAIM 5 . = PROBLEM 1 as PREMISE 1 

A thesaurus includes 
CONTEXT = [Lord Deadng, universities, government, general election] 
CLAIM = [idea, is, will continue, has made] 

. PREMISE = [as] 

The agent then looks for the niost complex string of the following: 
CLAIM 1 includes 
CLAIM 2 includes 
CLAIM 3 includes 
CLAIM 4 includes 
CLAIM 5 includes 

CONTEXT 
CLAIM 
CONTEXT + PROBLEM 
CLAIM 
CON~EXT + CLAIM + PROBLEM 

The most cotp.plex string above is the last one i.e. 
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CLAIM 5 includes CONTEXT + CLAIM + PROBLEM 

So the agent looks for a match for CLAIM 5, which is 
CONTEXT = Lord Dearing, universities, government 
CLAIM = the government has made it clear that cuts will continue until at least · 
the next general election 
PROBLEM = Lord Dearing's idea of a compact between universities and the 
government is under threat 

Which is formalised as look for: 
CONTEXT+ 
CLAiM + "cuts" 
PROBLEM + "compact" 

where CONTEXT means select any synonym word appearing in CONTEXT thesaurus etc 
and where "cuts" means select any synonym word appearing in thesaurus for "cuts" etc. 

An example of a match would be: . 
"The Committee of Vice Chancellors (CONTEXT) and Principals is worried (PROBLEM) that 
much of the extra "280 million for higher education (CONTEXT) in 1999-2000 announced last 
week as part of the government's (CONTEXT) comprehensive spending review ("compact"), 
could be used (CLAIM) to fund ("cuts") higher education (CONTEXT) courses in further 
education colleges". 

Agents with different grammars compete with each other. Those hits judged to be interesting by 
the user acquire additional processing time and a larger number of searchable candidate Web sites. 

A sitnple · example of a grammar is 
SOLUTION = ELEMENT + PROBLEM 
CLAIM= ELEMENT + PREMISE 
CONTEXT = ELEMENT i 

RESOLUTION= ELEMENT + CONFLICT 
GOAL = ELEMENT + MEANS 
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REASONS WHY STUDENTS ACCEPT THE INTERNET AS A PRIMARY SOURCE OF 
COURSE INFORMATION 

Warren A. Beatty, Ph.D. 
University of South Alabama 

ABSTRACT 
This paper presents the results of continuing research into the use of the Internet as a primary 
source of course information. Previous research established that students with home and/or 
business access to the Internet are more satisfied that students who have to utilize the College of 
Business Computer Labs when accessing course information such as syllabi and sample exams. 
The levels of satisfaction are consistent for both undergraduate and graduate students. This 
research ascertains the reasons why students are satisfied with the Internet as a primary source of 
course information. Undergraduate and graduate students are included in the research. 

INTRODUCTION 

The Internet has become a primary source of information for all aspects of life. The Nielsen 
Company (6) estimates that as of August, 1998, over 75 million Americans are regular Internet 
users, and the growth is still exponential in nature. American universities have begun to utilize 
the Internet to provide information to students and prospective students. Domainstats.com (3) 
reports that as of February, 1999, there are 5238 educational domains throughout the world. The 
International Association for Management Education (AACSB), the premier business university 
accrediting association, has 3 56 accredited members, all with Internet web sites. ( 4) There is no 
question that the Internet has become an integral part of today's educational environment. 

This trend is continuing as many universities have begun to off er "Distance Learning" courses 
that are offered through, the Internet. The Open University (7) currently lists over 190 
universities and colleges in the United States offering Distance Learning courses, and the number 
is increasing yearly. RealEducation (8) lists over 700 universities worldwide offering Distance 
Learning opportunities. Use of the Internet is central to the concept of Distance Leaming, so 
examining why students accept Internet based information is a relevant topic. 

This research examines the utilization of the Internet in the educational process. It examines 
students' acceptance of the Internet as the primary source of course information. This research is 
a continuation of a study of student perceptions of the Internet as the primary source of course 
_information. The previous study confirmed _that a majority of both undergraduate and graduate 
students at the University of South Alabama College of Business were satisfied with the Internet 
as their primary source of course information. This research updates the previous research, and 
extends it by examining why students respond as they do. This research also examines reasons 
why students are satisfied with the Internet homepages. Both graduate and undergraduate 
students were included in the research. 

THE RESEARCH FOCUS 

The research examines student perceptions of the use of the Internet as the primary source of 
course information. Both undergraduate and graduate courses were included in the study. 
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Students were first asked to indicate their overall levels of satisfaction with the use of the 
. Internet to provide course information. They were next asked to indicate their primary method 
of access to the Internet. The current research added a question that asked the students to 
identify ·two or three ( or more) specific reasons why they responded as they did. The responses 
were grouped into categories. 

The research first combined student responses with the data collected last year. T~~ updated 
results are provided in the Research Results section below. The data collected this year were 
then analyzed with respect to the reasons why students responded as they did. The counts of 
reasons offered were examined for graduate and undergraduate students to see if the two groups 
of students differ with respect to reasons why they are satisfied. 

RESEARCH HYPOTHESES 

As reported in the previous research, the following· hypotheses were examined with respect to 
levels of student satisfaction with the Internet as the primary source of course information. 

Hl : Students will be satisfied with the Internet Homepage as the primary source of course 
information. 
Previous research has indicated that students embrace new educational technology (2)(5), so 
student responses can be expected to be satisfactory with respect to the source of information, 
particularly if the technology is easy to access and use. 

H2: Graduate and Undergraduate students will exhibit similar levels of satisfaction with the 
Internet Homepage as the primary source of course information. 
Since the purpose of course information by graduate and undergraduate students is substantially 
the same, there should not be a difference between the two groups of students with respect to 
levels of satisfaction. Both groups use information in the same way. 

H3: Students with home/business Internet access will have higher levels of satisfaction with the 
Internet as the primary source of course information. 
Students who do not have convenient access to the Internet and are therefore required to utilize 
the College computer labs can be expected to express lower levels of satisfaction with the 
Internet' as the primary source of course information. 

H4: Graduate and undergra~uate students will exhibit similar results with respect to Reasons 
Why they express the various levels of satisfaction . 

. For the same reasons as suggested for H2 above, graduate and undergraduate students should 
exhibit no difference when expressing why they respond as they do. 

· THE INTERNET HOMEPAGE 

The Internet homepage used is the author's academic homepage. The page is designed to provide 
student access to general information, such as office number and office hours, as well as 
information about courses being taught each academic semester. Each course being offered 
during the semester has four types of information: course syllabus, assignments, information to 
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supplement the course texts, and example information such as examinations, problems, and 
· spreadsheets. The homepage is updated each semester for courses being taught that semester. 

New assignments and example materials are added as they are developed, resulting in a current 
source of course information. Any changes, additions, or deletions during the semester are 
announced during class and the students are encouraged to retrieve the updated materials. The 
author's homepage address is: http://cob.usouthal.edu/wbeatty/ 

DATA COLLECTION 

The University of South Alabama College of Business conducts student evaluations of faculty 
each semester, usually one or two weeks before the end of each semester. In addition to the 
evaluation forms provided by the College of Business, the author distributes a questionnaire 
designed to ascertain the opinions of the students regarding the use of the Internet homepage as 
the primary source of course information. The questionnaire is provided in the appendix. 
Students are asked to rate their levels of satisfaction with respect to the availability of these 
course materials on the Internet homepage as compared to the more traditional paper handouts. 
Students are also asked about their sources of Internet access. Students are also asked to explain 
why they respond as they do. The questionnaires are distributed at the same time as the College 
of Business questionnaires, but they were collected separately by the author and stored for 
compilation at the end of each semester. The questionnaire about the use of the Internet does not 
attempt to measure student satisfaction with the course, its topical contents, or the professor. 

The questionnaire has been f.dministered for the past five quarters (Summer and Fall 97, Winter, 
Spring, Summer, 98) and the past semester (Fall, 98) to both undergraduate and graduate classes. 
A total of 1 0graduate courses and five undergraduate courses have been surveyed to date. 
Participation is voluntary, and the responses are anonymous. A total of 285 usable 
questionnaires have been returned, 205 from the graduate classes and 80 from the undergraduate 
classes. 

RESEARCH RESULTS 

The results of the levels of student satisfaction with the Internet homepages are provided in 
tables 1 through 3. These tables ·are updated from the previous research, with the most recent 
quarters and semester of data combined with data from the previous study. 

Table 1 
Overall Satisfaction with Internet Homepage 

a5 Primary Source of Course Information 
Very Dissatisfied I Dissatisfied Equal Satisfied Very Satisfied 

23 35 16 112 99 

The calculated Chi-square value for this contingency table is 142.28, and the probability of this 
value is 9.168E-30. Examining the percentages indicate that 74% of the students are either 
.satisfied or very satisfied with the Internet homepage as the primary source of course 
information. This result is the same as the previous study, indicating that students continue to be 
satisfied with the Internet homepage as an information dissemination medium. 
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Table 2 
Levels of Satisfaction by Course Classification 

Very Dissatisfied Dissatisfied Equal Satisfied Very Satisfied 
Undergraduate 
Graduate · 

7 10 8 43 22 
16 25 8 79 77 

The calculated Chi-square value for this contingency table is 7.42, and the probability of this 
value is .11497. This result indicates that levels of satisfaction do not significantly differ 
between graduate and undergraduate students. Both groups of students are equally satisfied with 
the Internet homepage as the primary source of course information. 

Table 3 
Levels of Satisfaction by Source of Access 

Very Dissatisfied Dissatisfied Equal Satisfied Very Satisfied 
Home/Business 
College Laboratory 

9 5 5 91 86 
8 14 10 20 12 

The calculated Chi-square value for this contingency table is 54.247, and the probability of this 
value is 4.67E-11. Examining the percentages for each group of students, we see that 90.3% of 
the students with home or business access to the Internet are either satisfied or very satisfied. 
However, we see that only 50% of the students who have to use the USA College of Business 
computer laboratories are satisfied or very satisfied. Only 7 .1 % of the students with home or 
business-access are dissatisfied or very dissatisfied, compared with 34.3% of the students who 
have to come to campus to gain Internet access. We can see that students with home or business 
access are significantly more satisfied than students who have to use the College of Business 
computer labs. This result is consistent with the research results from last year, indicating no 
change in student perceptions of Internet access sources. 

The research next investigat~s the relationships between student classifications and reasons why 
students express the levels of satisfaction that they do. Data for this phase of the research were 
collected during the Spring a.nd Summer, 98 quarters, and the Fall 98 Semester. Two 
undergraduate and three graduate classes were surveyed. A total of forty-nine usable graduate 
questionnaires and thirty-one undergraduate questionnaires were returned. 

The author classified the reasons why students answered as they did into four categories: 
1. Ease of Access, access any time, anywhere 
2. Facilitates understanding, improves note talcing 
· 3. Prevents loss of materials, easy replacement of course information 
4. Other responses such as ~mmediate access to updated materials, computer usage, and less 

dependence on course te~_. 

Table 4 illustrates the categories of responses and the number of responses in each category. The 
sum of the responses is greater than the number of questionnaires returned since students were 
asked to provide multiple responses. 
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Table 4 
Categories of Responses Why Students Responded As They Did 

Undergraduate 
Graduate 

Access Understanding Lost Material Other 
· 19 6 5 2 

25 18 6 5 

It is interesting to note that the primary reason why students accept the internet as the primary 
source is ease of access. Ease of access accounted for 51 % of the reasons given for Internet 

. homepage use. This seems reasonable since Internet homepages are accessible at any time from 
anywhere. These results indicate that students are taking advantage of the universal access, and 
find it a useful attribute. Facilitating understanding accounted for 28% of the responses. The 
fact that seven of the ten graduate courses and four of the five undergraduate classes were 
quantitative in nature, and that the information provided consisted primarily of Excel spreadsheet 
solutions, could account for this rate of response. Having access to completely worked examples 
permits a student to gain understanding at his/her own pace and eliminates possible note taking 
errors. Of the 49 graduate and 31 undergraduate usable responses, only eight were not 
"Satisfied" or "Very Satisfied," and only two of these offered reasons for their responses. We 
can therefore conclude that the reasons why students responded as they did can be related to 
satisfaction with the Internet homepage as the primary source of course information. 

The calculated Chi-square value for this contingency table is 2. 746. The probability for this 
value is .4323, indicating that undergraduate and graduate students do not differ when expressing 
reasons why they are satisfied with the use of the Internet as the primary source of course 
information. Both groups of students have the same reasons for being satisfied. 

CONCLUSIONS 

Students continue to be satisfied with the Internet as the primary source of course information. 
Undergraduate and graduate students are equally satisfied. Method of access continues to affect 
student satisfaction levels. ~tudents with home or business access continue to be significantly 
more satisfied than students who must utilize the computer labs. The fact that students with 
home or business Internet access are more satisfied is reinforced by the reasons why students 
responded as they did. · The primary reason for satisfaction is ease of access to course 
information. The fact that students can access course information at any time, from any location 
makes the utilization of the Internet homepage a viable alternative to paper handouts. In fact, the 
third most cited reason was that students don't have to worry about losing handouts. The 
~esearch indicates that satisfaction is equally acceptable to undergraduate and graduate students 
when considering the use of the Internet as the primary delivery vehicle. Both groups of students 
are equally satisfied with the, medium and express the same reasons for satisfaction with the 
Internet. 

RECOMMENDATIONS 

Professors who have not developed Internet homepages should consider doing so. Students 
accept the medium, are satisfied with it, and like the easy, timely access to course information. 
Professors developing Dista~ce Leaming courses should not be concerned about differences 

i 
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between undergraduate and graduate students with respect to acceptance of the medium. 
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APPENDIX 
Questionnaire ~sed to ascertain student attitudes toward use of the Internet as a primary source of 
course information. 

Please circle your responses 

1. How satisfied are you with having the course syllabus, supplemental information, and 
example examinations available on the Internet homepage as opposed to traditional printed 
handouts? ( circle one) 

Very Dissatisfied Dissatisfied Neutral Satisfied Very Satisfied 

· Please explain WHY you responded as you did. 

2. Your pr_i~ary source oflnternet access is through: ( circle one) 

Home· Access 

I 
'-.... 

Busim!ss Access College of Business Computer Classrooms 
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TOWARD A FRAMEWORK FOR EVALUATING INTERNET HOMEPAGES 

ABSTRACT 

Pratim Datta 
Warren Beatty 

University of South Alabama 

The Internet has become a primary source of information about universities. Improving the 
probability of effective marketing requires a "quality" homepage. This research proposes a 
framework for evaluating Internet homepages. A framework for evaluating homepage quality is 
developed, and a random sample of AACSB accredited Colleges of Business homepages are 
evaluated for quality. 

INTRODUCTION 
The tremendous popularity and growth of the Internet is well documented. Today there are over 
five million domains on the Internet, and over 5000 educational domains.(4) These domains all 
have homepages associated with them, with the numbers ranging from a few to several 
thousands. The medium has become a primary source for anyone seeking information about any 
subject. One popular use of the Internet is by students who are seeking information about 
colleges and universities. Students who traditionally sought university catalogues from their 
high school libraries are now turning to the Internet for information. In response universities are 
publishing official web sites that provide all of the information of the traditional catalogue. 
There are literally thousands of universities and colleges_ providing information in this manner. 

Since so many universities are currently using Internet web sites, the question arises about . the 
effectiveness of the sites from a communication perspective. While it is true that universities 
take great care to ensure complete and accurate information on their sites, they may or may not 
achieve a high level of "quality" with respect to site design. 

The question of the quality of the university web sites is the subject of this research. 
Specifically, do university homepages differ in levels of quality, particularly with respect to 
whether the university is a public or private institution. The research first develops two metrics 
for evaluating quality, drawing from the MIS and Communications literature. It then examines 
the homepages of universities with AACSB accredited colleges of business. The quality levels 
of the homepages are evaluated. The quality levels of the private and public universities are then 

· compared to see if there are any differences in levels of quality. 

IBE HUMAN AS INFORMATION PROCESSOR 
The human brain interacts with its environment through specific cranial hemispheres. While the 
right hemisphere of the cerebrum is deft in creativity, the left hemisphere is dedicated to logic 
and pragmatism. This "dual dominance" leads to the cognitive style of individuals. McKenney 
and Keen (5) developed a model of cognitive style, illustrated in Figure I below. The 

. Information Gathering dimension focuses on how the human mind searches for, retrieves and 
organizes data to create relevant information. The Information Evaluation dimension relates to 
how the human mind evaluates the information once it has been found. 
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Information Gathering 
Preceptive 

Systematic + Intuitive 

Receptive 

Information Evaluation 

Figure 1: McKeeney & Keen's -Model of Cognitive Style 

While the perceptive individual is good at creating relationships from an array of data so as to 
create blocks of information, the receptive individual is more focused on the details from which 
they analyze and derive relevant information. Individuals base information evaluation, the 
counterpart, on the sequential analysis of data. The systematic or analytic individuals work 
through deduction by analyzing the data in a set of preconceived protocols that varies with 
cognition, until they reach a solution that coincides with their rationale. The intuitive, or heuristic 
individuals initiate strategies that consist of several trial and error modes, moving from 
equilibrium to dis-equilibrium to equilibrium, until they are able to find the information they 
need. This act involves spontaneity and non-verbal cues. 

These cognitive styles should be considered when a web page designer chooses to use text and 
graphical information to attract potential users. Since developing demographics based on 
cognitive styles of information gathering and evaluation are subjective in nature, marketers of 
concepts~ products, or services try to tread a common ground of aesthetics. The Internet is one of 
the most widely reaching mediums known to man. What then should be the common ground for 
a web page that intends to convey information both relevant and pertinent? 

A FOCUS ON QUALITY 
If information is correct and based on factual evidence, it is free from any encumbrances per se. 
Quality is not synonymous · with vastness of resources or the mere interpretation of facts. It 
encompasses many more factors. Practicing and pursuing the total quality philosophy is, in 
reality, a feat that is rarely accomplished completely. The considerations of scarce time and 
man-hours lessen the approach towards total quality. If the strive towards quality lessens over 
time, the costs incurred become conspicuous enough to affect the information itself. Davis & 
0 Ison (3) had formulated a categorical structure defining the quality concepts that need to be 
incorporated within an Information System. Here the quality concepts are defined in terms of 
I~ternet homepage characteristics. · 

1. Complete: The completeness of a web-site addresses the incorporation of necessary 
.and relevant information. Does the site provide the information that most users will require? 

2. Accurate and Precise Information: Care must be taken to ensure accuracy and precision 
of all information on the site. Any errors must be corrected immediately. 

3. Understandable: A web page should contain information that is relevant and properly 
formatted. The user should be able to denote the significance of each information segment while 
being able to search, retrieve and grasp the usefulness of his required information as a whole. · 

4. Timely: Information should be current, and should be kept current. Dates of last 
updates should be displayed to inform users of the age of the information. Updates should be 
incorporated as circumstances dictate in order to provide complete, accurate information. 

L 
202 



s: Relevant: Relevance is achieved through succinct and precise content that is pertinent 
to the page's objectives. Any superfluous information is eliminated. 

6. User Friendly: The user-friendliness is a function of interface design. The site must be 
easy to navigate, consistent on all browsers, and has special effect only when required to convey 
the desired information. 

7. Error Resistant Operation: The pages should be periodically evaluated and updated as 
changes to HTML obsolete the page contents. · . 

8. Feedback: A homepage concerned with its quality must keep itself open to comments 
from its users. A simple way to encourage feedback from a page is to set up a mailto link or 
develop a form for the user to comment. 

These factors can be used to evaluate Internet homepages as well since the purpose of 
homepages is to provide information to users. For example, a homepage that has specific links 
to respective Colleges of Business and College of Business faculty is complete and user friendly, 
and has relevant and meaningful output. These factors appeal to a person who is a receptive 
information gatherer who focuses on details. Homepages with a main screen that is no more 
than one and one half screens in length and provide a "what's new" page will appeal to 
perceptive people. Similarly, the specific links will appeal to the intuitive information 
processors who typically like to use a "trial and error" approach to information evaluation. 
He/she can try the links to see if the information is of any value. The systematic person will find 
the main screen format and new information pages to be useful when he/she analyzes the 
available information and evaluates it. 

THE WEB PAGE AS INFORMATION SOURCE/SYSTEM 
Optimization and maximization of information systems · continues to be important. Optimizing 
the ease-of-use/navigation and maximizing resource availability over the Internet has initiated 
the rapid growth of both the hardware and software necessary for their efficient operation. 
Wh~ther it is the selling of products/services, delivering opinions/concepts or just getting a 
message across, the Internet has become the medium of choice for marketers and consumers 
alike. Everyone has a common purpose for creating a homepage - effective communications. 
They create a user interface (in the form of a web page), and try to make it novel and singular, 
differentiating it from the millions of other pages on the net. 

The availability of audio-visual tools and faster computers has led web-designers to discard 
many of the styles and formats used in conventional printing. According to Lynch (6), most 
Internet documents can be made to conform to Chicago Manual of Style conventions for editorial 
·style and text organization. The HTML rendering of the Graphical User Interface (GUI) is what 
stands between the user and the designer. A knowledgeable manipulation of the GUI is what 
designers seek, yet they must remember that manipulation for its own sake does not necessarily 
yield a higher value to the user. The user searches for value within a web page. 

Norman (7) states that consistency and predictability are essential attributes of any well-designed 
information system, aiding users in identifying the origin and relationships of Internet pages, 
.providing consistent and predictable access to interface and page elements, and a consistent 
graphic design scheme. The . spatial nature that the Internet offers is one of the main factors that 
lead to the unconventional treatment of formats and design schemes. 
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Beatty, et al, (2) developed a framework for Internet homepage development, which focused on 
factors that maximized both designer efficiency and user utility. The framework identified 
several factors pertinent to quality page design, including page dimensions, the structure of the 
overall web site, page format consistency, use of graphics, and site navigation. The framework 
was developed from research into web publishing. Following the recommendations developed in 
the framework increases the "quality" of the web page from a user's perspective. The pages are 
easier to utilize, provide information in an efficient manner, and are logical with respect to 
navigation. Users can · find their way around in the site and can use the information presented. 

AACSB ACCREDITED UNIVERSITY INTERNET HOMEPAGES 
The International Association for Management Education (AACSB) is the premier accreditation 
association of university business colleges, with 356 members (1). Nearly all of them have web
sites, yet with equivocal treatments. What these designers have overlooked is the fact that if the 
information they mean to disseminate is not properly presented, the stress associated with the 
multiple acts of futile searches results in an information overload. At this point th~ human brain 
undergoes stress, resulting in decreased performance. From an user's perspective, he or she will 
simply give up and not retun:i to the site again. According to Davis & Olson, the stress of making 
decisions under time pressure causes filtering to increase, thereby reducing the amount of data to 
be processed by the decision-maker. 

INTERNET HOMEPAGE EVALUATION 
This research focuses on Internet homepages of universities with AACSB accredited colleges of 
business. A systematic random sample of thirty-four colleges of business was taken from the list 
of AACSB institutions. ~eventeen each of public and private universities were selected. 
AACSB accredited institutions were selected for three reasons. First, AACSB is premier 
organization that · accredits colleges that have achieved prominence in the field of business 
education. Second, AACSB accredited institutions are universities with a strong faculty and 
curriculum, which is a reflection of a mature approach to cognition and training. Thirdly, the 
treatment of AACSB institutions provides parity in inferring and evaluating the random sample 
from the population. 

A quality · homepage design is a · function of structure (S) and aesthetics (A). Expressed 
functionally, HP Quality = f (S, A). We identified nine objective homepage attributes as 
·variables that measure the structural quality of homepages. Three subjective aesthetic quality 
factors were also identified. · 

Objective Homepage Factor 
· Specific links to COB 

No Deadend Links 
Main Page is 1 ½ screens 

· Interlaced Graphics 
Feedback Opportunity 
Updates/What's New Page 
Faculty Homepages 
Site Search Capability 

L 

Quality Dimension 
1, 6 
2, 7 
3, 6 
4,6 
8 
1, 2, 4 
3, 5, 6 
1, 6 
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Information Processing Dimensions 
Receptive, Intuitive 
Receptive, Intuitive 
Perceptive, Systematic 
Perceptive, Intuitive 
Receptive, Intuitive 
Perceptive, Systematic 
Receptive, Systematic 
Receptive, Intuitive 



. The subjective homepage factors include Ease of Navigation, Overall Aesthetics, and Overall 
Information Presentation Effectiveness. Each of the homepages was rated for the presence or 
absence of each of these attributes. The homepages were evaluated based on at least three visits, 
with each visit lasting approximately ten minutes. 

DATA ANALYSIS 
Our sample examined thirty--four AACSB accredited university web sites, seventeen each from 
public and private universities. The data are available from the authors. Ever attribute was 
scored on their presence or their absence with 1 or O respectively. The score was then summed, 
providing an ordered count of the presence of the attributes. The sums form an ordinal measure 
of the presence of "quality" for the homepages. The higher the sum, the greater the presence of 
the quality factors. The data and analysis are provided in the appendix. 

The first research hypothesis states that private and public universities differ with respect to the 
levels of structural quality. That is, the totals of the presence of structural quality attributes differ 
between private and public universities. 

Ho: private and public universities do not differ with respect to quality ofhomepages 
H1: private and public universities differ with respect to quality of homep~ges 

The Kolmogrov-Smirnov Two-Sample Test of ordinal data was used to analyze the data. The 
test examines differences in cumulative sums of the total numbers of sample observations in 
categories. The range of sums in the data ranged from two to eight, so the categories ranged 
from two to eight. The maximum difference between private and public universities was three, 
indicating that the two samples of universities do not differ with respect to quality of homepages. 
Public universities have the same number of quality attributes as do private universities. 

The second research hypothesis states that private and public universities differ with respect to 
the aesthetic levels of quality. That is, the totals of the presence of aesthetic quality attributes 
differ between private and public universities. 

Ho: private and publk university homepages do not differ with respect to aesthetic quality 
H1: private and public university homepages differ with respect to aesthetic quality 

The Kolmogrov-Smirnov Two-Sample Test of ordinal data was used to analyze the data. The 
range of sums in the data was from zero to three, so the categories ranged from zero to three. 
The maximum difference between private and public universities was four, indicating that the 
two samples were drawn from populations that differ with respect to the presence of the aesthetic 
·quality attributes. Further examination of the data indicates that private universities have greater 
presence of the aesthetic qtJality attributes. There were 13 private universities with all three 
aesthetic attributes, while only 9 public universities have all three aesthetic attributes. 

SUMMARY 
This research indicates that both private and public univers1t1es have developed Internet 
homepages with comparable levels of quality as defined by Davis and Olson. For private 
.universities, 82% had at least six of the attributes. For public universities, 71 % had at least six of 
the attributes. These percentages indicate that universities are striving to develop high quality 
Internet homepages. The research indicates that private universities are doing a better job of 
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developing "ae.sthetically pleasing" Internet homepages. For private universities, 76% had all 
• three aesthetic attributes, while only 53% of public universities had all three aesthetic attributes. 
This result indicates that private universities are more effective in developing Internet 
homepage~ that are aesthetically more pleasing than are public universities. 
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APPENDIX 

Kolmogrov-Smirnov Two Sample Test of Population Differences Data 

Objective Structure Attributes 

Rating 
Interval 

· 2 

3 
4 
5 
6 · 
7 
8 

Cumulative 
Private Public 
Univ 

1 
1 
2 
3 
6 

12 
17 

Univ 
1 
1 
2 
5 
8 

14 
17 

Difference 
0 
0 
0 
2 
2 
2 
0 
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Subjective Aesthetic Attributes 
Cumulative 

Rating Private Public 
Interval 

0 
1 
2 
3 

Univ 
1 
1 
4 

17 

Univ 
0 
3 
8 
17 

Difference 
1 
2 
4 
0 
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This paper describes a field-tested, common-sense, macro-modeling methodology for cost
effectively defining and validating certain critical embedded computer system (ECS) information 
requirements. Object transformation process (OTP) and ECS conceptual models provide a 
framework to guide an information process flow analysis (IPF A) that helps industrial and 
manufacturing system engineers define and validate ECS repetitive process control information 
requirements for improving data identification, collection, analysis, and feedback. · 

INTRODUCTION 
In the 1960s a new class of highly specialized digital computers began to evolve from the existing 
worlds of general purpose "automatic data processing" business machines and specialized analog 
computers. In 1973 this new computer type was first formally defined by the author for the US 
Air Force as an "embedded computer" since they were being engineered into so called "embedded 
computer systems" (ECS). 1 An ECS was defined as a stand-alone, real-time, semi-automated 
system such as the then-new B-1 A strategic bomber aircraft. Since the early 1970s embedded 
computers have become ubiquitous and appear as integral parts of most manufactured products, 
from talking toys and automobiles to aerospace vehicles. Embedded computers also help 
integrate complex repetitive processes that make up the nervous systems of large-scale enterprises 
such1 as satellite launch centers and modem factories. 2 

The minimum essential information (MEI) required by humans, machines, and computers involved 
in time-critical processes can be - comprehensively identified using the author's Object 
Transformation Process Model (OTPM).3 OTPM-based modeling can also identify.explicit inputs 
and outputs required for each involved embedded computer program, to include required timing 
for data arrival at and computer information departure from any embedded computer. Such 
information defines requirements for stored embedded computer software needed to transform 
embedded computer input data sets into required output computer information for humans, 
control signals to machines, and computer data to other embedded computers. Output timing and 
data volume specifications can also be derived from this information in order to define bandwidth 
requirements for designing ECS-supporting telecommunication systems. 

COMPUTER INFORMATION FLOW ANALYSIS 
Automated manufacturing lines, aerospace vehicles, nuclear power plants, and similar real-time 
~utomated systems contain three control elements: (1) embedded computers, (2) humans-in-the
loop, and (3) machines which include electromechanical and/or analog devices, e.g., switches, 
sensors, and motors. · These three elements are interconnected and both individually and 
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collectively require precisely-timed, highly-accurate, closed-loop control systems to ensure both 
_human safety and high quality output products and/or services from their parent systems. Digital 
computer control elements embedded in time- and safety-critical systems are especially difficult to 
initially design, program, validate, and subsequently upgrade during parent systems reengineering 
projects, e.g., modernizing factories, or finding year 2000 (Y2K) faults. Industrial engineers can 
assist computer systems and communication engineers design new and/or reengineer real-time 
ECS by ensuring that all control loops, both feed forward and feed back, are ... complete and 
efficient. The primary tool used for such work is a modified industrial engineering Process Flow 
Analysis (PF A) procedure called an Information Process Flow Analysis (IPF A). 4 

The IPF A uses a combination of an ECS physical model and the OTPM as a conceptual 
framework to guide complex, large-scale, embedded systems analyses of end-to-end processes 
considered "troublesome" · by management. IPF A analysis objectives are to identify the MEI 
required to optimally control any type of digital or analog computer embedded in large, complex, 
real-time automated systems; and eliminate unnecessary and/or redundant data to al}.d information 
from embedded computers in order to improve the parent system's overall throughput and 
efficiency. What is different about -IFPA .compared to a PFA is that the former is primarily 
focused on improving information flows~not material flows. 

The ECS model in Figure I below has the following four important attributes: 
• The ECS describes systems nested within systems. An embedded computer system can be a 

single processor containing computer software (computer programs and computer data) 
which controls an electromechanical system, such as the flight controls of an aerospace 
vehicle, or desired pacing of an automated materials handling system. A "user's greater 
system" is composed of an integrated complex of humans, machines and multiple embedded 
computer systems that comprise, for example, a highly-automated aircraft, or an entire 
factory. A "greater environmental system," .such as an airport that contains a control tower, 
aircraft maintenance facilities, etc. provides external inputs and receives outputs to support 
seyeral "greater user systems" such as a fleet of aircraft. This nesting approach, or "onion skin 
model" can be continued upward to higher conceptual levels, such as multiple airports 
connected together by an air traffic control system, and so on. 

• The ECS recognizes three distinct sources of ECS input computer data: (I) data from humans, 
such as single digital pulses generated by pushing buttons to complex keyed or voice
generated input data. strings, (2) analog or digital data generated by machines such as ·position 
signals from servomechanisms or the operation of limit switches, and (3) digital data 
generated as output from other ECSs within a user's greater system . 

. • The ECS emphasizes three distinct types of ECS outputs: (1) computer-generated (human
understandable) information for humans, (2) computer-generated (machine-understandable) 
control signals for electromechanical machinery, and (3) computer-generated (computer 
program-understandable) · output computer data from one ECU' s computer program for 
another ECU' s computer program as input data. 

• The ECS emphasizes that all types of ECS inputs and outputs can coexist within a user's 
greater system, and afso can originate from and terminate in the ECU's greater 
environmental system. 
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Internal inputs Internal outputs 

Humans Computer 
Humans mo 

Control 
signals 

Machines 

Figure 1: Embedded Computer System (ECS) Model 

Communication system issues addressed in the context of the ECS involve the physical and logical · 
interconnections between embedded computers, humans, and machines integral to enterprise-wide 
manufacturing information systems. Today's manufacturing and aerospace systems engineers 
must not only understand the fundamentals of communication technology as it applies to 
embedded computer systems, but they must also know how to intelligently use this capability to 
install successful factory, office, or manned vehicle automation systems. The OTPM in Figure 2 
below describes a generic, arbitrarily-defined OTP phase (which can be defined at any level of 
detail) and four information support ~omponents: inputs, outputs, procedures, and reference data. 
The physical input object is normally the output of a preceding transformation process phase. For 
manufacturing, the first objects to be transformed, for example, are crude oil, metal ore, tomatoes 
or peaches. Thus, the first manufacturing process phase normally produces raw materials or 
producer goods such as fuels, plastic, lumber, metal, or specialized food items such as tomato 
_pastes or peach purees. For any defined pr09ess phase, the OTPM elaborates the input, output, 
process, and control boxes by labeling information flows for objects _ [O], management [M], 
engineering [E], financial [F], and process ( quality) control [P]. Budgeted resources (in terms of 
labor, materials, supplies, etc.) required for any OTP phase are assigned to the financial budget 
control process and designated by the label [R]. 
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MEI Education & Training 
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ECI+ E 
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OUTPUTS 

0 Transformed 
Object 

M Phase Completion 
Mcuagc 

P Mcaurcmcnts of 
Process 

E Measurements of 
Objects 

F Measurements of 
Rcsourccs Used 

Figure 2: Object Transformation Process Model (OTPM) 

ENTERPRISE-WIDE PROCESS INTEGRATION USING THE OTPM 
From a business management perspective, no object transformation process can be undertaken 
without explicit direction from ma~agement, since any such transformation represents a direct 
expenditure of material, human, and other resources. Also, no transformation can be considered 
complete unless information is generated and fed back to the manager who authorized the 
operation. Finally, for every controlled process, management must provide explicit criteria for 
successful completion. After completing their planning and organizing functions, managers direct 
manufacturing operations through an input (phase start message). They also control through the 

. output (phase completion message) and reference data (phase completion criteria). By time
stamping input and output messages to and from any process, managers ( or engineers) can 
determine any process end-to-end cycle time. Conformance to the reference criteria and 

· procedures helps control the quality of each operation. The sheer simplicity of the OTPM can be 
deceiving, si~ce it can also integrate a number of processes within a group, department, division, 
or even an entire manufacturing plant into a single process. This can be accomplished by 
connecting outputs ( feedback messages) from one object transformation process as the input to 
another process (direction message). To satisfy these integration requirements, we can 
theoretically combine the ind_ividual process models of an entire enterprise using their information 
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. flows as · depicted by the OTPM using the same linking method. The main feature of this 
architectural building block is its uniform four-dimensional interj ace for any process phase down 
to the individual work step level. Thus, complex logical process models having this configuration 
can be linked together in essentially the same manner that children build complex static structures 
out ofLegos, and systems engineers design and construct dynamic worldwide telecommunication 
systems. The keys to sucr.ess in both cases are straightforward and understandable logical 
interfaces between the component parts. From the resulting logical models, we can construct 
viable physical models for controlling any business, engineering, or other control system. This is 
accomplished by using . the ECS model referenced above in a similar manner to how it has been 
used by systems engineers for over two decades to architect complex aerospace systems. 

The input object to each phase is, of course, any object that was transformed by a previous 
process . step. In regard to manufacturing intelligent products ( such as electronic suspension 
systems for automobiles) all software-intensive component parts are treated in the same manner as 
hardware objects using the OTPM because all software eventually ends up embedded in a physical 
component, e.g., logic chip, ROM, "firmware," or "module." Thus, in addition to a physical 
material transformation process, there also exists an intellectual object transformation process 
that, for example, transforms in a stepwise m~er a human's mental concept. of a computer 
program (software) into a physical read-only-memory (ROM) configuration that is eventually 
assembled into some "smart" product. Hence, the OTPM was designed to satisfy this 
manufacturing systems engineering need for using the same generic model to describe both 
"physical" and "intellectual" object transformations, namely "hardware" and "software." The 
OTPM requires any manufacturing process phase or work package to contain four basic 
categories of information, each of which is an integral part of the OTPM. As indicated above, 
one relates to object identification, and three to process control, i.e.: 
• OID-Object identification information uniquely describes the object of interest. This 

~nformation accompanies the object and changes as the object is progressively transformed. 
• MCI-Management control information denotes both specific direction from transformation 

phase supervisors as input and reference data, as well as feedback output information that 
returns to the supervisors. 

• ECI-Engineering control information comprises "how-to-do-it" process descriptions and 
process environment specifications as input, and transformed object measurements as 
feedback information to the engineers. 

• QCI-Quality control · information comprises work step completion criteria and statistical 
process control procedures as input information, and measurements of the transformation 
process as feedback output information to the quality control personnel. 

IMPORTANT OTPM CONTROL INFORMATION PERSPECTIVES 
• Traditional manufacturing engineering control connotes the process of ensuring that a 

transformed object meets or exceeds tolerances specified by an engineering design drawing. 
The OTPM uses the term "engineering" in a much broader sense. For example, if the object 
transformation process involves preparing an annual corporate tax return, the "engineer" who 
defines the how-to-do-it procedures in all likelihood would be a certified public accountant 
{CPA) trained in tax matters. Similarly, specifying parameter settings on complex machine 
tools is clearly the responsibility of, e.g., mechanical, electrical, or manufacturing engineers. 
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• For OTPM.purposes, quality is a primary attribute of not only every object that flows through 
an enterprise, but also the process itself. In particular, process stability (the ability to 
repetitively produce identic3;1 engineering results) is of major concern, as is the identification 
of object defects that cannot readily be controlled by engineering designs, e.g., those that 
result from human errors. The difference can be attributed to process variability ( efficiency) 
since object variation is not an issue. From a manufacturing information systems perspective, 
quality control information (QCI) is therefore focused on making cont!puous process 
improvements in regard to both shortening process cycle times, and also reducing process 
variability by identifying new engineering and management controllable variables for 
incorporation into the engineering and management control systems. QCI is collected for all 
important object transformation processes using real-time statistical process control (SPC) 
techniques. QCI is fed back to quality control analysts for appropriate action as part of an 
associated enterprise-wide continuous improvement initiative advocated by the author. 5 

CONCLUSION 
Numerous field tests by practicing engineers in a variety of manufacturing companies, as well as 
consulting engagements conducted .by th~ author have all shown that an OTPM-based IPFA 
analysis of any complex, repetitive, real-time, object transformation process can identify minimum, 
necessary and sufficient embedded computer information requirements. Since these requirements 
are in the form of well-defined input data and output information from and to people, machines, 
and other embedded computers in a bounded embedded computer system, their specificity, in 
addition to process timing requirements, provides a complete specification for developing process 
control-software for enterprise~wide information systems. 
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With most of today's fast scientific software written in Fortran and C, Java has a lot of catching 
up to do. A c9mmon solution to increase the performance is the standard library approach. 
Standard libraries often used for high-performance scientific programming include the Message
Passing Interface (l\1PI). This paper describes a commercial effort to develop a message-passing 
framework and parallel support environment for Java. This paper has several contributions to the 
area of message passing witt~ Java. Requirements proposed for this effort are described. These 
requirements are drawn from expectations of the types of applications that will use JMPITM. The 
programming model and environment are described. We also discuss high- and low-level 
constructs that are to accommodate high-performance implementations, and yet retain the 
portability of Java. Such applications include scalable parallel web servers, distributed databases, 
parallel search engines, and ~ulti-player games. 

1. Message-Passing Interface and Java 
The fundamental trade-off between portability and performance is well known to writers of high
performance scientific applications. A common solution to the performance vs. portability 
con~ndrum is the standard library approach. Standard libraries often used for high-performance 
scientific programming include the Message-Passing Interface (MPI). The standard Message
Passing Interface (MPI), promulgated by the informal :MPI Forum, has been used successfully 
with Fortran, C, and C++. With the evident success of Java as a programming language, and its 
inevitable use in connection with parallel as well as distributed computing, the absence of a well
designed language-specific binding for message-passing with Java may lead to divergent, non
portable practices. 

There are two distinct aspects of JMPI TM that distinguishes it from some known early efforts to 
integrate l\1PI with Java. The JMPI™ includes an optional communication layer that is tightly 
integrated with the Java Native Interface (JNI). This layer enables vendors to implement its own 
native message passing schemes in a way that is compatible with the Java programming model. 
A second characteristic of JMPITM design is emphasis on commercial potential. While most MPI 
for Java bindings attempt to be fully compliant with MPI and compete for performance; JMPITM 
only implements l\1PI functionality that is deemed essential for commercial customers. 
Furthermore, the flexibility advanced by the three-tier design of the JMPI TM APis enables 
~mplementations of various degrees of performance. What follows is a brief description of some 
early efforts to bind :MPI with Java: 
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A. Java-To-C Interface Generator 
Java-to-C interface generator (JCI) provides an immediate solution to the problem of deriving 
an interface to MPI. JCI takes as input a native interface of the MPI library and generates files 

· that enable :MPI calls from Java, using a spec ifMPI implementation. This software generates 
two Java classes:. MPI and MPiconst. The MPI class contains all of the methods required to call 
native :MPI functions. The MPiconst class encapsulates the entire MPI constant. 

-
The primary advantage is that MPI applications can be built immediately. Java mappings can be 
made using currently available MPI implementations without excessive programming effort. 
Despite its initial appeal, a few problems preclude this approach as a viable model for a message
passing interface for Java. First, JCI does not include a consistent, high-quality MPI object 
model that is suitable for Java. Also, the security at the outset of the JCI design potentially limits 
the applicability of a message-passing interface for Java, and the exclusive reliance on native 
methods significantly diminishes the portability of JCI programs. 

B. HP Java 
HP Java was an effort to explore.various parallel programming strategies in Java, as well as to 
investigate the suitability of current Java in these domains. The HP Java approach to integrating 
MPI with Java is loosely based on the C++ binding. The advantages are that it incorporates an 
object-oriented framework and provides immediate message passing capabilities. As with JCI, 
the design does not fully incorporate Java, in the sense that MPI functionality is not properly 
aligned with the Java programming paradigm. Likewise, security issues are neglected. 

2.JMPI™ 
The.primary goal of the JMPI™ is to analy~e, design, and specify a platform-independent, 
object:-oriented MPI class library and component model, as well as a support environment for 
Java. This.effort necessitates the timely realization of the following requirements: (1): Design an . 
interface that is capable of enabling high-performance implementations where required. (2): 
Ensure portability. (3): Support for interoperability. (4): Ensure high security. (6): Support for 
MP~T quality-of-service message passing. 

A. H~ Performance . · 
JMPI will provide for high-performance communication and simultaneously sustain the 
-simplicity of the Java f:rogramming model through the JMPI™ Abstract Protocol Layer (JMPI
APL ™) and the JMPI M Native Interface Layer (JMPI-NIL ™). JMPI-APL ™ is re~uired for 
developing portable Java message-passing programs. This layer is a standard JMPI M interface 
that can be tailored for specific communication schemes and is derived from years of experience 
porting l\1PI and to various platforms. JMPI-NIL ™ is an optional layer that is intended to 
maximize portability and ease of implementation for vendors and sustain a reasonable level of 
performance. This layer will provide vendors with a portable native communication interface 
that works with the Java platform through the Java Native Interface (JNI). This approach renders 
maximum flexibility in performance. 
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B. Portability 
Portability will be addressed ·in JMPI™ in the following ways. First, the use of natively defined 
methods will be avoided wherever practical. The user level APls, except for very performance 
critical sections, will be implemented in Java only. The second level will be composed of Java 
interfaces and abstract classes that can be implemented and extended by developers to enable 
communication. The third layer, an optional platform-independent, JNI-compliant device layer 
for ease of native implementation, will provide maximum portability. The decisive use of these 
orthogo·nal approaches is devised to produce a message-passing framework for Java that is both 

· flexible and portable. Users will have a choice of implementation techniques supplied by third 
parties, or may implement the interface to better fit their own needs. 

C. Interoperability 
While it. is desirable to permit flexibility in an implementation of JMPI™, there is need to ensure 
that these competing strategies do not splinter the Java message-passing framework. If some 
mechanism is not established to promote interoperability between competing inter-process 
communication schemes, the various implementations may be bound to localized communication 
space, completely isolated from neighborin~ worlds of processes. This type of fracturing can 
potentially reduce the appHcability of JMPI M in heterogeneous environments. In general, apart 
from security purposes, Java. avoids communication disjunction by building all of its standard 
peer interaction operations on top of TCP/IP and UDP. It is expected that for general message
passing applications, implementations will take advantage of this feature. To prevent 
communication fracturing in JMPI™, compliant JMPI™ implementations will support relevant 
standards specified in the MPI Interoperability (IMPI) specification as far as is practical. 
Additionally, other requirements will be defined by the .JMPI TM specification to ensure 
compatibility between JMPI ~M implementations. · 

D. Security 
TheJava security model will be integrated into JMPI™ to increase the protection of the JMPI™ 
environment. Each JMPI TM peer must register itself with the security server where it will be 
authorized or denied access to a given service, based on the trusted node list and Access Control 
Lists (ACL's) in place. To accomplish this, a Process Administration Bean will be provided as 
part of the component of the JMPITM- Software Development Kit (SDK). This Bean will enable 
an authorized administrator to se·curely create and maintain the list of known trusted nodes, and 
ACL's. This will provide a mechanism to enforce the security policy for the network. Further, the 
flexible communication model provided by JMPI-APL ™ will allow developers to implement 
secure message passing schemes based on secure protocols, such as SSL. 

E. MPI/RT Support . 
lMPI ™ is designed for in-demand, commercial applications that require scalable, reliable, and 
secure quality-of-service inter-process communication. For scalable parallel web servers and 
parallel databases, caching facilities implemented using JMP1™·can reduce access times to 
improve scalability. In addition, the collective operations included in JMPI™ can provide for 
optimal methods of data access such as might be needed in parallel search engines. The real-time 
extensions ofMPI incorporated into the JMPI™ message-passing capabilities can provide 
optimal methods for data-on-demand. The event-driven and priority-driven features of JMPI™ 
allow for timing intensive applications to operate on schedule, a key component of scalable 

215 



parallel web ·servers, Earallel databases and multi-player games. The quality-of-service 
capabilities of Th1PI T will provide reliable inter-process communication that is paramount for 
successful real-time performance. 
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Abstract 
Stock exchange has gained enormous attention from people and businesses around the world for more 
than a hundred years. The stock exchange allows an individual with little money to have an opportunity 
to be a ·part of a company or own a part of a company. A stock or share is simply a symbolic 
representation showing that a stockholder owns a small fraction of a company. Stocks have been changed 
from hand to hand. Money flows in and out from individuals, corporations, up to large organizations and 
nations. This flowing money is worth about trillions of dollars changing hands every day. Such a 
massive and explosive environment, along with leading edge electronic and computer technologies, has 
raised an interest of creating a computer-generated ~tockbroker agent to find the best. deals on a stock 
exchange honestly and tirelessly. This paper represents an on-going project at the University of Southern 
Mississippi. The proposed project is being designed and implemented. 

1.0 Introduction 
To buy stock, an individual or a company has to find ways to get knowledge about what a company is 
worth to buy its stock, how much a company will make profit, how much a company will pay for the · 
dividend, and what the percentage of a company growth is. If the company is growing fast and make high 
profit, a stockholder will also gain money from the company earning. A stockbroker is an agent that takes 
individual requests to buy or sell stocks and processes transactions at a stock market. As the world is 
moving toward the electrpnic age, an individual can have his personal computer-generated stockbroker 
that will find the best company and watch for the company stock price to come down and sell the stocks 
when the price goes up. With such technology, personal stockbrokers need to be able to work in an 
environment which is suitable for them, the Virtual Stock Exchange (VSE). Two threads of leading 
computing technologies, object-based distributed computing and object oriented database technology, 
have pushed their way to the interest of software and system developers. This paper will represent the 
design and the implementation of the on-going project, a VSE model with mobile agents and Oracle8. 
The paper is divided into four main parts. The first part is the overview of the actual stock exchange. 
The second part describes the design of the VSE. The third part explains the implementation of the 
project. The paper concludes with the advantages and the disadvantages in the forth part. 

The reason we have chosen ObjectSpace Voyager as a development tool is because it allows the public to 
obtain a copy of its innovation packages that comes with several dozen examples. It also provides a 
series of helpful user guides, the full API documentation, the technical review and the ObjectSpace Web 
site. ObjectSpace Voyager is a 100 percent Java development platform that allows developers to create 
network applications using both traditional and object-based distributed programming techniques 
[IEEE97]. Voyager is designed to use regular message syntax to construct remote objects, send them 
messages, and move them between programs. The core packages include a full-featured and intuitive 
object request broker (ORB) with support for mobile object and autonomous agents, and services for 
persistence and scalable group communication, which are ·suitable for our application. [Object97] 

This work was partially supported by a grant form Lucas Faculty Excellence Endowment 
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Since the chosen language us{:d in the mobile agent system (Voyager) is Java, and the project will be 
written in Java, an object-oriented database is needed in order to smoothly blend the technologies together 
to produce a robust application that is easy to modify and maintain. Oracle8 as one of the leading 
database system corporations in the business world, supports object-oriented design [McCullough98]. 
Therefo~e, it has been chosen to implement the database portion of the project. 

2.0 Stock Market Overview 

2.1 The Definition 
A stock is a certificate showing ownership in a corporation. Each stock share is purchased by an investor, 
who hopes his investment will increase in value. The benefit earned from owning stock in a corporation 
comes from the payment paid out of corporation earnings and a profit by selling the stock shares in a 
stock exchange. A stock exchange is an organiz.ation that provides its members a place and resources to 
buy and sell stocks. There are several stock exchanges in the United States, together they form a stock 
market. The main participants in a stock exchange are a seller, a buyer, and a broker. A seller is a 
company who issues stock or an individual who currently holds shares of stock. A buyer is an individual 
who is willing to pay for the stock at a specific price for a specific reason. Normally, shares of stock are 
bought at the current price or market price. There are some investors who gamble on buying shares when 
the price is low. However, most of the time buyers and sellers do not process transactions between each 
other directly; In this case, a middle person called a broker will process the transaction for them. Each 
stock participant has its own broker. A broker receives a request to buy stocks from a buyer. The buyer's 
broker then makes contact with a . seller's broker and processes the request after the conditions and 
policies are met. The broker then gets the commission for providing the services. [EduStock] 

2.2 The Stock Environment 
The exchange of shares of stock consists of a number of processes. According to [Villinger97] and [El
Sawi98], these processes can be classified into four phases: 

• Information phase: Information is a collection of potential concerns of the stock participants 
and · stocks being offered by them. Furthermore, information can be relevant to other facts, 
such as the economical situations and political events. 

• Declaration phase: ·Participants are allowed to declare their intent. This event takes place in a 
stock exchange. The seller declares the amount of stocks he offers, and the current worth of 
stocks. The buyer establishes his will to buy stocks at the present price. 

• Agreement phase: In this phase, participants are negotiating conditions of a transaction. The 
agreement phase can result in a commitment of both participants concerning a certain deal. 

• Transaction phase: After the agreement is reached, the actual exchange of stock takes place 
during the transaction phase. In this phase, the ownership of the stock is changed according 
to the term of the agreement. 

As the stock exchange grows larger and has a wide variety of participants involved, there are other issues 
of concern. Some of these issues are the management of the control flow of the stock market and the 
security control. These issues are beyond the scope of this paper. 

3.0 Virtual Stock Exchange 
The most important component of the stock exchange is a location that brings all stock participants 
(sellers' brokers and buyers' brokers) together, the Virtual Stock Exchange (VSE). The VSE is an 
ele,ctronic entity, which is capable of accommodating stock participants and the stocks, supports several 
types of communication, and ·provides functionality between different system components. The two 
different programming paradigms are considered for building the VSE, objects and agents. 
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3.1 Mobile Agents 
A mobile agent is a software program that is autonomous and intelligent. It can move through a network, 
searching for and interacting with services on the user's behalf. These systems use specialized servers to 
interpret the agent's behavior and communicate with other agents. A mobile ag~nt has inherent 
navigational autonomy, which can move itself to other computer networks. [TU96] 

3.2 Objects and Agents . . 
Objects and agents are building blocks of software components, which have a well-defined set of public 
methods and encapsulates data. They share some common characteristics, such as certain behaviors, e.g. 
sending a message and. answering a call, and mobility. This means both objects and agents can be 
equipped with the facility to transfer from one location of a computer network to another one at run time. 
[Villinger97] 

Even though objects and agentc:; have some characteristics in common, there are a number of differences. 
An object des_ign is based on real world objects and its behavior is controlled by human interventions 
only. Whereas, agents are modeled from living beings that are not triggered from the outside but by their 
own will [Villinger97]. According to [TU96] and [Villinger97], agents are autonomous, interactive, and 
intelligent, which means they can operate without complete control by humans and can make decisions 
based on the behalf of humans. They perceive their environment from humans as well as other agents and 
objects. Their behavior is goal-directed. They can carry out their goals by receiving input from their 
creator and moving around the network to perform their tasks; even though, at some tiine their creator is 
disconnected from the network. Therefore, the main function that differentiates agents from objects is 
that agents can make a decision to move itself, whereas an object is called to migrate [Villinger97]. 
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Figure!: The Virtual Stock Market 

3.3 Requirements 
From the characteristics stated above, agents work well in representing stock participants, whereas objects 
are well suited to model stocks., As a consequence, the requirement components to build the VSE are: 

• an object containing a set of attributes to represent stock 
• one agent for each seller or a corporation that issues a stock 
• one agent for a bargaining task of each buyer 
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• a server that forms the VSE with the open connection to the network and agents 
• an object that resides in the VSE and acts as a controller that monitors the activities and 

manages the envirolllJ1ent of the VSE. 

Additional components involved in the project are a server for initially creating each stock object, a server 
for originally constructing each seller agent, and a server for primarily building each buyer agent. 

3.4 Decision Making Database 
Oracle8 has been chosen to store two pieces of important information. The first piece is information 
about corporations who issue stocks that are being traded in the VSE. This information is very crucial in 
helping buyers make decisions in choosing a corporation for their investment. This information includes 
a company's historical performance, the stock's stability or volatility, the stock's current price relative to 
the past, dividend, and the percent rate of a company's growth. This database is called a Performance 
Database and can only be updated and maintained by each corporation server every 24 hours, however 
some information will be updated annually, such as the growth percent rate. The other important piece of 
information is a portfolio of each stock participant, which will help them tracking their progress 
[W alia98]. This information includes the company name (symbol), amount investing, stock price, and 
profit/loss. This information is updated and maintained by an agent of each stock participant, which is 
done after each transaction. However, some .information will be updated over a specific time period, such 
as the 52 week high/low is updated annually. The database name is Portfolio Database. 
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Figure2: The connection of the databases and the servers 

4.0 The Implementation 

4.1 Initial Set Up Process 
The Java language supports a feature called interfaces. These interfaces contain no data, but they define 
methods or functions to be performed on classes that implement the interfaces. This feature and the . 
Voyager.construct together wil.1. allow the developer to create both local and remote objects on any remote 
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machine by giving the Voyager.construct the name of an object and the destination IP address with a port 
number. A port number is a unique 4-digit integer number. For example: 

Istock StockShare = (IStock)Voyager.construct("StockABC","131.33.115.21 :80~0"); · 

This code statement says the object StockShare named StockABC is being constructed and will reside on a 
remote machine with the IP address 131.33.115.21 on the port 8000. To create an object local to a current 
machine, simply change the IP address to localhost. In the above example code statement, the object 
resides on a remote machine, and the proxy of the object resides on the local machine where the.class of 
the remote object resid~s. To send a message, the proxy will forward it to the remote object, and the 
returned value (if it is required) will be passed to the proxy, then the proxy passes it to the caller. If the 
remote object throws an exception, the exception will be routed in the same manner. [Object97] Due to 
the limitation of the space this paper will present only the interface of each associated class. 

There ate basically five progrnrns involved in the Initial Set Up process. The first program is the VSE 
controller class. The second program is the object stock class. This stock class will be used by agents of 
all corporations in initially creating object stocks, so that the object stocks are uniformed and easy to 
maintain by the VSE controller. The third program is the corporation agent class. The forth program is 
the VSE class itself, which is a server that holds all stock objects and agents. The fifth program is the 
server for each corporation that issues a stock and launches a corporation agent. These two servers do not 
require the interfaces. The following section describes the interfaces of the VSE controller, the object 
stock classes, and the corporation agent class. 

public interface Istock 
{ 
String symbol()// provides a stock symbol assigned to a corporation 
int dividend()// provides the amount of cash payment to ·the stockholder in a corporation 
int volumn() // provides the total number of shares in a certain time period 
int quote()// provides the current price of the stock 
int open()// provides the open price of the stock, the price at which the stock finished 

//selling the previous day 
int close() // provides the closed price of the stock, the price at which the stock finished 

//selling the current day 
int high() // provides the highest price of the stock that was paid today 
int low()// provides the lowestprice of the stock, that was paid today 
int high52() // provides the highest price for the year that was paid 
int low52() // provides the lowest price for the year that was paid 
} 

. In this project, the price of the stock will rand~mly go up and down with a 20 minute delay. This time 
period will allow a seller agent and a buyer agent to negotiate, make payment, and exchange stock. Each 
stock object is made persistent and stored in the internal database controlled by the VSE controller, and its 
life cycle will live forever or die when it is sent a dieNow() message from its corporation agent. 

public interface IController 
{ 
int registry (StockAger.t stockAgent) // registers a new corporation or a stock participant 

// and gives it an authoriz.ation number for the next 
// access to the VSE 

int verify (StockAgent stockAgent) // verifies that the agent is legitimate 
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Address getAddress (stockAgent agent) // provides the address of a requested agent 
void sendMessage () / / multicast message to all agents, the Dow Jones Industrial Average 

// and the S & P 500 
} 

The Dow Jones Ind~strial Average (DJIA) is a stock index commonly used as an indicator of changes in 
the general level of the stock market or stock prices. The S & P 500 is an index of 500 stores widely 
traded on the stock market. This index is used as a measure of performance of the overall market. Due to 
the limitation of the project these two indexes will be generated based on the number of stocks existing in 
the VSE. 

public interface IStockAgent extends !Agent 
{ 
void intialW ork(); 
void work(); 
} 
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Figure3: The Initial Set Up process 

The following list describes the process being done in the Initial Start Up process. 

• The VSE is started up, then the server of each corporation is started up. 
• Each corporation server is started up, and constructs an agent. 

. • The agent then transports to the VSE server to register with the VSE controller, receive the 
authorization number, and construct a stock object with the initial values. The agent assigns 
the life cycle live forever to the stock object. 

• The controller stores the stock object in the database. 
• _ The agent goes home and prints out a message that the Initial Start Up process is finished. 
• The corporation servers are shut down. In the experiment, the corporation servers can 

continue running and process the Up and Run process. The purpose of shutting down the 
servers is to show that even though the corporation servers are disconnected from the 
network, their object stocks still exist in the VSE. 

L 
222 



4 2 Up and Run Process 
fu this process, two programs are needed. The first program is an agent class. This class is served as a 
class for both the seller agent a,d the buyer agent, and it is already defined in the Initial Start Up process. 
The second program is an additional program, and it is also a server that launches the agen~. This server 
represents the stock participant ':"ho_ wants to invest_~ the ysE. Because it is a server, it is not required 
to have an interface. The followmg 1s a figure descnbmg this process. 

The following is a list explaining the Up and Run process being carried out. 
• · The stock participant servers are started up. 
• An agent of each server is constructed. 
• Each stock participant gives his agent one of the following preset parameters. 

► Find_Best_Company. 
The agent will transport to the VSE, set the itinerary that consists of the addresses of 
corporations registered to the VSE, visit each corporation to find the best company 
for its creator, go home, and report the result. 

► Market_Order, Volumn, and Company_Symbol 
The agent will move to the VSE, negotiate with the specified agent, purchase the 
shares of stock, go home, and report the result. 

► Limit_Order, Volumn, Price, and Company_Symbol 
The agent will move to the VSE, stay at the VSE buy shares of stock when the price 
falls to a specified level or sell share·s of stock only if the prices rises to a specified 
level, negotiate with the specified agent, process the transaction, go home, and report 
the result. 

After each transaction a corporation server updates its Performance Database, and the 
seller agent and the buyer agent update their creators 'Portfolio Databases. 

• The stock participant servers are shut down. In the experiment, the stock participant servers 
can continue running. The purpose of shutting down the servers is to show that even though 
the stock participant servers are disconnected from the network, their agents are still alive and 
will report the result when the servers are connected back to the network. 

-. 
Gateway · 
~ 

VSE 
I ABC stock 

I XVZ stock 

I CNN .tock 

I ATT stock 

~td-.--.- -~.tl 
AAmt ..... ,.....,.._,_,,h~ 

Buyer2 
Agent 

Seller2 
Agent 

Figure 4: The Up and Run Process. 
Buyer 1 is waiting for a price to fall down to a specific level. 
Seller 1 is waiting for a price to rise to a specific level. 
Buyer2 and Seller2 are negotiating. 
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5.0 Advantages and Disadvantages 

5.1 Advantage 
• The VSE can be used as a tool for education purposes. The VSE can help students and 

professors in understanding the concept of the stock market, and they can experience the 
investment. They also can practice and be familiar ·with the leading-edge technologies or the 
so-called '"electronic age". This project is being done with the high-impact distributed 
computing techniques, which enhance student knowledge and prepare them for working in 
the real world industry. Moreover, the VSE can be an investment game, w hich will serve 
many novice investors. Also, there is no risk involved because the players will invest with 
virtual money before they invest in the real stock market. 

• Once the VSE is 1.r1sed and accepted world-wide, several problems will be eliminated. One 
problem is that an investor can save time in finding information about a company to buy 
stock in. This information includes the company's historical performance, the stock's 
stability or volatility, the stock's current price relative to the past, and the stock's growth rate 
[EduStock]. This process is time consuming. Another problem is a deceiving broker, who 
sells your stock really low to another broker, in exchange for him selling you a different stock 
really high. In the VSE, a mobile agent acts on the user's behalf, which guarantees to get the 
best price bidder. 

5.2 Disadvantages 

• 

.. 

The mobile agent' technology has not been explored nearly as much. Many system 
corporations are developing the mobile agent system. Each claims to be the best provider. 
There are many versions of a mobile system that each corporation provides. The current 
version has its known errors solved, and the new coming version is still under development 
and might carry new unknown errors. Therefore the VSE has to be very easily modified, 
maintained, and compatible with other VSEs that are created by other mobile agent systems. 
There are many securities involved in implementing the VSE. These securities are concerned 
with deluded and fraudulent mobile agents. These agents are those who are commanded to 
kill other agents, or those who try to. steal monetary medium authorization numbers from 
ot~er agents. 

6.0 Conclusion 
This paper represents the implementing of an on-going project, the Virtual Stock Exchange, which 
combines two leading edge technologies, mobile agent technology and object-oriented relational database 
technology. ObjectSpace Voyager is being selected to be a working platform, and Java is chosen to be 
the language of choice. Databases store valuable information, Oracle8 is chosen to be the engine that 

. keeps and maintains the information. Combining these two high-impact technologies together allows us 
to create a robust application, the VSE. The VSE can eliminate the complexities of the stock 
negotiations, such as deciding on buying a stock, predicting and waiting for the best deal, and taking 
advantages on trading the stocks to the right person at the right time. Thus, it can be concluded that the 
VSE can be served for education, a practicing application, a game, or a future stock system. 

Future work 
The VSE will support a large n".lmber of stock participants and provide user interfaces for easy use. As 
the ObjectSpace Voyager continues to develop the mobile agent systems, the area of security in the VSE, 
such as the payment method and destructive agents, will be covered and taken care of. 
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ABSTRACT 
As we move rapidly towards more distributed computing environments, Mobile Agent 
technologies at an even faster pace smoothing the road ahead. Mobile Agent research focuses on 
the usage of other technologies, like Java and Corba, to connect the loose ends and introduce a 
truly distributed environment where agents can flourish. Mobile Agent research focuses on the 
creation of agent-based entities that are given the ability to communicate, make decisions, and 
perform transactions. This paper introduces an alternative to the usage of Java as the 
infrastructure for building Mobile Agents. We propose Mobile Agent Markup Language 
(MAML) as the building foundation for the creation of Mobile Agents. This study is motivated 
by several forces. One of these forces is the large average size of an agent under the current 
research paradigms. Another motivation is the communication lines along which agents will 
travel. We propose the usage of the existing HTTP protocol for the transportation of Agents. In 
addition we propose a method for the dynamic adjustment of an agent's size so as an agent can 
shrink in size as its itinerary is fulfilled. MAML focuses on supporting the necessary tools 
needed for business negotiations and financi~l transactions. 

1. INTRODUCTION 
Mobile agent computing is a rapidly emerging technology. The current state of the computing 
world sets the stage for the development and implementation of such systems. The advancement 

· of the worldwide networks and the introduction of programming paradigms like Java pushes the 
industry towards a new generation of distributed computing [Sawi98]. This paper introduces 
architecture for the creation of mobile agents which are document based. This architecture uses 
a tag-based language for the definition of agents and the tasks they need to perform. Every tag · 
within the agent has a different purpose and a different role through the life span of the agent. 
The following paragraphs will discuss the role MAML tag and its functions. The MAML 
architecture also allows for easy modification of the functionality of the programming structure 
by adding the needed tags to the existing architecture. 

Once an agent is initiated, it starts executing its itinerary in sequential order satisfying the tasks it 
was created to fulfill. As parts of the agent's itinerary are fulfilled and are not needed by the 
agent anymore, the agent flushes out the obsolete sections so as to decrease its size. Four main 
tags are used as building blo:ks for the creation of an agent. The four tags are: IDENTITY, 

• This work was partially supported by a grant from Lucas Faculty Excellence Endowment 
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ITINERARY, TASK, and DATA. As the paper will further explain, several types of sub-tags 
can exist within the main tags. Agent transportation is achieved through the use of the HTTP 
protocol by attaching agents to request and reply server objects. 

2. HTTP OVERVIEW 
The HyperText Transfer Protocol (HTTP) is an efficient communication method for the transfer 
of HTML Documents over TCP lines. HTTP is a well tested and researched protocol that has 
been in use for several years and is constantly being optimized and enhanced. · The main purpose 
behind HTTP is to establish a connection between the client (browser) and the server and to 
carry documents . and other rr .. edia across that connection. There are several steps through which 
these tasks are accomplished. 

The following is a list of the steps involved in a typical HTTP session: 
• Open Connection 
• GET Request 
• Interpret Request 
• Perform Processing (If needed) 
• Returns Text 
• Interpret and Display Re1umed Text 

These steps are the building blocks on which our communication architecture is based. We will 
explain each one of these steps in detail, then we will discuss how we intend to utilize them for 
the successful transportation of Mobile Agents. 

In an average browser situation, a user enters a URL, then the browser tries to resolve that URL 
into an IP address. Once an IP address is found, the browser tries to contact the HTTP server at 
this address in order to open a connection channel between the client machine and the server · 
machine. Once a connection is established, communication is initiated between the client and 
the server through a series of Request and Reply objects where the client asks for documents, 
then the server prepares these documents and sends them to the client. The GET request is a 
command sent by the client asking for a document (static or dynamic) from the server. The GET 
request can be limited to include only the target document address, or it can include further 
processing parameters, like CGI script parameters for example. 

Once the request is received ,by the server. The server proceeds by interpreting the request and 
preparing the document to be sent back to the client. If the client is requesting a static document, 
the document is returned without processing. On the other hand, if scripting is involved, or if the 
user is requesting a document from a CGI application then the needed processing is performed, 
then the document is returned to the user. Once the desired document is received by the client, it 
is interpreted and displayed in the browser window. If the document contains any client-side 
scripting, then the browser executes the script accordingly. 

3. MAML Over HTTP 
We have chosen to use HTTP for agent transportation for this study. There are several 
advantages that influenced our choice. First, HTTP is a reliable and well-tested protocol that has 
been in use for a considerable amount of time. Second, within HTTP, we found all the basic 
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tools that will act as building blocks for building our Mobile Agent · infrastructure. The two main 
objects used· for transporting Mobile Agents are the REQUEST object and the REPLY object. 
The REQUEST objects are no longer only initiated by the client requesting a transaction with the 
server, but it is also expanded 'to cover server to server communication which will be the heart of 
the transportation system. To achieve mobility, a mobile agent attaches itself to request object 
travelling to the server. Once the request is received, the server extracts the agent, registers it, 
then the agent is parsed and the necessary processing takes place. 

Server ~i Node I Client Reception Travel ... • 
• MA Creator ~ 

Authentication 

l • 
• Server for • Registration 

other clients • Parsing 
• Processing 
• Agent Adjustment 

• Transportation 
Node I 

Figure 1 

Figure 1 describes the agent iransportation process. The agent is created on a client's machine, 
which also doubles as a server. The client sends the agent to the server using HTTP as an 
attachment to a request. Once the request is received, the agent is extracted from the request and 
the appropriate authentication measures are taken to assure the validity of the agent and its 
identity. The agent is then registered on the server machine as a persistent entity. At that point, 
the MAML code is parsed to create a processing list to fulfill the agent's itinerary. The server 

· proceeds by performing the necessary proces•sing and supplying the agent with needed data. 

4. MAML Architecture 
MAML is not built for general purpose distributed processing. Java would be a more suitable 
solution for such purposes. MA.ML is being built for special requirement processing that deals 
mostly with business transaction, autonomous agent shopping, searching and retrieval of data, 
and the like. The main architecture could be expanded to meet other special needs. The 
architecture relies on HTML format where the agent code consists of tags describing various 
attributes of the agent and its behavior. 

The following is a list of the main MAML tags: 

<IDENTITY> 
<OWNER></OWNf:R> 
<AUTHORITY></ AUTHORITY> 

</IDENTITY> 

<ITINERARY> 
<TRAVEL> 

I 
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<EXECUTE></EXECUTE> 
<ffRAVEL> 

</ITINERARY> 

<TASK> 
<ACTION> 
</ACTION> 

</TASK> 

<DATA> 
</DATA> 

4.1 IDENTITY Tag 
The IDENTITY tag specifies general and specific information about the agent. An agent is 
considered an extension of its creator, hence, the first tag within the IDENTITY section 
identifies the owner of the agent. The OWNER tag does not necessarily refer to human 
programmer, but it could refer to a programming entity that caused the creation of the agent. 
The mentioned entity could be a server, a dynamic program, or another agent. The next tag is 
the AUTHORITY tag, which specifi_es the rights and powers that are extended to the agent. This 
section defines the limits of an agent, or the boundaries beyond which the agent ·can not operate. 
For example, if the agent is empowered to buy a product on the behalf of it's owner, then the 
AUTHORITY section specifies that the agent is extended buying power. 

4.2 ITINERARY Tag 
The ITINERARY tag lists the locations that the agents will visit and references the tasks to be 
accomplished-at each location. Due to the redundancy of many of the tasks that are performed at 
each site, the tasks are listed under a different section and the itinerary only holds references to 
these tasks. The TRAVEL tag holds information about the next site that the agent will visit, then 
it specifies which tasks are to be executed by the agent at the site. A task reference is given for 
one of the tasks within the TASK section. 

4.3 TASK Tag 
The TASK tag is the heart of the agent and where the actual work gets done. We will discuss 
three different types of tasks that could be referenced within the agent. The first task type we 
will discuss is the Event Task. This type of task is executed upon the realization of a particular 
system event. Two different types of system events could trigger an event task: Universal, and 
User Defined. The Univers~l system event is triggered by the system when a certain event 
occurs that is common for all agents. For example, at the arrival of an agent to a new system, the 
On-Arrival event is triggered so the agent is notified that it has arrived and has been registered 
on the system. Other examples of Universal system events are Query_ Terminate, which gets 
triggered at the request for the termination of an agent, and On_ Terminate, which gets triggered 
immediately after the termination of an agent. User Defined events are formalized by the agent 
builder to be triggered at the existence of a specific situation. User Defined events can be used 
to initiate any type of task supported by the agent. For example, such an event can be used to 
notify the owner of a certain situation, or can initiate the termination of an agent. 
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The second task type that could be referenced is the Trigger_ Task. This type of task starts 
execution at the realization of a particular data event. A trigger could be programmed to execute 
according to the variation of a certain database value that fluctuates periodically. For example, a 
product price can trigger a trigger _task once a certain value is reached to initiate an action to buy 
or sell the product. In an electronic commerce situation, a trigger can be set on the price of a 
plane ticket, for example, and once a certain price is reached, the agent can buy the ticket or 
notify its creator of the change. 

An Action_Task is programmed to perform a specific task. Such a task is called from one of the 
itinerary groups or from an event within the TASK tag. An example of an Action_Task is the 
DBSEARCH. This Action_Task is used to connect to an ODBC data source for retrieval of data 
or for the execution of SQL statements. The agent has to be supplied with the database name, 
the SQL query to be performed, and the user name and password for the database if needed. If 
the query is not row-returning, then the statement is executed and a flag is set to indicate the 
successful execution of the query. On the other_hand, if the query is row-returning, the data 
returned is stored in the data section of the agent. 

4.4 DATA Tag 
The DATA tag holds data that the agent needs or collects along its trip. The data is stored in 
textual format where the fields are delimited by a non-readable character. Initially, the agent is 
given needed data for travelling. Once data becomes obsolete and not needed anymore by the 
agent, the agent flushes that data rendering itself smaller in size for more efficient travelling. 

5. CONCLUSION 
Mobile agent research is moving at a very rapid pace. This paper introduces a different approach 
to mobile agent creation. The methods presented rely on a document-based approach for the 
formulation of agents. Mobile Agent Markup Language uses the Hypertext Transfer Protocol for 
the transportation of agents over the network. MAML is composed of tags that are used to 
describe different sections of the agent. The IDENTITY tag specifies the origins, creator, and 
rights of an agent. It determines the authorities extended to a specific agent. The ITINERARY 
tag ·lists the locations the agent will visit. In addition, it contains references to the tasks the agent 
is to execute. The tasks to be executed are specified within the TASK tag. Finally, the agent 
stores a:ny data in the DATA tag for usage or transportation. One of the main advantages of 
MAML is its ability to dynamically adjust its size by flushing out the parts of its itinerary that 
have been fulfilled. MAML is an alternative approach for building reliable and efficient ·mobile · 
agents. 
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THE INFLUENCE OF COMPUTER LAB ASSISTANTS IN FOSTERING COMPUTER 
LITERACY AMONG COLLEGE STUDENTS: AN EMPIRICAL INVESTIGATION 

JoeK.L. Teng 
Arkansas State University 

INTRODUCTION 

Computer literacy has a profound impact on the educational experience, as well, as career success 
of College of Business graduates. In survey of marketing executives, Kimball (1996) found 
personal computer skills to be ranked third after intelligence and ability to get along with others in 
terms of what employers look for in recent college graduates. Also, the 1994 AACSB 
accreditation standards mandate that member colleges of business maintain adequate computing 
facilities to support curricular activities. These demands have made computer literacy a top 
priority in business education. In order to increase the level of computer literacy of their students 
and graduates, many business colleges have integrated computer usage into their curricula and 
increased the number of computers housed within business colleges. · 

However, providing the opportunities for .hands on experience with computer technology in the 
classroom and having state of the art personal computer labs alone are not sufficient to increase 
the computer literacy among students. Students require individual assistance. In most instances, 
students are left to their own devices with little or no help from instructors or lab personnel. 
Furthermore, individual students have different degrees of computer experience as well as attitude 
towards computer use, thus, require different degrees of assistance in the use of computing 
technology. If students feel alienated from computers they will not use this technology for their 
curricula activities. · 

Generally, one of the first places students go to seek assistance in computer use is the computer 
· lab. Many students expect computer lab personnel to assist them with their problems but often 
times they end up disappointed. This is because most business college computer labs are staffed 
by student workers who are not trained to provide services that meet the different needs of 
students with different degrees of computer competency. Computer lab assistants provide general 
assistance to students that may not be adequate to raise the level of computing literacy, such as, 

· confidence in using the personal computer and satisfaction in using computers. According to 
Ross, Maxham, and Neill, (1996) the service provided by computer lab personnel should be 
viewed as an extension of business colleges' pedagogy, and a tool that must ultimately me~t the 
educational and career needs of students. 

The purpose of this study is threefold. First, the study attempts to determine the influence 
computer lab personnel have on key student learning outcomes such as their computer 
confidence, computer usage, and computer usage satisfaction. Second, the influence of student's 
attitude structure with regard to information technology (i.e., computer alienation) on outcomes 
such as computer confidence, computer usage, and usage satisfaction. And thirdly, the study will 
evaluate the moderating effects computer lab personnel have on the relationship between 
computer alienation attitude and outcomes such as computer confidence, usage, and usage 
satisfaction. 

Results of this study provide' valuable information to business administrators who are in charge of . 
running the computer labs especially in managing their computer lab personnel who interact with 
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students. The study specifically provides information as to the responsibility of a computer lab 
assistant in fostering computer literacy among college students, the type of students who are more 
suitable for the job and how to train them. 

DEVELOPMENT OF HYPOTHESES 

Social psychology literature define computer alienation as the socially and psychologically 
induced subjective state of separation from computers (Minch and Ray 1986; Ray and Minch, 
1990). · According to Schrami (1981), computer alienation provides a psychological explanation 
of the fear many people experience with the introduction of automation into their work 
environment. As such computer alienation refers to a range of mental states that include such 
feelings as lack of power when interacting with computers or a sense of a lack of 
comprehensibility of computer concepts. Therefore, it can be expected that the attribute 
computer alienation will have a negative impact on outcomes such as computer confidence, 
computer use, and user satisfaction. This leads to the first hypothesis: 

Hl: Computer alienation will negatively relate to computer confidence, frequency of use, 
and overall satisfaction. 

If computer alienation include such feelings as lack of power when interacting with computers or 
a sense of a lack of comprehensibility of computer concepts, the perception that assistance is 
available if needed can reduce the effects of alienation, as well as, increase the level of computer 
confidence, computer use, and overall satisfaction. Helpful computer lab assistance can reduce 
the negative impact computer alienation has on outcomes such as computer confidence, use, and 
satisfaction. Also, the impact computer alienation has on outcomes such as computer confidence, 
computer use, and satisfaction will be reduced when the level of assistance provided by computer 
lab personnel is high. The impact computer alienation has on outcomes such as computer 
confidence, computer use, and satisfaction will be increased when the assistance provided by 
computer lab personnel is low. In other words, the assistance provided by computer lab personnel 
will moderate the relationship between computer alienation and outcomes such as computer 
confidence, computer use, and user satisfaction. This leads to the next two hypotheses: 

H2A: Assistance provided by lab personnel positively relate with computer confidence, 
frequency of use, and user overall satisfaction. 

H2B: The relationship between computer alienation and outcomes such as computer 
confidence, frequency of use, and user overall satisfaction is moderated by the 
assistance provi_ded by lab personnel. 

METHOD 

Sample 

The hypotheses were tested using a convenience sample of 157 business students (56% male) 
attending an AACSB accredited major state university in the mid-south. The sample consisted of 
the following majors: accounting (9%}, business administration (13%}, finance (6%), management 
(8%), management information systems (22%}, marketing (25%}, and non-business (17%). On 
average students had a mean age of23 years, completed 75 college credit hours, had taken 7 
courses that required the use of a computer. 
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Measures 

Computer alienation. Three dimensions of the computer alienation instrument by Seeman (1975) 
that included, powerlessness (5 items), meaninglessness (4), and self-estrangement (3) were used 
to measure computer alienation. Students responded to each item using a 5-point Likert scale 
from 1 (strongly disagree) to 5 (strongly agree). The reported alpha coefficients for the sub scales 
varies between O. 60 to O. 79 and has been extensively used in several other landmark studies on 
computer alienation (Abdul-Gader and Kozar, 1995). 

Computer confidence. Three items developed by Loyd and Gressard (1984) was used to measure 
confidence students had in using computers. The responses varied between 1 ( strongly disagree) 
to 5 (strongly agree). The measure has a reported alpha coefficient of 0.92. 

Overall satisfaction. The four items that measured overall satisfaction were: (1) overall, I am 
satisfied with my knowledge of computers, (2) overall I am satisfied with my skills on the 
computer, (3) overall I am satisfied with my abilities to use computers in my day to day class 
assignments, and (4) Overall, I am satisfied with how computers have helped me in my day to day 
class assignments. The scale demonstrated a alpha reliability coefficient of 0.86. · 

Frequency of use. Based on past studies ( Cheney and Dickson 1982; DeLone 1988; Straub, 
Limayem, and Karahanna-Evaristo, 1995), data were collected for 2 indicators of computer 
usage. The first item measured the frequency of use of computers during a one month period. 
The second item measured the average duration of use each time. The two items were multiplied 
to derive a composite score of frequency of use. 

; 

Assistance by Comput~r Lah Personnel. The assistance sub-scale of the University Computer 
User Evaluation Scale (UCUES) developed by Ross, Maxham, and Neill (1996) was used to 
measure assistance provided by computer lab assistants. The sub-scale comprised of 7 items: ( 1) 
assistance in equipment use, (2) attitude towards students, (3) support in assisting with problems, 
{4) knowledge about software, (5) knowledge about lab operations, (6) response time to 
problems, and (7) student orientation. The responses varied between 1 (poor) to 5 (excellent). 
The reported alpha coefficient for the sub scale is 0.96. 

RESULTS 

Table 1 includes a summary of means, standard deviations, alpha coefficients and Pearsons 
correlation coefficients. All 3cales demonstrated acceptable reliability coefficients as specified by 
Nunnally (1978). Hypothesis 1 and 2A were tested using pairwise correlation coefficients. 
Hypothesis 2B was tested using regression analysis. 

Hypothesis 1 stated computer alienation to negatively relate with computer confidence, frequency 
of use, and user overall satisfaction. As shown in Table 1, this hypothesis was generally 
supported. All three dimensions of computer alienation (powerlessness, meaninglessness, and 
self-estrangement) demonstrated negative significant relationships at the P < 0.05 level with 
computer confidence and overall satisfaction. However, only the relationship between . 
powerlessness and usage frequency was significant at the P < 0.05 level. Meaninglessness and 
self-:-estrangement did not demonstrate significant relationships with usage frequency. 

Hypothesis 2A stated that assistance provided by lab personnel will positively relate with 
computer confidence, frequency of use, and user overall satisfaction was partially supported. 
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While the positive correlation between assistance by lab personnel and overall satisfaction with 
computers was statistically significant (r = 0.15; P < 0.05), the correlation between assistance by 
computer lab personnel and outcomes computer confidence and usage frequency were not 
significant. 

Hypothesis 2B stated the relationship between computer alienation and outcomes computer 
confidence, frequency of use, and user overall satisfaction to be moderated by the assistance 
provided by computer lab personnel was partially supported. Results of the multiple regression 
analysis for the total sample, as well as, for the two subgroups (based on a median split of .the 
variable assistance by computer lab personnel) are summarized in Table 2. The variance 
e~plained (as shown by adjusted r2 = 0.55 and 0.27) by the three independent variables 
(powerlessness, meaninglessness, and self-estrangement) when the assistance provided by 
computer lab personnel is low are higher for the two regression models that use the dependent 
variables computer confidence and overall satisfaction. In addition, the effects of the independent 
variables, as shown by the negative slope coefficients, were generally higher for the group that 
received low level of assistar..ce from computer lab personnel compared to the group that received 
high level of assistance from computer lab personnel. Both these findings clearly demonstrate that 
the negative influence of alienation to be greater on computer confidence and overall satisfaction 
when assistance from the computer lab personnel is low compared to when the level of assistance 
from the computer lab personnel is high. 

However, the adjusted r2 values and the slope coefficients shown in Table 2 also indicate the 
influence of the three independent variables (the three dimensions of computer alienation) on 
computer usage to be greater when the assistance by computer lab personnel is high. This was 
not expected. One possible reason for this unexpected finding could be the influence of class 
assignments that require different frequency of computer use. More research is however 
warranted to determine the exact reason for this unexpected finding. 

IMPLICATIONS AND DIRECTION FOR FUTURE RESEARCH 

The study revealed: (l) computer alienation to negatively relate with computer confidence, 
computer use, and overall satisfaction, (2) assistance provided by computer lab personnel to 
correlate positively with overall satisfaction, and (3) assistance provided by computer lab 
personnel to lower the influe:nce of computer alienation on key outcomes such as computer 
confidence and overall satisfaction .. These findings have implications both for administrators and 
computer lab personnel. 

These finding suggest the need to recognize the potential for intervention to reduce the influence 
of student's-negative attitude structure with regards to Information Technology on key student 
learning outcomes such as computer confidence and computer usage satisfaction. Administrators 
should strive to provide a high quality of service to patrons of computer labs. Efforts to provide a 
high quality of service should include one, hiring knowledgeable, friendly personnel, two, 
providing customer service training and training in the usage of software and hardware, and three, 
retaining good employees through a reward system. The role of computer lab personnel should 
be to foster computer literacy among its users. In order to accomplish this role, they should strive 
to provide the highest level of customer satisfaction possible. They should be proactive rather 
than reactive. For instance, computer lab personnel should constantly scan the lab to identify 
students who may need help, or periodically walk down the aisles to let the students know that 
they are available to provide help when needed. There should also be a mechanism for lab 
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personnel to provide feedback to course instructors or lab administrators about problems and/ or 
suggestions to improve the quality of the students' computing experience. 

This study was limited to one university in the College of Business. The constituency could be 
extended beyond the Coilege of Business to include the entire campus. Further studies could 
explore the differences based on traditional/non-traditional students, majors, gender, and ethnicity. 
Results may be useful to provide guidance as to which particular groups need more help. 
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Table 1 
Means2 Standard Deviations2 Correlations2 and Reliability Coefficients 
Variable Mean SD 1 2 
1. Powerlessness 2.56 0.64 (.60) 
2. Meaninglessness 2.59 0.68 .57 cw 
3 . . Self-estrangement 2.09 0.76 .59 .58 
4. Computer confidence 3.82 0.68 -.52 -.58 
5. Overall satisfaction 3.46 0.81 -.41 -.39 
6. · Usage frequency - · 17.4 8.00· -.24 -.08 
7. Assistance by lab personnel 2.82 0.79 .06 -.01 

All correlation coefficients above 0.15 are significant at P < 0.05 level 
Reliability coefficients are provided within parentheses 

Table 2 
Results of Multiple Regression Analysis 

3 4 

(11) 
-.57 cw 
-.37 .51 
-.09 .23 
.02 -.02 

Independent Variables (Slope Coefficients) 

DeQendent Variable 
Total Sample (n = 157) 

Usage 
Computer confidence 
Overall satisfaction 

Assistance High 
Usage 
Computer confidence 
Overall satisfaction 

Assistance Low 
Usage 
Computer confidence 
Overall satisfaction 

l p < 0.05 
2 p < 0.01 

Powerlessness 

-3.75 1 

-0.17 
-0.23 

-4.341 

-0.18 
-0.15 

-3.38 
-0.14 
-0.431 

Meaninglessness 

0.79 
-0.31 2 

-0.22 

2.07 
-0.321 

-.16 

0.14 
-0.31 2 

-0.281 

5 6 7 

(~ 
· -.15 (_) 
.15 -.06 cw 

Adjusted 
Self-estrangement R-sguared 

0.39 0.041 

-0.302 0.452 

-0.221 0.222 

-0.69 0.071 

-0.241 0.402 

-0.291 0.192 

1.22 0.00 
-0.442 0.55~ 
-0.11 0.272 
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Internet Data Warehousing 
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The Internet is a cooperative society that forms a virtual community stretching from one end of 
the globe to the other. In the modem information era, it is apparent that the Internet has become 
the medium -for communications into the future. More and more businesses are realizing the 
ever-increasing potential of the Internet and want to market their products and make online 
transactions through the Internet. Businesses in virtually every industry are deploying data 
warehouse systems. Data warehouses bring together large volumes of quantitative business 
information obtained from transaction processing and legacy operational systems. The 
information is cleaned and transformed so that it is complete and reliable. These businesses now, 
want to give external users access to their data warehouse. In this paper, the· access to data 
warehouse is outlined. In addition, the suggestions are given on how to build a relative secure 
data warehouse environment. 

INTERNET AND THE DATA WAREHOUSING 
The Internet has been around for decades, but only in the last few years have companies 
discovered its potential to support various forms of corporate computing. The Internet's growth is 
due primarily to the popularity of the World Wide Web, an easy-to-use Internet application that 
gives users point-and~click access to virtually any computing resource on the Internet regardless 
of the underlying platform. The data warehouse is database built to support information access. 
Typically a data warehouse is fed from one or more transaction databases. The data needs to be 

· cleaned and restructured to support queries; summaries and analyses. This warehouse gets a 
wider audience and ease of utility when interfaced with the World Wide Web. 

The · main advantage of the Web is that it eases onerous administrative chores of supporting 
distributed software. With the Web, there is no longer any client software to distribute to remote 
desktops, update with new releases, and make compatible with other desktop programs. Also, 
Web _ browsers run on any platform, creating a truly open environment for application 
development and deployment. The Web enables companies to store application logic on· servers
where it can be centrally maintained and updated. This makes life much easier for administrators 
in large computing environments · with hundreds or thousands of users that are geographically 
distributed. It also assures ~nd users that they are always working with the most up-to-date 
release of software. 

For these and other reasons, the Web is a perfect medium to interface the data warehouse. With a 
web interface, the companies instead of having to install and maintain desktop query tools for all 
its users, can quickly deploy the same capabilities across the Web to thousands of users. 

The close relationship betw_een Internet and data warehousing can be seen from · the following _ 
aspects: 

L 
238 



• The Internet provides a dynamic platform to provide marketing and advertising campaigns. 
With a communication medium that provides access to every location on earth, the audience 
scope becomes incredibly vast, therefore the on-line selling concept emerged. The products, 
services and information being advertised will be managed with data warehouse . . 

• Not only is the Internet an effective way for businesses to advertise, it is also a fantastic 
source of information. The Internet allows people, businesses and companies to store 
unlimited sources of information for public or controlled access. A great portion of this 
information requires management, most of which is provided by database systems. Now 
with the Internet, the data warehouse of the companies can be accessed from anywhere in 
the world. With the use of Internet RDBMS applications development tools, a business can 
set up a virtual gateway to their data warehouse. 

• Another great advantage of the Internet is that there are no restrictions on the operating 
system ·needed for best use. Also, there is no need to change the data structure of your 
existing databases. In addition, there is no need to make large investments in networking 
technology, since the Internet is a global network. There is no maintenance required on 
client machines, and both the data warehouse and the Web Server can be centrally 
administered. This significantly reduces IT maintenance time, complexity and cost. 

. . 

HOW TO REALIZE THE INTERNET DATA WAREHOUSE? 
While some companies spend a lot of money preventing outsiders from gaining access to their 
information, others think this internal data has great value, but only if it is used. Once a decision 
has been made to open up the data warehouse, you should know how to choose the appropriate 
way to provide the data warehouse access. 

There are several types of accesses to the data warehouse; each has its own advantages and 
disadvantages. The basic choices for web-enabled access are: 
• : Publish static HTML-formatted reports on a Web server. 
• Provide simple query access using HTML forms and templates. 
• Provide analytical or unconstrained query access using a number of techniques. 

Publishing static HTML-formatted reports on a Web server is the simplest one to achieve. An 
application development staff can create reports, and the report output is formatted in HTML and 
posted on the Web server. The advantage of it is that this approach requires minimal 
infrastructure. If the external user needs only predefined information, this method would be the 
best way to deliver it; the only drawback is_ a lack of flexibility if information needs are evolving. 

More flexibility can be achieved by adding a simple query access using HTML forms and 
template. The simplest set of tools is a combination of HTML forms, programs, and HTML 
template for formatting of output pulled from the database. With these basic tools, simple 
parameterized reports or queries and report formats can be selected and created on demand. The 
advantage of it is that all of these tasks can be accomplished with the features available in most 
Web servers, operating systems, and databases today; no extra products need be purchased. 
However, this approach may not deliver the most polished or maintainable solution. 
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The most complicated way of the access to the data warehouse is to provide analytical or 
unconstrained· query access. It can provide the simple OLAP like functionality. OLAP-like 
functionality based on these techniques is available in a number of data warehouse products. For 
robust OLAP-like functionality; you will probably need to rely on one or more combinations of 
tools. The obvious choices for creating sophisticated Web-based applications are Java and 
ActiveX using client-side or server-side middleware to access the database. We can achieve this 
by using web-based application servers. These servers will be able to download "applets" written 
in Java that execute functions on the desktop or interact with corresponding applets on the server, 
or "servelets." These Java or ActiveX programs promise to provide unlimited interactivity with 
corporate databases. Such Web sites will give users all the capability of using all the features and 
power of the underlying DBMS, without requiring the client to load any client software except a 
Web browser. 

How your external users get to the data warehouse depends on the tools and techniques used to 
provide access to the information. Generally, there are five ways to get access to the data 
warehouse. 

The first and most obvious method is straight access over the Internet. This approach is best 
suited for the first type of usage described, in which reports are posted onto the Web server for 
users to view. Its drawbacks include the unpredictable performance of the Internet, the increasing 
traffic and decreasing response times, and of course all the curious people out there. 

Second, external users could come in over the Internet and access a Web server with an extra 
level of protection. The warehouse Web server sits behind a firewall restricting access to only the 
specified users and protocols, and the rest of your network lies on the other side . of a second, 
more secure firewall. · 

The third choice is remote access to your corporate Intranet. External users dial in to access the 
LAN where the Web server for the warehouse resides. This approach is a good one, except that 
the external users could gain access to more than just the warehouse. 

The fourth choice is that users dial in as they would for direct access to your Intranet. But they 
are isolated to a segment of the network containing nothing but the warehouse Web server; the 
warehouse itself lies behind a firewall separating this network segment from the rest of your 
LAN. 

If the sharing of information between you company and another company · is part of a long-term 
relationship, another choice might be to create a WAN link that connects the businesses for more 
than just warehouse use. 

What aspects need to be co·nsidered regarding the security of the Internet data warehouse? 
While the Web's promise for revolutionizing the enterprise is now well recognized, so too are 
some of its challenges. The security of mission-critical (and expensive) corporate information 
systems is one important issue needing consideration, when implementing on-line · data 
warehouses. Since the web was developed around open standards, the Web is thought to be wide 
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open to all kinds of electronic larceny -- wiretapping, hacking, spoofing, and other security
compromising activities. 

Here are some of the aspects that need to be considered regarding the security of the fnternet and 
the data warehouse: 

• Protocol. The TCP/IP protocol was not designed with security in mind; hence it is wlnerable 
to network eavesdropping. When confidential documents are transmitted from the Web 
server to the browser, or when the end-user sends private information back to the server 
inside a fill-out form, some one may be listening in. Eavesdroppers can operate from any 
point on the pathway between browser and server including the network on the browser's 
side of the connection, the network on the server's side of the connection, the end-user's 
Internet service provider (ISP). 

• Operating system: Unix systems, with their large number of built-in servers, services, script 
languages, and interpreters, are particularly wlnerable to attack because they are simply so 
many ports of entry for hackers to exploit. Less capable systems, such as Macintoshes and 
MS Windows machines, are less easy to exploit. So there is a tradeoff between convenience 
and security. 

• Web Server software: Servers vary in their ability to restrict browser access to individual 
documents or portions of the document tree. Some servers provide no restriction at all, while 
others allow you to restrict access to directories based on the IP address of the browser or to 
users who can provide the correct password. A few servers, primarily commercial ones ( e.g. 
Netsite Commerce Server, Open Market), provide data encryption as well. While most 
servers take a permissive attitude to file distribution, allowing any document in the document 
root to be transferred unless it is specifically forbidden, some take a restrictive stance. These 
servers will not transfer a file unless it has been explicitly placed on a list of allowed 
documents. As a ·rule of thumb, the more features a server offers, the more likely it is to 
contain security holes. Simple servers that do little more than make static files available for 
requests are probably safer than complex servers that offer such features as on-the-fly 
directory listings, CGI script execution, server-side include processing, and scripted error 
handling. CGI scripts are a major source of security holes. Although the CGI (Common 
Gateway Interface) protocol is not inherently insecure, CGI scripts must be written with just 
as much care as the server itself. 

HOW TO PROTECT YOUR INTERNET DATABASE? 
There are many reasons why people need·to limit access to and protect the data on computers 
and networks connected to the Internet. 

Some of the security problems can be solved or improved through the access restriction. By now, 
there are three types of acce~.s restriction available: · 

1. Restriction by user name and password: A password system is the main line of defense 
against crackers and other abusers of networks and computers on the Internet. Documents or 
directories are protected so that the remote user has to provide a name and password in order 
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to get acc~ss. Restriction by user name and password also has its problems. These passwords 
can be guessed at, and WWW servers, unlike Unix login programs, don't complain after 
repeated unsuccessful guesses. A determined hacker can employ a password-guessing 
program to break in. by brute force. It is more secure to use a combination of IP address 
restri~tion and password than to use either of them alone. 

2. Restriction by IP address, subnet, or domain: Individual documents or whole directories can 
be protected in such a way that only browsers connecting from certain IP (Internet Protocol) 
addresses, IP subnets, or domains can access them. Restriction by IP ·address is secure against 
casual nosiness but not . against a determined hacker. There are several ways around IP 
address restrictions. With the proper equipment and software, a hacker can "spoof' his IP 
address, making it seem as if he's connecting from a location different from his real one. Nor 
is there any guarantee that the person contacting your server from an authorized host is in 
fact the person you think he is. The remote host may have been broken into and is being used 
as a front. To be safe, IP address restriction must be combined with something that checks 
the identity of the user, such as a check for user name and password. 

3. Encryption using public key cryptography. Both the request for the document and the 
document · itself are encrypted in such a way that the text cannot be read by anyone but the 
intended recipient. Public key cryptography can also be used for reliable user verification. 
Cryptography can be used in carefully specified interchanges to achieve certain properties, 
such as authenticity and correctness. Encryption works by encoding the text of a message 
with a key. In traditional encryption systems, the same key was used for both encoding and 
decoding. In the new public key or asymmetric encryption systems, keys come in pairs: one 
key is used for encoding and another for decoding. In this system everyone owns a unique 
pair of keys. One of the keys, called the public key, is widely distributed and used for 
encoding messages. The other key, called the private key, is a closely held secret used to 
decrypt incoming message. Under this system, a person who needs to send a message to a 
second person can encrypt the message with that person's public key. The messages can only 
be encrypted by the owner of the secret private key, making it safe from interception. Since 
commercial ventures have a critical need for secure transmission on the Web, there is very · 
active interest in developing schemes for encrypting the data that passes between browser 
and server. 

The firewall is another way to protect Internet database from attacking. Many networks install a· 
firewall between a private network and a public one. Firewalls block attempts by crackers or 
others to break into the private network. When you put your database on their Internet, a good 
solution is to move the database connections and application logic behind the firewall. However, 
there are still problems. Your firewall must still allow the objects (which have database 
connections) to accept incoming connections from the Web server. In addition, sensitive 
configuration information about the location of your objects is available on the Web server. So, 
any configuration that allows incoming connections to computers involved in a database 
transaction is subject to attack. A good system should allow you to put your database connection 
and your database behind a :firewall that prohibits any and all incoming traffic. In addition, no 
configuration information about your database, database connection, or database application 
logic should reside or even be available on the Web server. · 
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CONCLUSION 
Utilizing data warehouse and Internet to extend business processes outside the enterprise has 
many advantages. Due to security concerns this utilization should be wisely exploited.· A good 
solution for this is to move the database connections and application logic behind a firewall, 
which is allowed by CORDA. A robust Web secure system can also consist of public-key 
encryption, digital certificates, user-specific security "cookies", secure sockets. Once the security 
issues are resolved the features of the DBMS being used to manage the data warehouse can be 
used to improve the efficiency of the access to the warehouse. 
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Abstract: 
To enable longer space missions, systems for production of food in space will be necessary. The 
Autonomous Life Support System (ALSS) program of NASA is an on-going research effort in this 
direction. We address production control in such an autonomous environment. This research 
uses intelligent agents to relieve the crew of substantial efforts relating to the food production 
tasks. The example we provide consists of the following agents: Farmer Agent, Long Term 
Requirement Planning Ageni, Short Term Menu Agent, Food Processing Agent, Cook Agent, 
Astronaut Agent, and Material Handling Agent. The system is developed in the Java 
environment. The example provides all the facets for a classroom introduction to intelligent 
agent: a problem, agent specifications, the application of a base architecture for a Java 
implementation, and a message transfer fqrmat similar to Knowledge Query Manipulation 
Language (KQML). 

1.0 INTRODUCTION 
In the future, the space program wants to have the ability to send humans into space for an 
extended period of time with little or no re-supply from earth. This means that humans will 
continue to need food, water and air while establishing a permanent base on the lunar surface or 
to travel to Mars for exploration. Systems are needed to produce food, purify their water supply 
and to regenerate oxygen from the carbon dioxide they expel. The Autonomous Life Support 
System is addressing the control of these processes. 

The scope of this work is li~ited to food production. We describe a multi-agent system that 
could be used to control and schedule the food production tasks on board the spacecraft. The 
following example can be serve as a classroom exercise to show students the different aspects of · 
multi-agent systems. It involves problem definition, agent specifications, the Java language 
platform; and a message transfer format. 

2.0 INTELLIGENT AGENTS 
When speaking of intelligent agents, we must realize that it is still a new and emerging area of 

.. technology. There is no single definition for an intelligent agent. Wooldridge and Jennings [ 1] 
describe agents as satisfying either weak or strong notions of agency. The weak notion means 
that an agent has autonomy, social ability, reactivity, and proactiveness. The strong notion of 
agency has all of the characteristics just mentioned as well as human- like characteristics, such as 
mentalistic notions or even ~motions [1]. Moreover, intelligent agents do not depend on constant 
human intervention. Intelligent agents allow for anticipation and performance of certain tasks 
without the assistance of a human user. They can be provided with knowledge that permits them 
to .make quantitatively justifiable decisions in terms of the different aspects relating to a system. 
Agents are currently being used in a wide variety of applications from news filters to air traffic 
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control systems. Agents do not only work alone, they also can be .combined with other agents 
into a multi-agent network. A multi-agent system allows two or more autonomous intelligent 
agents to work together to achieve a common goal. Multi-agent systems can cause problems if 
certain issues are not addressed, the most important issue being that of communication. · 
Communication must be standardized between all agents in the system; this basically ineans that 
all agents must "speak the same language" [2]. KQML (Knowledge Query manipulation 
Language) provides a way for agents to communicate with its counterparts. 

When involved in a multi-agent system, agents cannot effectively communicate with each other 
if there is no standard_language. The Knowledge Query Manipulation Language (KQML) is a 
high level communication language that uses an extensive set of performatives, which are the 
allowable operations that agents may attempt to use in communication between one another. 
Examples include ACHIEVE, ADVERTISE, DENY, ACCEPT [3]. KQML consists of three 
layers: . content layer which has the content of the message, the communication layer has the set 
offeatures, such as the message sender and recipient, and the message layer that encodes the 
message that an agent is trying to transmit [ 4] . The message layer also includes the 
performative, content language, ontology and a description of the content. An example of a 
KQML message from agent tom asking for the price of a couch might be: 

(ask-one 
: sender toin 
: content ( real cost= furniture.cost()) 
: receiver couch-server 
: reply- with couch-server 
: languagejava 
: ontology FURNITURE) 

With the use ofKQML in multi-agent systems, it makes it easier to use these systems in business 
and manufacturing areas. 

3.0 SCHEDULING IN PRODUCTION SYSTEMS USING INTELLIGENT AGENTS 
In general, intelligent agent is a relatively new paradigm. Various researchers have been 
developing innovative ways in which agents can be used. Recently, research is reported in the 
literature on the use of intelligent agents in the area of scheduling. 

Interrante and Goldsmith [ 5], described an agent based scheduling system wherein the agents 
differed based on the level cf abstraction within the manufacturing system and the scope of 
reasoning of an individual agent. As the complexity of the scheduling needs changes, the system 
is able to adapt and create higher level agents to resolve new conflicts. 

The Contract Net Protocol aHocation is realized by a negotiation process between agents, called 
managers, that have the task that is to be executed and agents, called contractors, that may be 
able to execute those tasks[6] . These agents negotiate with each other by exchanging messages. 
In the negotiation, decision-making criteria are necessary for agents to select a contracting 
partner [6]. Shen and Norrie [7] combine a bidding mechanism based on Contract Net Protocol 
(CNP) with a mediation mechanism for dynamic manufacturing scheduling and rescheduling. 
Sousa and Ramos [8], also use the Contract Net Protocol but adapt it to handle constraints and 
conflicts. 
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4.0 VERTICALLY INTEGRATED FOOD PRODUCTION SYSTEM 
When missions to Mars are planned, in the next twenty years, they will have a duration of at least 
a year. Because of the duration of these missions, it will be too difficult and expensive to · 
constantly re-supply the astronauts with food. Therefore, astronauts will have to grow and 
process f~od for themselves. 

In recent land-based tests, four astronauts spent 2-3 hours per day, per astronaut on farming and 
food production activities [9]. This, in turn, took away valuable time that was supposed to be 
spent on experiments. The Vertically Integrated Food Production System (VIFPS) is a 
developing concept of a logistical system that is concerned with all activities that deal with 
producing food for the astronauts. VIFPS involves the meal selection as well as the scheduling 
of the food production activities ranging from farming to food preparation [10]. VIFPS is 
conceived as an approach to support an autonomous system that can be used to alleviate 
astronauts from doing tedious food production tasks. The intelligent agent paradigm is well 
suited for implementing an approach to autonomous control in this production environment. In 
the next section, we provide details of a conceptual and software implementation (or a multi
agent system in VIFPS. The emphasis here is more on the structure of the system with respect to 
communication. Embodying intelligence .in the individual agents is not addressed. 

5.0 AGENT IMPLEMENTATION FOR VIFPS 
5.1 VIFPS Agent Descriptions 

The system is that of a multi-agent network consisting of nine agents assigned to specific tasks. 
These agents are the Long Term Requirement Planning Agent (LTRP}, Farmer Agent, Short 
Term Menu Planner (S1M), Cook Agent, Food Processing Agent, Material Handling Agent 
(MHE), Astronaut Agent, Inventory Agent, and a Facilitator Agent. Figure 1 gives a brief 
description of the agent's tasks and Figures 2 shows the information flow between agents. 

·A ent Name 
LTRP A ent 
Farmer Agent 

Food Processin A ent 
Inventory Agent 

Short Tenn Menu A ent S 
Cook A ent 
Material Handlin A ent · 

lans a list of r uired raw materials for the next ear 
creates a plan for planting the seeds, growing and 
harvestin the lant 

rocesses the harvested raw material into edible food 
keeps track of the amount of seed, raw material and 
in edients in invento 

s the foods from the menu of the STM a · ent 
rts an material from area to area 

delivers messa es between a ents 
re resents the astronauts 

Figure 1. VIFPS: Agent Task Overview 

5.2 Food Terminology in VIFPS 
The system deals with food from its plant stage to an edible form. This "food chain" is· 
represented in Figure 3. This example has only one meal a day consisting of three menu items: 
salad, bread and rice. The agents are armed with the knowledge of the conversion factors for 
each item. 
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Type and amount of 
plants needed for the 
year 

Food Processing Agent 

Amount and type of 
material in inventory 

t-----------1~ MHE Agent 

Type and amount Type and amount of 
material picked -up or 
dropped- off 

Inventory Agent 

Amount and type of 
material in inventory 

of seeds needed 
from inventory 

Seed ►, Plant 

Grow 

5.3 Java features 

Cook Agent ta--------t STM Agent 

Type and amount of 
menu items to be 
prepared for 
astronauts 

Figure 2. VIFPS Agent Information Flow Chart 

►, Raw Material 

Harvest 

►, Ingredient H Menu Item 

Process Cook 

Figure 3. VIFPS Food Chain 

The Java language, by Sun Microsystems, is used to program our agents because it allows for 
autonomy and portability. Java provides the function of autonomous control, by the use of 
threads. A thread is a portion of a program that can be executed concurrently with other threads 
[ 11]. Previous programs only used the concept of single-threads that did not allow for processes 
to run concurrently throughout the program. Java allows for multithreading, meaning that a 
single Java program can have many different threads executing independently and continuously 
[11]. This is very important because each agent within VIFPS must be able to run at the same 
time. 

Java source code is not translated into the machine language for a particular computer; it is 
compiled into a form called a bytecode which is stored in a ".class file". Portability is achieved 
because these bytecodes have the same meaning on all platforms [2]. A Java code does not have 
to execute on the host machine. A program called the Java interpreter reads the bytecode and 
carries out the corresponding host machine instructions 

5. 4 Agent Architecture 
All of the agents in VIFPS have a common framework . The agent architecture is taken from the 
book entitled "Constructing Intelligent Agents With Java" [2]. The architecture provides 
interfaces that allow agents to be added to the system, a method to give agent autonomy, and a 
communication system. 
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The architecture is implemented in [2] by a Java class which provides methods to: register and 
remove agents as "event listeners" (An event is a detail that agents pass to communicate with 

· other agents and an "event listener" is an agent that is notified of all events that happen in the 
system [12]), starts a thread for each registered agent and implements the interface that allows 
agent to ~re events. When the VIFPS system is started, the eight agents described previously 
and the Facilitator Agent are created. 

5. 5 Message Transfer within VIFPS 
In VIFPS, agents are not able to directly communicate with each other. Agents first send 
messages to the Facilitator Agent, which keeps a list of registered agents. The Facilitator Agent 
then sends messages to appropriate agents. The use of the Facilitator Agent eliminates the 
chance that agents will not receive their messages, since not all agents are "alive" or are not 
running all the time. It provides a structure for message passing. 

All messages are passed in a modified KQML format. The message transfer format is adapted 
from [2]. It consists of the following fields: performative, sender, item type, item quantity, time, 
location, and receiver. Where, "performative" is the instruction code to be performed, "sender" 
is the agent that originated the message, "item type" is a code for the item, "item quantity" is the 
quantity of the item to be moved or created, "time" is when it is to be moved or created, 
"location" is where an item i;s located (used only for the Farmer Agent during harvest), 
"receiver" is the agent that is to get the message. Not all fields of the format are used for every 
message. In the cases where all fields are not necessary, an agent will send a "null" place setter. 

5. 6 VIFPS Java Codes and Displays 
The VIFPS base architecture and agents have codes written in the Java language version 1.1.5. 
The codes are adapted from [2] and can be obtained from the authors 

·The Graphical User Interface (GUI) consists of a window with two separate parts. The top 
window shows the actions and message passing to and from the Facilitator Agent and the bottom 
window shows the actions of the agents. The agent registration process is shown in Figure 4 and 
Figure 5 shows the general message passing between agents 
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6.0 Conclusion 
We present an agent architecture and implementation that has all the specifications of the tasks 
of individual agents. This example can be used as a classroom exercise in an intelligent agents 
course that emphasizes applications. A list of agents, their functions and constraints are given 
and these provide all information for an intelligent agents class project. Within the given 
architecture, each agent can communicate with each other. Hence, it offers students an 
introduction to designing and implementing intelligent agents and to the use of the Java 
language. The Java codes associated with the multi-agent system in VIFPS can be adapted other 
of applications to further enhance a students learning. Agents can be added or deleted from the 
system or more complex features can be used to enhance the system. 
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Abstract: The web-based database application is refe"ed to use of World Wide Web 
techniques to convey information relevant to databases. In this paper, the trends on the Internet 
are highlighted; the importance and significance of accessing databases over the Internet are 
briefly described. As a new paradigm in database access, Java technology is considered 

After surveying the two tools (that is, ODBC and JDBC) for connecting database with a web, 
authors introduce a health care online database system. The main idea o,r methodology 
supporting the implementation of the online database system is provided The key concepts used 
will be explained. Moreover, it is shown that the web-based medical databases will help patients 
to retrieval vital information online. Finally, the promising potential of Java distributed 
database interjace is discussed, the future works needed to be done are suggested. 

1. Introduction 
The web-based database application is referred to use of World Wide Web techniques to convey 
information relevant to databases. 

The Internet, with particular respect to the World Wide Web is growing at a tremendous rate. 
Undoubtedly, the Internet has become a powerful and wide-reaching means of communication. 

· Particularly, the· World Wide Web and its ability to provide a multimedia environment have been 
the focus ofcommercial activity. · 

Nowadays, the capability to both generate and collect data has been expanded enormously and · 
· provides us with huge amount of data. Millions of databases have been used · in business data 
management, scientific and engineering data management, and many other applications. It is 
noted that the number of such databases keeps growing rapidly because of the availability of 
powerful and affordable database management systems such as object database management 
systems. 

There's the increasing business drive to incorporate objects and complex data, a phenomenon for 
which the World Wide Web is responsible. It is really true if your Web site doesn't have colorful 
graphics, Java applets, and more all of which are updated frequently then visitors won't keep 
coming back to a site for very long. Developing for the Web is being driven by the need to keep 
Web sites both informative and entertaining. The growing popularity and importance of the Web 
is · part of a bigger, more dramatic shift in the relationship between businesses and . their 
customers. With the Internet, businesses will be able to go directly to their customers. When 
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more people will be accessing and using data in more way$ and with different kinds of 
interfaces, the Internet carries the business into the future. 

Up to now, two parallel trends is emerging on the Internet. First, people are building more and 
more Web sites (both on private Intranets and the public Internet) using_ object-oriented 
languages like Java. The second trend is that Web sites are increasing becoming database
enabled, and even database-driven. 

Following the two trends on the Internet and the database expanding quickly, it is obviously 
important to connect database with the Internet. The main significance to access database over 
the Internet is that the information stored in the databases can be shared by different users, data 
can be processed efficiently. Furthermore, using the Internet can improve knowledge diffusion in 
the databases. 

2. Motivati<>n for Using Java 
The Java programming language from its inception has been publicized as a web programming 
language. Many programmers have developed simple applications such as games, clocks, news 
tickers and stock tickers in order to create informative, innovative web sites. However, it is 
important to note that the Java programming language possesses much more capability. The 
language components and constructs originally designed to enhance the functionality of Java as a 
web-based programming language can be utilized in a broader extent. 

Java provides a user with the, tools allowing for the creation of innovative network, database, and 
Graphical User Interface (GUI) applications. In fact, Java and its associated technologies such as 
JDBC API, JDBC drivers, etc, provide the programmer with the much more needed assistance 
for the development of platform-independent database-independent interfaces. Thus, it is 
possible to build a friendly database interface capable of connecting and querying distributed 
databases. 

3~ Tools for Database Access over the Internet 
In order to connect a web browser with a database over the Internet, it needs a tool to create a 
user interface. 

• Open Database Connectivity (ODBC) 
ODBC usually consists of both client and server components that relays SQL statements and 
query results between client and server computers over a network. It is a common-denominator 
application programming interface (API), running on top of each relational database API. Even 
though applications written in object-oriented languages use data types that differ from the fixed 
set supported by SQL, at least a connection can be mode using ODBC. With ODBC, database 
records can be queried and updated. 

However, there have some problems with ODBC, such as the client/server computing is 
inefficient, it doesn't work well on the Internet, rewrite · and recompile the same application, etc. 
Because the · client/server model allows applications to communicate directly with database 
servers, but the application code has to be installed on each person's desktop where it is to be 
executed. These client applications have become slow and bloated. 
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• JDBC as an Alternative ODBC 
Database-aware Java applications can be developed with an eye toward the Internet. Sun 
Microsystems has developed an SQL database interface specification for Java known as JDBC. 
JDBC means the Java Database Connectivity module. It is a standardized database access 
solution .. 

JDBC offers a generic SQL database. It is a SQL-level API that allows to embed SQL statements 
as arguments to methods in JDBC interfaces. The JDBC API defines Java classes used to issue 
SQL statements and retrieve query results. Using JDBC, an application can perform database 
access independent of the actual database engine being used for data storage. Moreover, the same 
application can be written once, compiled one, and run against any database engine with a JDBC 
driver. 

4. A Health Care Online Database System (HCODS) 
The state of health care is on everyone's mind, and rightly so - it touches all aspects of our lives. 
For example, when we or our loved one need medical assistance, we want it to b~ fast, effective 
and preferably at obtaining some information. Therefore, creating a health care online database is 
welcome and significant. 

Several kinds of network-based resources are available to provide information and support 
patients and others interested in their health. These resources include information on prevention 
as well as detailed information for patients with specific medical problems. For example, [2] 
exemplified medical application on the Internet. It showed that various types of medical 
knowledge could be delivered to practitioners using Internet technology. Accessing information 
over Internet helps health practitioners find useful medical information online. 

The Health care application that we have developed incorporates Java and JDBC to manage 
· distributed database querying and to provide· the patients a user-friendly environment to create 
distributed ·queries. We will mention the key ideas or methodology supporting the 
implementation of the online: database system. The key concepts used will be explained. 

4.1 Creating the Database Using Oracle 8 
It is Oracle's first object-capable database. Using an object-relational data mode, Oracles 
supports the close integration of objects and complex data types with a relational database 
engine's mission-critical infrastructure, including management tools, data integrity~ query 
capabilities and so on: 

By means of the Enterprise Manager in Oracle 8, which is a very powerful tool, we create a 
health · care database. Healt,h car database · system includes statements about patient current 
treatment, past history and . f,amily history and is intended for both doctor and patient use. The 
doctor or hospital associating with the patient provides information to patients, and patients get 
the information directly from the web sites online. 

4.2· Methodology for Connecting Database: Java and JDBC 
The Java language may be described as relatively simple, object-oriented, distributed, and 
portable. However, one of the more important capabilities provided in the Java language is its · 
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capability of producing platform-independent programs. The Java language provides an excellent 
framework for network-aware programs that can run on any platform that has a Java interpreter. 

JDBC allow a Java programmer to connect and query remote databases using an API supplied in 
the JDK. Thus, Java can be viewed as an excellent database programming language because of 
platform-independence, network-awareness and JDBC. Therefore, we use Java technology to 
implement connecting database. We will introduce main idea and key concepts as follows. 

• Overview of Java "servlets" 
In the · health care database, we use Java "servlets" as a Java Web Server. Servlets are protocol, 
independent server-si_de components, written in Java. It executes on the server computer, and can 
be used on conjunction with the Web server to generate Web pages dynamically. Servlets can 
connect with the database directly, and present information to users in HTML format. 

• JDBC API 
The foun_dation for database connectivity and dynamic SQL access in the Java Platform is 
provided by the JDBC API. The JDBC API is the Java platform core call-level API for data 
access. Unlike other data access APls, JDBC can be used to create portable data access 
components that execute in both a client and server environment. 

Figure 1 gives the structure of JDBC on client. Figure 2 shows the JDBC on server. Java applet 
components are downloaded over the network as needed. It means that drivers can be loaded at 
runtime over the networ~ and local configuration change to the computer is a thing of the past. 
Java applets also provide the same benefits as client/server computing, which was that data could 
be viewed and manipulated interactively on a local computer. All data validation can happen on 
the client before it is sent to the database server. 
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The JDBC driver manager loads a driver that is specified for a particular set of circumstances. 
JDBC-ODBC bridge allows existing ODBC drivers to be utilized, converting JDBC calls to 
ODBC. Of course, an ODBC driver return HTML for display on the client's browser, but this 
can provide only a very simple and limited client interaction. 

Native API drivers provide a very similar solution to JDBC-ODBC bridges, with the same 
· restrictions. Net protocol driver is only way that highly restricted applets can be distributed on 
the public Internet, and still communicates with a database server sitting behind a firewall. 

Native protocol driver allows applets to communicate directly with a database server. This 
-requires a trusted environment, with unrestricted (low security level) applets. 

This database application establishes database connectivity using JDBC API and drivers. By 
utilizing the JDBC API, the system provides uniform access to any database providing a JDBC -
driver. That is, a user may connect to any database for which a JDBC driver is provided. 

The main workhorse classes in JDBC are: 

· • Connection. Holds information about an open database connection. 

• Statement. Holds ;a SQL query issued to the database. 

• PreparedStatement. Same as statement, but allows for query parameterization. 

In summary, the JDBC API is package of abstract classes that must be defined for specific 
database sources. This implies that JDBC can be viewed from a high-level abstract view or from 
a low-level database specific view. A high-level, application programmer view of JDBC is an -
API, called the JDBC API, which provides methods allowing an application to connect, query 
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and manipulate multiple databases. By contrast, the low-level, database specific view of JDBC 
interprets it as a package of abstract classes that must be implemented for specific databases. 
That is, a database specific implementation of the JDBC abstract classes, called a JDBC driver, 
must be provided in order for the Java database programmer to access the database. 
Consequently, a database application obtaining database access through the JDB_C API will work 
with any data source providing a JDBC driver. For example, if a programmer developed an 
application powered by the JDBC API, the application would be able to connect to any data 
source providing a JDBC driver. Thus, JDBC is a powerful, flexible database connectivity 
module for the Java programming language. 

4.3 User Interface · 
The interface allows a user to talk directly with databases. The interface creates a virtual 
environment displaying database information about all current connections. 

From· a user's overview, the interface provides a user with the capability to build distributed _ 
queries in a window environment organizing multiple heterogeneous databases. It is important 
that this interface does not require the user to know the schema of the each connected database. 
The user has the ability to query across database with the ease and flexibility. · 

The web-based health care database system interface provides the user with the ability to connect 
to local or remote distributed databases. The interfaces provided in this system are select (list), 
update for patients, insert, select, update and delete for administrator and doctors. 

Select interface provides the patients with the ability to list all of information about them, and 
provides the doctors all of information associated with all patients. 

Insert interface provides the doctors with the ability to insert some information about patients 
such as lab report result, trea~ment results and so on. 

Update interface provides the ability to update some information for the patients such as address, 
insurance case, etc, and provide the doctors with the ability to update some information. 

Delete interface is just provided for doctors. And it is just used to delete current information after 
copying all current information into past information. 

-5. Conclusion 
Java is fast entering the Internet world, where Web sites are increasingly database-driven. JDBC 
can provide access to databases. In order to access up-to-date information resources and 
organization of available information, it is required to use the Internet in databases. In this paper, 
Taking the advantages of Java, we discuss the web-based database application via JDBC. A 
health care database is introduced for patients looking for guidance among the target sources of 
the collection of links. 

The future potential of Java pistributed database interfaces is very promising. However, in order 
for that potential to be realized, several steps need to be taken by database developers. First, the 
capability of the JDBC standard must be recognized and upheld. Secondly, much effort should 
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be directed toward developing fully compliant JDBC implementations (drivers). If these steps 
are achieved, ·the combination of Java and JDBC will provide a powerful, versatile tool in the 
development of distributed database interfaces [4]. 
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There is significant attention given to new recruitment techniques. One of the most important 
new techniques involves recruiting new workers using the Internet (Przybyla, 1997). Although 
Internet recruiting is a growfag practice, it is not yet the primary tool used to recruit new workers 
(Frost, 1997; Bierbaum, 1999). On-line recruiting involves the posting of jobs, application for 
jobs, and searching for candidates using the world wide web. Online recruiting is still in a 
relatively young stage of developme.nt and has resulted in a variety of outcomes for different 
organizations (Ray, 1999). 

One problem is that there is Yery little empirical research being conducted to formally examine the 
implications of the use of Internet recruiting. There is extensive research on traditional job 
recruiting with little parallel research including the Internet as a major variable. There appears to . 
be much opportunity to exaniine such issues as costs, speed, accuracy, coverage, legal 
implications and effectiveness issues. The majority of what is known is based on case studies and 
industry reports by online recruiting organizations who collect or sell online advertising space. 
An electronic search of all major management and human resource management journals reveals 
not a single research article devoted to Internet recruiting. With more research evidence clearly 
showing a connection between recruitment strategy and firm performance ( e.g. Guthrie & Datta, 
1998; Nelson, 1997), the issue oflnternet recruiting is deserving of more formal attention. 

This paper will discuss some· costs and benefits of recruiting new workers using the Internet. 

WHAT IS THE EXTENT OF INTERNET RECRUITING 

Internet recruiting of workers is clearly a major method for recruiting new workers. There is still 
some debate over the extent American companies are willing to use it. · However, there is no 
denying that it is becoming one of the more important recruiting techniques used by organizations. 
The following are some interesting facts about recruiting workers on the Internet: 

- The Internet accounts for 4% of the $18 billion spent world-wide on media recruitment 
advertising (Murray, 1999). The proportion is expected to jump to 15% by 2005, including 20% 
of the U.S. market. 8,500 Web sites now accept or solicit employment advertising (Murray, 1999) 
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- Internet recruiting practice appears to vary tremendously between different regions of the 
country. The ·silicon Valley of Northern California is the region with the highest proportion of 
jobs exclusively listed on the Internet. 
- According to Electronic Recruiting News, over 2,700 Web sites offer job postings, with this 
number growing daily. . 
- America's Job Bank claims over 900,000 jobs listed on their database. 
- JOBTRAK is the largest online job listing service for college students. It offers upward of 
40,000 listings, and is linked to 750 campuses in the United States. Advertising costs up to $395 
for the ad to appear at all 750 career centers. 
- Junglee, Inc. now offers the ability to automatically format job listings and content for various 
Web sites. 
- One listing on a major city newspaper can cost·as much as $1000 for just a verbal listing of the 
job or $1000 per square inch for box ads. 
- HR Magazine claims that there are currently 1.2 million jobs posted on the Internet. 
- In a survey by the William Olsten Center for Workforce Strategies, only 20% of respondents 
said their companies used the Internet to recruit new workers. Only 1 percent of tJ)eir eventual 
hires came via the Internet, compared with 48 percent through traditional classified advertising 
(Frost, 1997). 
- One of the first online recruiting management software programs hits the market in 1997 
(Kimbark, 1997). 
- Careerpath. com reported a 71 % increase in hits on their page from December 1998 to January 
1999. 

BENEFITS OF INTERNET RECRUITING 

There are many potential benefits of Internet recruiting. The problem is not the potential but the 
. real. Below are some of the realized benefits experienced by companies choosing to utilize 
Internet recruiting: 

Industry Specific Benefits. Certain industries appear to benefit more from Internet recruiting. 
The technology and professional-services industries had been experiencing a tremendous problem 
recruiting qualified, higher paid individuals using the traditional recruiting methods. This has 
resulted in the aggressive use of Internet recruiting in order to maximize the chances of acquiring 
top talent. One interest side benefit is that the companies within these fields are discovering that 
they are hiring an unusually large percentage of women and minorities while using Internet 
recruiting (Singh 1998). This clearly hints that the traditional methods of recruiting workers may 
have hidden biases and result in disparate recruitment of qualified individuals. This idea has 
recently been challenged by Hegler, Henle &lBemus (1998) in their article on recruiting and the 
law. In this review they cite evidence that traditional minority groups may actually be significantly 
discriminated by the use of new information technologies in the recruiting process. This issue is 
far from being settled. · 
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More accurate matching. When organizations use traditional methods ( e.g. newspaper ads or 
bulletin postings) there are limits to the amount of information that can be told about the j~bs 
and/or the company. Since costs of newspaper ads is prohibitive companies are often forced to 
list one major ad and use subsequent ads to refer to the original. There is little opportunity for 
companies to elaborate on more specific requirements of the position, or important features of the 
company. Online recruiting affords companies more space and time to elaborate about the job 
and the company. The realized effect is that organizations may experience a more qualified set of 
applicants for a position. With newspaper advertisements, companies often complain about 
receiving too many clearly unqualified applications. This is often due to the lack of specificity in 
the ad. 

Cost savings. The primary reporting of benefits obtained almost always mention cost savings. 
This is especially the case if an company is to set up its own website for recruitment. 

Time Savings. Individuals are able to apply for jobs almost immediately after the job is posted. 
This may prove to be a major benefit to organizations needing to fill positions quickly. Also, 
organizations are able to adjust requirements for positions more quickly on the Internet than in 
other methods. 

PROBLEMS OF INTERNET RECRUITING 

Despite the many benefits there are clearly some major problems with Internet recruiting. These 
will be discussed below: 

No standardization. One major obstacle is that there is no standardization of interface. Hence, 
while online recruiting affords mariy time and cost savings for both the applicant and the 
company, the potential applicant must often customize their resume each time they apply for a 
job. Hence, individuals are often forced to have Word, WordPerfect, ASCII, and HTML versions 
of their resumes ready for email. 

Access to the listing. While it is clear that -a larger percentage of the potential group of applicants 
have access to the Internet, there are still many who do not have access. Also, the access is not 
equal across regional areas, with some public libraries refusing to allow access on the Internet. 
Successfully applying for an Internet job does presuppose a certain higher level of Internet 
sophistication. At minimum you must have an email, world wide web access, a computer with 
modem and an Internet service provider. Until all workers have this access to Internet jobs will 
not be equal for all applicant,. 
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Industry shakeout may be necessary. While the extent of general job posting web sites is 
growing, there is much replication. This is resulting in several different web pages claiming to be 
the largest on the web, and basically offering a generic listing for a price. The effectiveness of 
each page will likely be suspect with increasing competition: More standards and industry 
specifications about needs will likely improve the situation. For the applicant, it is a very 
confusing and complex maze to figure out which site to visit for specific jobs. 

Cross-listing of job openings. There are many companies with job listings. Howey,~r, there aren't 
as many regionally specific job listing clearinghouses necessary to allow for regionally specific 
searches. While this is not the case with Silicon Valley, it is the case in some major economic 
regions such as Sacramento Valley and San Diego, places surprisingly inept at online recruiting. 
The best sites are those creat~d by real-estate organizations designing job search pages to assist 
with corporate relocations or family housing purchases. 1 

PROPOSED HYPOTHESES 

It· is believed that Internet recruiting will likely increase in importance and magnitude over the 
next 20 years. 

Until access to the Internet is equal for all diverse groups, it is expected that recruitment patterns 
will continue to show the pattern is disparate hiring as shown in the very limited research 
available. 

There will be an increase in mergers among web organizations offering recruiting assistance or 
services. This will likely be the result of both the need for standardization and the need for broad 
scope by the Internet recruiting providers. The market for these services will grow and there will 
be more providers of the service. 

Confusion experiences by job applicants will increase as more providers of online recruiting 
services are created. 

There will be increased standardization for the application process. This standardization will 
likely result from improvements in technologies such as FTP and email. 

There will be a dramatic drop in the use of paper advertisements for job recruitment paralleling 
the dramatic increase in the use of electronic recruitment. 

CONCLUSION 

Internet recruiting is growing at an aggressive pace. Both companies and individuals are 
redefining roles, expectation~ and outcomes weekly. There is a clear need for more formal, 
empirical research examining the impact and trends in Internet recruiting. It is becoming apparent 
from case studies that not all companies are experiencing the same outcomes. It is clear that not 
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all applicants are experiencing the same results from their efforts. As the Internet becomes more · 
prevalent and important to the human resource function of organizations, more issues will need to 
be formally addressed. The hypotheses proposed above offer a hint as to the types of issues will 
need to be addressed. 
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It is estimated that approximately 97% of all employment 'lawsuits' filed against U.S. 
corporations never make it to final decision either by jury or judge. The large majority of these 
cases are being settled out of court by the companies prior to final ruling. Analyzing the 97% of 
cases is difficult and nearly impossible because most settled cases are not on public record. Most 
settlement agreements require all parties to not disclose any facts of a case. Also, very little is 
made public in official records other than the fact that the case was removed from court calendars. 
With the dramatic rise in corporate merge~s, we are seeing a dramatic rise in employment-related 
lawsuits (Sherwyn & Tracey, 1997). This is causing much fear among American corporations. 
The fear of being sued and of excessive litigation costs may be influencing the 97% settlement 
rate currently experienced. The following are several general observations about this statistic: 

First, there is a very large amount of potential 'common' law being avoided. Common law refers 
to court determined law. This means that the courts interpret legislative laws and provide more 
specific interpretations-by way of formal rulings. Federal and state legislature often prefer writing 
general laws and having the courts interpret specific laws. Legislatures are not capable of 
anticipating the finer details and implications of all their votes. However, this is believed to 
-provide a more accurate representation of the general feelings of society. Courts are able to rule 
according to ·how society at any one time if feeling. Another reason courts are preferred over 
legislatures for determining laws is because legislated law is more difficult to change. It takes 
years to write good legislation and, sometimes, centuries to change them. Legislatures hope that 
courts fine tune laws to fit the spirit of the legislation. The problem is that with so many cases not 
ever making it to final ruling,: legislatures are left with general laws that are not being fine-tuned 
and are leaving organizations ~ith only general guidelines on how to manage their workers_. The 
result is that organizations are making mistake, resulting in litigation. There is almost no common · 
law to help companies· manage bett~r. 

When only 3 percent of cases actually make it to ruling, the courts are actually not being given the 
chance write common law. What few cases actually make it to ruling are often on the fringes, or 
represent an interest in 'hot' topics. For example, currently, the American's with Disabilities Act 
(ADA) is often perceived to be a unusually complex law. It is simple in intent,but complex in 
interpretati~n. A very large proportion of ADA cases are making through to final ruling because 
there is such an interest, and a strong need for any common law to be written. Managers are · 
finding it difficult to obtain guidance on how to manage their disables workers without violating 
laws. The ADA offers advice often perceived as too general to be of any use. ADA rulings are 
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made monthly with anxious staffs of HR professionals and lawyers scrambling to ensure they do · 
not violate current common law. 

Second, this large proportion of cases being is strongly believed to be the result of cost/benefits 
analysis conducted by companies who perceive that settlement is less costly than taking the risk of 
receiving a negative court ruling. The American Bar Association estimates that the average cost 
of an employment lawsuit from filing to final ruling is approximately $250,000, with some 
estimates reaching up to $500,000 (Caudron, 1997). Clearly the economic costs of employment 
lawsuits and employment litigation are immense. 

However, before any recommendations can be made several things need to be understood more 
closely. First, why are the large majority of formally filed lawsuits never making it to final ruling? 
What are the types of decisions being made by both sides (plaintiffs and defense) to result in such 
a high .settlement ratio? Who is getting the better end of the deal with so many settlements? 

POSSIBLE CAUSES FOR LARGE MAJORITY CASES BEING SETILED 

Lawyers often do not really care if cases are won or lost, but rather that they are fought . A 
parallel is been seen with settlement of automobile cases where the vast majority of them are 
settled. The plaintiff lawyers simply make more money per hour, on average, if they can settle. 
Thus, the recommendations made to their clients is that they are better off accepting/offering a 
settlement. 

Lawyers may be taught the wrong thing in law school when dealing with remedying legal 
problems. It is commonly taught believed among younger lawyers that if you discover your own 
company is violating law (e.g. discriminatory hiring practices) that you are better off not doing 
anything rather than fixing the problem. The reasoning· is that by making changes to practices you 
are admitting that the practices are violating laws. Thus, by making the changes you make 
potential litigants aware of specific incidences of violations. This is believed to result in more 
lawsuits. The logic revolves around never admitting guilt to anything, and never fixing anything 
because it is perceived as an admission of guilt. In early and mid 1998 there was a cluster of cases 
where the courts ruled that companies can obtain a shield from prosecution in these cases if they 
immediately act to fix problems upon discovery. The delay and seriousness of the effort is what 
the courts analyze to determin~ liability, if any. 

Another reason may be the simple cost/benefits analysis resulting in perception that it is cheaper 
to settle. Given the expected cost of a lawsuit to completion ranging from a $250-500,000 it is 
easy to see why some organizations are easily convinced to offer settlements. 

Another reason is that non-recovery of legal expenses is forcing many organizations to avoid 
lengthy lawsuits. In many states and court districts companies are rarely allowed to recover 
litigation expenses. Thus, e~·en if the company is successful in defending a lawsuits, it must still 
pay its own litigation expenses. The reverse is not true where companies are often required to 
pay litigation expenses of plaintiffs when plaintiffs are victorious. The imbalance is clear and 
probably unfair. 
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In addition, many organizations know that they are guilty of what they are being sued for, and 
thus, settle to avoid embarrassment. In situations such as this organizations make a strong effort 
to include non-disclosure clauses in settlement agreements. The purpose of this is to prevent the 
plaintiffs from discussing the fa~ts of the cases after settlement. 

Finally, transaction-costs analysis may be resulting in both parties avoiding confrontation. It may 
be that plaintiffs and. defendants are simply hoping to end a negative and fruitless confrontation. 
Both the plaintiff and the defendants may sincerely believe they are right, but may simply be 
'getting on with their lives'. The total transaction costs associated with t~e lawsuits may be 
proving to be too costly for both sides. 

An analysis of settlement cost/benefits is not simple. The logic above assumes cause/effect in time 
I (Tl). Please refer to Table 1. With this reasoning, it is easy to see why many organizations 
forget to analyze what caused the lawsuit. This is a fruitful search because if an organization 
identify causes of lawsuits they may be able to prevent them before filing. While lip-service is 
often given to this search, some key analysis may provide insight into the flaws of traditional 
settlement analysis. 

PROBLEMS WITH THE ABOVE ANALYSIS 

The key problem with the above analysis is that many organizations do not consider how their 
past settlement behavior influences future employment litigation. From the perspective of the 
plaintiff, the odds are good if you seek a settlement, and use the lawsuit as the means to coerce an 
organization. If you know that you are guaranteed to_ eventually receive a settlement, then filing a 
lawsuit becomes easier. Uncertainty in the process is what makes the decision to sue more 
difficult. Plaintiff attorney are keenly away of this and track organizational settlement behaviors. 
This information is key in de:ermining whether to accept cases that have potential for easy 
settlement. Most plaintiff attorneys have limited litigation, in-court experience as they have found 
· it to be more profitable to simply seek out. se~tle-likely cases. 

It is perfectly reasonable to hypothesize that past settlement behaviors (TI) will have an influence 
on future litigation costs (T2), a cause not traditionally put into the analysis. If this proposition is 
reasonable, it is then possible to expect the possibility that past settlement behaviors may actually 
increase 'titigation costs at (T2), despite reducing litigation costs at (Tl). This increase is 
significant if the costs exceed those costs at T2 in the situation where the organization would have 
taken the case to final judgment. Please refer to Scenario 2 and 3 in Table 1. The idea is that an 
organization may be willing to take. any case to court and fight. From the plaintiffs point of view 
this is not always the ideal situation, especially if the case is not a sure win. They are often 
encouraged to file a lawsuit on the assumption that it will end quickly with settlement. Not many 
plaintiffs are willing to pay legal expenses for the 2-3 year duration to merely make it into a 
courtroom. Thus, the decision is often to hope for a settlement with the realization that the 
lawsuit may be dropped if it is not forthcoming. 

·, 

However, an organization that exclusively chooses to fight all lawsuits will influence the nature of 
the· types of lawsuits it will face. With I 00% settlement, an organization will likely encourage all 
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forms of lawsuits, including frivolous ones. Settling lawsuits is not cheap. Philip Morris Cos.'s 
profit · skidded 79 percent in the fourth quarter of 1998 as the world's biggest tobacco company 
absorbed a big charge for settling lawsuits with states that demanded reimbursement for treating 
sick smokers (Wollenberg, 1999). With 100% non-settlement, an organization will encourage 
only the strongest cases to be filed, thus increasing· the average payout due to final rulings. The 
car insurance industry is experimenting with random challenges to auto-accident claims. The 
expectation is that the uncertainty of whether you may have to fight a case in court will reduce the 
likelihood that you may file a lawsuit. So far evidence is surprisingly scarce. This is because such · 
data is as useful for the plaintiff lawyers as it is for the insurance companies. However, the logic 
can be borrowed and applied to employment litigation. An organization that can find the right 
balance between settlement and non-settlement will likely provide the maximum discouragement 
of being sued. The other expectation is that overall litigation costs will be reduced across all time 
periods. · 

Ultimately there will be a need to end the perception that settlement of lawsuits results in reduced 
litigation costs. A longitudinal look at the typical scenario would strongly suggest that over
settlement results in the perception that settlement is the default. It is not unreasonable to expect 
that this will actually increase litigation activity, and thus costs, over time. 

OTHER WAYS TO REDUCE THE NEED FOR SETTLEMENT 

Organizations can also reduce the need to settle or fight a lawsuit in court by doing one or both of 
the following: 
(a) Not breaking laws. Although it sounds simplistic, there is evidence showing how 
organizations that invest in efforts to audit its employment practices reduce their overall litigation 
costs. This may involve formal audits of all HR practices including, hiring, firing, employment 
records, supervisory behavims and training. One criticism of this is that many lawsuits are filed 
because plaintiffs and defendants have differing opinions of whether laws were violated. Thus, 

· organizations may strongly believe it is following law, but get sued anyway. 
(b) Training. Historically HR professionals are not trained in employment law. According to the 
Society for HRM, the most common background for HR professionals is psychology or 
communications, not law. HR law is characterized by extreme changes occurring over short 
periods of time. Thus, an organization may be satisfying ADA requirements one month and 
violate a common law interpretation the following month. This requires an aggressive attempt to 
monitor HR law changes. Also, this requires more thorough.training at all levels in an 
organization. 
( c) Purchase employment practices insurance. A new trend among some medium-sized 
companies is to purchase insurance. This policy protects organizations from excessive legal bills 
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where workers have filed lawsuits alleging discrimination or wrongful discharge based on race, 
gender, age or physical disability (Shanoff, 1997; Kilens, 1998). Policy limits up to $1 million are 
available at a premium of about $7,500 a year. Industry analysts estimate that perhaps 10,000 
mid-size firms have bought the policies. 

CONCLUSION , 

Historically organizations have demonstrated a long pattern of settlement when faced with costly 
employment litigation. The belief was that they will reduce overall litigation costs. This paper 
compared several scenarios where organizations are sued and must make decisions"about how 
they will react. The analysis resulted in the proposition that full settlement may result in increased 
litigation costs because of the message that all a plaintiff needs to do to make money is sue. Full • 
non-settlement may also increase litigation costs because organizations, over time, will generally 
tend to face only the strongest cases. In these situations, settlement offers are less likely to be 
accepted and plaintiffs are more likely to want to pursue a high final ruling payout. Organizations 
must then find a balance between settlement and non-settlement in order to reduce overall 
litigation costs. Several suggestions are made to randomize the decision to fight a case through to 
final decision. This may provide the maximum discouragement to file a frivolous lawsuits. The 
logic is that plaintiffs may think twice before filing a frivolous lawsuit knowing that it may be 
years before a final decision is made. Other suggestions for organizations include not violating 
laws. Although sounding simplistic, many organizations find that it is costly to conform to some 
strict laws and that simply ignoring them saves them. The lotto mentality of plaintiff attorneys 
exists to ensure that this attitude among employers will quickly be punished. 
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Table 1. LONGITUDINAL Co:MPARISON OF LmGATION ACTIVITIES 

TO* Tl T2 Outcome 

Scenario #1 Lawsuit Filed Lawsuit Settled High Litigation 

Scenario #2 Lawsuit Filed Lawsuit Settled New Lawsuits High Litigation 
Filed 

Scenario #3 Lawsuits Filed Lawsuits Fought Fewer Lawsuits Lower Litigation 
Filed Costs 

Scenario #4 Lawsuits Filed Some lawsuits Fewest Lawsuits Lowest 
settled,· some Filed Litigation Costs 
fought 

• T# = Time period 
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Implications of Welfare Reform: Perceptions of the Stanislaus County, CA 
Business Community and the Public Welfare Agency 
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ABSTRACT 
As a first attempt to understand the implications of Welfare Reform, an attitudinal survey was 
administered to two distinct stakeholders in Welfare Reform: the local bt.1:siness community, to 
whom former welfare recipients would pursue employment, and the local public assistance 
agency, from whom current welfare recipients receive assistance. The a priori research hypothesis 
was that the business community would be far more negative with regards to Welfare Reform and 
its potential impact than the public assistance community. The results of the surveys indicate that 
this is not the case. Both the business community and the public assistance agency indicated 
similar attitudes and beliefs. Implications for this result are discussed. 

INTRODUCTION 
With the passage of HR 3734, the ~ersonal Responsibility and Work Opportunity Reconciliation 
Act of 1996, federal assistance programs have been radically altered (US Dept. of HHS, 1996). In 
line with federal guidelines, state guidelines have also been adapted to meet the new welfare-to
work requirements (California Assembly Bill Number 1542, 1997). There are two critical 
elements to these new mandates: (1) the establishment of time limits for adult public assistance, 
and (2) the establishment of a work expectation for assistance recipients. 

As a result of this altered public assistance mandate, social services providers are beginning to 
explore the possibilities of private and public sector employment for their adult caseloads. Public 
and private sector employers are therefore beginning to be faced with a traditionally under-

. represented worker: the former welfare recipient. 

As a prelude to a major study of welfare reform, this preliminary study sought to establish some 
baseline business community attitudes with regard to welfare reform. For example: What does the 
business community think of these former public assistance recipients? Do the attitudes of the 
business· community differ from the social services providers that serve welfare recipients? 
Further, what does the business community regard as the costs of hiring these former welfare 
recipients? · 

RESEARCH HYPOTHESIS 
The primary hypotheses of this study was ( 1). that the business community would be negative 
regarding their attitudes toward the potential impact of former welfare recipients in the 
workforce. Social services providers, in contrast, were hypothesized (2) to be optimistic and 
hopeful regarding their attitudes toward former welfare recipients. Further, it was hypothesized 
(3) that the business community would be negative in comparison to social services providers, 
who were hypothesized to be much more optimistic, hopeful and positive than the business 
community regarding welfare reform. Statistically, it was predicted that these differences would 
be strong and significant. 
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METHODS 
Members of the Stanislaus County, CA business community and Human Services Department 
were surveyed in the winter and spring of 1996-1997. Members of four business associations 
were asked to complete a questionnaire during a monthly business meeting, netting a sample size 
ofn=l 16. A similar questionnaire was distributed to social workers, eligibility workers. and 
supervisors at the county Human Services Department. This yielded a sample size·of n=126. The 
response rate for the business community was 34.94% and for Human Services 31.5%. 

The questionnaire that was distributed to both groups consisted of two sections, with the first 
section identical for both groups. The first section of both surveys measured attitudes toward 
welfare reform with their responses forming a Likert scale: 1 = Strongly Agree, 2 = Agree, 3 = 
Neutral, 4 = Disagree, and 5 = Strongly Disagree. At the end of the first section, demographic 
information was collected from both groups. A second section was developed specifically for each 
group, business and social services. The second section for business focused on common types of 
jobs iri their. workplace, their specific experiences with former welfare recipients, and their 
attitudes regarding hiring former welfare recipients in the future. The second section for social 
services focused on questions regarding their experiences actually assessing and placing welfare 
recipients into the workforce. 

After collecting the surveys, the results were analyzed both separately and together. The 
attitudinal sections, with identical questions to both groups, were directly compared with each 
other using independent sample t-tests. These tests were conducted using SPSS. 

The mean age of business respondents was 50, compared with a mean age of 41 for social 
services respondents. The largest majority of both groups was white, with 15% of social services 
workers identifying themselves as Hispanic. The majority of both groups was married, with 84% · 
of business respondents and 63% of Social Services respondents married. Business respondents 
held more BA, BS and advanced degrees (68%), while the social services workers were more 
likely to have high school diplomas or AA degrees as their highest educational credential (44%). 
A majority of the business respondents was male ( 69% ), while the majority of social service 
workers (80%) was female. 

RESULTS 
Table One presents a summary of the attitudinal survey results. Out of the nine questions reported 
in this table, seven questions have a majority of the business community agreeing with negative 
statements about former welfare recipients. A majority of social services providers agreed with 
five negative statements. 

Of the nine attitudinal questions posed in this table, only three show significant differences 
(p<0.05) in results between the business community and the social services community. 
Additionally, though significant, all three significant results are statistical in nature only. For 
example, with regard to perceptions regarding the acquisition of new skills, the mean results are 
2.43 and 2.83, respectively. Translating from the Likert scale, this means that both groups 
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TABLE ONE 
Attitudes about Welfare Recipient Motivation 

Percentage Agreeing or Strongly Agreeing 

Survey Question Business Sample Social Sample 
n = 116 Mean Services Mean 

(Std Dev.) n = 126 (Std 
Dev. 

Dependence on government assistance adversely 89.9% 1.63 83.3% 1.79 
affects a person's attitude toward work (0.88) (0.95) 

Persons who have been receiving government 81.7% 1.97 81.0% 2.07 
assistance for an extended period of time are less (0.91) (0.95) 
likely to have desirable skills 

Given the opportunity, former long-term welfare · 61.5% 2.43** 49.6% 2.83** 
recipients are not as likely as other people to be (1.12) (1.22) 
interested in learning new skills 

Work habits of former long-term welfare 61.5% 2.52 50.0% 2.72 
recipients are not as likely to be acceptable as (1.04) (1.12) 
those of other people 

Absenteeism is likely to be a problem with 61.4% 2.43 56.3% 2.48 
former long-term welfare recipients (1.02) (1.09) 

Former long-term welfare recipients are more 53.6% 2.50** 31.0% 2.97** 
· likely to be involved in worker compensation · (1.00) (1.06) 
claims 

Former long-term welfare recipients are not as 51.8% 2.49** 33.3% 2.84** 
· dependable as other people (0.90) (0.96) 

Long-term welfare recipients do not have the 43.5% 2.78 47.6% 2.77 
required education levels to find jobs (1.04) (1.17) 

41.4% 2.94 29.4% 3.31 
1.16 1.14 

** Mean differences significant at p < 0.05 

Responses ~orm a Likert Scale: 1 =Strongly agree, 5 = Strongly Disagree 
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moderately agreed with the statement: "given the opportunity, former long-term welfare recipients 
are not as likely as other people to be interested in learning new skills." Although the difference in 
the two groups' responses was statistically significant, the results are actually quite similar. 

Even more striking is what both groups agreed upon. Both groups strongly agree that. 
dependence upon government assistance adversely affects a person's attitude toward work, and 
that persons receiving public assistance are less likely to have desirable skills. Both groups also 
perceive work habits, absenteeism and a lack of workforce skills as significant barriers to 
workforce entry for former welfare recipients. · 

Table Two presents results regarding the business community's perceptions of the cost of hiring 
former welfare recipients. These results indicate that employers perceive that their turnover rates 
will increase and that they will incur extra costs orienting and training former welfare recipients 
for work. The business community also moderately believes that they do not have adequate 
resources to hire and train former welfare recipients. Employers do not appear to think that 
employee morale or product quality will be affected by former welfare recipient hiring. 

TABLE TWO 
The Perceived Cost of Hiring Former Welfare Recipients 

· Percentage Agreeing or Strongly Agreeing 

Survey Question %Agree or Sample Mean 
Stron I A ee (Standard Deviation 

The employee turnover rate would probably 64.2% 2.56 
increase for a company hiring former long-term (0.92) 
welfare recipients 

Former long-term welfare recipients are more 62.4% 2.66 
costly to orient and train for the job (1.06) 

My company does not have the resources to hire 50.0% 3.14 
and train a former long-term welfare recipient (1.16) 

Hiring a former long-term welfare recipient would 43.2% 2.72 · 
be an extra burden for my company (0.96) 

Hiring a former long-term welfare recipient would 19.3% 3.22 
adversely affect my current employees' morale (0.94) 

Hiring a former long-term welfare recipient would 18.9% 3.28 
lower the quality of my company's product or (0.98) 
service 

Responses form a Likert Scale: I =Strongly agree, 5 = Strongly Disagree 
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DISCUSSION 
Two of the three research hypotheses were not confirmed by this study' s results. The first 
hypothesis, that business community perceptions would be negative with regard to welfare 
reform, was confirmed. The business community, by and large, was quite negative regarding the 
impact and consequenc.es of welfare reform. Interestingly, though their responses were negative, 
the business community did feel that welfare reform was necessary. Business respondents did not 
perceive, however; that the outcome would be positive. 

The second hypothesis, that the social services providers would be positive abouf welfare 
recipient motivation, was not confirmed. This was surprising. A typical ''conventional wisdom" 
for the business community would be that social service providers would be quite positive about 
the potential for welfare recipients, and hopeful about the outcome of welfare reform. On the 
contrary, the results reported here seem to indicate that social services providers are almost as 
pessimistic about welfare recipients as the business community. 

The third hypothesis results are mixed. That is, the evidence that social services providers are 
more optimistic than the business community regarding welfare reform is debatable. True, sample 
means for the social services providers is mostly more positive than the business community, but 
this outcome is only statistically significant for three of the nine questionnaire results reported. 
Further, though significant in three cases, these difference do not reflect fundamental differences 
in perceptions regarding likely outcomes. Instead of being very negative, for example, the social 
service workers may only be negative; Another possible explanation is that social services 
providers (the front line workers, no less!) perceive welfare recipients almost the same as the 
business community. 

There are several possible conclusions to be drawn from the results of this study. The first is that 
the conventional wisdom about welfare reform is wrong. The business community is 

. stereotypically perceived as the cynical profiteer while the social service community is regarded as 
enabling continued abuse of an arguably bankrupt system of social support. The results of this 
attitudinal survey don't appear to confirm these stereotypes. Rather, with regard to perceptions, 
the business and social service communities don't appear to be very far apart. 

The social services community is arguably the best equipped to have clear perceptions regarding 
the impact of welfare reform upon former recipients. In this regard, business and social services 
appear to agree regarding the formidable task of placing former welfare recipients into the ·work 
force~ Business may not be the problem in welfare reform. Rather, the new found emphasis that is . 
being placed on job placement, skills and training by social services providers appears to be a 
rational response to the legitimate concerns of the business community and a legitimate attempt by 
social service providers to provide the skills necessary for former clients to enter the workforce. 

Once in the workforce, business also anticipates a host of implementation issues. Increased 
turnover, costly orientation and training and a lack of resources to address these issues tops the 
business list of concerns. Social service providers will be challenged with facing these issues when 
they place former welfare recipients into the workforce. The task will not be just placement, but 
also retention and training. This would argue toward a continuous emphasis of support, rather 
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than placement and termination of social support. Clearly, former welfare recipients face 
additional barriers and obstacles even after job placement. 

Another explanation of the data is also suggested by a post hoc analysis of the data. Lacking 
significant differences. between the two groups, business and social services, an analysis of 
variance was run against all of the demographic variables collected in the study: age, race, gender, 
etc. This analysis suggested that gender may be a key explanatory variable with regard to 
perceptual differences about welfare reform. Females in this study were much more likely to 
express positive attitudes about welfare recipients than males. Given that welfare recipients are 
_disproportionately female, it is perhaps understandable that females also perceive the situation 
more positively. Clearly, the suggestion that perceptions of welfare recipients diverge along 
gender lines rather than career path is indicative of the need for further research to disentangle the 
effect that gender may play in perceptual outcomes. 

The search for a common understanding is the key to welfare reform. Stereotypes to the contrary, 
it does not ·appear that perceptions of the different stakeholders in this process are truly as unique 
and different as may once have been thought. True, the reality does not lend itself to abundant 
optimism. However, recognizing the abundant common ground that appears available, it is 
hopeful that the search for a common solution can proceed. 
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ABSTRACT 
The implications of Welfare to Work legislation for T ANF recipient job entry is assessed. A job 
skills assessment of the adult T ANF recipient population of Merced County, CA is conducted and 
compared to current and future labor market needs. Results of the study indicate a significant 
"gap" with respect to the job skills needs of employers and the characteristics of adult T ANF 
recipients. Further, even if the T ANF recipients were to possess the skills needed by employers, 
there would not be enough jobs provided by the County economy to adequately employ these 
public assistance recipients. Implications of this result are discussed. 

INTRODUCTION 
The rules have changed dramatically with regard to the administration of public assistance. With 

the passage of HR 3734, The Personal Responsibility and Work Opportunity Reconciliation Act 
of 1996, AFDC and JOBS federal programs have been eliminated (U.S. Dept. of HHS, 1996). 
The Temporary Assistance for Needy Families (TANF) federal block grant has replaced AFDC 
and JOBS. With TANF, however, has come new and stricter federal guidelines, particularly with 
regard to recipient employment. 

In 1997, following a lengthy and sometimes heated debated, the California legislature passed 
CALWORKS, the California Work Opportunity and Responsibility to Kids Program, in order to 
comply with federal guidelines (California Assembly Bill Number 1542, 1997). These new 

. regulations went into effect as of January 1, 1998. There are two critical elements to this new 
program: (1) the establishment of time limits to public assistance, and (2) the establishment of a 
work expectation . 

. The underlying rationale for the both the T ANF and CAL WORKS legislation is the elimination of 
long-term dependency on public assistance and the expectation that all able bodied public 
assistance recipients will attempt to join or re-join the work force. With this new work 
expectation has come the formidable task of attempting to move welfare recipients from public 
assistance to the workforce. 

We were driven by two central question in this study. First, how prepared are TANF assistance 
recipients to move into the workforce? The second question was whether or not jobs would be 
available for these recipients as they enter the workforce. More generally, we were interested in 
what the future holds for CAL WORKS participants. The implications raised by federal · and state 
requirements to move former welfare recipients to the workforce are numerous (The Economist, 
1997). The lingering, unstudied question is what the impact will be for local communities as the 
Welfare to Work legislation begins to be enforced. 
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RESEARCH METHODS 
We collected three main data sets: one set of data from MAGIC (Merced County Eligibility 
Services) regarding basic demographic characteristics of adult, active Merced County T ANF 
recipients. These demographic characteristics included gender, age, ethnicity and primary 
language. The second data set was collected from GEMS. In _the GEMS (Merced Co~nty 
Employment & Training) database, we were particularly interested in information relating to 
educational attainment, job skills and employment history. The third data set we collected 
regarded the current and future Merced County job market. This information was harvested from 
the Merced County Private Industry Training Department and U.S. Bureau of the Census data 
sources. From this data set, we were interested in both current and future job prospects in Merced 
·county, as well as the minimal knowledge, skills and abilities (KSAs) that these positions will 
require. 

We then analyzed and compared these three data sets. The analysis of these three data sets was 
conducted with SPSS (Statistical Program for the Social Sciences, Release 6) using generally 
accepted statistical procedures. 

Magic Database 
Our screening design for MAGIC was as follows: we requested a list of and demographic 
information for every active status,. adult T~ recipient in Merced County. This group 
constituted the persons affected by the CAL WORKS work requirements. · 

Our audit of the Magic database yielded 7,452 active status adults receiving TANF. We believe 
this number constitutes the total number of CAL WORKS affected persons as of the Summer of 
1998. In addition, we obtained key demographic data which is summarized below. The MAGIC 
database had missing data for less than 1 % of our audited information. 

Gender and Age. 
Out of 7452 adult TANF recipients, there were 5426 females and 2026 males. In other words, 
72% of adult T ANF recipients were female. This is in contrast to a nearly gender balanced 
Merced county population (US Bureau of the Census, 1990). The average age of an adult Merced 
County TANF recipient was 32 to 33 years old (Mean 32.5 years; standard deviation of 9.50 
years). Approximately 90% of the recipients were born between the years 1950 and 1980, for an 
age range of 18 to 48. 

· Language and Ethnicity. 
The three primary languages spoken by TANF adults are English (66.9%), Hmong (14.8%) and 
Spanish (14.6%). Surprisingly, there are slightly more primary Hmong speakers than Spanish. 
Hispanics represent 41 .8% of the Adult TANF population. This is followed by White (29.90/o), 
Misc. Asian (10.3%), Laotian (8.7%) and Black (8.2%) groups. In proportion to the general 
Merced County population (US Bureau of the Census, 1990), Hispanics and Asians are over
represented in the T ANF population. 
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GEMS Database 

We next audited the GEMS database. Our audit of the GEMS database yielded 5,392 active 
CAL WORKS individuals. This represented a difference between MAGIC (7,452 cases) and 
GEMS (5,392 cases) of2,060 individuals. We are unable to account for these 2,060 missing 
cases. In addition, while there are 5,392 active individuals registered with CALWORKS, we have 
activity" information for only 3,896 individuals, or 72.26% of the GEMS database. With regard to 
employment, there is information regarding only 1,448 individuals, or 26.85% of the GEMS 
database. We believe that this later statistic is due to the absence of an employment history for 
most participants in the newly created CAL WORKS program. 

Number of Dependents and Parental Status. 
The average number of children that a CAL WORKS participant has equals just over two (Mean = 
2.16, Standard Deviation= 2.09). Numbers of children that a CALWORKS participant has ranges 
from Oto 13. It is interesting to note there that 78.8% of CAL WORKS participants have three 
children or less. More than half of all Merced CAL WORKS participants are single parents. Based 
on the MAGIC data, with 72.8% of all TANF adults female, we assume that the ,·vast majority of 
single parents are women. The remainder are members of two-parent households. 

Time on AFDC. 
The largest proportion of CAL WORKS recipients reporting that they have previously received aid 
have been receiving it for 3 years or more. Long-term recipients appear to comprise at least 14% 
of those in CAL WORKS. Two hundred and ninety-two CAL WORKS participants report 
having received public assistance for ten years or more. 

Educational Attainment. 
In the reported sample, 3 5 .1 % of CAL WORKS participants have no High School diploma. 

. Because there is so much missing data, we believe that this figure represents a lower bound with 
regard to the number that lack a basic education. Roughly speaking, the average CAL WORKS 
participant has just under a ninth-grade education. In the reported sample, 26.1 % have attempted 
the twelfth grade. Fully 8.4% (or 452 individuals) report never having been to school. 

Employment History 
Out of the CALWORKS database, only 24.9%, or roughly a quarter of the population, have any 
sort of employment history from the previous 12 months. The number regarding 12 and 24 month· 
employment histories-are almost identical. Roughly 30% have some employment history over the 
past 24 months, with no information on almost 32% of participants. 

Current Employment by Job Classification. 
The most common types ofjbbs in which CAL WORKS participants are currently working are 
low-skilled occupations. F~od & Beverage preparation is the most common type of job (12.0%), 
followed closely by Sales & Cashier positions (10%), plant farming and gardening (9%)~ domestic 
services (7%) and food processing (6.5%). In all, 1,448 (26.85% of CAL WORKS participants) 
participants report some type of employment activity. 
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MERCED COUNTY LABOR & EMPLOYMENT MARKET . _ 
The civilian labor force in Merced County as of September 1998 consists of approximately 83,700 
persons (California Employment Development Department, 1998). Out of this labor force, 
approximately 74,400 adult individuals were employed and 9,300 were unemployed, for an 
unemployment rate of 11.1 %. This rate of unemployment is almost twice the California · 
unemployment rate of 5. 7% and nearly triple the US unemployment rate of 4.4%: The September 
rate of 11.1 % is also the lowest unemployment rate of the year . The unemployment rate is 
Merced County is cyclical, and dependent upon the agricultural economy. 

The prospects for jobs and economic development in Merced County are excellent. Total non
"rarm and salary employment is projected to add 8,300 jobs between 1995 and 2002 (California 
EDD, 1998). This represents a 17.5% increase during this time period. As of September 1998, 
these projections are in fact accurate. From 1995 to September of 1998, Merced County added 
4,200 jobs. This represents an 8.88% annual change. 

Where is the largest growth in jobs expected to occur? Growth is expected to be largest in two 
sectors - government and manufacturing. Growth in government is projected to come 
predominately from increases in education hiring, particularly elementary school teachers ( reduced 
class sizes) and education support staff. 

Initiatives to cut the student/teacher ratio below 30: 1 are expected to add at least 2,900 jobs to 
the Merced County economy between 1995-2002 (California EDD, 1998). This growth in 
educational hiring is also offset by a virtual freeze in other areas of government. No growth is 
anticipated in state government jobs and there is a projected decline of 300 Federal jobs in the 
County (California EDD, 1998). In spite of this decline in "traditional" government jobs, the 
government sector is still projected to be the largest employer in Merced County by 2002. 

Manufacturing, predominately food processing, is expected to add at least 1,600 jobs between 
11995 and 2002. Both durable and non-durable goods manufacturing is expected to grow 
(California EDD, 1998). This growth is anticipated to come largely from shifts in manufacturing 
from large metropolitan areas (e.g. the Bay Area) into the central valley. Combined with 
aggressive economic development efforts, Merced County is projected to represent an 
increasingly sought after environment for manufacturing job growth. Manufacturing should add 
1,600 jobs between 1995 and 2002 (California EDD, 1998). 

· All other sectors of the Merced County economy are projecting reasonable growth rates. 
Services, for example, are projecting the addition of 700 jobs, mainly in health services. 
Expansion of opportunities at Castle Air Force Base is also expected to add to employment in 
commuriications, publications and transportation. Castle Air Force Base's economic impact is 
anticipated to add 1,000 jobs by 2002 (California EDD, 1998). Growth in other sectors is 
projected to be modest: 300 jobs in construction and mining, 100 jobs in wholesale trade and 200 
jobs in finance, insurance & ~eal estate. 

277 



ASSESSMENT OF TANF ADULT JOB ENTRY 
With two exGeptions, the types of jobs that Merced T ANF recipients are currently taking are 
generally from lower skill and education level occupations. However, even in these occupations 
employers prefer applicants with a High School diploma. This would imply that individuals with a 
minimal High School degree have been the most successful in seeking and retaining employment. 

This is ~ot to imply that T ANF job applicants without High School diplomas cannot find jobs. As 
our analysis from the combined GEMS and MAGIC databases revealed, employers are hiring 
these persons with roughly a ninth to tenth grade education. This may be due to a-·generally lower 
level of educational attainment in Merced county, or perhaps because employers are hiring under 
qualified workers for these pbsitions due to the lack of a more suitably qualified labor pool. 

The next pressing question concerns the global job market of Merced County. The California 
EDD estimates that and additional 4,100 jobs will be added to Merced County between the years 
1999 and 2002. Given that there are 7,452 TANF Adults registered in Merced County (MAGIC) 
and that there are currently 5,392 active CAL WORKS participants, even if every new job were 
given to CALWORKS adults, there would not be enough jobs to fill the CALWORKS agenda of 
full adult employment. 

This point of course ignores the educational attainment of the CAL WORKS population. Even if 
job creation, which by the way outpaces the rest of the state, did in fact create enough jobs for 
every CAL WORKS recipient, the skills of the CAL WORKS population are not adequate to fill 
the jobs that would be created. With only 23. 7% of CAL WORKS participants reporting a High 
School diploma, the prospects for employment in the majority of the fastest growing occupations 
is increasingly unlikely. 

With minimal training and skills preparation, however, it may be possible to shift one to two 
· thousand individuals from CAL WORKS into the workforce. Based on the average skills of 
CAL WORKS participants (9th to 10th grade education) and the prospects of an additional one to 
two thousand low-skill jobs, this appears to be a reasonable goal. 

. The job growth of Merced County has shifted increasingly to health, education and services, all of 
which are requiring increasing levels of educational attainment and skills. Without a dramatic shift 
in overall levels of educational attainment and skills preparation, the CAL WORKS population is 
set to fall increasingly farther behind in a modern knowledge and skills based economy. Because 
traditional agriculture-jobs no longer appear to fill this "gap" in Merced, the outlook for full 
employment of CAL WORKS recipients is bleak. 

CONCLUSIONS & RECOMMENDATIONS 
There are three main conclusions to be drawn from this research study; namely, that: 

(1) The Merced County job market is expanding, 
(2}many adult TANf' recipients will be entering this job market in the next 12 to 24 

months, and ' 
(3) that the skills base of this group does not match the future needs of the job market. 
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How does Merced County go about addressing this 'skills gap and the mandated work 
requirements? We recommend both short-term and long-term strategies to address this pressing 
issue. Short-Term, we recommend setting the goal of moving 2000 adults into the work force by 
the end of the year 2002. This represents the entry of 500 individuals into full-time employment 
each year for the next_ four years. The way that this could be achieved could be through targeting 
employment in lower education and skill positions, such as retail clerks, food & beverage 
preparation, and cashiers. 

Long-term, a number of issues will have to be addressed. It should be immediately apparent that 
many individuals will not be so readily transitioned in a short 24-month period. In particular, 
t ANF recipients with extremely low levels of education and training, accompanied by a lack of 
work experience, pose uniqu~~ challenges. In many cases, these individuals may also have other 
problems that inhibit work-entry, such as language skills, high number of dependents, a single 
parent household, and so forth. 

Merced County faces a tremendous challenge in preparing their workforce to meets the needs of 
the future. The Human Services Agency, in particular, faces an even greater challenge. With 
CAL WORKS, the mission of the agency has fundamentally shifted. How will Human Services 
respond to the shift in their mission away from diagnosis and aid to their new role of providing job 
assistance and training? This is the .task of the ~ture, and the opportunity for b~ghter prospects to 
come. 
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Today's workforce, and that of the years to come, is comprised of more women, more minorities, 
and more immigrants. In short, today's workforce is more diverse than it ever has been before, 
and that fact presents both dilemmas and opportunities for today's supervisors. They recognize 
that the diverse workforce allows them to capitalize upon unique opportunities, but are also aware 
that enabling diverse workers to work well together is a difficult challenge. The goal, as Jost 
says, is to "turn the diversity into greater productivity. The opportunity is creatin~ a workplace 
where everyone contributes to his or her full potential" (Jost, 1997, p. 891 ). · · 

Companies have sometimes found it difficult to create situations in which their employees can in 
fact reach their full potential. While diversity management initiatives are often implemented to 
achieve goals such as improving intergroup and interpersonal relationships, these programs may 
in fact produce increased tensions between and among groups. This polarization may happen 
because diversity initiatives tend to focus on differences between employees. This focus on 
difference may lead to increased interpersonal tension and reduced likelihood of successful 
interaction. One of the-present authors (Ofori-Dankwa, Sype and Arora, 1999; Ofori-Dankwa and 
Bonner, 1996; Ofori-Dankwa, 1996) contends that diversity initiatives, because they tend to 
focus primarily on diversity as difference, accentuate and polarize differences between employees. 
·Suchan emphasis, according to Triandis' model of cultural diversity, would lead to failure rather 
than to success in diversity initiatives. 

Triatidis and others (Triandis, 1992; Triandis, Kurowski, and Gelfand, 1993) contend that one of 
the key elements of successful working relationships among diverse persons is the· opportunities 
for contacts between individuals of different cultures who nonetheless view each other as similar 
( emphasis added). This is known as the contact hypothesis. In Triandis' model of cultund 
contact, a number of variables can contribute to this perceived similarity, including absence of a 
past history of conflict' between th~ cultures, small cultural distance of the individuals, knowledge 
of the other person's culture, intimacy, equal-status contact, and previously successful 
interactions. 

The goal of this article is to identify potential uses of technology in developing and enhancing the 
the perceived similarity which is necessary for developing successful interpersonal interactions. 
Specifically, it is hypothesized in this article that specific uses of electronic communications 
media have-a role to play in the developing of diverse employees into an effective, high
performing work group. 
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Interpersonal Relationships and Employee Diversity 
Triandis (1992) and his colleagues (Triandis, Kurowski, and Gelfand, 1993) have created a 
complex framework which analyzes the influence of interpersonal relationships within cross
cultural relationships. Among the variables which are presumed to affect interpersonal 
relationships across cultures, two in particular are of interest here: equal-status contact an~ 
previously successful interactions. 

Equal-status contact allows two individuals to see each other as similar in that neither party is 
required to see the other as more or less powerful, more or less condescending, or more or less 
necessary to the relationship. Increased opportunities for equal-status contact are assumed to 
provide individuals ~th greater opportunities to develop an understanding of the other party and 
to identify commonalities and similarities between the parties. 

Previously successful interactions, the second variable of interest in this analysis, provides a 
feedback loop in our analysis. Previously successful interactions among individuals of different 
cultures should lead to greater satisfaction with cross-group interaction and improved intergroup 
attitude and increased likelihood of future interactions. These future interactions should reduce 
the perceived cultural distance still further, maximizing perceived similarities and thus increasing 
interpersonal satisfaction ( and ultimately improve performance). 

Earlier it was noted that increased o·pportunitiesfor equal-status contact should allow employees 
to develop greater understanding of one another. Organizations, however, due to their 
hierarchical natures, tend to provide limited opportunities for equal-status contact across groups, 
levels, and departments. Employees from different groups may be clustered in different 
departments or in specific geographic locations. In their analysis of the diversity climate within a 
northeastern chemical company, Bond and Pyle (1998) point out "clear gender and racial 
segregation in jobs" (p. 593) within the firm they study: Their analysis reveals very different 
cultures within different work units or departments, with varying perceptions and working 
relationships existing _as a result. 

Bond and Pyle's analysis is important because it reiterates the importance of perceptions within 
and across employee groups. Their research within the firm under study found that white male 
employees, for example, were more likely to perceive the organization as fair in ·its treatment of 
employees and less likely to perceive inequities based on race or gender (ibid., page 607). Bond 
and Pyle comment that, based on their own and others' research (e.g., Fiske, 1993; Fiske and 
Neuberg, 1990), those with greater organizational power (which Bond and Pyle define as control 
over others' outcomes) are prone to stereotyping the less powerful groups. Bond and Pyle 
contend that "when the varied experiences of groups go unacknowledged, the resulting 
organizational culture will be dominated by the views of the majority group" (ibid., pp. 609-610). 

Diversity programs have attempted to bring the views of the minority to the forefront by using 
various activities and interventions to enable employees to discuss their perceptions of one 
another and to move beyond stereotypes to effective working· relationships. They indicated that 
"when varied views are not expressed, they are not easily incorporated into the prevailing 
organizational culture." Simply put, asking people to talk about their diversity perceptions 
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and/ or their experiences in an organization is not the same as freeing them to talk about these 
topics. 

What is proposed herein is the use of an electronic bulletin board system (BBS) to provide 
employees with the opportunity. to share information and gather information about one another 
independent of distance or hierarchical constraints. The use of a bulletin board system, with code 
names or no names applied to respondents, provides a forum in which ideas and information can 
be shared without the influence of stereotyping or fear of retribution. Such a forum provides an 
equal status across participants and allows them to explore similarities and diffe..cences in 
individual perceptions and experiences. 

Rationale for System Design 
Anonymity is recommended for the "diversity bulletin board" (DBB) for a number of reasons. 
First, anonymity will give participants equal status. Stripped of organizational titles, employees 
will be able to comment upon issues and hope that their ideas will be evaluated based on the 
worth and originality of their contributions. 

Second, anonymity may be important for the creation of an environment in which sensitive issues 
can be honestly discussed. In Bond and Pyle's assessment of diversity climate, they found that 
employees within the firm that was studied were concerned about what they could or should talk 
with fellow employees about. White Employees, for example, were concerned about whether 
they could still joke around with Black co-workers while a diversity initiative was underway 
(Bond and Pyle, 1998, p. 602). Using an anonymous response system would allow employees to 
speak more honestly about their concerns and perceptions 

Third, anonymity should reduce the fear of retribution. Employees will not be likely to speak 
honestly if they feel their identities can be discerned and consequences levied for this openness .. 

There is, however, a risk to this anonymity. The risk is that anonymity may lead respondents to 
be more offensive or confrontational than they would be in face-to-face conversation. For 
example, in an assessment of the use of anonymous electronic brainstorming, Cooper et al. 
( 1998), found that use of an electronic brainstorming system produced more ideas, and that 
anonym~us brainstorming produced more controversial ideas. Electronic systems were more 
productive than face-to-face idea generation, but the authors hypothesized that such anonymity 
led respondents to be more "controversial" and in some cases, offensive. 

Structure of the Bulletin Board System 
L Conditions for Bulletin Board Use 
Virtually any organization which uses an email system could make use of the system suggested 
here. The use of an email system allows contact between employees who otherwise would not 
have contact with each other, due to factors such as geographic dispersion, the size of the 
organization, or differences in organizational level or department. 

2. Anonymity- Use of Code Names 
The use of a bulletin board system, with code names assigned to respondents, provides a forum in 
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which ideas and information can be shared without the influence of stereotyping or fear of 
retribution. Such a forum provides an equal status across participants and allows them to 
explore similarities and differences in individual perceptions and experiences. 

J. Sequence of Activities: 
The following sequences of activities would occur: 

1. CREATE BBS 2.USE BBS TO 3. CONSOLIDATE 
ASSIGN CODE------------> SOLICIT DIVERSITY--------------->ISSUES INTO-----------> 
NAMES ISSUES(Anonymous CATEGORIES 

Contributors) 

4. CREATE TOPIC- 5. REQUEST MEMBERS 6. ONLINE DISCUSSION 
RELATED BBS------------> FOR TOPIC-RELATED------------->OF ISSUES, POSSIBLE---> 

7. FINAL RESOLUTION, 
GROUP MEETINGS 

SUB-SYSTEMS FACE-TO-FACE 
(Known Contributors) CONT ACT 

4. Description of Proposed Structure 
The use of code names would be a device which would be used during an initial assessment phase 
when identifying issues which employees share. Code names or numeric designation of 
participants would be assigned randomly (step I in the above model). This initial anonymity 
(where one's identify would be known only to a system administrator who would keep it 
confidential) is proposed because it would allow employees to speak freely about their concerns 
and respond more openly to others' questions or comments. 

Participation in this bulletin board system should be voluntary, but all organizational members 
should be assigned code designations. This is suggested so that employees do not have to make 
themselves "visible" to anyone by requesting a code name or number. All employees can be 
assigned a code name/number and may choose whether to use it. 

Once employees have been assigned code names/numbers, they could begin posting to a general 
bulletin board which could be reviewed by all participants. At this point ( step 2 in the above 
model), the BBS would serve as exploratory research, using an electronic survey instrument to 
solicit general feedback and comments. The firm may in fact wish to design a survey which could 
be used to solicit employee input on vario~s issues. Once employees have had an opportunity to 
identify diversity-related issues they would like to see addressed (e.g., · family leave policies, 
training and promotions policies, mentoring programs), a task force or committee may be formed 
to identify commonalities among the issues raised (step 3). These commonalities or "categories" 
would then be used to create topic-specific BBS systems which would then be opened for 
employee commentary and applied problem-solving activities. 
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Each of these topics or related set of issues would then become the focus of a new, separately
developed bulletin board ( step 5), which would solicit employee inputs and ask for problem 
identification·and potential solutions to the identified problems (step 6). 

Each topic-specific BBS would thus ask employees, over a limited time period, to make and 
critique suggestions, with the ultimate goal of developing programs or activities which would 
resolve employee concerns. Any organizational member could contribute to these discussions, 
but specific contributors would also be solicited for participation ( step 5), particularly if 
individuals had been active or vocal in advocating for this issue in earlier postings t,o the general 
diversity bulletin board (step 2). Members of the topic-specific group would be encouraged to 
communicate with one another regarding the changes they want to see made and the form these 
changes should take. When possible, attempts should be made to provide face-to-face as well as 
electronic contact between members of the individual groups. The opportunities for face-to-face 
contact will of course depend on the geographic dispersion of organizational members, as well as 
the flexibility of their schedules. 

Each topic-specific group and bulletin board should be assigned a moderator who will guide the 
group and the discussion toward resolution. The goal in stages five and six is to allow people 
who have interests in common, despite their geographic, departmental, or cultural differences, to 
work together to create resolutions for common problems. 

Finally, if a resolution has been achieved (i.e., a new family leave policy, a change in the training 
and development program), .the organization would sponsor an event to announce that change and 
to allow employees of that group to meet to recognize that achievement (e.g., a special luncheon 
or press conference) (step 7) .. This allows employees to share a common experience and be 
recognized for their problem-solving and interpersonal skills. This also gives employees who may 
not have had the opportunity to meet each other in person to do so. 

· 5. Organizational Support for the System. 
The proposed system does require organizational support. In addition to the technology 
and hardware that must be provided, management should recognize that there may be financial 
commitments requested by employees. For example, if employees contend that they feel that 
career pl_anning in the organization is weak, the firm may need to develop additional career 
planning tools and activities to rectify this weakness. The time spent by the system moderator and 
the specific bulletin board coordinators will also have to be paid for and reflected in work 
assignments. 
Advantages and Disadvantages of the Proposed System 
As was noted earlier, the very discussion of diversity-related issues is fraught with complications. 
Issues such as minorities' or women's perceptions of how they are treated by the employer, 
disabled employees' perceptions of the firm's willingness to accommodate them, homosexual 
employees' perception of the supportiveness or non-supportiveness of the company's climate: all 
of these are examples that might be warrant employee discussion but which are difficult to 
honestly a~d non-judgmentally address. When employees feel that they cannot discuss these 
issues openly, they may also feel that they cannot acknowledge or capitalize upon their own or 
others' diversity. 
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The benefits of an initially anonymous email system ~ave been described above. Anonymity 
should provide a framework within which contributors can speak openly, without fear of 
retribution, and can advocate for one another. However, ongoing, long-term anonymity would be 
difficult to maintain. There is too great a risk of confrontation or potentially offensive material, 
for one thing. Second, true anonymity is impossible. Such a bulletin board system as is 
described here is a communications medium owned and operated by the employer, who ultimately 
controls it. Kirsnenberg ( 1997), in a review of the legal implications of email systems, notes that 
a company may be held liable for racist or sexist material if it were transmitted via the company's 
email system. Minimal monitoring of a corporate email system would thus be necessary simply to 
protect the firm's legal interests. 

The major downside of continued anonymity, however, is that it defeats the 
ultimate purpose of this diversity management tool. The goal is to provide employees with 
opportunities for equal-status contact. Initial contacts between employees (made within the 
context of an anonymous email system) allow for equal-status contact without the risk of an 
employee's being stereotyped on the basis of any specific primary or secondary diversity factor. 
However, once employees have identified issues they share in common, it would be ideal to allow . 
these employees to identify each other and to communicate openly with one another regarding 
these joint issues. 

This elimination of anonymity is desirable because it allows the company to build a 
history of previously successful interactions between employees. Participation in the topic
specific bulletin boards allows employees to work together on issues which they have in common. 
These topic-specific groups emphasize commonalities rather than opposing interests among 
employees, and provide opportunities for employees to learn about each others' strengths and 
weaknesses in a non-judgmental context, where no one is dependent upon another individual for a 
valued outcome such as a raise or a promotion. 
Conclusion 
The system described here has several goals: to create · opportunities for equal-status interactions 
between diverse employees; to provide opportunities for employees to identify common issues 
and interests; to allow employees to develop solutions to common problems; to give employees a 
chance to experience successful problem resolution; to provide employees with a series of 
contacts which provide them with a history of successful interpersonal interactions; and 
to use these shared experiences to improve group cohesiveness and ultimately group performance. 

The ultimate goal is to enable employees to work together more effectively and to allow 
them to identify work-related goals and concerns which they share. To maintain anonymity would 
mean employees never get to· really know one another and to develop the positive interpersonal 

. bonds that are necessary for group cohesiveness and enhanced performance. Use of this system 
would allow employees to join together to achieve a common goal and have the shared 
satisfaction of reaching that common goal. It will create opportunities for diverse employees to 
realize that they share similarities as well as differences and to realize that they can work together 
effectively to achieve a common goal. These shared experiences and opportunities for successful 
contact should promote improved performance and teamwork over. the long term. 

(Bibliography Will be Furnished Upon Request). 

285 



Managing Performance in a Multidisciplinary Task Force 

Marc L. Resnick 
Industrial and Systems Engineering 
• Florida International University 

10555 W. Flagler/ EAS 3100 
Miami, FL 33174 

Gene Pugh and Ralph Lewis 
Office of Continuous Improvement 

Florida International University 
University Park/ ECS 451 

Miami FL 33199 

INTRODUCTION 

Problem Statement 
A task force is a group of individuals who . have come together to collaborate on an activity of 
temporary duration. Government and .corporate task forces are often created to deal with an issue 
that is of strategic importance. Task forces can be composed of individuals from similar 
backgrounds, such as several members of the marketing department, or from diverse areas within 
an organization. A multi-disciplinary task force is one that has members from a variety of 
departments, such as engineering, marketing, sales etc. 

The multidisciplinary task force is often difficult to manage because of the wide variety of 
affiliations and qualifications of its members. Because the task force tends to be only a small 
. percentage of members' total responsibilities, it is often not a high priority when conflicts arise. 
Detailed con~rol of responsibility and communication is essential to insure that progress is made 
and milestones are reached on schedule. Team building can be used to increase the priority of the 
task _force. This paper will describe the challenges of multi-disciplinary task force management by 
presenting a case study outlining the creation, self-chartering, and management of the Florida 
International University Faculty and Staff Suggestion Program Task Force. The management 
control system used to administer the task force will be presented along with the justification for 
its design. 

CASE STUDY 

BACKGROUND 
In 1998, the Executive Council of Florida International University determined that the currently 
operating Faculty and Staff Suggestion Program (FSSP) was not performing up to expectations. 
The quanti~y of suggestions submitted by employees and successful implementations of these 
suggestions had both fallen below the levels expected of a successful program and of similar · 
programs at other Universities within the Florida State University System. In response, a task 
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force was created to reengineer the FSSP. This taskforce was directed to develop the method of 
obtaining, evaluating and rewarding suggestions. 

The task force was administered by a representative from the University's Office of Continuous 
Improvement ( OCI). The membership of the task force was composed of members of all . 
administrative divisions within the University, including Academic Affairs, Athleti_cs, Student 
Affairs, Enrollment Services, University Advancement, Business and Finance, University and 
Legislative Relations, and the Presidents Office. A member of the Industrial Engineering faculty 
was also a member of the task force, as requested by the OCI. 

Developing a new FSSP required the task force to consider several aspects of the plan, including 
marketing and publicity, budget, suggestion processing, awards, complaints, and program 
assessment. In order to achieve these goals, the task force needed to organize its members, 
establish responsibilities for each individual, and develop a management control system to direct 
the communication of the task force . As a self-chartering group, the task force was required to 
develop these processes itself. The group used quantitative methods such as benchmarking and 
fishbone diagrams to set priorities and develop implementation plans. 

CHALLENGES 
The task force was faced with several challenges as part of its self-chartering. The following 
discussion describes each of the difficulties that were anticipated by the task force. 

Affiliations 
The task force was created by the Executive Council of Florida International University, which is 
composed of the University President, the Vice-Presidents of each administrative division, and the 
Provost. Each member of the council selected two representatives from his/her staff to participate 
in the task force . This broad representation was intended to insure that the interests of each 
division were championed by the task force. At the same time, each member was responsible for 
contributing to the successful design of the FSSP according to the self-chartered mission and 
vision of the task force. Maintaining this second goal could potentially lead to situations where 
the task force member must subrogate the interests of their division to insure the success of the 
suggestion program or vice versa. This conflict could lead to very tough decision making 
problems for task force members. 

Time 
The task force was only a small component of the total responsibilities of each of the members. It 
was also not the most ·critical component. When activities of higher priority were assigned to a 
particular member, their work on the FSS_P could be delayed. If the key task that the busy 
member was in charge of was on the critical path, the entire project could be delayed. Because 
conflicts were likely to occur with at least one member every week, the likelihood of critical path 
delays was very high. Furthermore, members were likely to be occasionally absent from task 
force meetings because of these conflicts. When decisions were made, the task force would not 
have complete representation and may not even have a quorum. It was necessary to devise a 
system that would allow some members to miss critical deadlines and decisions without 
significantly affecting the critical path or the quality of the FSSP design. Also, it was necessary to 
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have a mecharusm to insure that the needs of each division were considered even when its 
representatives were absent. 

Communication 
Another consequence of the low relative priority of the task force for members was the frequency 
and duration of task force meetings. The best possible schedule was to have a single two-hour 
meeting every two weeks. Because the task force was not able to meet for long periods of time, 
decisions were likely to be made based on minimal live discussion. It was necessary for members 
to have access to support material prior to meetings so they could spend suf}icient time evaluating 
proposals. 

MANAGEMENT SOLUTIONS 

In order to prevent these challenges from reducing the quality of the FSSP or delaying its 
implementation, the task force leaders developed a management control system. This system was 
also designed to minimize conflict with members' divisional responsibilities. The control system 
was presented to the members and approved by majority vote. Each member committed to 
following its guidelines and resolving conflicts accordingly. 

Organization 
The task force was organized using a nonhierarchical matrix. The responsibility for developing an 
implementation plan for each component of the FSSP (such as marketing, awards; budget etc.) 
was given to one member, who was designated as the coordinator. This member was uniquely 
responsible for submitting reports according to the deadlines outlined in the task force's schedule. 
Component coordinators were able to add the support of other members of the task force or from 
outside sources of expertise as needed. They could delegate responsibility to any of these 
individuals in the short term, but were ultimately responsible to the task force. As these 
subcommittees completed their work, implementation plans were submitted to the task force as a 
group for acceptance or modification. 

Communication 
The challenge of communication was to maximize the amount of time each member had to 
evaluate implementation plans before voting. Members would be unable to vote on critical design 
decisions based solely on the information that could be presented in the short periods available at 
the bi-monthly meetings. However because of the compressed schedule, requiring several weeks 
of advanced notice would pre<;lude each subcommittee from spending the needed time designing 
the component. . The control system requested that each component coordinator circulate their 
proposals five days before the meeting in which it would be discussed. Email was recommended 
because of the unreliable speed of the intracampus mail system. This would give members ample 
time to evaluate the proposal and send in their vote if they could not attend the meeting. Minutes 
of each meeting, including the results of any voting, would be circulated immediately following 

· the meeting via email. 
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DecisiotJ, Making 
The major challenge to decision making was the frequent absence of members at the time of 
voting. This was resolved through two mechanisms. First, when a member knew ahead of time 
that they would not be able to attend a meeting, they could submit their vote to the group along 
with a summary of their reasons via email. Second, each meeting began with a fifteen minute 
period during which any member who was absent from the previous meeting could reopen 
discussion on any decisions made in that previous meeting. After fifteen minutes, the present 
members would decide whether a new vote should be taken. If no new vote was taken, the 
original decision was final. If a member arrived more than fifteen minutes late, they had no 
recourse to reopen discussion. 

RESULTS 

This control system was largely successful in maintaining the schedule and quality of the task 
force. A Faculty and Staff Suggestion Program has been developed and is currently under 
consideration by the Executive Council. Midway through the FSSP Task Force undertaking, the 
deadline for submission of the proposal to the Executive Council was shortened by several weeks. 
The task force was able to accommodate this change through accelerating its work and increasing 
the meeting schedule to once per week. Fortunately, few problems or conflicts disrupted the 
progress of the task force . . 

However certain limitations of the management control system were identified. The task force 
was not empowered with any enforcement authority. Though members verbally agreed to abide 
by the control system, there were certain components that were not always followed. For 
example, rarely was a proposal distributed five days before discussion. Because of the high 
quality of the proposals, this did not create a problem for this task force, but in other situations 
this·delay could reduce the amount of input members have on various decisions. Enforcement 
authority is one aspect of task force management that must be seriously considered by its leaders. 
When a task.force' s priority is not high, it is likely that members' will subrogate the task force 
priorities to other responsibilities. This can be a serious problem if not managed carefully. 

CONCLUSIONS 

Management control systems are essential for the success of any project, but even more so for the 
multi-disciplinary task force. The particular challenges that are introduced by its temporary 
duration, the low priority of the task force for members, and the diversity of the members' 
affiliations combine to make management particularly difficult. The group must be realistic in 
establishing a time frame for completion of the task force's mission. However, by developing an 
appropriate management control system, the negative consequences of these challenges can be 
overcome. 
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Several years ago, while responsible for communications and training at a research and 
development firm, my manager gave me the thankless task of implementing the new 
performance appraisal system. Having accomplished this same feat for my previous 
employer, I knew the pitfalls that lay before me. Both managers and employees typically 
share a common disdain for such systems. When I addressed my manager about my 
concerns, he simply said, "Why don't you write a communication plan? He explained 
that I should first state the purpose of the plan, identify the various specific audiences 
who had to be informed or involved in the appraisal process, determine what message 
they needed to hear, by what medium, how often and in what sequence they needed to 
hear it. He told me to attach specific dates to each communication activity. Over the 
next two months, I implemented the plan and was pleasantly surprised by the outcome. 
Having such a specific plan made it easy to carry out the process. Contrary to my 
expectations, all of the managers readily embraced the new program and were generally 
eager to help. Further, I did not receive a single complaint from employees indicating 
that they did not understand the system 

It was not until a few years later, when I formally studied organizational communication 
as a doctoral student, that I began to understand the very practical theory behind the 
successful implementation of the appraisal program at the R&D firm. One of the most 
significant scholars I found on the subject of organizational communication was Karl 
Weick, a social psychologist. Weick (1979) proposed a completely new paradigm for 
organizational communication by combining the theories of general systems, 
information, and sociocultural evolution. Weick's model assumed that information 
processing allowed organizing efforts to adapt to and reduce uncertainty in the 
environment. · 

WEICK'S MODEL . 
According to Weick, people organize because they cannot successfully interpret and 

· respond to complex information environments individually (Kreps, 1990, p. 103). Weick 
believes that organizations are not static entities but are dynamic processes of human 
interaction ( and messages) responding to an information environment. In more 
disorganized ( equivocal) environments, organization members communicate more than 
normal in order to reduce uncertainty. All o_rganizing activities are double interacts which 
begin with a communication act, followed by a response, and then an adjustment by the 
first communicator (Weick, 1979, p. 105). "Organizational members attempt to reduce 
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uncertainty by generating information through the u·se of rules" (guidelines for 
appropriate responses) "and cycles" (patterns of interaction used to develop rules) (Kreps, 
1990, p. 105-106). Members enact their environment which, in turn, creates equivocal 
information. This information is cycled collectively among organization members and 
selected for attention based on rules already established. Positive and negative feedback 
loops in the system work to determine which rules and cycles are retained based on their 
usefulness to the organization. Organization members may also decide to create or adopt 
new adaptive rules as necessary to reduce uncertainty about new types of information to 
be processed. 

Weick (1979) believes that communicating is organizing and that organizing is 
communicating. They are synonymous terms. While most of the business world is busy 
developing strategic plans with goals and objectives followed by task-oriented activities, 
communication is taken for granted. As a result, repeated failures in organizing lead . 
most honest executives to conclude that the only real problem they have is 
communication. Weick's model can be used to shift our thinking from accomplishing 

· individual tasks to recognizing that the dynamic act of organizing is essentially a series of 
communicative activities. 

One important principle that can be applied from Weick' s model .is the assumption that 
when uncertainty is high, people will increase the amount of communication in order to 
reduce their uncertainty. For example, a new appraisal system represents a change and, 
therefore, an increase in uncertainty. Employees ask, "What will the system be like?" 
"How will it affect my pay?" "Will I have an opportunity to have input into my goals 
and objectives this year?" In the absence of information from top management, 
employees speculate among themselves about the new system and typically draw their 
own, often inaccurate and negative, conclusions. Many well-meaning executives 
withhold information, not realizing the dilemma they are creating for those who work for 
them and· ultimately, for themselves. Given that employees will increase their amount of 
communication when uncertainty occurs anyway, management should capitalize on this 
phenomena by deliberately increasing the quality and quantity of their own 
communication efforts. Making communicating efforts central to all functions and 
change is the key to successful organizing efforts. 

COMMUNICATION THEORY APPLIED 
Take, for example, the remarkable story of the Wiremold Company. In a recent speech at 
Kettering University in Flint, Michigan, Wiremold's President, Art Byrne, and Vice 
President, Frank Giannattassio, described the steps they took to restructure their 

· company from a traditional hierarchy to a lean, horizontally stratified, and profitable 
enterprise. This transformation proved to be a radical change but Byrne and 
.Giannattassio anticipated the uncertainty their actions would create. According to 
Giannattassio (1998), they took deliberate steps to inform and involve employees at every 
level. These steps included: 

1) Reorganized into product focused teams 
2) Trimmed work force by a voluntary early retirement program for both 
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hourly and salaried workers followed by a -Reduction-in-Force for salaried 
employees 

3) Provided an oral job guarantee to all associates 
4) Initiated an annual associate survey which included an assessment of 

management 
5) Established a clear mission with a strategy 
6) "Gave ownership" of the Company Strategy to the team leaders 
7) Created a format for the team leader to report their progress towards our 

objectives every Friday 
8) Developed extensive networks for communication . 
9) Provided Kaizen training for all (pp.16-17) 

Three things are notable about this list. First, nearly half the items on the list are 
communication activities, i.e., oral job guarantee, annual associate survey, team leader 
reports, communication networks, and J(aizen training for all. (In the beginning, Byrne 
actually conducted the training himself). All the items require extensive communication. 

Second, Byrne anticipated the need for integrated communication in the new 
horizontally-stratified company. Network communication replaced the former "silo" 
communication that maximized one department's goals at the expense of other 
departments and the company as a whole, i.e., suboptimization. Most of this new 
network structure was created by removing physical barriers between people, 
reorganizing manufacturing into product cells rather than assembly lines, eliminating the 
traditional hierarchies, and organizing teams which had total product responsibility. 

Third, most of these activities represented an enormous change that would undoubtedly 
produce a high degree of uncertainty in the work force. Without question, trimming the 
work force was among the most difficult tasks. Art Byrne knew that reduction-in-force 
(R.I.F.) was necessary because leaning the organization necessarily meant that fewer 
workers would be needed. 

Byrne arrived in September of 1991 and immediately began planning the reorganization 
of the company. The actual reorganization took place during the month of October. 
During this time, Byrne and his executive staff met with leaders (no longer called 
managers) who, in turn, met with associates (no longer called employees) to explain the 
reasons for the changes. ·In November, an early retirement program for the hourly and 
salary workers was implemented. Workers who voluntarily accepted the separation met 
with their managers and received a formal package. The package included a letter they 
could show to prospective employers which explained why they separated from 
Wiremold. The package also included a complete description of the benefits and 
conditions. Fortunately, enough hourly workers accepted the generous retirement 
package that layoffs were not required (Seyler, personal communication, September 21. 
1998). 

In December 1991, Byrne held a meeting with hourly Wiremold associates to talk about 
the future. He explained that the hard part was over and that all associates must add 
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value and be open to change. In return,. Byrne gave them an oral guarantee that no one in 
the union would lose a job or any money due to the kaizen program for continuous 
improvement. However, associates could still lose employment for cause (e.g., faced 
drastic economic conditions). At the request of the union, this promise was included in 
the 1993 contract (J. Seyler, personal communication, September 21. 1998). 

However, not enough salaried workers took the early retirement package. In December 
1991 and January 1992, Byrne, Judy Seyler, Vice President for Human Resources, and 
other management staff met to determine which jobs and people were adding value 
under the new lean system. Value-adding associates were matched with value-adding 
jobs. The R.I.F. for the salaried work force was implemented in late January. Leaders 
met personally with those being separated and at the meetings, a neutral individual, 
usually from Human Resources, was present. Generous severance packages complete 
with benefits and two days of paid outplacement training were provided. Again, at the 
conclusion of the process, Byrne met with all the salaried associates with the same 
message he gave earlier to the hourly employees (J. Seyler, personal communication, 
September 21. 1998). 

What is commendable about Byrne's reorganization, is that he emphasized the need to 
address people as people. He carefully considered his "audience." and how they would 
perceive his communicat.ion, both his actions and his words. With regard to the oral job 
guarantee he says, "think of it logically from a human perspective rather than as some 
corporate bureaucrat. If I asked you to help me reduce the number of people needed to 
make a particular product from five down to two, and after you did, I followed up by 
laying off three people .. . what would you. say to me when I asked you to help me to· do 
the same thing a month later for another product?" (Womack & Jones, 1996, p. 133). 
Likewise, his action of conducting the Kaizen training personally served a triple purpose. 
First, he taught his associates the knowledge they needed to make the transformation. 
Second, .he communicated his commitment for organizational change to his associates. 
Third, he reduced their uncertainty about the change. Finally, communication about the 
change was honest, personal and thorough. Both former employees and new associates 
were told exactly what they could expect through the change and how it would affect 
them. Nearly all the communication was face to face in either one-one or group 
meetings. Whether they liked it or not, they all understood the intent and practical 
implications of their choices. 

From the Wiremold example, we can see clearly a paradigm shift from an emphasis on 
things to people with an expedient balance between tasks and relationships. Most 
important, Wiremold avoided many of the typical paralyzing communication activities 
such as formal reports and lengthy planning sessions in exchange for open, frequent, and 

. honest face-to-face communication. They removed many of the vertical barriers between 
top management and workers. By restructuring the organization and the floor space, a 
massive network of communication in all directions was established. 
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CONCLUSION 
Communicating is our work and it is central to managing changes, i.e., to organizing. · 
Planning from a communication perspective reduces uncertainty and allows change to 
occur with less resistance. To be effective, communication must be abundant, 
redundant, and provide feedback. Abundant communication reduces uncertainty (Weick, 
1979). Redundant communication increases comprehension (Redding~ 1972: Scott, 
1962). Feedback ensures that the message is understood. As mentioned earlier, if 
communication naturally increases with uncertainty, good leaders can take advantage of 
change by increasing the amount and redundancy of two-way communication between 
. themselves and their followers. They can further improve organizing efforts by 
developing networks of communication in the organization among levels and divisions. 
An open communication climate of trust is more important than communication skills or 
techniques (taken by themselves) in creating an effective organization (Redding, 1972). 

One warning is needed. Leaders should expand their communicating efforts primarily 
during periods of high uncertainty, i.e., when change occurs. Too much abundancy and 
redundancy, and feedback can lead to information overload. When communication needs 
are satisfied, frequency of communication should be reduced. Further, redundancy needs 
may vary with the employee_group. Explaining a technological change in twenty words 
may be redundancy that is unnecessary to an engineer but highly necessary to a line 
worker or executive who is unfamiliar with the concept (Redding, 1972;Schramm, 1955). 

I have argued that formal leaders have a responsibility to communicate systematically 
because they control the system. However, according to Dr. Martin Wing, Professor of 
Economics at Kettering University, the reverse may also be true.· Those that 
communicate systematically and do so effectively, will control the system (Wing, 
personal communication, September 25, 1998) 
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Abstract 
Assigning the best personnel to teams is critical to project success. Assignments are restricted by 
personnel availability and project characteristics. Assignment criteria include skill requirements, 

· and preferences of leaders and team members. This paper outlines a multiple criteria 
optimization approach for solving this problem using preference information to capture 
qualitative judgements. 

Keywords: Personnel scheduling; multi-criteria scheduling 

INTRODUCTION 
For many companies, scheduling personnel can be a difficult task. A simple scheduling process 
involves meeting many restrictions on the assignments, such as the number of consecutive hours 
that personnel can work or the maximum number of work hours in a week, and having the 
appropriate number of workers to meet demands. The task becomes even more complex when 
several criteria need to be considered simultaneously . . In some cases, these restrictions naturally 
occur as constraints, but in other cases, they really represent criteria that should be optimized. 
Personnel scheduling of this latter type are rather common, but little research has been conducted 
to find an efficient way to schedule personnel and optimize multiple criteria concurrently. 

This paper addresses a multiple criteria problem in the context of scheduling consultants to 
project teams for new cases obtained by a management-consulting firm. A number of concerns 
are characterized as criteria while others are represented as constraints in an optimization 
problem. The majority of the paper focuses on the development of the appropriate optimization 
model that will produce a workable solution for an assignment manager. The paper is organized 
as follows. The next section reviews some of the relevant literature and alternative approaches 
that have been taken for personnel scheduling. The third section introduces the particular 
problem. The fourth section includes the development of the optimization model. The fifth 
section discusses the implementation and use of the model, and the final section offers 
conclusions and directions for further research. 

PERSONNEL SCHEDULING APPROACHES 
· Personnel scheduling studies have been conducted in a variety of settings with different criteria 
and restrictions. Nanda and Browne (1992) provided a good overview of employee scheduling. 
This section illustrates some of the more common problems and solution approaches that have 
been used. One of the most common personnel scheduling problems is the days-off scheduling 
scenario. In this problem, management generally sets guidelines for permissible days off during 
a typical 40-hour, five-day per week schedule. Since many companies operate seven days per 
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week, employees need to be scheduled to meet demands every day of the week. The most 
common way that this scheduling scenario is solved is through linear programming. 

The restricted starting-time tour-scheduling problem (RSTP) is a more complex variant of the 
days-off personnel scheduling scenario. In the RSTP, a restricted number of start times for work 
shifts are considered for scheduling. Brusco and Jacobs (1998) developed a two-stage heuristic 
solution strategy to solve this particular set of scheduling problems. The first stage uses linear 
programming to find optimal starting-times or shifts to be schedule"q. Next the problem is 
reformulated to resemble a days-off scheduling problem and solved using integer programming 
(IP), linear programming-based heuristics, or construction/improvement heuristics. Many 
different optimal or near optimal shift schedules may be found in the first stage requiring 
multiple scenario optimizations in the second stage. 

Nurse scheduling is another commonly studied personnel scheduling problem because of its 
unique shift scheduling. Nurses need to be scheduled 24-hours per day, seven-days per week 
creating shifts that are uncommon to regular business hours. In this scheduling scenario, hospital 
demands for nurse staffing must be satisfied while meeting policy restrictions on number of 
shifts nurses can work in-a week or month. Most hospitals also consider nurse's needs and wants 
to help maintain job satisfaction. Kostreva and Jennings (1990) used a computer-:based survey to 
estimate individual nurse preference values for specific shift assignments. These values were 
then used in a linear programming model to find optimal shift schedules. . Restrictions such as 
number of shifts worked and consecutive workdays are added as constraints. 

The models discussed above represent variants of shift scheduling problems. In the nurse 
scheduling case, the optimization criterion involves a function that represents a measure of the 
nurse preferences for particular assignments. When the number of possible assignments is small, 
an integer program can be used to solve the assignment problem. When the problem is large, 
heuristics must be used. The inclusion of actual preference information in the objective function 
and solution using IP is the basis for the application described in this paper. Although the nurse 
scheduling problem considered a single criterion, the new application extends the results to 
multiple criteria. The staged approach is used to have the model develop a WQrkable assignment 
schedule that can be easily modified by the assignment manager in making final assignments. 

THE PROBLEM: ASSIGNMENT OF CONSULTANTS TO CASES 
Scheduling personnel to meet multiple criteria is a very complex process. Because of the lack of 
analytic procedures, such problems are often reduced to focusing on the most important criterion 
with some ad hoc adjustment for the other criteria. In the scheduling scenario being considered 
in this paper, both multiple criteria and constraints from multiple demands need_ to be satisfied. 
The application involves a large strategic management-consulting firm (the Company). 

Each month, the Company opens two to three cases and closes about the same number. These 
cases are developed by a partner and require the assignment of a manager and a team of 
consultants. This paper considers the assignment of the consultants to the project team working 
the case. Criteria that are considered fo~ consultant assignment fall into five criteria categories, 
preferences, experience, development, balance, and skill mix. The preference category can be 
broken down into three sub-categories, manager preferences, consultant preferences, and 
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organization preferences. The overall process that is ·being considered is illustrated in figure 1. 
The portion that is being modeled here involves the consultant staffing. 
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Figure I. Management-consultant personnel assignment process. 

The Company needs to consider consultant characteristics when assigning personnel to project 
teams for cases. These consultant characteristics include seniority ranking, industry experience, 
and special skills. Because of budget restrictions, each case requires consultant assignments 
dependent on the ~onsultant' s budget value and the potential consultant mix. A case may require 
that a minimum number of consultants be assigned to a case with specific industry experience as 
decided by management. Management also decides what special consultant skills are needed for 
a specific case and the minimum number of consultants with these special skills that need to be 
assigned to the case. 

MODELING THE CONSULTANT ASSIGNMENT PROCESS 
The consultant assignment criteria shown in figure I include experience, development needs, 
preferences, balance, and skill mix requirements. Absolute requirements regarding experience, 
balance; and skill mix can be addressed explicitly in constraints. Other aspects such as the 
manager's preferences for individual consultants or capabilities, and consultant preferences for 
particular types of experience or locations, along with the organization's preferences for 
development of well-rounded eonsultants, are less easily quantified and more difficult to specify 
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as constraints. From a Company perspective, it is desired to make the project team assignments 
in a way that maximizes the preferences of the managers, the consultants, and the Company. 

Preferences and the Objective Function 
Preferences can be categorized as manager preferences, consultant preferences, and organization 
preferences with further refinements possible. For example, manager preferences could involve 
issues of consultant compatibility, experience levels, or analytic and communication skills; 
consultant preferences could involve issues of manager compatibility, career enhancement, or 
project location; and organization issues could involve consultant development; team balance, or 
balanced assignments. A method of estimating value functions tq represent these preferences 
will be developed. A linear additive value function will be used to combine these preference 
values in order to compute an overall preference value or weight associated with the assignment 
of each consultant to each case. For purposes of this paper, assume that those weights exist. 

Assume that there are n consultants available to be assigned tom cases at a particular scheduling 
instance. Let w;1 be the preference weight associated with assigning consultant i to case j and let 

x = {1 if consultant i is assigned to case J Then, the obiective function for this assignment 
ii O otherwise . · J 

n m 

model is represented by: z = LLwiiXii. 
i=1 J=1 

Constraints 
Several constraints need to be satisfied for this assignment problem. Cases require unique 
combinations of consultant skills and experience. Skills and experience required by a case can 
be defined by three categories: consultant mix, skill mix, and industry mix. In each of these 
categories, there are consultant characteristics related to that category. 

The consultant mix category considers each consultant by a type that reflects education level and 
experience: first-year consultant (MBA, I st year), second-year consultant (MBA, 2nd year), and 
Senior Associate Consultant (BS/BA, 3rd year). Depending on the budget assigned to a case, a 
predetermined consultant seniority mix needs to be met. A constraint is added to the integer 
programming model to reflect this consultant requirement. Let T;k represent the consultant type 
such that T;k = 1 if consultant i is type k where 

{

I if "first -year consultant" 
k = 2 if "second - year .consultant" and is O otherwise. Let ~k be the consu~tant type k 

· 3 if "SAC" 

requirement for case J; then the consultant . mix constraint is L xii T;k ~ t Jk . _ This set of 

constraints ensures that the restricted assignment of first-year consultants, second-year 
consultants, and SACs will be satisfied. 

A similar constraint is used to satisfy the skill mix required _ in each case. The consultant 
characteristic database includes information about each consultant's special skills. -The special 
skills are analytical skills, quantitative skills, software skills, and communication skills. Let S;k 

represent the skill level for consultant i such that S;k = 1 if consultant i has skill k where 
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1 if analytical skills are being considered 

2 if quantitative skills 
k= 

3 if software skills 
and is 0 otherwise. Let s1k be the skill k 

4 if communication skills 

requirement for case1·; then the skill mix constraint is ~ x .. S .k > s .,. L..J IJ I - }1< 0 

A third set of constraints can be added to satisfy an experience mix required by each case. The 
Company serves several different industries including Media/Communications, Consumer 
Products/Service, Financial Service, High Technology, Transportation/ Aerospace/Defen~e, 
Industrial Production/Construction, Utilities/Environmental, and Health/Medical. As consultants 
are exposed to these different types of industry in casework, they gain experience in the industry 
area. To model the necessity of having a minimal number of consultants with certain industry 
experience as required by the case, another constraint is added to the linear programming model. 
Let E;k be an industry experience indicator such that E;k = I if consultant i has industry 
experience k where 

1 if Media/Comm uni cations experience is being considered 

2 if Consumer Products/Services 

3 if Financial Services 

4 if High Technology 
k= and O otherwise. Let e1k be 

5 if Transportation/ Aerospace/Defense 

6 if Industrial Products/Construction 

7 if Utilities/Environmental 

8 if Health/Medical 

the industry experience k requirement for case j; then the industry experience constraint is 
L xiiEik ~ e Jk . This restriction requires that the model assign a minimum number of consultants 

with special needed industry experience to each case. 

Individual consultants may be assigned to one or more cases. Typically, each consultant is 
assigned to two cases. If a consultant is already assigned to a case in process, assignment is 
limited to one additional case. Let n; be the number of cases for which consultant i is available 
for assignment. Typically, n; = I or 2. Then, the assignment availability constraint is L xii = n;. 

Finally, certain case-specific constraints could be added to the model. For example, these could 
· include requirements for particular consultants to be assigned to a given case, or for particular 

combinations of consultants to be assigned. 

Based on the above development, the general consultant assignment model (CAM) is: 
n m 

Maximize z=LLwvXii [CAM] 
i=l j =l 

Subject to Lxv.J;k ~ tJk j=I,2, ... ,m; k=l,2,3 
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L X;JSik ~ s jk 

LxifEik ~ efk 

j=l,2, .. . ,m; k=l,2,3,4 

j=l,2, .. . ,m; k=l,2, ... ,8-

Lx;1 = n; i=l,2, ... ,n 

X .. = {l if cons~ltant i is assigned to case j · 1 2 · 1 2 
11 0 otherwise 1= , , ·: · ,n;1= , , · · · ,m 

IMPLEMENTATION AND USE OF THE MODEL 
There are several important aspects for implementation and use of the model. The consultant 
type, skill level, and experience level data must be maintained and be available for · each 
consultant and must be developed for each case. Finally, a meaningful and easily used method 
of estimating the preference weights must be developed. It is expected that a variant of the 
Analytic Hierarchy Process (Saaty, 1980) can effectively yield the preference weights. 

Problem [CAM] involves mn binary decision variables and 15m + n constraints. This is a 
reasonable integer programming problem when m is relatively small. Furthermore, many of the 
industry experience constraints will be absent when m is small. Solving the integer 
programming model with the above objective function and constraints can be accomplished 
using software packages such a.s Microsoft® EXCEL, LINDO, or What's Best!- The Solver in 
Microsoft® EXCEL will be used in this application because of its ease of use and ability to 
reference the defined consultant characteristic database. It also has a Visual Basic programming 
tool that is helpful for programming macros to facilitate its implementation and ease of use by 
the assignment manager. 

Beyond the data and the optimization model/software, implementation involves presenting the 
application manager with a useful set of results that represent a good feasible assignment of 
consultants. The assignment manager can then adjust the model parameters, or use a heuristic 
improvement that will account for case subtleties that are not incorporated in the model. 

CONCLUSIONS AND FUTURE RESEARCH 
Personnel scheduling can be a very complex task when considerin~ multiple criteria 
simultaneously. The modeling approach described in this paper provides an effective means of 
incorporating multiple criteria in assigning consultants to project teams. The basic structure of 
the model has been verified, but it is now necessary to develop the preference weight method and 
validate the model using real case data. 
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A COMPARATIVE STUDY OF THE WORK VALUE DIFFERENCES BETWEEN 
LOGISTICIANS FROM THE UNITED STATES AND OTHER COUNTRIES 

By 

Paul F. Tully, Ph.D. 
California State University, Sacramento 

ABSTRACT 
Globalization is a challenge for organizations today. They must contend with international 
diversity within their own work forces. Culturally diverse employees must be integrated into the 
organization's culture. This paper identifies areas where cultural differences exist between 

· American logisticians and their foreign counterparts and the implications of these differences. 

BACKGROUND 
There has been considerable research done examining the effects of culture on societal and work 
values. In a 1980 study of over 116,000 employees by the Dutch social scientist Geert Hofstede, 
he discovered four basic dimensions along which work-related values differed across cultures: 
power distance, uncertainty, avoidance, masculinity/femininity, and individualism/ collectivism 
(4: 125). Later work by Bond resulted in a fifth dimension, long-term/short-term orientation. 
Hofstede used this information to produce cultural maps that show how countries and regions 
cluster together on pairs of cultural dimensions ( 4: 125-127). This study replicates some of 
Hofstede' s findings. 

Hofstede's cross-cultural study of values showed that organizational behavior theories, research, 
and practices from one country might not translate well to other societies. For instance, 
managers from the United States and Canada tend to encourage worker participation in job
related decisions by subordinates. This represents the low degree of power distance valued in 
those countries. In high power distance cultures like Mexico people would be much more 
comfortable deferring to the boss' s decision. That would make it unlikely that Ben and Jerry Ice 
Cream could successfully translate their lower power distance approach to its overseas locations 
(4:128). 

When employees join an organization they bring with them their culture's values. The 
organization's internal cultural values are taught to new members as they are socialized into the 
organization. Cultural differences in employee values can slow down or impede their 
socialization into the organization's internal culture. Experts estimate that 25 percent to 50 
,percent of an employee's behavior on the job is culturally determined. Organizations need to 
understand the cultural values behind their employees. 

CULTURE 
Culture is an extremely broad concept because it includes socially learned behavior. Sir Edward 
Tylor, th~ 19th century British anthropologist, defined culture as: 

301 



that complex whole which includes knowledge, belief, art, 
morals, law, custom, and any other capabilities and habits 
acquired by man as a member of society (5:1). 

· It is behavior learned from others rather than from individual experience. Culture is responsible 
for the personality traits once attributed to race. People become American, Irish, or Korean 
because they absorb the culture of American, Irish, or Korean society. A society is a group of 
people with a common culture (I :58). An example of how cultural differences in various 
societies are reflected in their respective value systems was provided by a 1993 study by Trice 
and Beyer. This study examined the distinctive national organizational cultures that have 
evolved and are currently typical of Japanese and American firms (3 :272). 

Culture at the organizational level is complicated when a firm operates and draws its personnel 
from the global environment. The trend towards globalization of business makes it imperative 
that organizations recognize these national cultural differences that employees bring with them 
when they enter the organization. If an organization is to develop a strong, homogeneous culture 
it must find a way to bring all employees under the umbrella of its own unique organizational 
culture and resolve initial disparities. Culture at this level provides members with a sense of 
organizational identity and gen~rates a commitment to the firm's beliefs and values. 

THE STUDY 
This study looked at a group of individuals practicing the same profession. It attempted to 
determine if their national cultural differences would in any way be reflected in their conception 
of the "ideaf' job, their values, and in the demographics of people in this profession. If 
differences existed, then the implications for firms are significant. · 

The sample was drawn from members of the Society of Logistics Engineers (SOLE), a 
professional group with a worldwide membership comprising over 130 chapters in 32 districts 
encompassing 19 countries. The intent was to gain as wide a representation as possible so the 
sample was randomly drawn to include members from all 19 countries with SOLE chapters. 
Responses were received from 131 SOLE members composed of 64 Americans and 67 non
Americans. The survey instrument contained 42 questions divided into 3 different areas. The 
first section contained 15 questions designed to ascertain the respondents' beliefs about various 
roles, relationships, and situations typically found in a business. The second section of the 
survey instrument had 17 questions that revolved around characteristics the respondent would 
associate with an ideal job. Finally, the third section of the survey contained 10 demographic 
questions. 

The chi-square test of independence was used to determine if the two groups were related. The 
groups are independent if the distribution of one in no manner depends upon the distribution of 
the others. If they are not associated, then knowing a particular area value will not help us 
ascertain the value of the other in the same area (2:163). The study counted the number of cases 
from each group which fell in different categories and compared the proportion from one group 
in the various categories with the proportion from the other group. 
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RESULTS AND ANALYSIS 
The su~ey'~ responses ~ere analyzed and results are presented below in the three separate 
categones discussed earlier. Table 1 below summarizes the observed differences between the 
two groups. 

Cultural Values and Beliefs 
These first 15 questions related to the individual's beliefs. The question stein was followed by 4 
possible responses. Cultural considerations should influence which response was chosen. The 
choices related to boss, role, task, or self. Although the last choice was keyed to self, the 
phrasing of the answer was in the context of relationships. 

Only two questions had a tabulated value of chi-square that exceeded the X2 value and had an 
alpha of 0.05 or less. We can therefore conclude that at the 0.05 level of significance of the two 
groups, American and non-Americans, may be independent. The first question revolved around 
the issue of working together. Fifty-six percent of American believed that people worked 
together when their joint contribution was necessary to accomplish the task, while 57 percent of 
non-American felt that people worked together because the collaboration was personally 
satisfying, stimulating, or challenging. This indicates that Americans are more task oriented 
while non-Americans are more relationship oriented. The second question related to legitim~cy 
of control. Again, 56 percent of American believed that it was legitimate for one person to 
control another's activities if his/her role prescribed that he/she was responsible for and had 
authority to direct the other person. Among non-Americans, a majority could not agree on a 
single answer; however, the most frequently chosen response at 43 percent was that it was 
legitimate for one person to control another's activities if the person being controlled accepted 
the situation in the belief that the help or instruction being given would contribute to his/her 
learning and growth. The indication here is that Americans recognize formal authority related to 
role or position, while non-Americas recognize direction if the person accepts it voluntarily and 
perceives it as beneficial. 

If we relax the level of significance to 0.10, we have three more questions to consider that relate 
to what constitutes a good organizational member, what should be the basis for job assignment, 
and what characteristics contributes to organizational success. Fifty-seven percent of Americans 
believed that a good organizational member gives first priority to the task's requirements for 
skill, ability, energy, and material resources. Sixty-one percent of non-Americans agreed. The 
difference on this question is that the remaining 43 percent of Americans thought that a good 
organization member gave first priority to the duties, responsibilities, and requirements of his/her 
role, while non-Americans spread over the other choices. So while Americans and non
Americans were basically in agreement on the importance of task, to Americans role 

· considerations are almost equally important. The majority of both Americans (92 percent) and 
non-Americans (93 percent) agreed that the basis of job assignment should be predicated on job 
resource and expertise requirements. The differences were that no American respondents 
thought personal wishes, learning needs, or individual growth should influence the assignment, 
while non-Americans believed that neither the needs nor judgment of those in authority nor the 
formal division of functions and responsibilities should be considered. Finally, 61 percent of 
Americans believed organizatiQnal success comes to the technically effective and competent who 
have a strong commitment to getting the job done. Fifty-two percent of non-Americans believed 
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organizational success comes by being effective and competent in personal relationships and 
possessing strong commitment to the growth and development of people. 

The "Ideal" Job 
The second section contained 17 questions and asked respondents to think of an ideal job and 
identify how important a list of characteristics would be to them in making that job ideal. A 
five-point scale was used ranging from very important (one point) to no importance (five points). 
As Table 1 shows, only one question regarding characteristics associated with the "ideal" job 
had a chi-square value significant at the 0.05 level. That question dealt with the opportunity for 
higher earnings. Thirty percent of non-Americans felt this was a most important characteristic 
while only 19 percent of Americans felt the same way. At the O .10 level of significance, 63 
percent of Americans felt that having sufficient time for your family or personal life-was a most 
important or very important characteristic compared to 67 percent of non-Americans. Of more 
interest on this section is an examination of the top five ranked characteristics for each of the 
groups. Both groups placed challenging tasks, making a contribution, working relationships, and 
freedom to adopt your own approach to the job in the top five although their specific ranking 
differed. Americans did not rank having cooperative workers in the top five, while non
Americans omitted having sufficient time for family and personal life from it. The most 
important characteristic for Americans was having challenging tasks to perform~ but non
Americans believed making contributions was the primary characteristic. These finds are 
consistent with the values section where Americans leaned toward task and to a lesser extent 
role, and non-Americans were inclined toward self with some emphasis on task. 

Demographics 
The final section solicited demographic information. It consisted of 10 questions. Results are 
presented in Table 1. The nationality question served only as a means to classify respondents. 
American logisticians were more likely to be female, less likely to be managers, and had slightly 
more experience and education. 

Summary of Research Findings 
There are some significant differences between the two groups. The object of Table 1 was to 
present a consolidated table so a profile of the important culturally influenced differences could 
be depicted and understood. Table 1 highlights the differences that could become problems for 
an organization trying to integrate employees from different societal cultures into the 
organization's culture . . 
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TABLE 1 

Summary of Differences 

Chi- American Orientation 
Square 
Score 

______________ Beli(!/s_and Values _____________ ----------
1. Working Together .049 Task. 
2. Legitimacy of Control .046 Role. 
3. Good Organizational Member .085 Task with very strong 

role emphasis. 
4. Basis of Job Assignment ·.084 Task without 

considering self. 
5. Organizational Success .087 Task. 

"I deal Job" 
6. Opportunity for Higher Earnings .044 Only 19% believe it a 

most important 
characteristic. 

7. Time for Family or Personal Life .098 86% said this was a 
most or very important 
characteristic. 

------- ----------Demographic_ ---------------- --- ------- ---------- ------------- --- ----
8. Gender and Martial Status .022 22% of respondents 

were female. 

9. Managerial Status . -001 56% were managers . 
10. Years Employed in Logistics .077 89% for more than 6 

years. 

CONCLUSIONS 

Non-American 
Orientation 

---- -- ---- --- ----- ----- -------
Self. 
Self. 
Task. 

Task without 
considering role or boss. 
Self. 

3 0% felt it a most 
important characteristic. 

67% said this was a 
most or very important 
characteristic. 

------- --- ------ ---- ----------
Only4.5%of 
respondents were 
female. 
82% were mam12ers. 
81 % for more than 6 
years. 

Study results are consistent with the stereotype of Americans that portrays American culture as 
placing a strong emphasis on personal choice and personal accomplishment. Americans are seen 
as independent, aggressive, and focused on goal or mission achievement. The values and beliefs 
section demonstrated that task was the primary focus for Americans on all five of the areas that 
had significant chi-square values. Thus, Americans appear to concentrate on task in order to 
insure that the job gets done. · 

In contrast, many non-American cultures are stereotyped as placing emphasis on the needs, 
demands, and accomplishments of groups. In these cultures the individual defers to the group 

· and its 'Yelfare. The study is consistent with this stereotype. Three of the five belief and value 
areas for non-Americans had a self-orientation with a fourth emphasizing task, but with a self 
aspect. Finally, Americans believe that individuals should be rewarded and recognized on the 
basis of'personal achievement while more tradition-bound societies and cultures emphasize 
group reward for group effort. · 
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Specific conclusions are: 

1. Culturally based differences between American and non-American logisticians exist. 

· 2. American beliefs and values are influenced by orientation towards task and to a lesser 
extent role, while non-Americans are more influenced by self and more minimally task. 

3. · The American "ideal' job focuses on time for family and personal life with minor interest 
in the opportunity for higher earnings, while non-Americans reverse the emphasis. 

4. American logisticians are more likely to be female, non-managerial, and more 
experienced and better educated than their non-American counterparts. 

Successful organizations must learn to blend the values of the headquarters' corporate culture 
with those of nations that host their overseas operations and from which they draw their 
personnel. The firm must export its overall corporate culture and philosophy, and then tailor it to 
local needs, customs, and values. This is not only a wise approach, but a necessary one. Culture 
can be changed, but it is ·not an easy process. Adapting the organization's culture while 
maintaining its essential featur~s is a far more sensible approach with a higher probability of 
success. 
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ABSTRACT 

A SURVEY OF BPR PRACTICES· IN HIGHER EDUCATION 

S. Keith Hargrove 
Tuskegee University 

College of Engineering, Architecture & Physical Sciences 
Tuskegee, AL 36088 

Business managers of industrial corporations have been challenged over the last decade to re
engineer organizational processes to become more efficient by using information technology. 
Business process re-engineering (BPR) is a radical redesign of processes · using information 
technology. It has been one of the strategies to transform major corporations towards operating 
efficiency and effectiveness. Though widespread applications of BPR have been applied in 

. industry, there has been limi~ed applications and transformations in higher education. This paper 
will discuss the results of a national survey of some of the nation's top universities implementing 
BPR and the impact it has made at their institutions. 

INTRODUCTION 
Business process reengineering (BPR) is a radical approach to dramatically improve operating 
effectiveness through redesigning critical business processes and supporting business systems, as 
opposed to incremental improvement1

. Commonly applied in industry and corporate settings, 
many of the challenges faced by this environment are very similar to the challenges faced by 
colleges and universities. The need to examine processes in detail for modification and 
renovation, and using information technology to shorten decision making functions is an 
advantage that both institutions can benefit from in terms of providing quality services and goods. 

Just as chief executive officers and presidents of major corporations endure the complexities of 
managing business and operating functions of their profit-driven institutions, college and 
university presidents must also make decisions critical to the mission of the organization and the 
students they serve. Most colleges and universities are facing major budget demands through 
declining state support and higher operating costs of managing institutions of higher education. 
As a result, universities recognize the need to become more efficient in the services they provide 
while still delivering a quality education to its customers .... mainly students. Therefore, the 
application ofBPR is a logical strategy to confront the same challenges in industry, yet within an 
education setting. However, technology administrators at colleges and universities are struggling 
to manage information technologies rising costs2

. Only 37% of institutions actually have a 
strategic plan for spending on technology upgrades. 

SURVEY OF TOP COLLEGES AND UNIVERSITIES 
The university organization has many departments and functions to serve students in education 
such as · research, financial aid, administrative processes, and student services. All can benefit 
from the implementation of information technology because of the transfer of knowledge and 
facts critical to serving the customer. A systemic method for business operations must have 
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effective procedures for accumulating and distributing · accurate information throughout the 
organization. 

A survey instrument was developed to assess how the nation's top 200 univers1t1es were 
· renovating business processes3

. The surveys were mailed directly to administrative personnel that 
carried out day-to-day operations of a university, such as provosts and vice-presidents. The 
enrollments varied from less than 5000 students (small) to greater than 15,000 students (large). A 
18% response rate was obtained from the survey. 

Most colleges and universities recognize the potential benefit of implementing BPR strategies. 
Seventy-two percent of colleges were active in applying BPR concepts. Approximately eighty
four percent made applications in business and fiscal affairs functions, followed . by admissions 
(60%), financial aid and student services (55%), and academic records (47%). 

The results indicated that universities · with student populations more than five thousand were 
involved in more BPR activities (91 % ) than smaller institutions ( 48% ). However, the smaller 
institutions showed more positive results (50% vs 30%). Most universities reported some positive 
results from their BPR activities. The majority of schools with an enrollment_ of five to thirty 
thousand were undergoing varying BPR activities, and again, almost half of small colleges with 
less than five thousand students have applied some limited BPR functions. 

The dominant application and influence of BPR practices occurred in the Office of Business and 
Fiscal Affairs of most schools (93% ). This was followed by student services (80%) and 
admissions (75%). Larger institutions also applied BPR in areas such as Admissions and Financial 
Aid. Smaller institutions made applications in departments such as Student Services, Admissions, 
Academic Records, and Financial Aid, respectfully in order of preference. · 

The objectives of applying BPR was to increase the efficiency of employees, accuracy of 
information, consolidation of offices, and cost effectiveness. Most universities upgraded their 
information technology to accommodate changing policies. Supportive information technologies 
included new software for client/server communication, shared databases, decision-support tools, 
and enterprise resource management systems. 

Negative results from implementing BPR also occurred in schools with five to thirty thousand 
st1J,dents due to employee resistance to change and frustrations with newer information 
technology. However, on average sixty percent of all institutions resulted in positive results. 

CONCLUSIONS 
Business process reengineering can revitalize an organization in optimizing processes -and 
becoming more efficient. Due to similar challenges faced by corporations, non-profit colleges and 
universities have witnessed the benefits of redesigning processes to better serve its customers. 
With the implementation of information technology, many more institutions will investigate the 
opportunities and benefits of doing things .differently and more effectively. 
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CAN INTUITION IMPROVE DECISION MAKING? 

INTRODUCTION 

Kaylene Williams 
California State University, Stanislaus 

Approximately one-third of managers and other organizational employees emphasize "gut feeling" 
over cognitive problem solving. Also, evidence has shown that people"in top management 
positions have a higher intuitive score than those in middle or lower management positions. 
People in marketing and management tend to use their intuition more than others. Approximately 
89% of management and marketing professionals frequently use their intuition to direct some part 
of their decision making. (Keen, 1996) This paper examines the question: Does intuition improve 
decision making? A definition of intuition is provided as well as attributes of intuition and of the 
intuitive individual. Thereafter, how i~tuition works and the use of intuition in decision making is 
presented with a focus on how to improve the use of intuition in decision making. 

DEFINITION OF INTUITION 
While many have tried, no one has explained "intuition" satisfactorily. So, let us_ begin by 
acknowledging what intuition is not. Intuition is not telepathy, not psychic ability, not mediums, 
not mysticism, not channels, not people who talk to spirits, is not a dream, ~s not voodoo, is not 
hocus pocus, is not magic, is not mesmerism, is not impulsiveness, is not blind, is not meant for 
only some people, and is not necessarily verifiable. Here are some actual definitions of intuition: 
• Intuition is a "nonlinear, nonempirical process of gaining and interpreting information in 

response to questions." (Day, 1996, 83) 
• Intuition is "nearly always the surfacing of a submerged memory, a barely noticed event, or 

some combination of the two. The 'feeling' doesn't come to us over the cosmic ether, but 
drifts up from our own subconscious. This means that all we have to do to greatly improve 
our intuitive abilities is find new ways to gather information, store it, and retrieve it from the 
subconscious." (Dimitrius, 1998, 216) 

• Intuition is "an unconscious process of making decisions on the basis of experience and 
accumulated judgment. Making decisions on the basis of 'gut feeling' doesn't necessarily 
happen independently of rational analysis; rather, the two complement each other. A manager 
who has had experience with a particular, or even similar, type of problem or situation often 
can act quickly with what appears to be limited information. Such a manager d~esn't rely on 
a systematic and thorough analysis of the problem or identification and evaluation of alter
natives but instead uses his or her experience and judgment to make a decision." (Robbins, 
1999, 192) 

• Intuition is "(l) quick and ready insight, (2a) immediate apprehension or cognition, (2b) 
knowledge or conviction gained by intuition, (2c) the power or faculty of attaining direct -
knowledge or cogni~ion without evident rational thought and inference." (Merriam-Webster, 
1994) 

• Intuition is "heart-knowledge." (Neal, 1997, 123) 

From these definitions, it is clear to see that there is no consensus on a definition of"intuition." 
Various schools of thought use the term in different ways, be it religious or spiritual, philoso-
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phical, psychological, or organizational. For example, ancient Chinese philosophy or Taoist belief 
acknowledges that all things display aspects of an active principle (Yang) and a passive force 
(Yin). A natural extension of this two-sided approach is seen in the right-left brain literature. The 
left brain (rational) handles verbal, logical, sequential processing, reasoning, analysis, etc., while 
the right brain (intuitive) is the center of global, visual imagery, creativity, intuition; feeling, 
artistry, etc. (Driver and Pate, 1996) 

"Like the moon, decision making has both a light and a dark side. On the light side, which is 
clearly visible, everything is neat, orderly and structured. The hallmark of this approach is 
systematic analysis and all alternatives, supported by rationality and objectivity. There is, 
however, a great amount of managerial decision making that's not neat, orderly, or visible -- it's 
like the dark side of the moon. Intuition, judgment, and sometimes emotion characterize this side 
more than do analysis. Here, the manager's subjective judgments, past experience, and personal 
preferences are a mainstay." (Holloman, 1989, 33) 

. THE ATTRIBUTES OF INTUITION AND THE INTUITIVE PERSON 
The attributes of intuition can be described as follows: non-hierarchial, not based on formal 
education or years of experience, non-analytic, what to do is known before why we are doing it, 
unpredictable, does not conform to rules and regulations, does not rely on senses, is quick and 
easy, the underlying reasoning cannot be articulated, can sometimes be brilliant, may reflect 
automated expertise, random inconsistency may occur, systematic distortion may occur, works 
alone and beyond ambiguities, is not limited to time and space, synthesizing seems to occur, based 
on one complete picture, not arbitrary, not irrational, goal directed, simply responds to questions, 
can be based on some form of impressions or symbols, may come in the form of a series of 
questions or a dialog with the world, i.e., one impression may suggest others. These attributes 
can be looked at as if each attribute were the face of a crystal. By looking or considering each 
attribute and holding them in mind, then a more expanded sense of intuition as a whole can be 
accessed: (Day, 1996; Beh, 1993; Schoemaker and Russo, 1993; Rosanoff, 1998) 

The intuitive or the accessor in this case is crucial to the process of intuition. Intuitives tend. to 
find and use information that is beyond their senses, i.e., valuing of imagination and inspirations. 
They look at the big picture to grasp essential patterns. They are experts at seeing new 
possibilities and new ways of doing things. (Odom and Pourjalali, 1994) Additionally, the 
intuitive or intuitor places high value on ideas, innovation, concepts, theory, and long-range 
thinking. This individual is a knowledgeable, future-oriented person who likes to abstract 
principles from a mass of material. The intuitive can usually be described as original, creative, 
broad-ranged, charismatic, idealist, intellectual, tenacious, ideological, and involved. On the other 
hand, he or she may be unrealistic, far-out, fantasy-bound, scattered, devious, out-of-touch, 
impractical, and a poor listener. (Futtrell, 1999) 

HOW INTUITION WORKS 
lf"intuition" is difficult to define, then it is even more difficult to explain how intuition works. 
However, some authors have addressed this concern. Day ( 1996) states that intuition functions as 
a survival mechanism: 
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"Like your other senses, your intuition is first and foremost a survival tool. It's 
geared to give you data instantaneously. When our day-to-day survival was more· 
precarious, an individual's life or death depended very much on how tuned in he or 
she was to the surrounding environment. Those who were most intuitive had a far 
better chance to survive. 
"Most of your life questions related in some way to the future, and intuition, being 
foremost a survival skill, is especially adept at addressing the future. Most likely 

· it's the sense (or collection of senses) specifically geared to gathering information 
that is not available in your immediate environment." (174-175) 

An additional view of how intuition works is based on cognitive functioning: 
"How does intuition work? Long experience leads to chunking, so that familiar 
patterns emerging in a situation immediately suggest a possible move, a possible 
condition (medical diagnosis), or a possible risk (finance). Such associations 
evolve over time and persist because they contribute to success in problem solving. 
The chunking process reinforces this persistence. Therefore, ... . intuition .... is a 
sophisticated form of reasoning based on chunking that an expert hones over years 
of job-specific experience." (Prietula and Simon, 1989, 122) 

Information must be chunked because there is a limit on attention, working memory, and long
term memory access·. (Prietula and Simon, 1989) Dimitrius (1998) is convinced that intuition is 
very real and very powerful. While it can be used to read people, the author feels that there is 
nothing mysterious about how intuition works. She believes that intuition is a normal part of our 
mental equipment that simply is not understood well. Dimitrius does not see intuition as a 
mystical gift but rather as a natural ability that can be improved by working at it. Additionally, 
Day (1996) acknowledges that intuition works as a two-part process: receiving and interpreting 
information and/or symbols. She states that information received intuitively is always valid but it 
must be interpreted correctly as the information may be interpreted erroneously. 

USE OF INTUITION IN DECISION MAKING 
Is intuition used in decision making? Yes! Rosanoff (1998) states that intuition is the best-kept 
secret of business decision making. While one typically does not talk openly about how one 
"feels" or one's "gut reaction," intuition is used successfully by most executives and managers. 
"Many senior executives familiar with formal decision analysis models and well drilled in research 
m~thodology still rely he·avily on their intuition. It helps them circumvent complex analysis and 
research to come up with plausible solutions." (Beh, 1993, 1) Interestingly, intuitive and quasi
rational cognition frequently outperform analytical cognition in terms of the empirical accuracy of 
judgments. (Hammond, et al., 1987) · 

A major premise seems to be that logical analysis will take the individual only so far. Thereafter, 
intuition can bridge the gap to a solution. McGrath (1995) states that right-brain techniques such 
as intuition can lead to decisions in work situations that are more enduring, are inspired with 
vision, give vitality and energy, are able to capture opportunities, accept multiple realities, and are 
more fulfilling. She cites a study that revealed that of the top eleven sources business executives 
tum to for market intelligence, gut instinct is third, trailing only current customers and net-
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working. One research study of managers and other organizational employees revealed that 
almost one-third of them emphasized "gut feeling" over cognitive problem solving (Robbins, 
1999). An additional study (Keen, 1996) found that of the advertising, marketing, and marketing 
research professionals who responded, 89% frequently use intuition to guide some part of their 
decision making. The majority of respondents use intuition in more than.half of all their decisions. 
(Seal, 1990) 

Some examples of intuition in use follow: 
• Using intuitive techniques, DuPont reduced its new product development time from three 

years to three months (Rosanoff, 1998, 1) . 
. • "Today, nearly every manufacturing company has embarked on some sort of improvement 

program -- often emphasizing the adoption of world-class methods. But, after achieving early 
success, many such programs run into a brick wall of stagnation .. . That stagnation can be 
avoided .... if companies learn how to unleash intuition -- that of managers and workers alike. 
However, a major problem in most industrial firms is that conditioned-reflex thinking stifles 
intuition." (Sheridan, 1991, 44) 

• "Mathematicians, management scientists, and statisticians have developed numerous formal, 
mathematical tools that permit the rationalization of decision-making processes. Yet despite 
the increasing use· of these tools, most decisions are still based on intuition and heuristics." 
(Meyer and Eben-Chaime, 1995, 483) 

• Regarding inventory management, "the intuitive decision maker correctly responds to changes 
in-terms of time, the ordering period. The responses in terms of quantities are incorrect. The 
intuitive decision maker overreacts to change in the demand rate and the holding cost and 
underreacts to changes in the ordering cost." (Meyer and Eben-Chaime, 1995, 490) 

• Regarding billion-dollar investing ... George Soros, who earned $650 million in one year, 
describes his process for knowing when things are going wrong as follows: "I feel the pain. I 
rely a great deal on animal instincts. When I was actively running the fund, I suffered from 
backache. I used the onset of acute pain as a signal that there was something wrong in my 
portfolio. The backache didn't tell me what was wrong -you know, lower back for short 
positions, left shoulder for currencies -- but it did prompt me to look for something amiss 
when I might not have done so otherwise. That is not the most scientific way to run a port
folio." (Day, 1996, 11) Day (1996) comments that "it may not be a scientific way to run a 
portfolio, but there is no arguing with Soro' s incredible successes." 

HOW TO IMPROVE THE USE OF INTUITION IN DECISION MAKING 
Even though intuition is widely used, it can have a reputation of being unscientific, of having 
mixed results, and of not being able to talk about it. To improve the use of intuition in decision 
making, the following suggestions are provided: 
• Trust yourself. Work to diminish your fear of using intuition. 
• Train yourself: (Day ( 1996) suggests that you may want to pretend you can do it in order to 

get' started. But, she offers many further specifics. Start small and work up. Intuition is not a 
cookbook. Use external feedback and verification to hone your intuition. 

• Ask the right question(s): Sometimes intuition seems to not work because the wrong 
questions are asked. So, ask may questions to cover the possibilities. 
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• Make sure it is intuition and not just make believe. Keep a connection with reality. Keep 
your ego and personal filter out of the process. Focus on true receiving used for positive 
means. 

• Add it to good decision making -- not to replace it. Use analysis and intuition together. Use 
intuition in moderation. 

• Tune in and tum up your inner voice by (Dimitrius, 1998, 219): 
1. Recognizing and respecting your intuition. Do not ignore your intuition. 
2. . Identifying what your intuition is telling you. 
3. Reviewing the evidence. Become aware of your first impressions, feelings, and second 

thoughts. · 
4. Proving or disproving your theory. 

• Add intuition to team work. Honor others and their intuitional abilities. Understand that not 
everyone does intuition. 

• If something does not seem to work, keep trying again. Understand that your intuition may 
· be better in some areas than others: 

• Cultivate or grow your intuitional capacity by reading books about intuition, interacting with 
intuitives, and keeping an open mind. 

SUMMARY AND CONCLUSION 
"In new science, the underlying currents are a movement toward holism, toward understanding 
the system as a system and giving primary value to the relationships that exist among seemingly 
discrete parts. Donnella Meadows, a systems thinker, quotes an ancient Sufi teaching that 
captures this shift in focus: 'You think because you understand one, you must understand two, 
because one and one makes two. But you must also understand and.' When we view systems 
from this perspective, we enter an entirely new landscape of connections, of phenomenon that 
cannot be reduced to simple cause and effect, and of the constant flux of dynamic processes." 
(Bruskin, 1998, 248) 

Intuition is a valuable tool that mangers can use in their decision making to understand "one and 
one makes two." It bridges the gap between analysis and decision, allows us to more readily 
make decisions in which information is questionable or missing, can be used when time does not 
allow thorough analysis, and can be trained and improved. This article has shown that while 
intuition is accepted as important and is widely used, there is no consensus regarding a definition 
of intuition or regarding an understanding of how intuition works. It appears that more 
executives and managers use intuition in the 1990s than might be generally recognized. As seen 
from the examples, intuition is used in important and deeply impacting ways. However, the use of 
intuition is as good as the individual using that tool and his or her experience. Consequently, 
many suggestions were given for improving the use of intuition in decision making. Does 
intuition exist? Yes! Is it useful? Yes! Sometimes we just have to get quiet enough to hear it. 

"At the still point of the turning world. Neither flesh norfleshness; 
Neither from nor towards; at the still point, there the dance is, 
But neither arrest nor movement. .And do not call it fixity, 
Where past and future are gathered. Neither movement from nor towards, 
Neither ascent nor decline. Except for the point, the still point" (Eliot, 1943, 15) 
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THE RELATION OF ADVERTISING MESSAGE APPEAL TO PRODUCT 
CLASS IN THE PRINT MEDIA: A LONGITUDINAL EXAMINATION 
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801 West Monte Vista Avenue, Turlock, CA 95382 

Are emotional appeals in general, and the sex appeal in particular, being used excessively to market -
products to consumers in the print media? A, comparative study of655 print ads in five product 
categories found that magazine ads did not significantly shift their message appeals from product
focused (rational) to consumer-focused (emotional) between 1982 and 1992, making any criticism 
relating to that period a case of the "good-old-days" syndrome. 

INTRODUCTION: 
Since its introduction in the 1950s, television has emerged as the dominant form ofleisure, as well as 
the most powerful means of mass communication in the American culture (Kubey and 
Csikszentmihalyi, 1990). Because ofits mass communication appeal, the TV medium is used heavily 
by companies trying to advertise their products to the general public. In fact, American television has 
the double distinction of having the most extensive program offering as well as the most commercial 
interruptions during these programs. Clearly, both TV and advertising have become American 
institutions. 

Recently, television has come under attack from many groups for becoming more violent and more 
sexually explicit in its programming. The summer of 1993 saw testimonies before the U.S. Congress as 
well as workshops to curb TV violence. Executives of the broadcast media responded by proposing a 
voluntary rating system. Some critics argued that this warning system would not reduce the level of 
overall TV violence and sex. Others charged that it was only a ploy to keep Congress from imposing 
stricter standards. Furthermore, they insisted that advertising (that other American institution) should 
have been included in the debate. Which would have affected the print medium, by far the most popular 
vehicle for advertising. 

Have the sins in the media's regular programming affected that other American institution--advertising? 
Did TV and magazine ads increasingly shift from product-focused (rational) to consumer-focused 
-( emotional) messages between the 1980s and the 1990s, or is the current criticism just a case of 
nostalgia? Were TV and magazine ads in the past ever less reliant on sex and lust than today? This · 
research attempted to shed light on these questions. The study was not designed to assess the impact 
of violence or sex on the behavior of TV viewers or magazine readers, nor did it try to measure the 
effectiveness of advertising messages based on sex appeal. Rather, it tried to determine the extent to 
which marketing communications in the 1990s are being increasingly dominated by sexual messages . 

. RESEARCH OBJECTIVES 

1. Objectives: 
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Is the type of message appeal (i.e. acquisitiveness, fear, etc.) used in a magazine ad related to the nature 
of the product advertised (i.e. infonnation-associated vs. emotion-associated)? Does time have an 
impact on that relationship? Two levels of objectives were pursued in this study: from a broad 
perspective, the goal was to detennine whether choice of appeal is guided by product type. The 
second level of objective related to the time dimension: whether there is a trend toward more emotional 
content (more narrowly, the use of sex appeal) in magazine ads. Only those findings based on an 
examination of print magazine ads were used in this preliminary report to verify the above contentions, 
as corresponding TV data await analysis. 

_ 2. The Rational vs. Enwtional Message Categori;.ation: 

The rational vs. emotional ad dichotomy is often used by advertisers and creative departments of 
advertising agencies to differentiate between the broad classes of creative appeal to choose from when 
encoding messages to be communicated to a target audience (Rothschild, 1987). Under this 
distinction, product-focused ( or rational) ads are those that are straightforward, verbal, highly 
infonnative, and tend to focus on factual information relating to the product. On the other hand, 
consumer-focused ( or emotional) ads tend to emphasize the benefits derived from consuming the 
product from the consumer's point of view. Each of these broad classes of message appeal translates 
into several specific appeals (see Table 1). For example, a product-focused (rational) ad may 
specifically use acquisitiveness, curiosity, or comfort to appeal to potential buyers. Similarly, a 
consumer-focused (emotional) ad may specifically use sex appeal, family affection, or fear to the same 
end. Whether TV and Magazine ads have increasingly shifted from product-focused (rational) to 
consumer-focused (emotional) messages since 1960 is the general investigative focus of this study. 
Reported here are the (preliminary) results of the print media portion of a larger study that include both 
broadcast and print media. · 

RESEARCH METHODOLOGY 

1. Sample: 

The hierarchy of effects model (Lavidge and Steiner, 1961; Ray, 1973) states that buyer behavior 
(intention to buy) is normally preceded by the two cognitive stages of awareness (beliefs) and attitude 
(evaluation). Previous research has shown that television and print ads do not affect the steps in this 
hierarchy in the same way. At the core of consumer behavior models that explain these differences is 
Krugman's (1965) theory of passive learning. According to this theory, television ads produce high 
levels of awareness and brand recall but low levels of attitude change toward the brand because TV is a 
low involvement medium (i.e. television is animate while the viewer is inanimate). In contrast, print ads 
tend to affect consumer attitude more because the print medium is a high involvement medium (i.e. the 
ad is inanimate while the reader is animate). Given the common wisdom that TV ads are more likely to 
be emotionally oriented than print ads, message content in both the broadcast and print media were 
collect~; though only data relating to the print .media were first examined and reported here. 

Three popular magazines (Businessweek, Time, and Newsweek) were used to collect the print 
advertisements used in this portion of the research effort. These magazines were among those with the 
highest paid-circulation in 1982.and 1992. All issues of the magazines selected were screened. The 
entire copy of each advertisement was read to identify the appeals used. 
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2. Advertising Message Content Analysis: 

What is a sexually oriented advertisement is often a source of controversy, given the culturally 
ingrained bias toward nudity as the singular sexual dimension (Hensel, 1982). The coders in this 
research were instructed to approach sex appeal from the Freudian (symbolic), the Jungian (projective), 
as well as the learning theory (explicit) perspectives. Both coders were advertising students, further 
trained to identify message appeal following the format proposed by Burton (1990) and Moriarty 
(1991). Communication among the two coders was specifically not ·allowed. Only the author could 
provide any clarifications. To further insure objectivity, a blind coding environment was maintained. 
For example, the hypotheses of the study were never shared with any of the coders. The appeals 
reported in this study represent only those instances where inter-coder agreement existed. 

3. Hypotheses: 

Four hypotheses were formulated within the context of this research effort. The first two focused on 
the relationship between product and advertising message appeal, whereas the last two related to the 
differential impact of time. 

Ho I : Information-associated products (i.e. automobiles, appliances, computers, etc.) will tend 
to use mostly product-Jocused rational appeals. 

Ho2: Emotion-associated products (i.e. cosmetics, jewelry, fashion apparel, soft drinks, etc.) will 
tend to use mostly consumer-focused emotional appeals. 

Ho3: The frequency use of emotion-based appeals in 1992 will be greater than in 1982, for all 
products groups. 

Ho4: The frequency use of the love/sex appeal in 1992 will be greater in 1992 than in 1982, 
for all product groups. 

RES UL TS AND ANALYSIS 
In 1982, a total of399 advertisements were initially identified in the three magazines selected for this 
study. Most were Liquor ads (253 ads), with the rest relating to computer & electronics (146 ads) as 
shown in Table 1. Only the 222 ads for which inter-coder agreement was achieved qualified for further 
analysis and are reported in this study. Since a few ads used more than one appeal, we ~ve 234 
appeals. The same procedure was followed for 1992. Here, the 433 ads identified were distributed 
among Automobile (385 ads), Computers/Electronics (4 ads), Liquor (23 ads), and Apparel (21 ads). 
As in 1982, only those ads with inter~coder agreement were retained for analysis (see Table 1 ). 

1. Testing the first two hypotheses: 

The first two hypotheses posited a relationship between the type of appeal used in magazine ads and 
the nature of the specific product advertised. To test this general contention, nature of product 
advertised (information~associated vs. emotion-associated) and type of appeal (i.e. product-focused 
rational vs. consumer-focused emotional) were cross-tabulated for 1982 as well as for 1992. The 
association between these two dimensions was tested in each case and found significant in 1982 (X

2 = 
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53.451; d.f = l; p < .0001), as well as in 1_992 (X2 
= 42.89; d.f = l; p <.0001). Thus, the contention 

that appeal selection is a function of type of product under consideration is supported empirically in 
both 1982 and 1992. 

The results summarized in Table 1 for 1982 illustrates some of the difference in strategies: whereas 
liquor ads messages were almost equally divided between product1ocused ratjonal appeals ( 48.3 7% of 
total) and consumer-focused emotional ones (51.63%), computer/electronics products used product
focused rational appeals almost exclusively (96.3%) compared to consumer1ocused emotional ones 
(3.7%). In the first instance [liquor] the driving appeals were respectively sensory appeals (43.1% of 
total), acquisitiveness (19.6%) and egotism (17.6%). In the second instance [computer/electronics] the 
appeals of choice were acquisitiveness (38.3% of total), convenience (25.gc>fo), and curiosity (23.5%), 
respectively. The above distribution would tend to support the first hypothesis [information-associated 
products will tend to use mostly product1ocused rational appeals], but not support the second one 
[ emotion-associated products will tend to use mostly consumer1ocused emotional appeals], at least for 
1982. 

The results summarized in Table 1 for 1992 further show some clear temporal adjustment in message 
strategy for emotion-associated products: this time, emotion-associated products chose the great 
majority (63.64%) of their appeals to be consumer1ocused emotional, against 36.36% of appeals as 
product1ocused rational in that product category. As they did ten years earlier, information
associated product chose their appeals overwhelmingly (80.72%) in the product-focused rational 
category, against 19 .28 % in the consumer-jocused emotional one. 

Thus in 1992, the distribution below supports the first hypothesis [information-associated products will 
tend to use mostly product1ocused rational appeals], as well as the second one [ emotion-associated 

· products will tend to use mostly consumer-focused emotional appeals]. 

2. T~ting the last two hypotheses: 

A contention in the third and fourth hypotheses was that the frequency use of consumer-focused 
emotional appeals (in general) and love/sex ads (in particular) would have significantly escalated 
between 1982 and 1992. To test these hypotheses, the paired sample mean comparison method was 
used. Frequency variations in the six consumer1ocused emotional appeals were compared for 1982 
and 1992. This resulted in a non-significant t value of (3.6667/11.7691) = 0.312, with 5 degrees of 
freedom. Thus, we conclude that the use of consumer-focused emotional appeals (in general) did not 
increase significantly between 1982 and 1992. The frequency use of the sex appeal (specifically) did 
double from 8 instances in 1982 to 16 in 1992, but was still a mere 3. 7% of all appeals used in 1992. 

CONCLUSION: 
The analysis of print media ads between 1982 and 1992 leads to four qualified conclusions regarding 
the con!ention of an increased use of emotional (particularly sex appeal) ads: 

• It is correct to state that an increase in consumer-jocused emotional appeal ads occurred 
between 1982 and 1992 if the argument is that companies used this category far less than 
expected for emotion-associated products in 1982, whereas in 1992, they used it in the 
proportions expected. 
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• It is correct to state that an increase in consumer-focused (!motional appeal ads occurred 
between 1982 and 1992, if one means that the (absolute) number of instances when these 
ads were used increased between 1982 and 1992. · 

• It is incorrect to argue that an increase in consumer-focused emotional appeal ads occurred 
between 1982 and 1992 if one implies that, over time, even information-associated 

· products were now using more consumer-focused emotional appeal ads than expected. 

• It is incorrect to argue that an increase in consumer-focused emotional appeals ads . 
occurred between 1982 and 1992 if the reference is to the (relative) share of such ads 
during that time period. In reality, there were just so many more print ads in _1992 
compared to 1982. 

TABLE 1: RELATION BE'IWEEN PRODUCT 1YPE AND APPEAL SELECTED 

Information-Associated Products Emotion-Associated Products 
1982 1992 1982 1992 

Product-focused 
rational appeals 7~ 314 74 16 

• Acquisitiveness 31 117 30 7 

• Comfort 0 34 0 2 

• Convenience 21 29 0 2 

• Curiosity 19 78 13 1 

• Egoism 2 40 27 4 

• Health 0 3 0 0 

• Hero worship 0 9 3 0 

• Mental stimulat 5 4 1 0 

Consumer~focused 
emotional appeals 3 75 79 28 

• Family affection 1 21 1 " 3 

• Fear 0 14 0 0 

• Kindness 0 2 1 1 

• Love/sex 0 5 8 11 

• Pleasure - 0 26 3 4 

• Sensory appeals 2 7 66 9 
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TABLE 2: SHIFT IN STRATEGIC APPEAL CHOICES IN 1982 AND 1992 

Year: 1982 

Emotion-associated products (liquor) strategy: 
• 48.37 % of their appeals= product-focused rational. 
• 51.63 % of their appeals= consumer-focused emotional. 

Information-associated products (computers/electronics) strategy: 
• 96.3 % of their appeals= product-focused rational. 
• 3. 7 % of their appeals = consumer-focused emotional. 

Year: 1992 

Emotion-associated products (liquor+ apparel) strategy: 
• 36.36 % of their appeals= product-focused rational. 
• 63 .64 % of their appeals= consumer-focused emotional. 

Information-associated products (autos and computers) strategy: 
• 80.72 % of their appeals= product-focused rational. 
• 19.28 % of their appeals= consumer-focused emotional. 

REFERENCES 

Burton, Philip Wood (1990), Advertising Copy Writing. 6th edition, NTC Publications. 

ChurcbiIL Gilbert A. (1993), Marketing Research: MethodologicalFoundations, 5th edition, Chicago, IL: Dryden~

Hensel, Paul J. (1982), Sex in Print Advertising: A Typology. Unpublished Ph.D. Dissertation, College ofBusin~ 
Administration, University of Houston · 

Krugman, Herbert E. (1965), "The Impact of Television Advertising: Leaming without Involvement," Public Opinion 
Quarterly 29(Fall), pp. 349-56. 

Lavidge, R and Gary A. Steiner. "A Model for Predictive Measurements of Advertising Effectiven~." Journal of 
Marketing 25, (1961):59-62. 

Malhotra, Naresh K. (1993), Marketing Research: An Applied Orientation, Englewood Cliffs, N.J.: Prentice Hall. 

Moriarty, Sandra (1991), Creative Advertising: Theory and Practice, 2rd Edition, Inglewood Cliffs, NJ: Prentice Hall. 

Ray, Michael R (1973), "Marketing Communication and the Hierarchy of Effects." in P. Clarke, ed., New Models for 
Mass Communication Research, Beverly Hills, Calif.: Sage Publications:147-75. 

Rothschild, Michael L. (1987), AdveJ!ising: From Fundamentals to Strategies, Lexington, KY: DC Heath and Company. 

323 



INTERNET TECHNOLOGY AND CHILDREN: 
ETHICAL ISSUES FOR MARKETERS 

Lois J. Smith, University of Wisconsin - Whitewater 

INTRODUCTION 
The Internet is the newest major promotional medium and channel of distribution for marketers. 
Much speculation exists as to how powerful this new tool will be. W.ill traditional retailing and 
advertising methods be replaced by cyber activity, or will this medium be a small supplement to 
traditional tools? Internet stock sales would indicate that the former, grand scenario is certainly 
what investors think will occur. The Internet might be a revolution in the marketplace akin to 
what television was in the 1950s. Following the introduction of television, public officials and 
child advocacy organizations questioned· the integrity of programming, most especially 
programming that children watched. Was it too violent? What were the effects of violent 
television shows on the children who watched them? These questions continue to be explored. 
As the "newest" entertaining and informative medium, the Internet will also face ethical scrutiny. 
The purpose of this study is to explore ethical issues surrounding children's privacy on the 
Internet, and specifically the practice of Web sites' collecting information through a tool called 
"cookies." These cookies are text files stored on the hard drives of the individuals who visit 
specific Internet sites. 

CHILDREN AND THE INTERNET 
Children are an important market for many businesses. McNeal (1998) estimated that children 
aged 4 to 12 years spend $24.4 billion of their own money, but even more importantly, they 
directly influence up to $188 billion of their parents' spending. Brand managers are pursuing 
youth because they spend most of the money that they have, because they influence their parents' 
spending, and because they are making choices about that brands that they will use their entire 
lives (Belfield 1997). In addition to being formidable product consumers, they also may surpass 
t~eir parents in Internet usage. 

The Federal Trade Commission (FTC) (1998) reported that in 1997, 58 million adults had 
Internet access in the US and Canada. Of those adults with access, 73 percent indicated that they 
had used product information that they gathered on the Web. Furthermore, it was estimated that 
almost 10 million of America's 69 million children were online. Though many adults and 
students may have Internet access from offices or schools, current estimates indicate that over 31 
percent or 45 million households will ·have home Internet access by 2002 (Cravatta, 1997). 
Though not as ubiquitous as television at present, Internet penetration of households is increasing 

· at exponential rates. 

The influence of the Internet on children's daily lives appears to be growing. Sociologists in past 
times proposed that the three major socialization forces for children were parents, churches, and 
schools. More recently, they added television to the list of socializing agents, and Seel (1997) 
argued that rather than simply using "television" as a force in children's lives, a more general 
"media" term should. be used. From his._point of view, this media influence was most prominent 
from video games, MTV, and the Internet. 
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The nature of usage of the Internet is changing as this medium becomes more accessible. The 
early Internet was for governmental-most especially defense-projects. As the Internet became 
available to the general public, usage expanded to include gathering information and 
communicating via electronic mail. Current usage is what Turner (1997) refers to as 
"transactional." The "second generation" of the Internet has changed from a source of 
information to a channel of distribution. 

Any new technology brings with it ethical dilemmas. The Internet's increasing influence and 
expanded use is no exception. Seel (1997) wrote that technology offers great benefits, but often 
at a great price. More technology is not always better technology, and the benefits of the n~w 
processes do not always outweigh the dangers. "Unintended consequences are probable." 
"Cookies" are one such technological dilemma. They provide many benefits both to Web site 
creators and to users, but they also incorporate dilemmas. A definition of cookies along with a 
discussion of their positive and negative potential follows. 

COOKIES 
The name "cookies" automatically leads journalists to word play including such comments as 
"Toss the cookies" (Armstrong, 1998, p. 15); Cookies have " ... either poisoned the feast or 
enhanced its flavor" (Buechner, 1998, p. 50); "Revenge of the Cookie Monsters" and "Cookie 
Crushers" (Brown, 1998, p. 42); "Cookie Crumbs," (O'Harrow,. 1998, p. F25); or "Sniff out 
those sweets" (Kenworthy, 1998, p. 205). The phrases often hint at the questionable feelings that 
the authors have concerning these tools. 

Definition 
Cookies were first developed by Netscape ("Cookie Central," 1997-98). Cookies had a very 

· practical purpose when they were created. They helped sites recognize that a single person had 
moved from page to page within a single site. Before cookies existed, every time a user moved 
from one page of a site to another, that user was treated as if he or she had just arrived. 
Continuity among parts of a single site was desirable for the user and the provider (O'Harrow, 
1998). 

Cookies are only text files, and they cannot carry viruses. Rather, they contain information that a 
user has provide~ to an individual Web site when the user visited that site. Included could be 
passwords, frequented pages, or purchase logs. The text files are stored on the hard drives of the 
individual users. Web sites can only read the cookies that they themselves created. A cookie 
cannot reveal anything to another Web site (Kenworthy, 1998). 

Cookies currently have numerous uses. For individuals who access sites, cookies can (1) store 
passwords; (2) store prefererices for start pages; and (3) store online orders so that what the user 
left in a shopping cart on an earlier visit would be there when he or she returned. For businesses 
creating the Web pages, cookies can ( 1) facilitate Web site tracking to show how many people 
have vi'sited and what pages they visited; and (2) enhance targeted marketing in that Webmasters 
can see what banners users click on and store their interests for the next visit ("Cookie Central, 
"1997-98). 
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Some cookies last only as long as a single visit to a particular site and disappear when you move 
to another site. Other cookies stay in your browser for the life of your computer unless you 
specifically delete them (O'Harrow, 1998). What cookies cannot do may be more important than 
what they can do. Cookies cannot scan a user's hard drive or gather information about the user 

· such as passwords, credit card numbers, or social security numbers. They cannot ascertain the 
types of software on the user's computer. They can track browsing habits within a site (Slover, 
1998) 

Users can delete the files from their hard drives by using the Find Files feature, searching for 
either "cookies. txt" for pc computers and "MagicCookie" for Mac computers. Once the files are 
located, the computer owner simply deletes them ("Cookie Central," 1997-98). Internet users are 
also capable of setting their browsers to send an alert when sites use cookies. At that point, the 
user can accept or reject the cookie files (Hick, 1998). 

Positives and Negatives about Cookies 
On the positive side, some sites simply may not operate properly without cookies. For instance, 
an individual using an online department store catalog may start to load a shopping cart with a 
sweater and then move to a second page for shoes and lose the sweater that was in the cart. The 
"Back" feature on browsers may not operate to move backward to start pages after the user has 
moved further into a particular site. Without cookies, automatic log-ons to Web sites the user 
has visited before would not operate (Slover, 1998). Kenworthy (1998) argues that cookies may 
actually enhance Internet privacy. If cookies were not stored on users' hard drives, in all 
likelihood the same information would be stored on a large database on the Web site's computer, 
far away from an individual person's ability to control that informa~ion. 

Some of the negative press on cookies is based in widespread misinformation. As was stated 
previously, cookies cannot seek out a user's name or e-mail address ("Too Many Cookies," 
1997). The most serious problem with cookies is their covert or "Big Brother is Watching" 
nature. The recording and transmission of information are invisible to the user. When people 
discover that Web sites have deposited cookies on their computers, they feel as if CIA-type 
surveillance has occurred (Svanas, 1997). 

At one time, more serious problems did exist. Early versions of JavaScript, a companion to 
cookie technology, could actually allow these text files to collect electronic mail addresses. 
Current sources indicat~ that this capability is no longer a part of cookie technology ("Cookie 
Central," 1997-98). · 

One of the more scathing attacks on cookies.comes from Beavan (1997) who wrote, "Having . 
infiltrated your personal computer, these spies are watching you, tracking your cyber travels. 
You visit a pro-marijuana Web site-they know. You research a market your company secretly 
plans to enter-they knqw. You search for naked ladies-they know" (p. 104). 

PRIVACY ISSUES 
Privacy and security issues are among the most worrisome topics for consumers. Stories of 
stolen identities and unjustly ruined credit histories appear daily in newspapers across the 
country. Consumers are certainly concerned about the release of personal information. 
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Examples of consumer attempts to maintain their privacy and security are: delisting phone 
numbers, omitting social security numbers from applications, sorting trash to protect credit card 
numbers, scrambling e-mail messages with encryption technology, disabling Caller ID signals on 
outgoing calls, and refusing to use supermarket savings club cards (Schwartz and O'Harrow, 
1998). If parents were concerned about their own information being too widely available, one 
can imagine how worried they would be about their children's identities being broadcast. 
Parents worry that their children will be targeted with incentives and then will reveal sensitive 
family information to get gifts or prizes. The FTC reported that 97 percent of parents whose 
children use the Internet believe that Web sites should not sell or rent personal informatioQ on 
children (FTC, 1998). 

How wide is the information-gathering phenomenon for Web sites? Is it a serious problem, or 
simply a rare nuisance? A study of 1400 Web sites found that 92 percent of these sites collected · 
information about customers, but only 14 percent disclosed how that information would be used 
(Etzioni, 1998). 

The Federal Trade Commission found that Web sites routinely collect information about children 
as they register for contests, enroll in electronic pen pal programs, complete surveys, or play 
games. Research compiled b,y the FTC on 212 commercial ch~ldren's Web sites showed that 89 
percent of those cites attempted to collect personal information about children such as e-mail 
addresses, names, ages, etc. Of those that collected personal information, 97% asked for e-mail 
addresses. Only 23 percent of sites told children to ask their parents' permission before 
providing information to the site. Children are not capable of giving consent for release of 
personal information from either legal or information processing viewpoints (FTC, 1998). 

A distinction exists, though between the terms "privacy" and "security." From an Internet 
standpoint, privacy is the ability of a user to move around the Web and not have sites build 
electronic dossiers about viewing and buying. Security, however, means that parents want their 
children to be able to give out e-mail addresses without hackers picking them up (Svanas, 1997). 
Cookies are an issue of privacy, not security. 

In a report to Congress, the FTC suggested that three ethical issues arise when businesses collect 
information from children: (1) children's vulnerability; (2) the immediacy and ease with which 
children provide information; and (3) online activities' circumventing parental control (FTC, 
1998). 

REGULATION OF COOKIES 
No industry-wide regulations exist at this point. The FTC solicited guidelines from several 
groups in an attempt to create self-regulatory privacy standards. The guidelines varied widely 
from group to group. For instance, on the notice/awareness issue related to cookies specifically, 
suggested guidelines ranged from (a) posting a privacy policy on web sites to (b) providing very 
specific notice on what information the site collects, how it was collected, its uses, whether it 
would be disclosed to third parties, and how the user could choose to opt-out of the third party 
disclosure of the information. Unfortunately, none of the suggested guidelines included 
provisions for enforcement or consequences (FTC, 1998). 
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The Children's Advertising Review Unit (CARU) of the National Advertising Review Council 
provided a list of self-regulatory guidelines for children's advertisers. These guidelines were 
intended to apply to children under 12 years old. On the issue of cookies, the guidelines stated: 
"If a site gathers information passively from children ( e.g., navigational tracking tools, browser 
files, etc.) this practice should be disclosed to the child and parent along with what information is 
being collected" (Children's Advertising Review Unit, 1997). · 

The Direct Marketing Association guideline concerning privacy was ntore vague. it stated: 
"Marketers should limit the use of data collected from children in the course of their online 
activities to the promotion, sale, and delivery of goods or services·, the performance of market · 
research, and other appropriate marketing activities" (Yoegl, 1997, p. 39). The DMA guideline 
was so vague as to be nonrestrictive. Cookies could easily fit under the "performance of market 
research" and under an "appropriate marketing activity." 

An industry group calling themselves "TRUSTe" established another mechanism for self
regulation. They propose a system of "trustmarks" that would be attached to web sites to inform 
consumers in a standard manner about what personal information the site collected and how it 
would be used. At&T, IBM, Oracle, Netscape, Tandem Computers, and Land's End were the 
founders of this group ("Firms Launch Plan," 1997). 

CONCLUSION 
Even the Federal Trade Commission agrees that industry self-regulation of Web sites aimed at 
children is the most viable means of approaching guidelines. The issue of children's privacy as 
a whole is certainly broader than this paper could address; however. even the single issue of 
cookies is difficult because it is tied to the larger debate. 

In the total scheme of information gathering on Web sites, cookies may seem a minor 
inconvenience, but three issues do relate to cookies. First, children are not aware that the 
co~kies are collecting information and storing it on their parents' computers. Second, the 
cookies are covert and immediate, invisible. Third, parents are not typically aware of the 
material stored in the cookies unless they watch their children constantly as tfiey use the Internet 
or they pull up the text files or "crumbs" left by the cookies. 

Businesses targeting children face the balance between having the most efficient and 
technologically advanced tools available on their sites or performing in a less effici~nt manner 
but less politically dangerous one. A reasonably "safe" approach would be to use cookies to the 
extent that they facilitate movement through a particular site. Because an Internet site has the 
capability to delete cookies at the close of each visit to the site, that practice would be minimally 
intrusive. Adding a very specific privacy statement to the site explaining how cookies were used 
would also be necessary . . Though this approach may not provide the facility for a child to enter 
the site again and be rec9gnized, it would ease watchful parents' legitimate concerns for their 
children's anonymity. 

The economic cost of not heeding family worries about privacy could be substantial. With 
negative attitudes towards cookies widely publicized, Svanos (1997) suggested that Web site 
creators use extreme caution with cookies. Because the site visitor has not authorized giving the 
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information that cookies gather, the site is automatically suspect. If the site has no good reason 
for collecting the data secretly, rumors may start circulating. "On the Web, there's nothing like a 
little bad publicity to drive p~ople away from your site in hordes" (p. 22). 
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Over the past several years the information technology that connects our computers within the 
enterprise, across the nation, and internationally has developed at an astounqing rate. This 
technology is leading to a "digital dawn" that is giving us the Internet, the World Wide Web and a 
host of related products and services. This "digital dawn" is impacting the media, the way we live, 
and the way we work. (McCann, 1996) The Internet and the World Wide Web are at the forefront 
of this wave of change in terms of the way that we work, communicate, and do business. 
Although the World Wide W eh has become a dynamic and effective means for businesses to 
communicate with their customers and to market their products and services, an often-neglected 
area in the field of Internet Marketing is the marketing of Enterprise Web Sites themselves. This 
paper examines the dynamic field of Internet Marketing from the perspective of using marketing 
and information technology tools and techniques to effectively implement and most importantly to 
effectively market an Enterprise Web Site. 

ELECTRONIC COMMERCE 
The Internet, especially that portion known as the World Wide Web, has the potential to change 
radically the way busine~ses interact with their customers. The Web frees customers _from their 
traditionally passive role as receivers of marketing communications, gives them much greater 
control over the information search and acquisition process, and allows them to become active 
participants in the marketing process (Hofman,· et. al., 1995). 

GROWTH OF THE INTERNET 
Electronic Commerce is ~t the heart of the explosive, recent growth of the Internet. From its 
modest beginning as a project to connect institutions doing research for the Department of 
Defense, the Internet has grown into a full-fledged commercial medium. As of November 1998, 
the U.S. Internet user population was over 74 million with an average of 49,317 new users each 
day. The European user population, while currently only about 7 million, is expected to grow to 
over 35 million by the year 2003 (Internet at a Glance: Users, 1998). As impressive as the user 
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population and its growth are, the sheer volume of information on the World Wide Web is 
staggering. At the end of 1998, the Web contained 3 terabytes of data and was expected to double 
in size every 8 months (Internet at a Glance: Users, 1998). This growing user population and base 
of information points to the potential for a tremendous volume of commercial activity. In fact it is 
estimated that by the year 2002, ·annual Internet sales will be in excess of$37.5 billion (Dunn, No 
date). 

ELECTRONIC COMlvfERCE VIA WEB SITES 
It is clear that this magnitude of sales volume is not just the result of web surfers making impulse 
purchases. For example, a senior vice-president for global procurement at American Express 
estimates that by the year 2000, 10% to 20% of their purchase orders will be submitted over the 
Web (Southwick, 1998). The web site is the medium for electronic commerce and as such web 
sites must be marketed in the same way as a product or a physical business location. 

INTERNET MARKETING 
Internet Marketing refers to the marketing and/ or promotion of products and services using the 
Internet or more specifically, the World Wide Web. Internet Marketing is by no means an 
emerging topic. A recent search of the World Wide Web using the Alta Vista search engin~ turned 
up a total of 7,448,616 matches for this term. A cursory examination of the first 200 of the · 
hyperlinks generated by the search engine revealed that the overwhelming majority were 
advertisements for firms offering web related services which often including some form of internet 
marketing. The primary focus of many of the sites that were examined was decidedly on the 
technical side, this is not to say that they focused on the information technologies that underlie the 
web, but on the technologies that have been devised to market and promote e-commerce web 
sites. 

Since the advent of e-commerce on the Internet, thousands of enterprises have rushed to establish 
a web presence. Establishing a presence on the Web is not sufficient to guarantee the success of 
your "e-commerce" web site. According to David Radin (1994) of Market Masters Corporation: 
"You wou/dn 't walk into a crowded hotel meeting room, put a piece of paper on the table,. and 
walk out expecting to have reached your audience ... Yet that's pretty much what you 're doing 
whenever you practice Internet Presence." The message here is to use the Internet to target your 
audience in the same way you would use any other media. 

INTERNET MARKETING TOOLS AND TECHNIQUES 
The task of marketing the enterprise web site is a problem that has both technical and marketing 
dimensions. On one hand marketing is still marketing. Conversely, the World Wide Web, although 
it is a media in the same sense as print or broadcast media, is new, different, and offers a host of 
technical challenges which are not present in the more traditional marketing media. The challenge 
to the Internet Marketer is to apply sound marketing methods and at the same time be aware of 
emergfog technologies that can be used draw their customers to their location, which in the case 
of the web, is the enterprise web site. 
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A wide variety of tools and techniques exist which can be applied by the Internet marketer. Many 
of these are standard marketing and promotional techniques. Others can exist only in the context 
of web sites and the World Wide Web. 

THE INTERNET MARKETI!yG MATRIX 
The Internet Marketing matrix (shown below) categorizes the available Internet marketing tools 
and techniques along two dimensions, focus and orientation. 

Technical Mar~eting 
Orientation Orientation 

Site Focused 
Web Focused , 

Market Focused 

Focus describes the point at which the tool or technique is applied. The focus of a tool or 
technique can be the individual web site, the entire web, or the market for the goods and/or 
services promoted by the site. Orientation refers to the tool or technique itself, orientations can be 
technical (relating to web or 1n(ormation technology) or marketing (those tools and techniques 
whose primary purpose is marketing and which could be applied outside the context of Internet 
marketing). 

DISCUSSION 
The matrix produces six cells each of which describe a focus/orientation pair. Each of these 
focus/orientation combinations is discussed below. 

Site-focused - Technically Oriented: These tools and techniques focus on the web site itself and 
the use of these tools and techniques to attract visitors to the web site. First and foremost, the 
pages in a web site must be fast and attractive. The typical web surfer's span of attention when 
viewing a new web page is approximately six to seven seconds. Thus pages that take an excessive 
amount of time to load or are either uninteresting or poorly designed will not capture the visitors 
attention long enough to convince that visitor that the site contains relevant or useful information 
which is free or easy to find (Bernhardt, 1999). A number of techniques are used to influence the 
performance of a web site in obtaining higher positions in search engines listings. These include 
the use of page titles, page descriptions, and keywords the in the HTML code used_ to produce 
web pages. The inclusion of these items in HTML tags is aimed at the search engines that build 
.lists of web pages in response to a user initiated search query. The more relevant these items are 
to the criteria used by a search engine, the higher the web site will show up in the .search listing. A 
specialized application of these techniques is a Gateway page. A Gateway page is "a web page 
submitted to a search engine to give the relevance algorithm of that particular search engine the 
data it needs, in order to place a site at the proper level of relevance for the topic in question. 
These pages may present information to the search engine and obscure it from a casual human 
viewer" (Search Engine Terms, No date). 

Site-focused - Marketing Oriented: Specific marketing techniques that can be applied to the 
promotion and marketing of a web site. These tools and techniques are not necessarily Internet 
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specific. These techniques primarily consist . of the use of a web site 's URL in ad copy and 
communications. If you view a URL as the web equivalent of a businesses physical location then 
this would be similar to a businesses address and telephone number in an advertisement. 

Web-focused - Technically Oriented: Technology specific techniques aimed at the entire World 
Wide Web and therefore, its users. Foremost among these Web-focused techniques is the 
submission of web sites to Search Engines (such as Alta Vista and Infoseek) and Directories (like 
Yahoo). Search engines are the primary way that people find web sites (Sullivan, 1998) and thus 
the number of people that access a web site is directly affected by search engine listings. Other 
techniques include Banner Exchange Programs, Webrings, Affiliate Programs and Recipr~al 
Links. Banners are advertisements placed in a web page. Banner Exchange Programs allow site 
owners to post their banners on other web sites in exchange for posting the banners of other 
members of the exchange. Typically a ratio system is used to determine which banner is displayed 
on a site. For example if the ratio is 2: I for every two times you display someone else's banner, 
your banner is displayed on that site (Reimer, No date). A Wehring is a group of sites, usually 
related in some way ( same industry or product, for example), all linked in a circle. Each member 
site inserts special code into their page to accomplish the linkage. Thus one site will link to one 
other related site (Reimer, No date). Affiliate Programs involve the posting of ads (resembling 
banners) on a web page. These ads refer visitors to a web page that is typically set up for an e
commerce transaction. The referring or affiliate site is compensated on a per referral basis 
(Adams, No Date). Reciprocal links are hyperlinks from your site to a complementary site that 
has a link back to your site. These reciprocal links must normally be negotiated on a case by case 
basis but some link exchanges are emerging (Wilson, 1997). 

Web-focused - Marketing Oriented: These are web-focused techniques that would be applicable 
to marketing products and/ or services from· a physical business location. They include the 
purchase of banner ads and application for site awards. Numerous awards are given for the 
"best" or "coolest" sites, these awards typically allow a web site to display a distinctive logo 
heralding the award. Normally, sites interesting in receiving awards must register or apply for the 
award. 

Market-focused- Technically Oriented: These tools and techniques use web technologies to 
perform standard marketing functions. For example, the use of search engines and keywords to 
identify a web site's competition. In addition the publication of e-mail newsletters and promotion 
via e-mail lists are examples of marketing functions performed using web technologies. 

Market-focused- Marketing Oriented: These are general marketing tools and techniques that can 
be applied to selling any product or service whether web oriented or not. Among these is the use 
of contests and.free service offerings. In addition traditional promotional media, market 
research, press releases, and the study of web demographics are all standard marketing 
techniques that have been applied in the Internet Marketing context. 
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PROBLEMS AND DRAWBACKS 
In spite of the dynamic nature of Internet Marketing and the seemingly limitless potential of e
commerce, a number of problems exist. Surprising these problems are not primarily technical in 
nature. The technical problems posed by electronic commerce are the more readily solvable while 
others pose more serious long-term obstacles. 

INTERNET MARKETING IS STILL MARKETING 
The media of Internet Marketing is the web site. As a result of this fact~ the focus on creating and 
maintaining web sites has been decidedly technical. The typical individual or firm that is 
responsible for site creation and/or maintenance will not bring a significant level of marketing · 
expertise to the table. In spite of all of the technical challenges, Internet Marketing is still first and 
foremost, marketing. According to Mary Southwick (1998) "The Internet eliminates geography, 
but for companies seeking new customers on-line, the secret is still location, location, location". 

SECURI1Y ISSUES 
Although great strides have been made in terms of e-commerce security, this issue continues to 
concern Internet users. _A recent survey reported in Advertising Age reported that for 71 . 6% of 
Internet users, who had never participated in an e-commerce transaction, security was the main 
reason. The technical issues of Internet security can be addressed. The perceptions of security 
problems will take longer to dispel. 

LEGAL ISSUES 
As an emerging medium, the •Internet is in the formative stages of defining a legal environment. 
Because of the unique nature of e-commerce, new issues have emerged and old issues have taken 
new shapes. Among legal issues of concern to internet marketers are copyright infringement, 
increased risk of lawsuits outside of a firms geographical market, copyrighted trade names used as 
keyword criteria by search engines, and the global issue of marketing to children via the internet. 

CONCLUSIONS 
In spite of any potential problems, legal, technical, or otherwise, there is no doubt that the role of 
electronic commerce in business will continue to grow. As the dollar amount of sales generated by 
the Internet and World Wide Web continues to increase, interest in e-commerce will increase at a 
proportionate rate. Given recent advances in site development tools, hardware and software, and 
Internet access, we are guaranteed an ever-increasing number of individuals and businesses that 
chose to do business on the Internet. Given the capacity of the Internet of overcome many of the 
traditional physical and geog:raphical limitations of business, it becomes even more critical that e
commerce be based on sound business and marketing principals. Recognition of the unique role of 
Internet Marketing is essential if this is to be accomplished. 
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Auctions have been a part of the marketing arena since the time ofHerodotus (i.e., 450 B.C.) and 
have been used as a method of exchange between buyers and sellers from Singapore to Kansas 
City, Missouri (Stewart 1994). From rare antiques and exquisite works of art to used cars and 
time-share vacations, from fresh fish and produce in open air markets in Manila to well-used 
tractors and pitchforks on a farm in Minnesota, auctioneers and bargain hunters meet to 
consummate· the sale. 

Recently, the auction as a marketing tool has spread to a new marketing venue: the Internet. 
These "on-line" auctions are at the same time similar to and distinctly different from the more 
traditional estate auctions with which we are familiar. Both types of auctions involve an auction 
service, prospective buyers (bidders), and products to be sold. Further, both auction venues pit 
one bidder against another, each vying to purchase the product being offered by out bidding their 
opponent. And, with both types of auctions, the seller has the right to set a "reserve price" on all . 
items, that is, the minimum dollar price for which the product will be sold. Here the similarities 
between traditional and on-line auctions, for the most part, end. 

The traditional auction is conducted at a central location where bidders gather, listen to the sing
song chant of the auctioneer, and are able to observe the other bidders against whom they are 
competing. On-line auctions, on the other hand, are conducted via the Internet, and rather than 
travel to a central location, all bidders simply log onto their computers and visit one of a growing 
number of on-line auction services. Products are offered for auction by both private individuals 
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and businesses. For each product put up for auction, the seller pays an "auction value fee" to the 
auction service (i.e., 2.5% of the selling price). 
With on-line auctions, there &e no auctioneers urging the bidders on. The bidders cannot see the 
other bidders, and cannot, at least via visual observation, attempt to interpret their competitor's 
level of excitement or commitment to buy. Rather, when using an on-line auction service, the 
bidder reads a description of the product offered for bid, sometimes has the opportunity to view a 
photograph of the item, and then decides whether or not to bid on the item. 

If indeed the consumer decides to bid on an item, he or she does so via an email account that is 
set up with the auction service. The consumer simply enters their user name, password, and their 
bid for the item. The auction service records the computerized bid and informs the consumer, 
again via email, if their bid is the high bid or if a competing bidder has offered to pay more for the . 
item on auction. All bidders have the opportunity to increase their bids until the auction is 
completed - a period of time that typically lasts from three to seven days. (A specific auction 
completion date is provided for all items available). 

How big is the phenomenon of Internet, on-line auctions? As of late 1997, some 200 Internet 
auction sites were in· existence and the evidence shows that consumers have been clamoring to 
visit those cites. For exampl,!, as of April 1997, eBay, an on-line auction company, was opening 
and closing 7,000 auctions a day - and that number was growing by 25 percent per month 
(Hapgood 1997). That same company's web site, as of September 1998, boasted an amazing 
14,000,000 page views per day! 

And, much like the variety of goods and services offered via the more traditional auctions 
described above, on-line auctions offer everything from used computers and software to Beanie 
Babies and jewelry -- comprising some 1000 distinct product categories according to one Internet 
auction comp nay. Furthermore, consumers are not only visiting but are buying via the on-line 
auction services such as OnSale and Ebay - to the tune of some $250 million worth of sales in 
1997 with projections of $1 billion for 1998 (Reda 1997; Tebbe 1997). Corporations are .also 
jumping on the Internet auction band wagon -- both as buyers and sellers. Estimates of business
to-business goods sold via on-line auctions for this year are nearly $9 billion; with projections of 
some $50 billion by the year 2002 (Wilken 1998). 

Such growth and consumer excitement over and commitment to the Internet as a marketing tool 
has stimulated the interest of marketers across the globe. However, as of yet, relatively little 
empirical research has been directed at this booming marketing phenomenon. While the on-line 
auction has been embraced by entrepreneurs and other business people in a multitude of business 
endeavors, we as marketers l~ow surprisingly little about the behavior of the consumers who 
patronize those marketing outlets. For example, it has been suggested by several authors in the 
popular press that patrons of traditional auctions will routinely over pay for the products and 
services they purchase (i.e., Stewart 1997; Munk 1996). At an auction of real estate held several 
years ago in Miami, Florida seven of seventeen properties auctioned were sold at prices at or 
higher than the appraised values (Harowitz 1990). Further, it has been proposed that such over 
priced exchanges are due at least in part to the consumer's emotional involvement in the auction 
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process. Buyers are said to "get hung up in the heat", and to "be caught up in the fevered pace" 
of auctions (Machlis 1998). It would seem that, in some cases, at traditional auctions, a 
consumer's logic and product knowledge, and perhaps even their pocket book, take a back seat to 
emotion and a quickened heart beat. Is it possible that bidders fall prey to the same types of 
emotional behaviors when purchasing products via the more impersonal on-line auction? 

A CALL FOR RESEARCH 
Acknowledging such observations and assertions regarding marketing exchanges via Internet 
auctions, two interesting questions, from the perspective of a marketer studying consumer 
behavior, emerge: 1) Do consumers who buy via on-line auction services tend to over pay for the 
products and services they purchase?, and 2) What are some of the factors related to the 
behaviors of consumers using on-line auction services? 

Research designed to provide answers· to these and additional questions has the potential to 
provide important information regarding marketing theory and management. Currently there 
exists a very limited kn9wledge of Internet marketing in our discipline. Furthermore, our 
literature review, as well discussions with others in the field, revealed virtually no empirical 
research regarding on-line Internet auctions as a marketing venue. This paper is· a call for 
researchers to further our understanding of and provide insights to this new and rapidly growing 
marketing phenomenon. We would encourage researchers to develop studies designed to achieve 
three fundamental objectives related specifically to Internet marketing: 
1) to generate information that will assist marketing managers in better understanding the 

behaviors of their consumers; 
2) to provide insights to pricing and distribution decisions to be made by such managers; 
3) to make specific comparisons between "traditional" and "Internet" auction participants. 

Given the tremendous numbers of consumers visiting and buying products via on-line auctions, 
and, more importantly, given the millions and potential billions of dollars being spent by 
consumers on an array of products posted on Internet auctions, the research questions posed 
above are very timely and might well lead to significant contributions to the marketing and 
consumer behavior literature. Further, research in this area is necessary in order to provide 
information upon which Internet marketers may base strategic decisions regarding pricing, 
distribution, promotio~, and even product offerings. 
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A content analysis of banner ads is performed, drawing on a set of such ads taken from various 
types of popular sponsored-content websites (e.g. news, entertainment and sports sites) and 
sponsored search agents and directories (such as Yahoo) . Various content elements, such as 
advertiser source, price content, adherence to headline conventions, are examined. 

INTRODUCTION 
Twentieth-century consumers have learned to live in a world in rampant technological flux, the 
targets of a virtually unending stream of innovative products and upgrades. Yet, it would be 
difficult to argue that many of these new technological products impact our day.:.to-day lives in 
any profound way. One innovation, which could be described as transcending the mundane, is 
the Internet -- especially its graphic, user-friendly manifestation, the World Wide Web (WWW). 
In little more than five years' time, the WWW has exploded into millions of households in the 
United States and around the world. Though its impact is still greatest among the young, white, 
affiuent, male, and well-educated, distinctions in terms of user profile are becoming less 
noticeable. Simply put, the WWW has captured the imagination of a generation of consumers. 

That alone should spur interest among marketing professionals and consumer researchers. But 
this natural interest is only heightened when confronted with the diversity of marketing areas 
impacted by the WWW. The WWW is simultaneously: I) a new medium of communication, with 
its own idiosyncrasies ripe for promotional exploitation, 2) a marketplace, with ready but wary 
buyers and sellers, as well as a myriad of new distribution issues, and 3) a stream of identifiable, 
consumable product -- primarily in the form of informational websites, but with virtually infinite 
potential of form. Of all these possible venues of market-oriented WWW study, the present 
research focuses on one minor aspect in the communications medium arena, the banner ad. 
Following the sponsorship model of broadcast and print advertising before it, the ~anner ad 
cerates advertiser presence on popular content websites in much the same way as print ads do in 

. popular magazines, or commercials on popular television sh.ows. This study attempts to create a 
picture of the current state of content in banner ads, elaborating patterns by advertiser type, 
website type, and the like. 

What is a Banner Ad? A banner ad is a small, typically rectangular graphic image which links a 
sponsored content page (i.e. any of the popular magazine-format websites that accept 
advertising) to the sponsor's target ad: it acts primarily as a teaser to draw surfers from an 
ESPN.com or CNNin.-com to the advertiser's main web presence. 
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Standardization of characteristics of the b_anner ad remains a problem in the industry: Focalink 
(1996) reports that ninety percent of banner ads range from 120 to 500 pixels wide (with median 
at 460) and 45 to 120 pixels high (with median at 60). This variety in size is matched by a variety 
in placement on the content page. "Headlines" are banner ads placed adjacent to the content 
page's lead story or logo identifier -- or "above the fold" and typically ·have high width-to-height 
ratios, running the majority of the width of the webpage. "Box" ads are _typically found in less
desirable positions on the webpage, and have low width-to-height ratios, often nearly square; if 
the content page contains a frame or bar for indexing webpage content, box ads will typically be 
found there. "Ear" ads, like box ads, have low width-to-height ratios, but have singular 
advantageous page placement in the upper left corner. Further distinctions among_ banner ads 
include the use of color and the balance of static and dynamic ( animations, radio buttons, drop
down menus, etc.) elements. -For the purposes of this study, all banner ad types were treated 
alike. 

METHOD 
The goal of the present study was to review a variety of banner ads on a number of content 
variables. 560 banner advertisements were collected over a period of four weeks (January
February 1999) from ten popular English-language websites. Certain practices were adopted to 
ensure a variety of ads were collected. First, the cookie files of computers used for collection 
were initially purged, and browser preferences set to not accept other cookies [ cookies are small 
website-sourced files that tag the browser with a unique identification; sites can subsequently use 
these cookies to tailor advertising to specific users (Nabhan, et al 1996)]. Second, up to four page 
refreshes per each visit to selected websites was allowed to ensure that a new ad would be 
obtained. Banner ads are typ1cally sold by exposure and placed in rotation; the page refreshes 
allowed for the possibility that randomly accessing the websites could expose the same ad 
several times in a row. 

Ten popular websites were visited on a regular basis. Popularity of sites is generally measured by 
one of two methods: Internal audits, where the number of page hits is measured by the owner of 
the website, and Syndicated audits, like those of Nielsen I/Pro, which measures subscriber sites 
for visitor traffic, page views, peak activity, and average length of visit. A publicly-available 
audit, "1 00hotsites", was used to select the 10 sites for this study. A review of the 100 sites listed 
revealed 5 regular categories: sponsored search tools, news-oriented sites, sports-oriented sites, 
retail-oriented ·sites, . and other specialty-content sites. The ten sites used for the study were all 
top-fifty sites, with unique ownership, chosen two per category: 1) Sponsored search tools: 
Yahoo! and Alta Vista; 2) News Content: CNNin and USAToday; 3) Sports Content: ESPN.com 
and CBS Sportsline; 4) Retail-oriented sites: Disney.com and Music Boulevard; 5) Specialty 
content: Salon (political content) and Wired (web-related content). 

Banner ads were also identified in terms of the type of advertiser. Each ad was coded as to 
whether the advertiser was a manufacturer of technological hardware or software, an internet 
service provider, an internet retailer or catalog service, a nondurable goods manufacturer, a 
durable goods manufacturer, a retailer (non-internet), or a service provider (non-internet). The 
distinction made between web-based retailers and service and their non-web counterparts reflects 
the fact that web-based marketing organizations were the main target of seeking and purchasing 
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behaviors, according to the 8th annual GVU WWW user survey. Other coding categories 
included: 

❖ Does the banner contain the advertisers' logo? 
❖ Does the banner contain a graphic of the product or service offered? 
❖ Does the banner support web-specific content (e.g. buttons, drop-down menus)? 
❖ Does the banner contain animations? 

Codes were also developed to track where the banner would lead if clicked-through: 
❖ Does the banner click-through to the advertiser's main or branching page, or a secondary, 

specific internal page on the advertiser's website? · 
❖ Does the banner connect to a page that makes an action request ( such as registration, · 

contest entrance form, or purchase request form)? 
Yet other codes tracked textual content of the ads. One concerned whether the appeal used in the 
banner ad was emotional or rational. Another tracked the number of words in the banner. Yet 
another, more-holistic textual content code was borrowed from advertising research in other 
media. Banner ads are functionally similar to headlines for print ads: both are intended to draw 
the readers' attention, stimulate further interest, and lead the reader to an elaboration of product 
attributes and/or benefits. That elaboration is the body copy in print advertisements, and is the 
target ad/corporate web presence in the case of web advertising. Given this similarity, a typology 
of print ad headlines was used as a code (from Arens and Bovee 1994): 

❖ Benefit Headlines: Promise the reader that experiencing the utility of the product will be 
rewarding ( example from the banner ad database: "We have 173 titles on making money 
and 472 on saving it"). 

❖ News/Information Headlines: Announce some news or promise the reader some 
information (example: "Voted best peripheral: the new HP Color LaserJet 4500 Printer"). 

❖ Provocative Headlines: Provoke the reader's curiosity and interest (example: "Finally, e
mail with taste"). 

❖ Question Headlines: Ask a question, often making the reader to self-select for further 
information ( example: "Looking for the best price on a new vehicle?"). 

❖ Command Headlines: Orders the reader to do something ( example: "Get the current 
snow conditions!"). 

A final set of codes tracked whether the banner ad text contained any reference to price, 
discounts, or offers of free product or service. 

RESULTS AND DISCUSSION 
The following represents partial findings of the study; if you are interested in other combinations 
of reported coded variables, please contact the author. In Table 1, note the high incidence of web 
service and web retail across all website types, which reflects both an insider comfort and 
confidence with the new medium, and cooperative advertising agreements among high-profile 
websites. Also note the relatively high incidence of durables advertising on both retail and 
specialty sites, possibly due to the traditional-market sensibilities of these sites. 

T bl 1 Ad a e . vertiser T ype vs. Wb" T e site ype 

Advertiser Type 
Website Tvoe 

Search News Soorts Retail Specialty Total 
TechMamu· 2 9 7 2 9 29 
WWW service 78 69 41 26 53 267 
WWW retail 18 12 25 41 16 112 



Nondurables 3 3 19 13 1 39 
Durables 1 4 12 18 19 54 
Retail (non-WWW) 1 0 0 2 0 3 
Service(non-WWW) 9 15 8 10 14 56 

Total 112 112 112 112 112 560 
p<0.001 

Table 2 shows the types of headline formats that banner ads used across website types. The 
disproportionately high use of news/information headlines in banner ads found on retail sites 
reflects the emphasis of new product announcements used to connect pages within the same 
retail site or sister sites. The strikingly high proportion-in-use of command headlines is an , 
artifact of the interactivity of the medium: there is an unprecedented immediacy in availability of 
the prescribed action. Where a print ad for an automobile may suggest talcing a test drive, that 
would not necessarily prompt an immediate action, whereas a "click here for "command in . 
a banner ad can be acted upon by the reader with an economy of effort. --

T able 2. Headhne Type vs. Website type 

Headline Type Website Tvoe 
Search News Soorts Retail Soecialty Total 

Benefit 13 11 11 11 17 63 
News/Info 17 17 21 30 16 101 
Provocative 13 34 36 25 37 145 
Question 16 20 6 14 14 70 
Command 53 30 38 32 28 181 

Total 112 112 112 112 112 560 
p<0.001 

Table 3a illustrates the common usage of animation in banner ads across sponsored-content 
websites, but much lower incidence in sponsored search tool sites. This is potentially the 
manifestation of an understanding of relative engagement of readers on these sites: a content 
page reader dwells over the page much more than the user of a search engine. This distinction 
between search and content sites was also found in the average number of words used in a 
banner ad (F= 10.562, p<0.001). Animations and lengthy messages take time to view an~ 
comprehend, time not available in a typical search tool usage situation. 

T able Ja ·and 3b. Animation and Target-page Action-orientation vs. Website type 
Website Tvoe 

a. Animation Search News Soorts Retail Soecialty Total 
Animation 51 92 69 96 94 402 
No Animation 61 20 43 16 18 158 
b. Action-orientation 
Action 67 44 59 70 44 284 
No Action 45 68 53 42 68 276 

Total 112 112 112 112 112 560 
Both p<0.001 

A similar interpretation can be made of the information found in Table 3b. Banner ads found on 
search sites and retail sites more often click-through to a page requesting the reader to take action 
(buy something, or register for something). As stated above, search sites encounter a surfer ready 
to take some action, and the ~ction-oriented target page takes advantage of that. Retail sites, 
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similarly, attract visitors who are predisposed to action, particularly purchase-oriented actions. 
Action-oriented target pages fulfill this predisposed need. 

T bl 4 a e a and 4b. Logo Presence and Price . C ontent 1y vertiser ype b Ad T 
Advertiser Type -

a.Logo presence TechMnf. Web serv. Web retail Nondurab. Durables Retail Service Total -
Logo inad 26 205 88 39 50 3 48 
Logo not in ad 3 62 24 0 4 0 8 

..... 
b. Price content 

None 26 204 68 28 49 3 42 

Discount 0 13 22 0 0 0 0 

Stated price 0 7 14 0 1 0 5 -

Prize offer 2 31 4 8 4 0 7 

Free offer 1 12 4 3 0 0 2 

Total 29 267 112 39 54 3 56 

Both p<0.001 

Briggs and Hollis ( 1997) state that consumers respond to banner ads even without clicking 
through to the target ad~ suggesting that banner ad pricing based solely on the number of 
clickthroughs is ridiculous and seriously undervalues the banner ad. This presumed value of the 
banner ad is upheld in the number of ads which contain the advertiser's logo (see Table 4a). After 
controlling for number of ads per advertiser type, there is a consistent 3-to~l ratio of use oflogo, 
which becomes much greater when adding in all non-logo mentions of brand name. 

Some critics of web commerce suggest that any success found by "Yeh advertisers is strictly tied 
to the low prices and other monetary incentives they offer, and not by any inherent value of 
availability or information resources (Slate, 1999). As can be seen in Table 4b, relatively few 
banner ads contain price or discount information of any kind. The relatively high number of 
discount messages in the web retail category is largely due to the current war between 
¾nazon.com and Barnes and Noble's online service, each of which emphasize 30-40% percent 
savings off best-selling books. The blip in prize offers among banner ads on web service pages 
may reflect the great competition among such pages, and the resultant need to attract readers 
through giveaways. 

Table 5. Messa e A 
Website T e 

Messa e A 1 · Search .News s Retail Total-' 
Rational 102 90 82 449 
Emotional 10 22 30 111 

Total 112 112 112 560 

Novak and Hoffman (1997) review research suggesting that avid web surfers experienceflow 
states, and provide many definitions of the flow construct ( emphasis added): 

we feel "in control of our actions, masters of our own fate ... we feel a sense of exhilaration, a deep 
sense of enjoyment ... the state in which people are so intensely involved in an activity that 
nothing else seems to matter; the experience itself is so enjoyable that people will do it even at 
great cost, for the sheer slice of doing it (Csikszentmihalyi 1990)." 
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"flow characterizes the perceived interaction with CMC technologies as more or less playful and 
exploratory" ... Flow theory suggests that involvement in a playful, exploratory experience - the 
flow state - is self-motivating because it is pleasurable and encourages repetition. Flow is a 
continuous variable ranging from none to intense (Trevino and Webster 1992)." 

"The two key characteristics of flow are (a) total concentration in an activity and (b) the 
enjoyment which one derives from an activity (Ghani and Deshpande 1994)."· 

If web surfers do experience this high state of emotional, joyful arousal, one might expect 
advertisements providing a congruent, emotional appeal would meet with greater success than 
those based on a rational appeal. Since we have no measure of success for any of the banner ads 
collected, there is no means to test this, but the scarcity of emotional appeals (see Table 5) found 
in the sample indicates there may be room for improvement in banner ad message design. 

Do any of the findings point the way towards the building of an effective typology for banner 
ads? Surely the borrowed headline typology is useful, but like most borrowed schema will 
require some alterations. Just as television's capacity for sound provided an opportunity for 
format innovation and neces3itated retooling typologies used for print advertisements, so too will 
the WWW's interactivity need to be accounted for. The rise of web-graphic-dominant ads, 
prominently featuring radio buttons, scroll-bars, and drop-down menus, may be the WWW 
analogue to TV's music dominant ad format. 

Website advertising is still in its infancy, is still evolving toward some future standardization. 
This study provides a single snapshot in time of some characteristics of those ads. 
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This research paper seeks to develop an implementation plan to improve the current work-in-process 
inventory system in a packaging plant through the implementation of a subset . of just-in~time 
characteristics. The majority of this subset is made up of the development and implementation of work-in
process kanbans and related procedures and processes. The expected benefits include both productivity 
gains and decreased plant waste, which could have a substantial impact on the earnings level of a facility. 

Introduction 

The objective of this paper is to provide a comprehensive and effective implementation plan to convert a 
work-in-process inventory system, such as that in a non-conveyorized packaging plant to a just-in-time 
work-in-process inventory "pull" system. 

The manufacturing process within a corrugated packaging plant starts with the receipt of rollstock from a 
paper mill and it is this rollstock which is the most significant raw material in the process. The initial 
manufacturing process is the combining of rollstock through the use of pressure, heat and adhesive to 
produce a corrugated sheet. This sheet has the gross dimensions of the container that will be produced 
from it. These stacks of corrugated sheets are the picked up by a pull-pak (type of forklift) driver and are 
taken to the work-in-process inventory where they are stored . By nature, the corrugator produces product 
at a rate that is much faster than any given piece of finishing equipment can consume. Work-in-process 
inventory is thus inherent to the process. There are times when all the stacks are delivered directly to a 
finishing machine, but that is typically only when the order is very small and/or the finishing machine is 
waiting for the corrugated sheets. The characteristics of the corrugated stacks stored in WI P are 
instrumental and will be later discussed further. 

The next and final operation in the manufacturing process consists of the conversion of the corrugated 
sheets into containers (boxes) . Depending on the style/type of box that is to be produced, the sheet will be 
processed through a particular machine or machine type. In most instances, the machines within machine 
center or group are interchangeable. The facility on which this paper was · based had five basic finishing 
machine departments; Large flexo, Small flexo, Rotary die cutter, Bobst die cutter and Printer. Each 
department is characterized as running a particular corrugated sheet size as determined by machine 
capabilities and product style. After the finishing equipment has completed the manufacturing process, the 
containers are either shipped directly to the customer or are stored in finished goods inventory, marked for 
future delivery. within the context of a "push" system numerous issues can affect the corrugator or the 
finishing machine centers productivity causing WIP inventory imbalances that lead to finishing machine 
downtime. 

In order to quantify this theory it was necessary to gather data in the form of the hours finishing equipment 
spent waiting for corrugator stock. At the end of each shift in this facility, the machine center supervisor fill 
out a supervisor's production report, documenting any amount of time (greater than 15 minutes) that a 
machine was down because there was no corrugator stock. Each individual machine has a capability of 
producing for a maxin:ium of 19.5 hours (2.4 hours less 1 hour per shift for crew breaks and .5 hours per 
shift for machine clean-up) . Although the hours of downtime fluctuated daily, the daily averages for the 
months of January and February varied by only .76 hours. The combined daily average for both months 
was 21.27 hours/day. That is , the entire production facility has a potential of operating 234 hours in a 
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single day. Thus, each mac_hine spends approximately 9.1 % of each day waiting for product. Assuming 
that the value of each _hour is e_qual to the lowest producing machine in the facility, 19.5 msf (thousand 
square _feet)/hr, there 1s potential for an additional 414 . 75 msf/day. As expected, there is an inverse 
correlation . · 

Theory Application 

The conversion of this facility 's WIP system would only be a version of the just in time inventory practice. 
Due to the inherent nature o! t~e manufacturing process , it is my opinion that a true JIT inventory would 
not wor_k. The reasons for this include the fact that supplier relationships would possibly never reac~ the 
just-in-time level and the seasonal nature of the business/product mix within the facility . Instead, the 
conversion of this plant to a flexible pull system is more realistic. This conversion is based on the premise 
that if a particular machine center has more stock in WIP than it can run in a given time period, then 
another machine center must be out of or running low on work. 

The first step of this process consists of the determination of the new WIP floor plan consisting of machine 
center specific aisles . However, before this step could be completed individual machine center databases 
had to be built. Each database consisted of the following characteristics; customer, item description, 
corrugator, board grade, flute , stack height, sheet length , sheet width , load configuration and load width . 
Most of this information was taken from individual corrugator cutting lists. A corrugator cutting list is a 
reporting method for each order that is produced at the corrugator. In an attempt to take into consideration 
the peak production months, this data was taken from cutting lists dated 6/1/97 - 8/23/97 . In essence, 
every non-duplicate order that was manufactured during this time period was entered into the database. 
The purpose of using such a large amount of data was to try and take into consideration as many different 
sheet sizes as possible and to identify any real trends at individual machine centers. Stack height was one 
characteristic that was not taken from the cutting list. This measure is a factor of both corrugator flute and 
also board grade. In order to obtain an accurate measure of sheets per stack, interviews were conducted 
with the corrugator operators . 

The next step of the WIP conversion process consisted of building a machine center WIP planning 
worksheet (Table 1 ). This planning tool determined values for each machine center for each of the 
following characteristics: load width , board grade, sheets/load , configuration factor, WIP height factor, and 
peak msf produced . The load width for each machine center was derived directly from the database. For 
each machine center, a data sort was performed to determine maximum load widths. The concept behind 
using maximum load widths was that it was necessary to keep machine center WIP aisles uniform and 
used only for machine center specific product. · 

Table 1: Machine. Center WIP Planning Worksheet 

Measurement Rotary Bobst Printer Small Flexo Large Flexo 

Load Width 94" 76" 94" 72" 84" 

Board Grade 300 C 275 C 300 C 200 C 250 C 

Sheets/Stack 365 375 365 410 385 

Configuration Factor 2 1.75 2 1.75 1.66 

WIP Height Factor 730 656.25 730 717.5 639 .1 

Peak Msf Produced 2719.54 1647.48 997.92 2307.51 2380.69 

2686.37 1608.02 853.44 2232.08 1979.96 

26 17.49 1585.99 839.56 2149.02 1960.96 
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The board grade for each machine center was determined in the same fashion. A data sort was 
performed to determine the typical board grade run through each machine center. In determining the 
structure of WIP, it was important to use a board grade that would be higher than the average. The 
sheets/stack was a direct determination of the board grade. The configuration factor was an attempt to 
quantify the different load configurations for each machine center. A factor <?f two denotes that all loads for 
that machine center are stacked with an equal amount of sheets on the bottom and top levels (i.e . 2x2, . 
3x3) . Any factor of less than two would denote that loads for that machine center are not stacked with an 
equal amount of corrugated sheets on the bottom and top levels (i .e. 3x2, 4x3, 5x4). 

The WIP height factor is the result of the sheets/stack multiplied by the configuration factor.-This yields the 
number of sheets (height) that would exist.in a particular machine center. This number will be used in 
conjunction with aisle dimensions to determine maximum msf/aisle. The final characteristic of the planning 
worksheet is peak msf produced for the given machine center. These numbers were determined from the 
tracking of daily machine center msf production from June 1, 1997 through August 29, 1997. The 
complete WIP conversion planning worksheet was then used in the development of the WIP floor plan. 
However, before changes could be made it was first necessary to map the existing floor plan to scale . The 
existing floor plan did contain some fixed components. These consisted of mainly columns and their 
respective fire lanes and also the outside boundaries. This floor plan revision worked off of the existing 
allotted floor space. Changes in -total amount of floor space were not made. After thfs was completed , it 
was then necessary to attempt to fit the new uniform machine center aisles into the existing floor plan . The 
final machine center aisle width was a factor of both maximum load widths from the corrugator and the 
existing floor plan. Additionally, due to the existing plant layout it was necessary to attempt to locate the 
machine center aisles near their respective machines. The front half of the facility is home to the Large 
flexo , Small flexo and Rotary die cutter departments. The back half of the plant is where the Bobst die 
cutter and Printer departments are located. 

Table 2: Revised WIP Msf Holding Capacities 

Machine Center 70% 100% 125% 

Small Flexo 1901 .63 2716.61 3395.76 

Large Flexo 1959.34 2799.05 3498.81 

Rotary 2473.1 3533 4416.25 

Bobst 1385.19 1978.85 2473.56 

Printer 844.61 1206.58 1508.23 

Total .8563.87 12234.09 15292.61 

After computing the total msf holding capacity for each individual aisle in both WIP areas, these aisles 
within the same machine center were added together. This total supplied the 100% ·holding capacity. It · 
was important that the 100% level was above the peak daily msf production levels. The reason for this is 
that aisle widths will rarely be completely utilized and there will be instances in which the WIP inventory is 
composed of a higher than typical board grade. For this reason Table 2 also listed holding capacit/ at the 
70% level. However, these capacities are still very acceptable. Table 3 summarizes the results as 
percentages of peak msf produced. Every capacity level was above 82% of the peak 24-hour msf 
production . In other words, even at 70% capacity WIP inventory holds 19 hours and 40 minutes of 
production capacity (24 hrs. x 82%) for th~ machine centers. Additionally, holding capacity was computed 
at 125%. · 
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Table 3: Revised WIP Msf Holding Capacities Percentage of Peak Msf Produced 

Machine Center 70% 100% 125% 
Small Flexo 82.41 % 117.73% 147.16% 
Large Flexo 82 .30% 117.57% 146.97% 
Rotary 90.94% 129.91% 162.39% 
Bobst 84.08% 120.11% 150.14% 
Printer 84.64% 120.91% 151 .14% 

This was to take in_to account the nu_merous times that WIP inventories will consist of a lower than typical 
board grade or a different flu!e . During _these periods there will be more sheets per stack than previously 
calcul~ted . The t_otal hol~ing capacity numbers for the respective machine centers are very 
complimentary. ~his analysis leads to the conclusion that the revised WIP floor plan can satisfactorily · 
meet the production needs of each individual machine center. · 

The next step in the WIP conversion consists of modifications that will be made to the newly formed 
machine center aisles. The first alteration incorporates assigning numbers to each individual aisle. The 
methodology used will use separate number groups to identify aisle groupings according to column 
spacing . That is , the first set of aisles up to the first fire lane (column set) will be assigned 0 - 9. The next . 
set of aisles , as segmented by the next section of fire lanes (column sets) will be assigned 10 - 19. This 
allocation will continue with 20 - 29, 30 - 39, 40 - 49 and 50 - 59 until the every aisle in the front WIP area 
has been assigned a number. The back WIP area follows the same premise, but starts assigning 
numb~rs at 60 - 69. The distribution continues with 70 - 79, 80 - 89 and 90 - 99 being given to individual 
column segments. Through the use of this technique each columnar segment will be characterized by its 
own tenth place digit. 

The next step is to assign a specific color for each machine center. This color will be used to paint the 
assigned aisle number on the floor. This concept will aid the pull-pak drivers in identifying the aisles (large 
flexo, small flexo , rotary, bobst and printer) . 

The final step of the aisle modifications embodies installing dry erase boards at every other aisle division . 
That is, each dry erase board will contain information for two adjacent aisles. The purpose of these boards 
will be to allow the specific orders within an aisle to be documented in a visible fashion . The function of 
labeling each individual aisle is to provide an organized environment for WIP inventory. The benefits of 
this organization will involve both housekeeping and waste. 

The final step in the WIP inventory conversion includes modifying the processes and responsibilities of 
two areas. The first area requiring revision will be the position of pull-pak driver. In the new WIP inventory 
system, the pull-pak driver will play the most significant role . The driver will be responsible for informing 
the corrugator supervisor when specific machine center WI P inventories are full or near capacity. This 
added accountability would be seen in the increased attention that will be required for the driver to monitor 
his WIP inventory. 

The other area of change revolves around the corrugator supervisors . They will have the responsibility of 
confirming any reported WIP inventory issues and making the necessary adjustments to the corrugator 
schedule as needed. The responsibility for moving orders down in the corrugator line-up will not be an 
exact science. It will be at the discretion of the supervisor to place the order where it best fits in . This will 
be a factor of not only how full the particular machine center WIP inventory is, but also the existing 
corrugator schedule. It must however be understood by the supervisor group that this new ability to 
change· the schedule must be used with caution and not abandon . That is, the fact that WI P inventory for a 
machine center is full does not mean that an order or orders for that machine center should be moved to 

349 



5 

the end of the schedule. The order should be instead moved to a place in the schedule that will most 
closely correspond to the vacating of space for that machine center in WI P inventory. 

Conclusion 

A discussion would not be complete if the potential pitfalls of the new WIP inventory system were not 
discussed. The first potential problem can be seen in the increased need for effective communication 
between the lift driver and the corrugator supervisor. If orders are in the corrugator line-up for which there 
is no room in WIP inventory, then this must be communicated to the 9orrugator supervisor. This will allow 
the order to be moved and enable the running of the order that there is room for. This interaction must be 
done efficiently to prevent organization problems and/or downtime at the corrugator. 

The second area of concern is the possibrlity of an inability to run hot/rush orders, thus being unable to 
satisfy customer demands. For example, if the Large flexo WIP is full and a large flexo item is crashed 
into the corrugator schedule, the order. would not be run . To eliminate this as a potential problem the 
following must occur; enforcement of lead time requirements, enforcement of the new item process, 
enforcement of the policy of not producing orders until all necessary parts (cutting and printing dies) are 
ready and instilling accountability around and about these issues in the customer service and sales 
departments. If allowed to take place, any one of the above mentioned issues can put undue stress on the 
WIP inventory requirements and undermine the entire system. Although this pull system incorporates only 
one aspect of just in time production, management commitment to the system is still of the utmost 
importance. 

The cost for revamping the current WIP inventory system is minimal. White paint will be needed to convert 
the WIP areas to machine center specific aisles. Five gallons of paint should be enough to accomplish this 
task (5 @ $26) . Additionally, paint will be needed to color code the machine center specific WIP aisle 
numbers. Since there are five machine centers an another five gallons .of paint will be required (5@ $26). 
Eight hours of overtime will be needed for two pull-pak drivers to assist in WIP inventory removal for 
painting (16@ $22.5) . Eight hours of overtime will be needed for two employees to assist in WIP inventory 
aisle masking and painting ( 16 @ $24 ). Finally 32 dry erase boards and marking pens will need to be 
purchased (32 @$10). Additionally, approximately 2 hours of training per lift driver would be required prior 
to implementation (22 hours @ $22.5). Although these estimates are rough , it is apparent that the total 
cost of the conversion ($1 ,819) is insignificant when compared to the real possibility of realizing hundreds 
of thousands of dollars in benefits over the course of a single year. 

The success of this WIP conversion can be measured in numerous fashions. The most reliable measure 
would consist of tracking finishing equipment downtime caused by waiting for corrugator stock after 
implementation and compare the numbers with those measured in January and February 1998. This 
measure is contains the least variables and would prove to be the most accurate. Additionally 
comparisons could be drawn between waste before and after implementation, machine center productivity 

· levels before and after implementation, WIP physical inventory adjustments before and after 
implementation and number or machine set-ups before and after implementation . 
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This paper develops a neural network model to solve the kanban allocation problem in a TIT
controlled production line. To evaluate its accuracy, the neural network model results are 
compared to the results from using a ·more traditional approach; namely regression modeling. 
Our results indicate the superiority of the neural network model over the regression model when 
both models were compared to the simulation results. 

INTRODUCTION 
A TIT production control system employs a pull scheduling technique that is based on the use of 
information carrying cards, referred to as "kanbans", which are attached to individual products or 
containers to control the material flow. There are basically two types of kanbans: A production 
ordering kanban(P K) that shows the quantity of parts which the preceding process must produce, 
and a withdrawal kanban(WK) that details the quantity of parts which the subsequent process 
must withdraw. At each manufacturing stage, the inventory level is determined by the total 
number of kanbans, which are attached to the containers or parts as they circulate in the system. 
Reducing the number of kanbans in a given stage reduces the cost of holding unnecessary work in 
process (WIP). Excessive reduction of the number of kanbans, however, results in production 
delays and reduced throughput. Therefore, the allocation of the "right" number of kanbans at each 
stage of production is of significant importance in TIT-controlled production systems. 

TIT implementation and modeling has been described in hundreds of papers in various journals. 
The research on TIT philosophy and related models have been classified by Savsar[ 1,2] as: (i) 
conceptual and empirical studies, (ii) simulation models, and (iii) mathematical models. A 
comprehensive literature review on TIT studies was presented by Golhar and Stam [3]. Due to the 
stochastic · nature of the problem, it is generally difficult to determine the optimum kanban 
allocation by analytical methods. For this reason, simulation has traditionally been used. The use 
of simulation, however, is not always practical due to the combinatorial nature of the problem. 
Therefore, a new metamodeling approach, -combining various modeling tools to optimize TIT 
systems, is being used. Yu and Popplewell [4] presented a general review of metamodels in 
manufacturing. Aytug et al.[5] used a simulation metamodeling approach to determine the nµmber 
of kanbans in a two-stage TIT system. Kilmer et al. [ 6] built a neural network as a metamodel for 
stochastic simulation of an ( s, S) inventory system. The neural network estimates were then 
compared to the estimates by direct simulation, and the results from both modeling schemes were 
quite similar. Hurrion [7] developed a . neural network metamodel, trained with a limited set of 
simulation results, to search for the optimal kanban combination for a specific two-station 
problem. The neural network was trained, cross-validated and tested using 120 randomly selected 
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kanban combinations_ ~om an input space of size 279,000 possible combinations. Experiments 
conducted by Choue1ki and Mount-Campbell [8] demonstrated that neural networks trained with 
randomly selected data from the input space were poor in terms of performance when compared 
to identical neural networks that were trained with data selected according to some optimality 
criteria using combinatorial or inferential Design of Experiments. · 

In this study, two metamodels, a neural network and a regression metamodel, are developed using 
simulation results for a set of kanban combinations which · are selected by factorial design rather 
than at random. The best model is then selected and used for optimization. 

METAMODELING PROCEDURE FOR KANBAN ALLOCATION 
In this study, a six-step procedure, which will be explained in reference to a case problem, is 
utilized in metamodel development. The case study considered is a 5-station serial production line 
operated according to a demand pull strategy. This is a typical production assembly line example 
that may be seen in many industries. Time between demands and the processing times at stations 
were random variables distributed according to an Erlang probability density function. The line 
was synchronized with the demand pattern and mean time between demand, i.e., withdrawals 
from the finished products inventory, as well as the mean processing time at each station were 30 
minutes. The Erlang · distribution was selected to describe the processing times since it could 
describe a wide variety of random phenomena with different shape parameter. The mean of the 
Erlang distribution is defined as µ=a.p and its standard deviation is defined as cr---a.✓p. The 

coefficient of variation (CV), which is the ratio cr/µ, is given by CV= II ,J7i. The Erlang 

distribution is the sum of f3 exponential distributions; each with a mean of a. It takes the 
exponential distribution form when p = I . As f3 increases from I to oo, the CV decreases from I 

to 0. To achieve 'reasonably variable' demand intervals and processing times, f3 was set at 2, and 
consequently, the CV was 0. 707. 

In the case study, total number of kanbans to be allocated to the 5-station production line was 
fixed at 25 kanbans. Additionally, each station had to be assigned a minimum of 2 kanbans and a 
maximum of 5 kanbans. Based on these production constraints, the possible number of kanban 
combinations at each station was 10. Using the notation ij to represent i production ordering 
kanbans(PK) and J withdrawal kanbans(WK) at each station, the IO possible combinations at each 
station are: 11, 12, 13, 14, 21, 22, 23, 31, 32, and 41. Given the 5-station production line, there 
are 105 = 100,000 possible kanban combinations to simulate. Running all 100,000 simulations 
would approximately require 10,000 to 15,000 hours (each simulation run requires 6-9 minutes of 
input/output and computation time), and would not generally be recommended. Therefore, an 
experimental design approach is utilized to select a limited number of kanban combinations to be 
simulated. Followings are the steps of the metamodels developed. 

Step I~ The theory of factorial designs was used to select the limited set of kanban combinations. 
In a recent study, Savsar [I] found that for a serial production line, changing the kanban 
combination at a station from ij (i PK, j WK) to ji (j PK, i WK) did not have a highly signific~nt 
effect on the WIP and production delay time as long as the sum_ P~ +WK was constant for ~tatlon 
i. Given this valuable piece of information, the number of combmatlons that should be considered 
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at each station of the case problem narrows down to four kanban combinations with· a sum of 2, 
3, 4, and 5 kanbans, where 2 is the combination _ of 1 PK and 1 WK; 3 is a combination of 1 PK 
and 2 WK, or 2 PK and 1 WK; 4 is a combination of 1 PK and 3 WK, 3 PK and 1 WK, or 2 PK 
and 2 WK; and finally, 5 is a combination of 1 PK and 4 WK, 4 PK and 1 WK, 2 PK and 3 WK, 
or 3 PK and 2 WK at each station. While this is a large reduction in the size of the problem at 
hand (from a 105 to a 45 factorial design), we were interested in reducing the problem size even 
further to a 35 factorial design (five factors, each with three levels; or in the terminology of the 
problem at hand, five stations, each with three kanban combinations). The latter design is more 
widely used in industry, less complex, and results in running only 243 simulation runs. Three 
levels were selected by cho0sing a low level ( a sum of 2), a high level ( a sum of 5) and an 
intermediate level (randomly from a sum of 3 or 4). As a result, the levels selected were the 
kanban combinations 11, 12 (selected ~t random from the possible combinations 12, 21, 22, 13, 
31), and 23 (selected at random from the possible combinations 14, 41, 23, 32). 
Step II: A simulation model was coµstructed for the 5-station TIT production line based on the 
SIMAN language [9]. A total of 10 simulation runs were made for each of the 243 possible 
kanban combinations, and the average performance measures (WIP and delay time to meet the 
demand) were computed. A simulation period of 10,000 minutes of line operation for each run 
was found to be sufficiently long for accurate results. 
Step III: There are several JIT production line performance measures utilized in the literature. In 
this study, two conflicting performance measures (i.e., response variables) were incorporated into 
the simulation model: these were the Work-in-Process level (WIP) and the Production Delay in 
meeting the demand on time. An aggregate performance measure, which is a weighted function of 
WIP and Delay, as defined by Total Cost TC = t (WIP) + (1-t) (delay), is used. After some 
experimentation for an interesting value of the weight r, it was set to 0.4. 
Step IV: After computing the total cost for all 243 combinations, neural network and regression 
models, described in the following sections, were designed. Both models were then used to 
estimate the aggregate cost function and their results were compared. 
Step V: The neural network model results were very close to simulation results and thus 
performed better than regression. It was therefore decided to use the NN model to search for the 
optimum kanban allocation. 
Step VI: The trained neural network was used to estimate the cost for each of the 100,000 
possible kanban combinations and the optimum combination with minimum total cost was 
determined. This numerical exercise took only a mere 20 minutes. This would have otherwise 
taken 10,000 to i5,00.0 hour~, had the overall search been done using simulation . . · 

The Neural Network Model 
Artificial Neural Networks (ANNs) are alternative computational tools that ·consist of a large 
number of simple processing elements, all interconnected, and in parallel. The design of these 
networks was inspired by the biological neural network. ANNs have several features that -makes 
them successfully implemented. They are massively parallel and interconnected, and thus, 
hardware and software implementations are much easier. ANNs have a high tolerance to noise 
since knowledge and information are generally stored throughout the network (in the form of 
weights) rather than in a complex-structured central processing unit. They can realize powerful 
modeling capability for arbitrarily complex nonlinear functions (Hornik [ 101). The most 
commonly used type of ANN is the multi-layered feed/ orward backpropagation trained neural 
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network (Rumelhart et al: [11]). _Networks of this type are very general and can approximate 
accurately complex mappmgs. This topology is used in this research due to its demonstrated 
success in a va~ety of function approximation and classification problems, including quality 
control, forecastmg, robot systems, control, etc. _ 

In general, the neural network's performance is a function of several design parameters; such as 
the number of hidden layers, the number of nodes/hidden layer, the type of transfer function, and 
the training factors. Identifying a set of parameter combinations that can lead to optimum neural
network performance for a specific problem has been mostly done by trial and error. Recently, 
using factorial and fractional factorial designs, a new experimental algorithm was developed for 
building a 'quasi optimal' NN to solve a given problem (Choueiki et al. [12]). The latter method 
was used in developing the topology in this research. The number of input layers was determined 
by cascade correlation algorithm (Fahlman and Lebiere [13]) The final NN model definitions are 
summarized in Table 1. 

Table 1. Neural Network Model Definition 
Architecture ■ F eedforward NN with 10 input, 6 hidden, and 1 output 

layer nodes. 
■ Sigmoid Transfer Function in Hidden and Output layers 
■ Input data normalized between O and 1 

Computations/Termination ■ Training: Cumulative Backpropagation Rule; updating 
the weights iteratively after a complete pass through the 
training data set 

■ Randomness: Weights initialized to small numbers from 
Uniform (-0.2,+0.2), and random presentation of training 
examples during training 

■ Gaussian noise was added during training to avoid 
getting stuck at a local minimum. 

■ Training Termination: Minimization of root mean square 
error on an independent data set (Hoptroff [14]). 

The NN input vatjables were the number of production and withdrawal kanbans at each of the 
five stations. Thus, nodes 1 and 2 presented to the network the number of PK and WK at station 
1, respectively. Similarly, no.des 3 and 4, 5 and 6, 7 and 8, and 9 and 10, presented the number of 
PK and WK at stations :2, 3, 4, and 5, respectively. For example, the input vector 
(1,2, 1,2,2,3, 1, 1, 1, 1) presentJd to the network the following kanban combinations: Station 1 has 1 
PK and 2 WK. Station 2 has 1 PK and 2 WK. Station 3 has 2 PK and 3 WK. Station 4 has 1 PK 
and 1 WK. Station 5 has 1 PK and 1 WK. The output layer had only 1 node that produced an 
estimate of the total cost as defined in TC equation. 

As obse~ed from the 35 factorial design, 243 input/output examples were available; 100 randomly 
chosen examples were used for training, 100 randomly chosen examples were used_ for cross
validating while training, and the remaining 43 examples were used to evaluate the tramed neural 
network model in terms of producing an accurate cost. The root mean square error was used as 
the metric for measuring the accuracy of the neural network during training. 
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The Regression Model 
A regression model was fit to the simulation results for WIP and delay time using the results of 
first 200 kanban combinations. The models are as follows: · 
WIP model: Y 1=-l .442949-l.597832X11+0.516895X12+0.626143X21+0. 755933X22 

+ 0.865481X31+ l .030579X32+0.85l376Xn+ 1.219144:X..2 
+ l.159596X51+0.980315Xs2 

Delay Model: Y2=16.951948+1 .229215X11-l.254674X1i-0.349375X21-l .209495X22 
-1.180 l 98Xw0.662923X.1+0.348700X.2-0. l 96532Xs1 
-O. l 77267X11X22+0.243468X11Xw0.637429X11X32 

-0.467921X11X.2+0.346358X12X21-0.374922X21X31 
-0.6 l 6994X22X31+0.303758X32X.n 

where, Xij= Number of kanbans allocated to station i=l,2,3,4, or 5. j=l represents PK and j=2 
represents WK. The performance measure function is the weighted combination of WIP and delay 
as TC=0.4*Y1+0.6*Y2. The remaining 43 combinations, out of 243 factorial design comer points, 
are used to compare the NN model results with the regression model results. 

RESULTS AND CONCLUSIONS 
The neural network and regression model results were compared with respect to their deviations 
from simulation results based on (i) 43 runs of the original 243 factori~l design points; (ii) 50 
simulation runs for randomly selected from 100,000 combinations never seen by the NN and 
regression models. Mean absolute deviations (mad), average % error (%err), root mean square 
error (rmse), and rmse% values are shown in Table 2 for both models for the two sets of runs 
described above. 

Table 2. Comparison of NN and Regression Deviations from the Simulation Results 

Metamodel Original 43 runs from the design Randomly selected 50 runs 
mad %err rmse rmse% mad %err rmse rmse% 

N. Network 0.116 1.10 0.146 1.38 0.276 2.61 0.319 3.02 
Regression 0.227 2.26 0.268 2.74 0.704 6.63 0.969 9.09 

Looking at these_ results, it can be seen that the NN performance for the 50 random runs was 
worse than its performance for the 43 combinations. This was expected since the NN was trained 
with the .243 factorial design comer points and it had never seen the 50 random cases. However, 
the results are still acceptabl~. The regression model on the other hand did really bad with the 50 
randomly selected · interior points. In general, more than 5% average error, which is the case 
regression, is unacceptable. 

Based on these results, it is concluded that NN metamodel performs much better than the 
regression metamodel. The optimum kanban allocation for the given serial 5-statfon production 
line, as previously mentioned, was determined by feeding all possible 100,000 combinations 
through the trained · neural ~etwork. The minimum total cost with its associated combination 
represented the optimum solution. For the case problem considered, the optimum solution was 
the kanban combination 41, 14, 11, 11, and 11, for stations I, 2, 3, 4, and 5, respectively. It 
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should be_ noted that stations were numb~red form the end of the line due to the pull system. 
Thus, station 1 corresponds to the last station on the line. The associated minimum total cost was 
8.295756; this was an aggregate cost obtained by combining the WIP and delay costs with 
weights of 0.4 and 0.6, respectively. The total number of kanbans used in the optimum system 
was 16, even though the maximum allowed was 25 kanbans. There were several other solutions 
that had aggregate costs within I% of the optimum solution. The optimum, as well as all of 
nearby solutions the kanban combination of 41 assigned to the last station. This was due to the 
fact that the last station in a pull system always serves as a buffer in meeting the demand. In other 
words, the higher is the capacity of the last station, the shorter is the delay time, and as a result, 
the smaller is the total aggregate cost. 

For the 5-station production line with a maximum of 25 kanbans allowed to be allocated to the 
line, it was necessary to evaluate 100,000 possible kanban combinations by simulation in order to 
determine the optimum. While simulation requires I 0-15 thousand-hours of computation time, it 
was possible to evaluate all these 100,000 possibilities in 20 minutes with a trained neural network 
model. The proposed procedure can be utilized by the production planner or IlT production 
control unit of a company to determine the best kanban combination that is suitable for their 
system. 
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ABSTRACT 
Information Technology (IT) provides organizations with a vehicle for exercising control over 
their activities. This paper examines an attempt by a large government agency to utilize IT to 
attain improved control over its depot maintenance operations. The study highlights formulation 
and implementation errors that led to failure. 

BACKGROUND 
Information and control are essential components of organizations, and Information Techn.ology 
(IT) provides organizations a vehicle for exercising control of their activities. This study 
examines an attempt to use Information Technology to attain improved control over the U.S. Air 
Force's depot maintenance operations. It was an attempt to implement a Manufacturing 
Resources Planning (MRP 11) system in a military repair environment. This was a unique 
application because MRP II was originally designed for a stable, batch, repetitive type of 
operation which functions in an almost certain environment. Logistics is an area that utilizes IT 
in the daily performance of logistics tasks. IT has become a critical element in the control 
systems established by organizations to insure effective performance and efficient use of 
resources. Advanced IT involves the generation, aggregation, storage, modification, and rapid 
transmission of information \}tilizing computers and related equipment. More specifically, IT 
refers to any processes, practices, or systems that make it easier to process and transport 
information. Many organizations have utilized IT to improve their information process 
capability. 

In November 0f-1984, Air Force Material Command's (AFMC) predecessor began its efforts to 
replace the 1970s vintage hierarchical batch-processing nonintegrated, automated data 
processing systems with integrated, relational database on-line systems. This Logistics 
Management Systems (LMS) Modernization Program encompassed virtually all AFMC 
functions and mapped out a strategy of low risk, modular replacement by the outmoded systems 
with new hardware, software, and communications capabilities [11]. After reviewing efforts to 
adapt the existing job control systems in July 1985, AFMC selected Manufacturing Resources 
Planning II (MRP II) as the replacement for its depot maintenance planning and control systems. 

The AFMC decision to implement MRP II as part of its maintenance planning and control 
system represented an ambitious undertaking. MRP II has been shown to be a capable system 
when used in manufacturing settings with firm output schedules and product lines that are 
smaller and less subject to change and modification than AFM~'s [3]. The _greatest b~nefit MRP 
II had was the use of a single database for all aspects of operations (scheduling, matenal 
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requisitions, shop capacity, finance) thereby eliminating redundant input of identical data into a 
variety of systems [7]. This capability would have been a major enhancement to AFMC data 
systems that then required redundant input of the same data into multiple databases. 

This was an attempt to improve AFMC's ability to forecast, plan, and control its depot-level 
repair activities. To accomplish this, AFMC attempted to adapt commercially-used MRP II 
software to the military depot environment. While there are many similarities between 
commercial manufacturing and military maintenance, there are also ·some very significant 
differences. The principal difference is that the commercial demand that MPR II is traditionally 
used with is dependent demand which is largely deterministic while military repair demand is 
primarily probabilistic. AFMC adoption of MPR II was an attempt to modify a manufacturing 
system to provide AFMC with maintenance planning and control [3] giving USAF organizations 
improved, timely support at lower cost After all, this was talcing a tool designed for application 
in the very specific and certain environment of manufacturing and transferring it to the very 
probabilistic and uncertain environment of military repair. This effort represented a radical 
departure from the existing norm, and it was not without some inherent dangers. 

Some of the dangers of this MRP II system would manifest themselves in the following ways: 
this intricate system would require more manpower resources than its predecessor; the size of the 
database would increase; the accuracy requirement would change from the then current Depot 
Maintenance Material Support System GOOSM standard of33 percent variation from standard 
[10] to virtually zero since 100 percent accuracy was required for 98 percent of the records in the 
Bill of Material (BOM) database [12]; more capable shop support personnel would be needed to 
fully exercise the system's extensive capabilities [1] [13]; and in this era of leaner budgets, 
AFMC was buying a costly system [11] [13], with an estimated implementation price of $242 
million [ 11]. Even given th,~se potential problems, the anticipated benefits of a successful 
adaptation were significant. The Air Force Audit agency had validated the savings potentially 
attributable to this system during its first eight years of operation at $666 million [ 11]. This not 
_insignificant figure was a summation of the projected savings in increased productivity ($275 
million), reduced overtime ($130 million), reduced inventory ($130 million), shortened repair 
cycles ($122 million), reducing floating stock (which are serviceable components used in the 
maintenance shops to reduce repair cycle times) ($6 million), and $3 million in other 
miscellaneous areas [ 11]. Thus, the Defense Maintenance Management Information System 
(D:MMIS) was born. 

-IMPLEMENTATION 
As part of the D:MMIS implementation effort, conversion teams were formed at each of the 
depots. At the Sacramento Air Logistics Center (ALC), the team consisted of 225 personnel who 
received an intensive 144 hour education in MRP II [ 12] concepts which was typical of the 
training for all the depots. These cadre were responsible for leading and overseeing the -
implementation effoqs at their respective depots. To the best of the author's knowledge, no 
official quantitative analysis_ was performed to determine data, man-hour,_ or any other impact of 
the conversion to MRP II; however, the author in an earlier study did conduct a sampling of a 
"typicaf' shop that-found the following: 
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1. The distribution of the number of Bill-of-Material (BOM( components was exponential 
heavily dominated by BOMs in the Oto 3 component range. ' 

2. Sixteen percent of the production numbers within the division had no BOM. 

3. Two of the 42 sample BDMs had over 100 percent coverage, that is, the BOM included 
more components than were listed in the technical data. 

4. The transition from repair BOMs to MRP II BOMs (100 percent complete at 98 percent 
accuracy) would expand the database by a factor of 10.94. · , 

5. Inactive BOMs absorbed over half of the entire material support database. 

6. The average number ofBOM components declined from 1983 to 1990. Comparing 
Division data to a previous survey of the entire Directorate, the average active BOM had 
shown a decrease in component items. 

These findings and accompanying recommendations to solve the problems were made available 
to the Sacramento ALC implementation team, but were not utilized. 

After the initial pre-implementation activities and preparation were evaluated, the Ogden, Utah 
ALC .was selected to first implement D:MMIS. Air Force Operational Test and Evaluation 
Center (AFOTEC) conducted a qualification and operational test and evaluation (QOT &E) of 
DMMIS at the Odgen Air Logistics Center (OO-ALC), Utah from 6 December 1993 to 18 March 
1994. The purpose of the QOT&E was to evaluate the operational effectiveness and suitability 
of DMMIS, identify deficiencies, and make recommendations for improved operation, 
maintenance, and logistics supportability. The results of this QOT &E supported the Major 
Autom~ted Information System Review Council (MASIRC) Milestone III decision. Based on 
demonstrated performance during QOT &E, D~S was determined to be operationally 
effective and suitable; however, AFOTEC identified areas that could have used improvement. 
Five critical operation issues were identified and highlighted during QOT&E [4]. 

In July 1994, the MASIRC accepted the finding of QOT &E and approved the Milestone III 
review. This allowed the D:MMIS system to be exported to other ALCs. At the same time, 
MASIRC also approved the Program Management shift from an Air Force program to a Joint 
Logistic System Center (JLSC) managed program. JLSC is chartered to achieve Corporate 
Information Management (CIM) goals across DOD for logistics business areas. The JLSC has 
the responsibility for defining and managing the DOD corporate logistics data resources, 
managing the design, development, implementation of integrated logistics processes and 
systems; and facilitating the development and implementation of improved business processes. 
DMMIS had thus been selected to manage commodities workloads across all DOD depot 
maintenance areas rather than solely within U.S. Air Force depots, even though all its associated 
and identified problems had not been resolved [ 4]. 

Unfortunately, D:MMIS did not live up to its original promise. DMMIS and the Commerical
Off-The-Shelf Manufacturing Resource Planning (COTS MRP II) module had been seen as the 
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heart of the new and improved reparables management systems capability. It was hoped that 
they would enhance production management capabilities for the repair, remanufacturirig, and/or 
overhaul ofDOD's commodity market workloads [3]. DMMIS ran into problems. The DOD 
Inspector General alleged that $89.5 million was used for six unauthorized delivery orders for 
DMMIS and related maintenance information system programs. The money was provided only 
for installation and achieverri.ent of full operational capability [ 4]. The decision was made in 
June 1996 to discontinue DMMIS. A specific follow-on effort cannot be verified because DOD, 
USAF, and AFMC are not publicly commenting on the current status. They are simply listing it 
as unfunded. There was, however, a decision in 1996 to look for a replacement system perhaps 
using solely COTS MRP II. 

CONCLUSION 
D:M:MIS ran into far more problems than originally anticipated. The study referenced earlier 
pinpointed some future potential areas that should have been examined and corrected. In the 
author's opinion the following are the chief causes for the demise ofDMMIS. 

1. The difficulty of transferring MRP II from a manufacturing to a repair environment. 

This attempt was a unique application because MRP II was never designed for a repair 
environment [8]. It was originally formulated for a stable, batch, repetitive type of operation 
which functions in an almost certain environment. Military repair is·the complete antithesis 
of this because it exists in a highly uncertain and probabilistic environment. Although MRP 
II has had some limited _success in a few small scale repair applications, its success in an 
application of this magnitude was always problematical [8]. _ In fact, MRP II has had a fully 
successful implementation rate of less than one in ten even in manufacturing' s certain 
environments [2] [5] [7]. 

2. The stringent :rv1RP II requirements for 100 percent complete and 98 percent accurate Bills 
of Material. 

This requirement is reasonable and attainable in an environment where certainty is the norm, 
and it makes sense there [7] [9] [13]. In a repair environment, however, it is overly 
stringent. These onerous and exacting requirements have historically driven up the cost of 
system implementation [9], and required a heavy commitment of resources [1]. Even with 
that level of effort, research has shown that the primary cause of failure in MRP II systems 
is the lack of accuracy in BO Ms [ 1]. The stated level is probably realisticaliy unattainable in 
a repair environment. 

3. The extensive computer and manpower resource requirements necessary to convert from the 
existing repair to the new MRP II BOMs at the specified level of accuracy had not been 
fully appreciated .nor understood. 

The Air Force unrealistically assumed that the implementation could be accomplished 
within existing· manpower resources. Just how nonsensical this planning premise was can be 
shown by an experiment and an extrapolation that was conduct in conjunction with the 
author's previously mentioned earlier study. The shop in question had 899 BO Ms 
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compos~d of approximately 214,500 -components. The average actual time it took a 
production planner to perform a BOM expansion was 18.8 man-hours per BOM. If this is 
extrapolated for all 899 BOMs, that equals 16,901.2 man-hours or the equivalent of 8.1 
man-years to fully convert that one shop. For all of Sacramento Air Logistic Center this 
extrapolated to 56 man-years of labor solely for preparation and entry. There is no way this 
workload could have been handled with existing manpower. 

4. The existing organizational culture was not ready nor had it been prepared for such a major 
philosophical shift as was required to successfully implement MRP II. 

The organization culture was accustomed to experiencing a far lower level of accuracy than 
MRP II demanded. Within the context of the uncertain repair environment, this was 
reasonable and realistic. Besides the system worked well and was relatively effective in 
accomplishing the repair mission. There was no preconditioning nor training of personnel 
and no change in the uncertain repair environment, yet the accuracy level was raised 
significantly. This drew a response that resisted the change, and it was viewed as an 
unreasonable imposition, of perhaps an impractical and impossible goal. The culture did not 
support the change effort. 

5. The changing political and budgetary climate was significantly different during 
implementation than it had been at the adoption of MRP II and the DMMIS program. 

When the decision was made to begin the conversion to MRP II, the Cold War was going 
on. Military manpower and budgets were high and dollars flowed to the Department of 
Defense. By the time implementation efforts were undertaken, the environment had 
radically altered. The Soviet Union and the Warsaw Pact had collapsed, and the nation was 
looking for a peace dividend. There was a reduction in force size, the number of bases, and 
~ilitary budget allocations; however, the mission to support the existing force structure at 
the highest level of readiness had not changed. Thus, the Air Force found itself reducing the 
number of personnel in the production shops while simultaneously attempting to bring on 
line this more complex MRP II system that demanded increased resources to accomplish the 
BOM conversions. The,workload exceeded available resources. 

. l 

Given the history of MRP II and its lack of success cited earlier, it seemed predestined to 
fail in this new and unproven application to a repair environment. I think the old axiom of 
trying to fit a square peg in a found hole applies to this endeavor. 
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ABSTRACT 
Nowadays many organizations are improving their process and products to satisfy their customer 
requisites, the legislation and the environment. This necessity, which arose due to a variety of 
pressures or even from a new environment conscious, is conducting businesses to question about 
their productive processes and their technologies and adopt a new posture to face the 
environment questions. This article describes how a metallurgical business is adopting a new 
form of action utilizing a methodology of Clean Production to improve their efficiency through 
simple solutions in their processes to reduce the generation of residues, and how benchmarking 
is being used to identify new technologies less polluted and become more competitive ·in their 
market. 

1. INTRODUCTION 
Our world is changing probably more quickly than we ever thought. In recent years, various 
segments in society have become more interested in relation to the economic impact of 
environment regulations. In north America, East Europe and some countries in Asia and Latin 
America, the consciousness for environment protection is increasing more and more. For 
Rondinelli (1996) this consciousness has increased due to knowledge more and more diffused 
from impacts to the health of people caused by environmental degradation and the pollution from 
toxic residues. Nevertheless, the environmental study is confronted with an uncertain future with 
the approximation of the 21 st century, since the resources are more and more scarce and not all 
of the studies will be able to be developed, therefore causing the researches and the professionals 
in the area to interest themselves in the environmental questions. 

The liberalization of the Brazilian market has placed local producers in direct contact with these 
more demanding international consciousness. Within this context of globalization and transition, 
Brazilian companies have engaged in adapting to the new condition, a process that requires 
changes in terms of production technology, organizational technology and market orientation. 
More specifically, metallurgy industry in Brazil needs to undergo a transformation not only as 
regards its operational processes, but also in terms of its mentality. This sector has an expressive 
participation in the economy and contributes approximately 2.4% of the Gross National Product. 
At the .,same time, it is a sector that generates a reasonable amount of residue, which is in part the 
outcome of its process inefficiency. 

In order to fulfill the new market requirements and remain competitive, such companies need, 
amongst other things, to pro.mote a more rational use of their resources, since it is important not 
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only to achieve effectiveness but also to comply with the legislation, to serve the community and 
to be ahead of their competitors. 

Considering what has been exposed so far, this paper aims at showing how a metallurgy industry 
used Clean Production Technology as a tool . to improve effectiveness and become more 
competitive through the rational use of its resources, reduction of residues and recycling of some 
products and further suggest ·Benchmarking as methodology to begin the study and development 
of these techniques. 

2. CLEAN TECHNOLOGIES: THE NEW THINKING 
The environmental pollution is an incurable sickness and it only can be prevented. In this 
meaning, the production processes which generate the pollution need to be modified to eliminate 
them. The idea is to prevent/avoid the ·pollution instead of collecting it, treating it and disposing 
it from one place to another. This concept, which Geiser (1991) also expands is called the Clean 
Production and is the path for sustainable industry, being that the author still includes all the 
social, economical and technological system through which the goods are produced. In this 
manner, instead of simply focusing on the residues, materials or technologies he units these 
elements in one integrated view which considers the environmental and economical results as 
equal determinants of a healthy society. 

The Clean Technology or ~lean Production is being immensely recognized according to the 
Brazilian Institution Euvaldo Lodi (IEL/SC, 1999) as an essential way in the direction to 
sustainable development. But what will be of Clean Technology? The principal objectives in 
implementing clean technology - aside from the improvement of conditions to man and the 
environment - is in eliminating or reducing the residues at the source, by modification of the 
product and or process, and to optimize the resources and energy consumption. Upon adopting 
this · new thinking, the businesses are assuming more responsibility in this implementation of 
better technologies and in the improvement of management systems. The clean technologies 
~ould provide, then, an ample spectrum of environmental services, transformation of toxic 
residues by rapid restoration of degraded ecosystem, where, the challenge presented by the idea 
of sustainable industry passes to be the development of knowledge of techniques and materials 
which guarantee that the businesses of tomorrow will be as clean and secure as productive. 

3. UTILIZED METHODOLOGY 
Minimize residues and emissions also means to increase the degree of the utilization of raw 

· materials and energy used in the production (increase of efficiency) until the ideal case of 100% 
utilization which guarantee~ a process free of residues and emissions. For the company, the 
minimization of residues noi only is an environmental goal but, principally an oriented program 
to increase the degree of utilization of the materials, with technical and economical advantages. 
Due an intense evaluation of the process production, the minimization of residues and emissions 
generally induce a process of innovation within the company. 

The company being used in this case study is a medium sized metallurgy industry, located in the 
state of Santa Catarina (South Brazil): It changes an average of 1,700 Ton/month of steel pipes 
and plates into over 120 different types of electrical installation parts. To apply the methodology 
of Clean Production, the followings steps were done: 
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(1) pre-evaluation of the company; (2) identification of the process for the methodology to be 
imple.mented;_ (3) elaborat~on of the technical/environmental diagnoses; ( 4) evaluation of the 
techmcal/env1ronmental diagnoses; (5) viability study of the items reported in the diagnoses; 
(6) implementation_ program of Clean Production Technology; (7) identification of indicators; 
(8) documentation of the results and (9) implantation of improvements. . These steps were 
developed by the compap.y in the period August to December 1998, and the general results 
will be described as follo;w. 

Table I: General results of Clean Production 
Possibilities of Clean Investment US$ Benefit US$ Environmental 
Production Identified Measure 

Optimize the cutting of bars 358.00 605.00 Reduction 720 Kg/mo. 
to the Pin (20%) of refuse of bars. 
Reutilize the water in the 1,300.00 1,186.00 Utilization of 564,000 
step to notch (80%) liters/mo. of water 
Reduce the generation of 1,600.00 2,426.00 Reduction of2,429 
residues in the zincing Kg/mo. (residues) 
(from 45% to 27%) 
Change the package from 750.00 1,910.00 Reduction of 9,340 
wood (20%) Kg/mo. (wood) 
Identify the causes of high · 12,000.00 26)000.00 Reduction of 
consumption of electric consumption of energy 

. energy ! of20,000 KWH/mo 
TOTAL 24,000.00 99,520.00 

Starting with these results the company is carrying out Benchmarking in the galvanoplastic 
sector, an area where they lose a lot -of raw materials and a large quantity or residues is 
generated. 

4. ENVIRONMENTAL BENCHMARKING IN THE DEVELOPMENT OF A CLEAN 
TECHNOLOGY 

By looking for the technological innovation through the development of clean technologies to 
improve their productive processes and diminish the negative impact upon the environment, 
some companies become world-wide recognized as potential references for a partnership 
environmental benchmarking. However, many organizations have difficulties in beginning the 
development of new projects, whether it be for lacking of technical capacity and ignorance of 
how the new arrangements can contribute to the improvement of environmental performance, or 
in how to have access to these new technologies with the intention of facilitating the transfer of 
knowledge and a partnership between these companies, it is recommended that benchmarking be 
utilized as the instrument to begin the development ofa clean technology. 
In order to achieve the objectives of innovation and improvement of process and product, this 
met,llurgical company utilized a synthesis of the principal attacking of benchmarking proposals 
by Sabino (1997) which, when applied in the development of a clean technology, resulted in the 
following phases: 

4.1 Management of the Btnchmarking Study 
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The first step taken was to determine what to compare. By means of methodology of clean 
production the principal point of residue generations was identified, which in this· case was 
galvanoplastics. By emitting a lot of residues, it was sought to understand this critical process 
and the form in which it impacted the business of the company - considering the internal and 
external clients, the society and the environment. This is important because according to Waltson 
(1994), benchmarking referred to the comparison of processes, practices and methods used in 
one company in relation to : others, and showed begin with the detailed understanding of the 
proper organizations. For thi~, the process was documented through its flow diagram defining the . 
entrances and exits, analyzing the flow and its respective ways of performance. In this phase, 
basic instruments of quality and an attacking more integrated between the business process 
improvement and benchmarking, according Sabino's suggestion (1997). Soon afterward, the 
company elaborated its strategies, business goal and objectives for the short, medium and long 
term, and where the implementation of a clean technology could be introduced in this context. 
The following step, it defined generic benchmarking as being the most indicated in the 
development of a clean technology since that, in this type of benchmarking, the participating 
companies would form parts of the most varied types of industries. One study of generic 
benchmarking tried to identify, according Leibfried & McNair (I 994) the best structures and 
practices in order to work with determined areas. Or in other words, the objective in examining 
the development of the process of reductions of elimination of residues of the galvanoplastics, in 
comparison with the target company of benchmarking is to obtain a sufficient correspondence 
between the central aspects of the two processes to assure that the solutions used by the studied 
company could be adopted by the sponsor of the study. 

Afterwards, was to define which requisites should be established for the selection of 
benchmarking partnerships, · with this objective and for the characterization of the degree of 
importance which whatever specific company could have as a potential partnership of 
benchmarking. These requisites, according to Watson (1994) are regarding the type and culture 
of the company, organizational structure, technology of product and process, key indicators of 
p_erformance and style of decision making. With the basis of these requisites, in the preliminary 
information of process and the types of benchmarking, a company was chosen to the invited to 
the partnership. This company also localized in the South of Brazil, is a large exporter of metal 
plates and galvanized iron. 

Finally, there was established a methodology of information collection to be utilized with the 
chosen company. This step of information related to the specific requisites looking for the 
answer to the following question: How do they do it? · 

4.2 Comparing and Analyzing Information of the Companies 
After having collected all th~ information of the process, having defined the measures and gaps 
of performance and chosen the company, an initial contact was made to arrange a visit and 
compare the information. The initial contact was made by high management which were armed 
with all the information to obtain the support. To make this contact, the partnership company 
was given a clean purpose of the study of benchmarking. It is important, according to Zairi 
(I 995) an exchange of information in two directions should not be used as a one way opportunity 
to obtain information aiming to attain an advantage in the short term. Or in other words, the two 
companies must gain with this practice. This exchange of information should be, according to 
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Watson (1994) confidential to the responsible of the two companies and follow a code of ethics 
or conduct of benchmarking. 

With the acceptance _of the partnership, the companies elaborated a document containing the 
objectives of the work, measures to be identified, detailed chi-onogram, involved teams, 
limitations of the study, industrial secrecy, involved sectors and of what form should be made the 
transfer of information and of technology. The metallurgical company was aware of what also its 
should present its processes to the partnership and depending how the new technology was 
implanted and perfecting it, . should communicate with respect to the improvements and gains. 

_ With the formalization of the document began the step of comparison of the information where, 
the company that received the invitation, presented in details the productive process, technology 
utilized, the performance obtained in terms of competitive advantages and the benefits obtained · 
by their clients, by the society and environment. 

In this step of the study special attention was given to the measures related to cost, quality, 
productivity and the emission rates. The objective of this phase of analysis, according to 
Liebfried & McNair (1994) is to develop new flows of work in such form that the changes are 
explored in details in documents and through discussions, resulting a reformulation of the actual 
operations to adequate them to the better practice studied. 

4.3 Adaptation of Clean tec~nology 
This phase still hasn't been started but with the completion of this former steps _ a plan of 
implementations of the change of process is expected. After having been mapped and compared 
the production processes, th~ production means of both companies and the existing relation with 
the clients and the environment, it is desired to transfer the knowledge .and adapt the technology 
of one company to the other. Truly, this is the great challenge since the making of a study of 
benchmarking doesn't signify purely and simply copying one process or technology but, adapting 
them to the necessities of the company. As Schmpeter (1947) argumented once "The companies 
possess the capacity to create as well as to adapt answers to the most different situations". 
However, a company in order to an implementation needs to destroy, according to Leibfried & 
McNair (1994) the traditional myths, creating this necessity or a new solutions, of a new way to 
fill the gap. Meanwhile, the ~cceptances continues being the principal barrier to the change in the 
organizations which could become a !imitating factor. To create this new way, the team involved 
must use creativity and generate ideas to develop mechanisms or even a new process which 
attends the requisites. The presence of manufactures of materials and researches also could 
contribute to the implementation of technology. In this phase, also are established functions 
goals and the performance may be constantly measured with the development of clean 
technology final tests will be made before the operation of productive process. 

4.4 Improvement ; . 
The implantation of a new • technology can't guarantee, immediately, that the new productive 
process brings all the expected benefits. This is because many adjustments still should be 
executed. However, the objective of this phase is to conduct selected improvements in the 
organizations and apply the learned knowledge during of study of benchmarking. In this phase, 
measures will be made to . compare the performance of the actual process in relations to the 
former. These measures should be related to the technological changes and of the product, 
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recycling, residue treatment, row material substitution and reduction of the resources, such as 
water and electric energy. It will be verified if the new process is proportioning a really clean 
production, without the high rates· of atmospheric emissions, solid residues and liquid effiuents. 
Actions will be implemented and progress monitored. The references will be recalibrated all 
during the period, the economic and environmental benefits will be evaluated and goals for the 
future established. Only through adequate selection goals to attain the expected results of a 
process · more and more clean and the implementation of what is necessary to attain this 
determined goals, a company can be stimulated in relations to the Ghange. To have . the ability to 
establish the types of goals which realistic challenge an organization offer, according to Watson 
(1994) an opportunity for i~provement. At this moment, the participants of the other company 
will not so intense but it win receive, in accordance with the initially combined, the feedback of 
the actions and obtained improvements. Finally, a seminar between the two companies could be 
made at the end, to evaluate the evolution of the study. 

5. CONCLUSION 
The four phases suggested above could suffer alterations in accordance with the necessity of 
each company, or in other words, there does not exist just one strict model. In this manner, 
benchmarking is not a methodology which purposes to save the organization from all evil. When 
well applied and managed ii will be motive for important transformations to the organization 
level, striving always towards the philosophy to continuously improve the products and process 
according to the eye of the client and the environment. For the study -of benchmarking to be 
effective, it is not enough to only know what is the better company. The planning, analysis and 
the improvement of themselves alone, will not guarantee the success of benchmarking, if the 
practices which new compared with other companies do not reflect the expectations of its clients, 
society and the understanding of the environmental questions. 

It has been proven, through this work, that the methodology of benchmarking could complement 
clean production bringing knowledge and new technologies solutions which will minimize the 
~nvironmental impact caused by admittedly degrading processes. 
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RESTRICTIONS 

Abstract 

Ameer Salem and Robert L. Armacost · 
Department of Industrial Engineering and Managem~nt Systems 

University of Central Florida 
P.O Box 162450 

Orlando, FL 32816-2450 

We present a multi-phase heuristic algorithm for the problem of minimizing makespan on 
unrelated parallel machines with machine eligibility restrictions ( Rm IM/ Cmax ). No preemption 

of jobs is allowed. To evaluate the performance of the proposed heuristic algorithm, the heuristic 
solutions are compared with lower bounds on the optimal objective function value. The results 
show that the algorithm can yield solutions within a few percent of the lower bound solutions with 
performance improving as the number of jobs to be scheduled increases. 

INTRODUCTION 
The problem of scheduling unrelated machines in parallel is a generalization of both the uniform 
and the identical parallel machine scheduling problems. The differences are dependent on 
processing times. The processing time of job j on machine k is equal to Pile for unrelated 

machines, Pi I V1c for uniform machines where V1c is the speed factor for machii:ie k, and Pi for 

identical machines. The specific problem that is considered in this paper involves scheduling 
unrelated machines when machine eligibility restrictions are present. In particular, there are n jobs 
to be scheduled without preemption on m unrelated machines in parallel. Each job is to be 
assigned to a machine and each machine can process at most one job at any time. However, not 
all of them machines are capable of processing each job. For each job}, there is a set of machines 
Mj (j = I, ... ,n} capable of processing that job. This is the machine eligibility restriction. It is 
assumed that job j becomes available for processing at time zero and requires a positive integer 
processing time P

11 
if it is assigned to machine k (k = 1, ... ,m). The objective is to schedule the 

jobs so that the maximum completion time, Cmax, is minimized. 

The primary objective of this research is to develop a heuristic algorithm to find a good, quick 
solution to the unrelated parallel machine problem with machine eligibility restrictions where the 
objective is to minimize the makespan. The heuristic algorithm that is used to solve the problem 
uses a constructive heuristic to assign jobs to machines followed by an improvement heuristic to 
modify and improve the solution. The paper is organized as follows: The second includes a brief 
revie~ of existing approaches for unrelated machine scheduling that involve machine eligibility 
restrictions. The third seciion includes a description of the proposed multi-phase heuristic 
algorithm and the following section illustrates the computational studies to evaluate the 
performance of the proposed heuristic algorithm. The final section includes conclusions and 
directions for further research. 
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UNRELATED MACHINE SCHEDULING WITH MACHIN_E ELIGIBILITY 
RESTRICTIONS 
There is an extensive literature on· parallel machine scheduling that was reviewed by Cheng and 
Sin [2]. Many authors assume that machines are identical, so that the processing time of a job 
dose not depend on the machine to which it is assigned. Garey and Johnson [ 5] showed that the 
problem of scheduling two identical machines to minimize makespan is NP-hard. Clearly, the 
problem that is considered in this paper which involves the machine eligibility restrictions and the 
more general unrelated machines where the processing times have mf special structure is also NP
hard. Therefore, the existence of a polynomial time algorithm is highly unlikely. Consequently, 
for parallel machine scheduling problems of this type, most researchers have studied heuristic 
methods which provide an approximation solution. 

For the unrelated parallel machine scheduling problem without machine eligibility restrictions 
( Rm I IC max t Horowitz and Sahni [7] developed a heuristic that is similar to Sahni' s [ 11] for 

identical machines. The earliest completion time heuristic (ECT) was presented by Ibarra and 
Kim [8] who also developed another four heuristics that are based on ECT. For more developed 
algorithms for unrelated parallel machines without machine eligibility restrictions see [3, 4, 6, 10]. 
Recently, Salem and Armacost [12] developed a heuristic for unrelated parallel machine 
scheduling that is based on· a multi-phase approach for solving multi-depot vehicle routing 
problems. 

In general, there has been little treatment of machine eligibility restrictions in the literature. When 
machine eligibility restrictions (Ali) are involved, Pinedo [9] showed that the least flexible job first 
(LFJ) rule is optimal for (Pm I P1 = 1, ¾· I Cmax) when the¼ sets are nested. Centeno and 
Armacost [ 1] considered machine eligibility restrictions when machines are identical and proposed 
an algorithm to minimize maximum lateness on identical parallel machines with release dates and 
machine eligibility restriction~ for the special case where due dates are equal to release date plus a 
~onstant. 

To date, there have not been any reported results that consider the problem of minimizing 
makespan on unrelated parallel machines with machine eligibility restrictions ( Rm IM i IC max ) • 

The heuristic algorithm described in the following section extends the multi-phase heuristic for 
unrelated parallel machine scheduling [ 12] to accommodate machine eligibility restrictions. 

MULTI-PHASE HEURISITC ALGORITHM 
The proposed heuristic algorithm uses a constructive heuristic followed · by an improvement 
heuristic to solve the problem · of minimizing makespan on unrelated parallel machines with 
machine eligibility restrictions. The phase I constructive heuristic assigns jobs to machiQes and 
the phase 2 improvement heuristic improves the previous solution. Here, a "solution;' is a 
satisfactory feasible as·signed sequence of jobs to machines. The proposed constructive heuristic 
to assign jobs to machines is modeled on a concept used by Salhi and Sari [ 13] to solve the multi~ 
depot vehicle routing problem (MDVRP) by making an initial assignment of selected jobs and 
then assigning the pending jobs. This approach was implemented by Salem and Armacost [12] to 
address unrelated parallel machine scheduling without machine eligibility restrictions. 



Let m iobU) correspond to the number of. machines that are capable of processing job j, and 

nn,achiM(k) correspond to the number of jobs that can be processed by machine k. 

Phase 1--constructive heuristic 
The constructive heuristic follows two steps to assign jobs to machines: 

Step I-Initial job assignment to machines. For eachjobj (j = 1, ... ,n), the ratio of the minimum 
machine processing time to the second shortest machine processing time is computed. If a job can . 
be processed by only one machine, the job is assigned to that machine. Otherwise the ratio is 
compared with a selection parameter a . If it is smaller than, the job is assigned to' the machine 
with shortest processing ti~e. If it is larger than a , the job is pending and is assigned to a 
machine in step 2. 

Step 2-Assignment of pending jobs to machines. The jobs that are pending after step I are 
arranged into groups of jobs that can be processed on the same set of machines. The groups are 
ordered by increasing order of the number of machines that can process the jobs in each group. 
The jobs in each group are then ordered by decreasing values of the average (over the machines) 

of the processing time. Specifically, the values are computed as _I_ i {( )lnmachine(k)} for 
, . m job(j) k=l 

each pending job. Following that order, the pending jobs are assigned to machines that result in 
lowest partial makespan. 

Phase 2-improvement heuristic 
The result of phase 1 is an ar.signment of all jobs to machines. To modify the solution further, an 
improvement heuristic can be used. The composite exchange heuristic that was developed by De 
and Morton [ 4] is implemented to modify the solution. The composite exchange heuristic consists 
of two stages. In the first stage, a job is selected from the machine that produces the largest 
makespan and inserted it into a machine that is capable of processing that job and produces the 
lowest makespan. In the second stage, two jobs are exchanged, one from the machine that 
produces the largest makespan and one from the machine that produces the lowest makespan. 
The first stage is applied first using the constructive heuristic schedule as input. Then using the 
resulting improved schedule as input to the second stage, a further reduction in makespan is 
attempted. The procedure continues by repeatedly applying the first stage and the second stage 
until no further reduction in rnakespan is possible. 

3 T 'I N T 
Bounds and performance measures 
The algorithm is coded in Borland C++ and implemented on a Pentium 233 personal computer. 
Because optimal solutions can not be found (in reasonable time) for large size problems, heuristic 
soluti~ns are compared with lower bounds on the optimal objective function value. The lower 
bound, LB, is the maximum of three possible lower bounds, LB I, LB2, and LB.3, a~d is used to 
~valuate the performance of the heuristic algorithm. LB I assumes that pr?~essmg time for eac~ 
Job will be the minimum pos~;ible over all machines, and that the absolute nuru~um ~ould occur 1f 
jobs could be uniformly as~igned to all machines. LB2 accounts for the s1tuat1on where the 
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processing time for a single job may exceed the average over all machines. LB3 accounts for part 
of the machine eligibility restrictions by computing the minimum ·processing time required by jobs 
restricted to a single given machine. Let Ait be · the set of jobs that can be processed by only 
machine k (k = 1, .. . ,m), and SumPA

1 
be the summations of all the processing time jobs that belong 

to set Aic. The lower bound is determined as follows: 

LBl= ~ :i: ~n (Pik) 
_ m j =l k- 1, ... ,m 

LB2= ~ax { min (½k) } 
J=l , ... ,n k=l, ... ,m 

LB3= max { SumPA } 
k=l , ... , m 1 

LB= max (LBl, LB2, LB3) 

Let Z lb be the best lower bound, L~, and let Z h be the makespan obtained from the heuristic 

algorithm, then our measure of performance is Z = Z h - Z lb x 100 . 
Zlb 

Experimental design 
Three factors are considered.· The factors and their levels are as follows: 

Number of jobs: (15, 30, 45, 60, 75, 90, 105) 
Number of machines (2, 4) 
Selection Parameter a (0.5, 0.7, 0.9) 

The processing times for each job on each machine · are uniformly distributed on the interval [ 50, 
100]. The times were generated using the random number generator in the Borland C++ code. 
Fifteen replications were conducted for each factor combination. A total of 630 problem 
instances were examined. In order to account for machine eligibility restrictions, jobs were 
~ssigned equally to each possible grouping of machines. For the 2 machine problem, possible 
groupings are machine 1, machine 2, and machines 1 and 2. With 15 jobs, five would be assigned 
to each group and the machine eligibility sets created. For the 4 machine problem, there are 15 
groups: four singletons, six pairs, four triples, and one group with all four machines. When there 
are 15 jobs, one is assigned to each group. 

Results 
· The simulation results for the experiment included in Table I show that the average of the percent 
deviation between the proposed heuristic solution value and the lower bound value is lower than 
or equal to 2.9, 2.65 and 2.31 when a = 0.5, 0.1 and 0.9, respectively. There is considerable 
variability as the number of jobs increase for a given number of machines. The performance for 
the different job levels compared in Figure 1 illustrates that performance improves as the ·number 
of jobs increases. The lower bound values are not good estimates of the optimal solution when 
the number of jobs is small. For m=2 and n=15, the average· deviation from the optimal solution 
(obtained by solving the IP) is 0;153, 0.186, and 0.069 for the three levels of a. This compares 
with 3.208, 3.002, and 3.639 for the lower bound comparison. Similarly, for m=4 and n=15, the 
comparisons are 4.238/13.251, 2.089/12.250, and 1.457/11.527. The heuristic algorithm does a 
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much better job than indicated by the lower bound comparison. For larger values of n, however, 
the lower bound is the only basis available for comparison. 

Test# Machines Jobs 

1 2 15 
2 2 30 
3 2 45 
4 2 60 
5 2 75 
6 2 90 
7 2 105 
8 4 15 
9 4 30 
10 4 45 
11 4 60 
12 4 75 
13 4 90 
14 4 105 

Average percentage deviation 
from LB 
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Table .1. Computational results 

Percentage deviation from lower bound (LB) 

a=0.5 

3.208 
1.417 
0.919 
0.620 
0.508 
0.303 
0.239 
13.251 
7.278 
3.673 
2.788 
2.542 
2.024 
1.878 
2.896 

60 

Number of Jobe 

a=0.1 

3.002 
1.415 
0.529 
0.631 
0.360 
0.274 
0.316 
12.250 
5.618 
3.515 
2.662 
2.678 
1.780 
1.973 
2.643 

75 90 

Figure 1. Comparative performance 
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a=0.9 

3.639 
.1.267 
0.794 
0.564 
0.377 
0.311 
0.339 
11.527 
4.910 
2.386 
2.200 
1.368 
1.252 
1.275 · 
2.301 
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CONCLUSIONS 
In this paper, we have developeded a heuristic algorithm to · minimize makespan on unrelated 
parallel machines with machine eligibility restrictions. The algorithm uses effective concepts from 
multi-depot vehicle routing heuristics and applies them to unrelated machine scheduling. The 
performance of the proposed algorithm, measured as the percent deviation between lower bounds 
on the optimal objective function value and the heuristic solution values show that the algorithm 
can yield solutions within a few percent of the lower bound solutions. 

It is important to realize that machine eligibility constraints are a common occurrence, but there 
has been little empirical work to evaluate heuristics for this domain. This research starts to 
establish some basic results in this area and will provide a foundation for addressing more 
practical scheduling problems in unrel~ted machine scheduling. 
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THE SUCCESS C~F THE CELTIC TIGER: A CASE STUDY OF IRISH 
MANUFACTURil~G SYSTEMS AND DISTINCTIVE COMPETENCIES 

By 

Paul F. Tully, Ph.D. 
California State University, Sacramento 

.ABSTRACT _ 
Ireland has been called the Celtic Tiger because of the phenomenal growth its economy has 
experienced in the last decade. This paper analyzes four Irish manufacturing firms. The 
production system of each is examined, and the paper then focuses on the common distinctive 
competencies responsible for Irish manufacturing success. 

BACKGROUND 
The Irish economy has emerged at the center of the European economic scene since the late 
1980s after centuries of underdevelopment and a tradition of emigration by a population that was 
underemployed at home. Ireland today has been tagged the Celtic Tiger to draw attention to the -
similarity between Ireland's rate of Gross Domestic Product (GDP) growth and those of several 
Asian nations in the early 1990s (10). The term Celtic Tiger is based on the premise that Ireland 
has. been an underdeveloped country which is now moving into the group of developed nations 
(8). The Asian Tigers of South Korea, Taiwan, and Singapore based their success on a concerted 
government effort to build a strong, high-tech, and innovative indigenous industrial sector that 
was capable of winning markets overseas (7). This has not been as true for Ireland. 

Ireland's industrial policy has been focused on and more preoccupied with getting multinationals 
to es~ablish a base in Ireland (7). The Celtic Tiger appears to be based primarily on the 
multinational corporation (MNC) manufacturing sector ( 11 ). In fact, most of the success of 
Ireland's economy appears d.ue to a small number of growth sectors all dominated by 
multinationals (8) of U.S. origin. The greatest portion oflreland's impressive economic growth 
performance has been due to the growth of exports, and more than half of these merchandise 
exports originate in five higq-tech sectors: computers, computer software, chemicals, 
pharmaceuticals, and soft-drink concentrates (9). Indigenous manufacturing firms have been 
able to grow by becoming s~ppliers to the MNCs. 

Whatever the specific reason underlying Ireland's success, there is no arguing that it is real. The 
International Institute of Management Development, a Swiss-based economic think tank, uses 
259 criteria to rank 46 industrialized nations on competitiveness. These criteria include the 
domestic economy, internationalization, government, finance, infrastructure, management 
science and technology, and people. The criteria are utilized to construct a table highlighting 
which countries are best at providing conditions for businesses to be competitive. In 1998, 
Ireland was ranked I I th in the table of the world's most competitive economies ahead ofboth 
Britain and Japan (6). This supports the 1997 Irish Central Statistics Office (CSO) statement that 
Ireland was the fastest growing economy in the developed world with a 6.9 percent rise in Gross 
National Product (GNP) following 7.8 percent and 8.8 percent increases in 1994 and 1995. The 
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CSO stated that these figures confirmed Ireland's place as the fastest growing economy of the 29 
developed nations in the Organization for Economic Cooperation and Development (3). Other 
indications of Ireland's significant economic growth are falling unemployment, shortages in 
some occupations, rising employment of Irish university graduates in Irish businesses, and 
efforts to induce immigration of foreign workers to fill existing vacancies (4; 5; 10). 

THE COMPANIES 
This paper examined four Irish manufacturing firms from different-industries to uncover any 
common factors or competencies that would help explain the success of the Celtic Tiger. None 
of these are U.S.-based MNCs operating in Ireland. Two are older, more traditional Irish 
companies that are MNCs in their own right, and are highly successful. The other two are 
successful and profitable firms that have become suppliers to MN Cs for at least part of their 
business. · 

Sullivan Bluth Studios Ireland Liniited 
This Dublin based company capitalized on a competency in what Business Week describes as 
Ireland's key strength, software development (1). Sullivan Bluth was a pioneer in the field of 
computer animation.· The trz.ditional method of producing animated films involved hand 
drawing a series of individua;I frames that sequentially showed minute changes in position, but 
when combined and moved rapidly created the illusion of actual movement. The creation of 
these individual frames was an intricate, highly creative process that was expensive and 
consumed a lot of time. The advent of computer animation has made the production of these 
animated films faster and cheaper with no degradation in quality. Sullivan Bluth first employed 
this computer-oriented process on the 1989 hit film, "All Dogs (lo To Heaven," and has 
subsequently utilized it on follow-up films. They have also worked in conjunction with 
American film companies to produce additional animated feature films. 

The Sullivan Bluth production system is a classic job shop. Each film is a unique effort that is 
. customized to fit the requirements of the story line and the director's wishes. That is, the effort 

is focused on low-volume (actually single unit), high-variety products. All facilities and 
resources are organized around performing processes. There is a high degree of product 
flexibility as different products move intermittently between processes. The individual processes 
are designed to perform a wide variety of activities and can handle frequent changes. These 
facilities have a high variabl~ cost generally combined with extremely low utilization of the 
facilities. This is a high-tee~ endeavor that requires employees to be creative and highly skilled 
in their respective crafts as well as being knowledgeable on a variety of general-purpose 
equipment. Workers at Sullivan Bluth are_ well educated and possess high-level technical skills. 

Carraigbui Limited 
This manufacturer of electrical power supplies and wiring bundles is located in Durrus, Gounty 
Cork. The name in the Irish language means yellow rock which was the original name for the 
area in which the town is lo~ated. Its principal customers are MNCs that produce computers and 
other sophisticated electronic equipment. The facility employees approximately 70 personnel 
which are all drawn from the local area that is primarily rural farming country. The Managing 
Director of the firm stated that he would only hire employees from rural backgrounds that still 
live on farms. He felt these employees had a unique work ethnic that urban residents did not 
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possess. ~.11 the e~ployees poss~ssed t~e rough equivalent of an American high school diploma, 
but the Insh educational system 1s considered to be one of the finest in Europe. Conversations 
with ma?a~ement and employees produced a_ picture of an organization that is partially 
paternalistic, but also one where employees' ideas are sought and initiative rewarded. 
Employees are encouraged to develop and attempt both product and process improvement. 

The actual production process is a combination of several different approaches. In essence, a 
plant-within-a-plant (PWP) configuration is the facilities layout plan utilized. This involves 
physically dividing the manufacturing site by using partitions, walls, different entrances, or aisles 
thus dividing the available space into different work areas or "separate" plants. Each of these 
areas is then focused on the unique needs of the different product lines or products being 
manufactured. In Carraigbui' s case there are three primary product areas. The first produces a 
wiring bundle to the unique specifications of an electronics manufacturer. This product is 
manufactured at individual work stations where all the necessary components have been precut 
and placed so that each worker assembles the complete wiring package at one work station. The 
second area produces an electronics board in an assembly line configuration that moves the 
product through a series of workstations and into quality inspection and testing. The final 
section of the plant involves the use of a stamping machine to produce a specific component for 
another electronics manufacturer. This operation is the most physically separated from the rest 
of the PWPs because of the poise associated with the stamping.machines. This PWP approach 
provides significant gains in sustaining, qualifying, and meeting order-winning criteria, and helps 
Carraigbui attain a competitive advantage. 

Wate,f ord Crystal Limited 
The name Waterford is synonymous with quality and fine crystal. The company has a global 
reputation and certainly qualifies as a world class manufacturer. Waterford has a stated official 
goal of being not only the world's largest, but also the world's best producer of crystal. The 
tools and techniques utilized in manufacturing the product have changed little since the plant was 
opened in 1783 . Crystal is produced from a mix of silica sand, potash, and litharqe which is 
converted into molten crystal in furnaces heated to 1,400 degrees Celsius (3,000 degrees 
Fahrenheit). This molten crystal is blown into various shapes by craftsmen utilizing their .artistic 
instinct, their breath, and such traditional tools as hollow iron rods and handmade wooden molds. 
Personnel employed by Waterford are highly skilled and go through an extensive period of 
training before they are fully qualified. For example, blowers, cutters, and designers all go 
through a five-year apprenticeship and then three additional years for blowers and cutters but 
five more years for designeri before they are considered masters at their craft. The education 
doesn't stop there either. The company has joined forces with the Waterford Institute of 
Technology (WIT) to create and pay the fees for a program that brings new technical s~ills and 
self-development opportunities to its shop floor workers. The purpose of the program ts to create 
a versatile and multi-skilled workforce, and to retain skilled manual workers to help them adapt 
to workplace technological change. Nearly 300 of Waterford's 1,500 employees are ~urrently 
enrolled at WIT, and anothe:..- 800 crystal workers have already been awarded completion 
certificates by WIT (14). Most employees begin their Wate~ord_ career~ at 17 years old after 
graduation . . The average age of all employees is 34 years which ts relatively young. 
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Waterford uses a process focus in its manufacturer of small standardized batches of different 
types and styles of crystal. All pieces go through essentially the same processes, but the skills 
are applied in a different manner depending on the specific product. The-routing sequence of 
each piece of crystal is through blowing and shaping, annealing, blank processing, marking and 
cutting, and finally engraving and sculpting, if necessary. Each piece, even if it is of the same 
type and design, is unique because of human inability to exactly replicate individual pieces. For 
example, wine glasses of the same design will differ in height, thickness, length of stem, and 
other ways because the crystal blowers cannot replicate the item exactly each time. 

Blowers work in teams of three and on average about 25 percent of their output is misblowrt with 
another 10 percent rejected for bubble defects in the crystal. They are paid by piece rate, and 
earn nothing for rejects. They can correct the defects on their own time with no additional pay, 
but the corrected piece would then couht against their piece rate. If correction is impossible, the 
crystal is melted down and used in the mix again. Next comes cutting and sculpting. The crystal 
cutters learn and memorize 10 basic·designs with 42 basic patterns and hundreds of individual 
variations. If they forget, there are models available for reference. Another 10 to 15 percent of 
the crystal is rejected by quality control after cutting. This brings the total rejects to 
approximately 50 percent of the pieces originally blown. Designing and engraving are done only 
for new or special pieces commissioned to Waterford. 

Irish Distillers Limited 
This group is a consortium o'rirish whiskey producers that distill the five principal brands of 
Irish whiskey: Bushmills, Jameson, Paddy, John Power and Sons, and Tullamore Dew as well as 
the multiple offering within the brands. The original name for whiskey is derived from the Irish 
words Uisce Beatha (which are phonetically pronounced "ish'ke-ba'ha"'). This means the water 
of life when translated into English, and reflects just how seriously the Irish take the product. 
The oldest distiller, Bushmills, first began producing in 1608 and represents the oldest, still 
active distillery in the world (12). The Jameson brand is currently the largest selling Irish 
.whiskey in the world. Irish Distillers Limited has two primary locations. One is located at the 
Jameson Heritage Center in Midleton, County Cork, and it produces all brands except Bushmills. 
The other is located at Bushmills, County Antrim, and produces only the various types of 
Bushmills. This separation is necessary because the water in Antrim gives Bushmills a unique 
taste. 

The manufacturing process used by the Irish Distillers Limited is a batch proces~ for each of the 
· standard brands. Irish whiskey production starts with barley that is taken to a kiln for drying 
using anthracite because it is

1 

a smokeless fuel. Once the barley is dried, the malting process 
begins. Here the barley is soaked in water and then arranged on the floor to germinate naturally. 
When the barley begins to sprout, it is placed back in the kiln to dry. This halts the germination 
process. The malt that emerges from this stage is sweet tasting and contains several essential 
natural enzymes. Th~ malt is then ground in a mill to make it ready for mashing where it is 
combined with barley and boiling water, and agitated for several hours in large kieves by rotating 
rakes. The remaining liquid, called wort is drained off and sent to large collecting tanks. After 
cooling, the wort is placed in large wooden containers with yeast added to convert sugars to 
alcohol. The resulting liquici, called wash, is feed into a still to remove impurities. The liquid 
remaining after distillation has a very high alcohol content which can be reduced by adding 
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water. Finally, the whisk~y is placed in oak casks. for years of aging. Irish whiskey is the only 
whiskey in the world that 1s distilled three times for purity and smoothness (12). 

CONCLUSIONS 
After reviewing these four manufacturers and the relevant literature, we can identify some clear 
reasons for the success of the Celtic Tiger and its ability to draw MN Cs to operate in Ireland. 
These reasons can be classified under two categories: the government and the work force. 

The Government 
. l. Much of Ireland's economic growth can be credited to the success of economic policies 

adopted over the years by various governments which made it easier to attract MNCs. Even 
10 years ago Ireland was among the poorest countries in Europe (2). 

2. Ireland's entry into the European Union (EU) led to the receipt of structural funding that 
facilitated the creation of a modem commercial infrastructure in the country (13). 

3. A low 10 percent corporate tax rate for manufacturing companies that through transfer 
pricing allows them to minimize the cost of imports and maximize the cost of exports (9). 

The Work/ orce 
1. Ireland has the most educated workforce in Europe (11), and this has been an attraction for 

_high-tech MNCs. 

2. A labor pool that speaks English as its principal language has proven a draw for American 
MNCs desiring to enter the EU. · 

3. The work ethnic of the Irish people and their dedication and ability to turn out quality 
products (as cited by the Managing Director of Carraigbui Limited). 

These factors and distinctive competencies give Ireland a competitive advantage and have 
greatly contributed to the success of the Celtic Tiger. 
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ABSTRACT 
Intense competition in Central and Eastern European markets has produced an intense search 
for tools that would allow companies operating in the area gain a sustainable competitive 
advantage. Due to the time pressure resulting from forthcoming ascension of several of these 
countries into the European Union and the creation of the European Free Trade Zone, these 
companies are looking for proven tools and quick fixes rather than developing structural 
organization-wide development programs. The quick fix tool of choice preferred by the 
management has been achieving ISO 9000 certification by purchasing template solutions and 
hiring consultants to customize them to meet local needs. The hope has been quickly 
achieving world-class levels of quality, building an organization focused on quality and 
improving profitability. However, there are numerous examples of companies that achieved 
ISO 9000 certification at a significant.cost with no improvement in product or service quality. 
In some extreme cases ISO 9000 certified companies were forced out of business by the 
competition. These facts invite a question whether ISO 9000 certification is a useful tool in 
imp~oving product quality at all and if so, when should it be used most effectively? In 
answering this question we present a strategic framework for using ISO 9000 certification to 
achieve a sustainable competitive advantage. 

1. INTRODUCTION 
The closing of a strategic gap between the countries of Central and Eastern Europe and the 
Western economies depends - among other issues - on the appropriate selection and application of 
quality management tools and techniques. The programs based on the implementation of Total 
Quality Management (TQM) are inherently long-term. They require a change of a company 
culture from traditional and hierarchical, based on traditional autocratic management style to one 
that is decentralized, hollow or virtual based on participative and entrepreneurial leadership style. 
Unfortunately, top corporate managers in Central and Eastern Europe are hired on a 3-5 year 
contract basis and are evaluated periodically solely on the basis of their financial results. 
Co9sequently, they are not willing to adopt a long-term perspective that is necessary to 
accomplish the cultural transformation necessary for a successful TQM implementation. Instead, 
they are interested solely in s·earching for quick fixes that make them look good in the short run 
but' are detrimental to the company in the long run. One such band-aid solution frequently used 
today by corporate management in an effort to address quality problems with products and 
processes is ISO 9000 quality certification. This also includes derivative programs that build upon 
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ISO 9000 such as QS 9000, AS 9000 and others. While these initiatives can be of significant 
benefit when properly coordinated with other strategic and quality initiatives, they cannot alone 
solve the conformance and performance quality problems faced by Eastern and Central European 
businesses. As a matter of fact, under certain scenarios achieving ISO 9000 certification can be 
detrimental to the company's competitive position and even to its survival. There are many real 
world cases of Central European companies that achieved ISO 9000 certification and went out of 
business or abandoned the ISO 9000 effort soon after for the following major reasons: 
• · High quality improvement expectations held by management anci employees that result from · 

the achievement of ISO 9000 certification failed to material~e, 
• Significant effort involved in preparing the documentation involved in achieving the 

certification failed to produce tangible benefits for the employees, 
• The ISO 9000 project failed to strengthen (or was not originally consistent with) the 

capabilities and strategic objectives of the company. 

Failure to effectively manage corporate cultural change necessary for a successful implementation 
of quality improvement programs is also partially due to a lack of local availability of modem 
business management skills. The traditional university level education systems operating in these 
countries have been slow to adapt to the needs of the market. Many of these programs continue 
to produce graduates possessing a narrow range of mainly technical skills while today's employers 
frequently search for generalists with excellent communication and people management skills. 

In summary, what the businesses in Central and Eastern Europe need today are comprehensive, 
long term solutions to structural problems responsible for deficiencies in process and product 
quality. The existing educational and training establishment in Central and Eastern Europe is 
largely unprepared to offer comprehensive solutions to these structural business problems of 
economies in transition. The 'purpose of this paper is to provide a structural framework for quality 
improvement programs for businesses in transition so that the unquestionable benefits of formal 

. quality certification can be utilized. 

In Figure I we present a brief overview of the ISO 9001 and QS 9000 quality system certification 
requirements. It is clear, that the QS 9000 certification requirements fully include ISO 9001 
applied to all manufacturing processes. Moreover, both quality management systems require 
comprehensive and in-depth 'solutions that are consistent with strategic needs of the company. In 
order to be successful, these ~hanges typically necessitate fundamental changes in organizational 

. systems and their principles of operation. Both certifications require company-wide 
comprehensive effort to document existing practices and/or to incorporate customer requirements 
in specific areas. In fact, some 70 percent of the effort involved in obtaining quality system 
certification is typically devoted to preparing the necessary documentation in the form of forms, 
instructions, procedures and the quality manual. Therefore, the certification process shoulc\ be 
viewed as a way to "freeze" the current status quo and should be selected only when the current 
position of the company is consistent with its strategic goals. 

2. A STRATEGIC MODEL FOR QUALITY IMPROVEMENT 
The experiences of the companies implementing quality systems based on ISO 900 I and QS 9000 
indicate that there exists a need to develop a model integrating a variety of quality management 
tools and techniques. Such a model would be beneficial to managers working in the area of 
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development and implementation of quality systems in organizations in a way consistent with the 
goals contained in the general strategy of the firm. This approach would help managers avoid 
seeking quick fixes to fundamental strategic problems facing their organizations. The 
improvements in the areas of process and product quality could then be better integrated with 
general strategy goals. Such an approach would clearly improve overall organizational 
effectiveness. 

International 
Requirements 

Customer 
Requirements 

INDIVIDUAL 
SUPPLIERS 

Quality 
Manual 

Procedures 

Instructions 

Additional Documents 

IS0-9001 
QUALITY 

. STANDARD 

General Customer Requirements 
QS-9000 System Requirements 

Production Parts Approval Process 

Specific Customer Requirements 

CUSTOMER INSTRUCTIONS 
• Production Planning and Product 

Quality Management Plan 

/ 

•: Defect Analysis 
Measurement Systems Analysis 
SPC Foundations 

.._ _____________ ~ 

Methods (How?) 

Results and Methods of Operation 
Documents and Forms Database 

Figure 1. The relationship between QS-9000 quality management system and ISO 9001 quality 

. standard ( Corrigan, 1994) 
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The first step toward improving quality of processes and products must be the market· analysis and 
competitive benchmarking. As shown in Figure 2, an arbitrary process level ( e.g. the percent of 
rejects) has continuously improved for the world class level in a way consistent with the 
continuous improvement element ofTQM. We note that the selection of the area for improvement 
must also be consistent with the order-winning criteria and their relative weights as determined by 
the market. Competitors A and B have improved even more dramatically than the world class 
level and it can be expected that in the near future company A will emerge as the world class 
leader. Company B has a significantly better dynamics of improvement compared to company A 
while company C has not performed well as its process level has been declining. Let Cases 1 and 2 
represent hypothetical positions of a given organization against the competition. In Case 1, the 
size of the competitive gap revealed by competitive benchmarking analysis is relatively small so 
that the gap can be closed with relatively modest resources in a reasonable amount of time. In 
Case 2, the size of the competitive gap is relatively large and significant changes must take place 
to close the gap separating the company from its competitors and the world class level. TNOW is 
the time when the organization must · take a decision regarding appropriate methods aimed at 
improving quality possibly including achieving ISO 9000 or QS 9000 certification. 

Process 
Level WORLD CLASS LEVEL 

(With Continuo hnprovement) 

L------------------------=====;Competitonl 
B 

CASE 1 

C 

CASE2 ----------------""------------~----►~ 

Time 
TNOW 

Figure 2. The strategic map: Who are the players, where are they coming from? 

The second step must involve the analysis of where the company wants to be in the future. Let us 
consider three scenarios shown in Figure 3 and labeled respectively A, Band C for Case 1, and D, 
E and F for Case 2. For scenarios C and Fit is obvious, that for strategic reasons the company is 
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not interested in improving its performance on the selected characteristic. Therefore, nothing 
needs to be done in order to improve performance as any investment in process or product quality 
improvement including quality system development and certification would mean inefficient use of 
available resources and.would not be consistent with the strategic objectives. For scenarios Band 
E, the company is interested mainly in maintaining its present position although with a different 
magnitude of the competitive gap. As noted above, this can be accomplished using relatively 
modest organizational resources. For scenarios A and D, the company desires to close the 
magnitude of the competitive gap. Under scenario A, thiswill quickly lead to becoming the world 
class company without demanding large organizational resources. However, in case D the 

. transformation will be both C')stly and time consuming. 

Process 
uvel 

TNOW 

Breakthrough BPR ,''K WORLD CLASS 
LEVEL 

(With Continuo hnprovement) ·····•· 
.. 

. . .. .. ,. ------------:.f.~:::-::::::::-.:::::~;----~= .......... ..,,,. 
•• • • • • • • • • "Catch-up" BPR ..... .. 

A (ISO 9000/QS 9000, th~~ J'~\t) 

.. . . 
B (ISO 9000/Q~.?~90•, then TQM) 

. . . . . 
C ( do n~!~;,ig) 

. · .. . 
. . .. 

•o (BPR, then ISO 9000/QS 9000, then TQM) 

E (ISO 9000/QS 9000, then TQM) 

F ( do nothing) 

CASEl 

CASE2 

Time 

Figure 3. Where do we want to be? 

The third step in the process of quality improvement must be the ~ssessment ~f n~eds as 
determined in step two and comparing these needs agains! the av~dable orgaruzat1~n~ resources. 
When the resources are not available or would put excessive stram on other orgaruzat1onal 
functions, such as the ability to meet production and deli~~~ schedu_le~ the needs and the ~eso~rce 
allocations must be adjusted to bring about strategic eqmhbnum. This 1s done through an 1terat1ve 
process of strategy develop~nent and modification in response to the market. 
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The fourth step involves the selection of appropriate policies to achieve strategic targets in the 
area of process and product quality improvement As noted in Figure 3, under scenario·s C and F 
there is no reason to commit any resources to develop and certify a quality system since doing so 
would be contrary to the selected strategy. For scenarios A, B and E it is strategically appropriate 
to develop and certify a quality system and then use the tools and techniques of TQM over time to 
continuously raise the level of the process. This is because the current position of the organization 
in the market is consistent with its strategic objectives. 

However, under scenario D ,~chieving the quality system certification would be a strategic 
. mistake. Due to the documentation development and verification effort involved, the ISO 
9000/QS 9000 certification must be viewed as a strong "freezing" factor. This is appropriate only 
when the current levels of processes are consistent with where they are supposed to be under the 
strategy of the organization built in consideration of all the tradeoffs involved. Doing so for 
scenario D (which illustrates a situation typical of some 90 percent of Eastern and Central 
European businesses playing the catch-up game) would make any subsequent changes to the 
affected process significantly more difficult to make. This is highly undesirable since first a drastic 
change in the affected process is needed before "freezing" is applied. Only minor modifications 
can take place thereafter. He;ce, the appropriate way to proceed under scenario Dis to first 
reengineer (i.e. "unfreeze") t~e affected process. The BPR approach will dramatically change the 
process level to one that is consistent with the strategic target, i.e. near the world class level. 
After the process has been "unfrozen", the use the ISO 9000/QS 9000 certification (i.e. 
"freezing") should be applied. This should be followed by the use of continuous improvement 
based on the concepts of TQM. This way the organization will appropriately solidify the desirable 
changes that were made through business process reengineering ~PR. This will ensure effective 
utilization of organizational resources. 

4. CONCLUSIONS 
This paper reviewed the foundations and structure of QS-9000 automotive quality standards 
developed in the United States by General Motors, Ford, and Chrysler to ensure high 
consistency of deliveries of parts and components from their suppliers. A model integrating 
the tools and techniques developed for TQM, ISO 9000, QS 9000, competitive benchmarking 
and corporate strategy was presented. Using the model allows managers understand that 
formal quality certification programs do not alone guarantee the achievement of process and 
product quality improvements. The strategic benefits of quality system certification can be 
utilized only when they are properly interwoven with other available strategic tool~. 
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Statistical Process Control (SPC) has become an extremely important tool to quality and process -
improvement in recent years. Many manufacturing firms as well as service industries have 
adopted some ways of using statistical tools in their businesses. However, there is an absence of 
research that shows companies have structured method utilizing the statistical tools. It has 
become obvious that therei is a need to structure these tools in such a manner that any 
organization or company would be able to follow a recommended approach in their process 
improvement. As a result, a study of a step-by-step structured approach to Process Improvement 
was designed. 

INTRODUCTION 
For years, business people have set limited goals, and have been reluctant to look beyond the 
immediate need for improvement. We often · set performance goals for ourselves and our 
employees, and when they are reached, we are satisfied. We should in fact look beyond our 
original objective, and strive for a higher level of excellence. Today, in this world wide business 
era, the product that was good enough yesterday barely passes today's standards and will be 
inadequate tomorrow. This is especially true in a fast-pace manufacturing environment, such as 
the semi-conductor industry. We must continue to improve our quality standards if we want to 
stay in business. 

The objective of this paper is to demonstrate a structured approach to achieve process 
improvement.- In order to make rational decisions during process improvement, it is 
recommended to use the following step-by-step approach proactively. This step-by-step 
approach is basically derived from Deming's Plan-Do-Check-Act cycle. 1) Provide appropriate 
training to employees, 2) monitor and control processes with data and graphs, 3) investigate root 
causes to the problems; 4) select quality characteristics for improvement, 5) implement 
corrective actions for improvement, 6) evaluate the result of the implementation and start over 
again. 

This.., structured approach is·_ a never ending cycle, it will lead to a fruitful continuous process 
improvement. The example provided in this paper is based on data collected from Plasma Etch 
process from the semi-conductor industry. The same example will be utilized throughout the 
paper to demonstrate the use of different statistical/graphical tools. 
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PROVIDING TRAINING 
The first key element to the .success of process improvement is Training. Training ·has become 
so critical nowadays to ensure that everyone understands his or her role and responsibility in 
process improvement. We r,eed to train employees to recognize warning signs of problems and 
to identify the need for improvement. Management should teach employees the concept of "do 
it right the first time." Without the proper training and understanding of process improvement, 
employees may not have the expertise to understand where and how the problems arise, then 
preventive or corrective actions cannot take place. In a worst case·'Scenario, employees may not 
even recognize problems in the system. 

In manufacturing processes, measurements such as length, width, viscosity, color, temperature, 
humidity, particle counts, number of accidents, and percentage of rejected material are examples 
of quality characteristics. Knowing that all of these measurements will vary over time. Analysis 
of what causes the variation is used as a basis for action to improve the process. Therefore, an 
understanding of the concept of common versus special causes of variation is crucial to process 
improvement. Management should provide training to employees on common and special 
causes. Common causes refer to problems that are inherent to the system. Examples of common 
causes are machine variability or worker capability. Generally, 85% of the problems in the 
system are categorized as common causes. Special causes refer to problems that arise because 
something unusual has occurred. Examples of special causes are problems due to poor quality 
from an unqualified vendor or use of an improper tool. 

Error-free performance does not start with any new statistical method or problem-solving 
technique. It starts with each person having a thorough understanding of the job and having the 
confidence that he or she can do it correctly. Every employee should have knowledge and 
understanding of Statistical Process Control (SPC). Management should provide suitcase 
training to tailor the needs of different functional employees. For example, training classes on 
SPC can be offered in a more detailed and advanced level for engineers than for occupational 
_employees. Hence, all employees will have the skills needed to perform process control in their 
line of duties. The education program should entail preventive methods and techniques. It is 
always better and less expensive to prevent a problem than to correct one. This importance 
placed on training ensures a successful journey towards quality improvement. 

MONITORING AND CONTROLLING PROCESSES WITH DATA AND GRAPHS 
Why do we use statistical/graphical tools? Simply, there is no other tool that is .as powerful as a 

· well-chosen graph. Statistical/graphical methods provide powerful diagnostic tools for 
confirming assumptions and for suggesting corrective actions and improvement. A control chart 
is a good statistical tool for monitoring a measurement in a process. It collects data and plots a 
selected quality characteristic found from subgroups of observations. It also allows us to detect 
when a process is exhibiting unnatural patterns. (Safford 2-15) "When we have had major scrap 
on the line, I am conyinced that we could have caught it in time with the right trend rules on the 
control charts." "We lost $6 million dollars in scrap in 1990; We could have caught the problem 
by looking at SPC charts." raid Bob Koch, Vice President of Lucent Technologies, Orlando, FL. 
The objective might be to improve the yield of the process, to identify and remove special causes 
from a process, or to establish statistical control so that the capability of the process can be 
determined. The objectives should be summarized on the control chart form. After a period of 
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time, once the objective has been . met, the control chart should be discontinued or a new 
objective should be developed. 

When measurements . are plotted on a control chart as they ar_e collected, any signs of 
unnaturalness alerts us to take measurement and action. The investigation . of the root causes 
must be conducted in an objective manner. On detection of an out-of-control condition, identify 
whether it is a special cause or common cause. Special cause variation in a process usually 
causes extraordinarily low/high value much farther from target. When a special cause is 
identified, remedial actions should been taken to resolve the out-of-control condition. Then, the 

. out-of-control point(s) can b,e deleted, and the center line and control limits can -be re-calculated 
and revised. If a special cause cannot be identified nor a remedial action implemented for an 
out-of-control sample point, that sample is not deleted until further investigation. 

However, if a process is exhibiting unnatural patterns or is showing a trend, that may be a sign of 
common cause. Common cause variation produces differences from the process target that are 
relatively small in magnitude, and exhibit no systematic patterns over time. Again, a detail 
investigation of the root causes must be examined thoroughly. All factors that cause the 
performance of a process to deviate from the target should be identified and recorded for future 
studies. When a common cause is identified, we should consider if a simple change or a revision 
of the limits will help the irncess to fall back into control, If not, further investigations and 
studies should be conducted to correct the problem and to improve the condition. 
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-Figure I - X-bar _and R control charts 

391 



Figure 1 shows X-bar and R .control charts. The observations of this chart represent the etch rate 
in Plasma Etch process. Data are collected from each wafer. The X-bar chart shows a higher 
etch rate in the first third of data. Whereas, the R chart shows higher variability in the etch rate 
in the last third of data. Such a high variability indicates a special cause is exhibiting in the 
system. In this case, since both X-bar and R charts exhibit the same out of control pattern. An 
investigation should be conducted immediately to uncover the root causes which affecting the 
process to drift away from target. A cause-and-effect analysis is rec~mmended to follow. 

INVESTIGATE ROOT CAUSES TO THE PROBLEMS 
Cause-and-effect diagrams were developed by Kaoru Ishikawa in 1943 and thus are often called 
Ishikawa diagrams. Because of its appearance, they are also known as fishbone -diagrams. The 
Cause-and-Effect diagrams help to narrow down the several root causes that have the greatest 
impact. They can aid in identifying the reasons why a process goes out of control. For each 
main reason or cause, sub-causes are identified and listed. Alternatively, if a process is stable, 
these diagrams can help management decide which causes to investigate for process 
improvement. An out of control situation, with extremely low etch rate was found earlier in the 
control chart. To uncover the root causes that contribute such a low etch rate, we will use Cause
and-Eff ect diagram to analyze and determine the factors and root causes. See.Figure 2. 

Figure 2 - Cause-and-Effect ~iagram for low etch rate (refer to control chart #12345) 

Flow Rate 
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Software 
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Changes in 
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% of Concentration 
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Ambient 
temperature 

incorrect 
temperature 

Machine was not 
calibrated 

Machine went 
out of specification 

Low Etch 
Rate 

The machine went out of specification, incorrect temperature and changes in gas flow were the 
main factors that contributed to low oxide etch rate in Plasma Etch. After a thorough analysis of 
the causes, we should. pick out all of these sub-causes, obtain information such as percentages of 
nonconformities, or numbers of nonconformities based on these sub-causes . . · Then we can 
perform Pareto analyses to select areas for improvement. 
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SELECT QUALITY CHARACTERISTICS .FOR IMPROVEMENT 
In small organizations as well as in large ones, many possible product and process quality 
characteristics exist. A single component usually has several quality characteristics such as 
length, width, height,. surface finish, and elasticity. In fact, the number of quality characteristics 
that affect a product is usually quite large. Now multiply such a number by even a small number 
of products and the total number of characteristics quickly increases .to an unmanageable value. 
It is normally not feasible to maintain a control chart for each possible variable. Therefore, many 
companies select to maintain control charts on those quality characteristics that cause more 
nonconforming items. The goal is to select the "vital few" from among the "trivial many." In 
most industries, there are numerous variable to choose from. This is where Pareto, analysis 
comes in because it clarifies which are the "important" quality characteristics. 

Table 1 - Pareto analyses of printed circuit board failures 

Machine was not calibrated 
Vaccum Leak 
Ambient temperature 
Electronic Software Failure 

% of gas concentration 

Flow Rate 

When nonconformities occur because of different 
def~cts, the frequency of . each defect can be 
tallied. Table 1 shows the Pareto analyses of the 
numbers to the causes of Low Etch Rate. Using 
the percentage given in Table 1, we can construct 
a Pareto diagram, see Figure 3. The high cost of 
addressing all of the causes would only gain very 
little in terms of value. Therefore, a few major 
root causes are selected to be improved. The 
three selected areas are Machine was not 
calibrated, Vaccum · Leak, and Ambient 
temperature. These three ce,uses represent a total 
of 85% of the defects. In other words, after the 
improvements are completed in those three areas, 
we can expect approximately 85% reduction of 
failures in the overall nonconformities. 
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IMPLEMENT CORRECTIVE ACTIONS FOR IMPROVEMENT 
The next step is to develop a strategy for the team to implement a process, keeping in mind that 
the process must be thorough, yet versatile enough to allow it to be applied to all elements of the 
process. The goal(s) of the process should be absolutely well-defined prior to the 
implementation begins. Not only is the goal required to be documented, but also communicated 
to the employees. Also, employees are to be reminded periodically · during the implementation 
process: To ensure goals are on-track, milestones shall to be established to monitor the progress. 
Resource such as technology, equipment, qualified personnel, and budget are all critical elements 
to implementing a process. All resources issues should be discussed and decided prior to 

. implementation. The duration or deadline of the process has to be defined. A timeline should be 
drawn to assign completion dates for subset of tasks. Ownership of the projects must be 
assigned to the appropriate personnel. Once Ownership is assigned, accountabilities are given to 
the owners and the team players. Assigning ownership enhance everyone's understandings on 
the roles and responsibilities. 

In the previous example, once the special causes are discovered and analyzed, corrective action 
is taken immediately. The owner of the process contacts other personnel involved to take actions 
to correcting the root causes. Timeline and budget are given to people involved to do the work. 
The etch machine was calibrated immediately to bring the product back to the specified limits. 
Vaccum leak situation was examined and was corrected. The ambient temperature was adjusted 
to the specified temperature where the products are specified to run. These corrective actions 
were done very responsively. However, monitoring and controlling are so important to the 
success of process improvement. Measurements are taken in follow-up examination to ensure 
everything is running with the specifed range. 

EVALUATING THE RESULT OF THE IMPLEMENTATION 
How do we know if we have achieved a higher quality level? How can we tell our process is 
running effectively? How can we find out if our customers are happier now with our improved 
products? These answers are not difficult to get. However, a lot of comparisons, data analysis, 
and surveys may have to be ,;onducted. This means quantified data must be available to evaluate 
the results of each activity implemented. Therefore, continuous monitoring and controlling are 
emphasized. 

Once we identify which quality characteristics for which control charts are to be maintained. A 
scheme for obtaining the data should be set. Quite often, it is desirable to ~easure process 

-characteristics that have a causal relationship to product quality characteristics. Process 
characteristics are typically controlled directly through control charts. 

The key to improvement is to continuously measure the current quality level against the previous 
quality level. Benchmark ~he best practices in the industry and drive new quality levels up. 
Once we have reached to a higher level, we should set our goals to an even higher level. 
However, it is important to know a goal is only a goal if we don't act on it. Therefore, it is 
always important to establish a process that will effectively raise to the expected improvement 
level. 
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CONCLUSION 
The journey toward excellen:e is a never-ending road. It is a continuous cycle to learn about the 
cause system in a process and to use this knowledge to change the process. Using statistical 
tools proactively will not only help to monitor and detect problems, but also be great resources to 
drive process improvement. 

The statistical and graphical tools enable the data analyst to explore data thoroughly, to look for 
patterns, trends, and relationships, to confirm or disprove root causes, and to discover new 
phenomena. The benefits produced by utilizing these graphical tools are spectacular. Not only 
will they help to maximize productivity, minimize variability between units, and· disclose process 
capabilities, but also they will enhance the outputs and costs to be more predictable. After all, 
meeting and exceeding customers' expectations is the desired result. 
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The Vital Links of Technology Transfer from Research to Industry 

Ibrahim Al Kattan, Ph.D. and Stuart Berry 

ABSTRACT 
The objective of this paper is to discuss some current issues in technology transfer from 
university's research centers to businesses and industries. The vital links between the industry 
and the educational institutions can benefit from technologf transfer. The transfer of 
technology from colleges and universities to small industry is gaining worldwide attention. As 
the competition in the global market increases, schools and businesses need to adopt strategies 
that provide leverage again~t competitors. The ability to obtain and use technology effectively 
can offer significant advantages to any organization, school, or business. Most· large businesses 
own their research centers. However, small to medium sized businesses can not financially 
support such a center. Thus, both s~all to medium businesses and educational institutions can 
benefit from technology transfer. By developing partnerships, these organizations can help each 
other achieve internal and external goals. This is accomplished by splitting costs and resources 
associated with obtaining new technology. Manufacturing centers are excellent organizations to 
establish for obtaining and distributing information. Manufacturing center_s can be operated 
independently from revenve raised from services offered to local industry and non-profit 
funding. The model and examples of technology transfer used in this report are currently 
common in place. The future welfare of small companies and universities may well depend on 
the partnerships and bonds formed from sharing technology. 

1. INTRODUCTION 
The transfer of technology from research centers of universities to small industry is gaining 
worldwide attention. As the. competition in the global market increases, schools and businesses 
need to adopt strategies that provide leverage against competitors. The ability to obtain and use 
technology effectively can ~ffer significant advantages to any organization, school, or business . 
. Technology is essentially information and the ability to find useful applications with it, usually 
satisfying the needs of society. Transfer is essentially communication and therefore, technology 
transfer is communication of technical information (Van Ginow, 1990). A paradigm shift has 
occurred in how organizations handle the transfer of information _ and new technology. In the 
past years, most technological advancements and R&D projects were funded by large 
organizations with deep pockets, such as the United States government (Hughes, 1993). Since 
smaller organizations cannot afford to acquire or develop new technology, they often are at a 

· disadvantage. Also, since the information age has forced competition on a global scale, smaller 
companies must participate in technology . transfer to remain competitive. Recently, President 
Clinton passed an executive order to establish efficient and effective information management 
systems in all government facilities, to improve information transfer to and from private 
industries (Hughes, 1993). Smaller industries can now stay aggressive in today's economy if 
they take advantage-of the outlets of technology transfer being offered by universities and 
government facilities. · 

Many educational 'institutiop.s are helping the local industry become more competitive and the 
local economy more vibrant by collaborating with them in commercializing new technologies 
(Mital, 1996). The well-known research centers within the United States were established from 
partnerships developed between research universities and the private industry. Examples of 
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these research c~nte~s include the Research Triangle in the state of North Carolina developed 
around the Umvers1ty of North . Carolina, Chapel Hill North Carolina State and Duke 
University; Silicon valley is based around Stanford University at California and Berkeley 
University (Van Ginow, 1990). These research centers have produced many successful 
technological spin-offs, which have produced tremendous revenues. The University of 
California is expecting to inject more than $9.5 million over the next eight years into the 
Californian economy from technology royalties (Mital, 1996). Virginia Tech. earned $1 0 
million in 1996 from technology transfer projects (Bluemenstyk, 1996). Such activities help 
educational institutions accomplish goals in providing educational training for students, and 
supporting investments in new equipment and personnel. Technology transfer should be an 
important concept for any college or university with technical capabilities. Developing 
partnerships with local industries divides the costs and resources associated with acquiring 
technological advances. This paper will briefly discuss current topics associated with · 
transferring technology from colleges and universities to surrounding industries. Also will be 
discussed, the benefits in building partnerships that enable organizations . to accomplish 
common goals, such as saving money and utilizing the available resources. The following 
sections will better define technology transfer, give a model on how universities can 
successfully achieve basic principles of technology transfer, and introduce new thoughts 
concerning the topic of transferring technology. 

2. THE IMPORTANCE OF TECHNOLOGY TRANSFER 
Technology is the ability to harness useful information and apply it to the needs of society in 
forms such as products or services. Transfer is the ability to move or communicate information 
and knowledge from point A to B. For instance, Gogkin (1998) defines technology as 
information and creative adaptation of items for new uses. Eneyo (1995) defines technology as 
a mixture of applied natural science and intuitive ingenuity and therefore,' automation is a 
subset of technology that requires little of no human intervention. According to Mital (1996), 
technology transfer can be defined as the process by which science and technology are 
transferred from an individual or an organization (producer) to another individual or group 
(user) in such a way that th~ new entity (user) incorporates the transferred knowledge in its way 
of thinking. This definition implies that the transferor and the transferee both understand the 
knowledge component behind the technology. Further, as stated by Mattila (1986), transfer of 
technology refers to 'all information, skills, methods, rights, and means of production used in 
industrial operations, services, or other productive operations'. Organizations (industrial and 
educational) must be competitive to stay in business. Being able to invest in new technologies 
can give organizations the competitive advantage needed in the global economy. Smaller 
industries and schools tend to have more difficulty investing in technology and technology 
research due to lack of revenue and resources. Smaller organizations do not typically have the 
economic support and the ability to compete against government or 'Fortune 500' companies. 
However, evidence proves that partnerships between schools and industry have given positive 
returns for all organizations involved. A partnership shares responsibilities and resources so 
both organizations can meet the challenges of global competition as well as meeting internal 
goals. The ability to harness technology and fine tune it to meet industry standards for smaller 
companies can be accomplished by building a partnership as previously described. The profits 
from successful technology; transfer can lead to future growth and stability. Virginia Tech. has 
proven success with techno~ogy transfer and has gained significant profits by doing so. Virginia 
Tech. recently sold its shares in technology developed by students, faculty, and local industries 
for 3 .3 Million dollars (Bluemenstyk, 1996). This success has promoted future relations with 
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industry as well as given the university a positive reputation in the community and the financial 
assistance to continue high tech research (Bluemenstyk, 1996) .. 

2.1 The Aspects of Technology Transfer 

Transferring technology to surrounding industries can happen in many different forms. The 
following is a list of common methods used in technology. transfer accompanied with a brief 
explanation: 

Verbal and Written Communication: This method involves the simple tr~sfer of 
information through speech or by a written document. Hands on development are not 
performed. Manufacturing centers have the ability to network useful information from a 
company with advanced capabilities to a company without advanced capabilities: 
Research & Development Projects: ·Universities can develop or improve existing technology 
within their own facilities using their own personnel and labs. Any technological break-through 
or product spin-offs can then be transferred to fulfil the university goals. 
Hands on Support with Customer Facilities: This method describes a partnership to support 
customers within their facility in areas of production, quality, proto-type development and any 
process that requires hands-on capabilities. Universities have the means of developing current 
or new technology within their own facility or on customer's facilities. Universities also have 
several avenues for technology distribution and retrieval. The demand of local customers or 
industry and abundance of resources determine, when and how the universities handle 
technology transfer. 

3. LESSONS LEARNED FROM TECHNOLOGY TRANSFER 
Technology transfer within the United States and other developed countries is created from the 
fact that information is a valued commodity and is necessary for competition in a global market 
(Chung, 1996). The demand for information spans close relationships between suppliers and 
users of information. Typically, research centers (universities and government laboratories) and 
private industries form these bonds to enhance their capabilities and performance in their 
respective fields. Shared manufacturing centers and research are prime examples of how this 
partnership works successfully within a society that needs information and technology to stay 
competitive. In developing countries, in Asia and South America, technology transfer is 
achieved at different rates and by different methods. Developing countries usually do not have 
the resources or capital to invest into research & development projects or to buy new advanced 
technology. Developing countries obtain technology from foreign insertion, us~ally developed 
from interests in natural resources (labor, raw materials) by developed countries. Many 
countries like Brazil, Mexico, Taiwan, India, and South Korea have welcomed technology 
transfer so as to create an export-based· economy (Chung, 1996). These· nations are now 
beginning to evolve into information societies and a new learning process will be necessary to 
integrate successfully with the global economy. As these nations emerge as . information 
societies, a second wave of learning is needed. This second wave involves indigenous efforts to 
upgrade the technological e:xpertise in a nation (Chung, 1996). As the global market grows and 
more countries enter this arena, relationships will grow stronger and larger. An interdependence 
develops not only .between schools and private industries, but also between nations as the need 
for information and technology continues to grow. 
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4. MODELS FOR TRANSFERRING TECHNOLOGY 
This section presents a generic model .in two primary areas where colleges and universities can 
successfully participate and achieve technology transfer. These two areas are manufacturing 
research centers and faculty & graduate study programs. The following sections will give an 
overview on how these areas can accomplish technology transfer _while maintaining academic 
goals and supporting local industry. 

4.1 Manufacturing/fechnological Research Centers 
The role of a university operated or shared manufacturing center is to provide local industry 
with the necessary tools and resources to compete in the global market. Manufacturing centers . 
offer small companies with limited resources and finances opportunities in technology transfer 
with orientations and traini:ig on advanced technologies and techniques that would otherwise 
be difficult to obtain (Chung, 1996). Manufacturing centers also have the ability to form 
networks among several different companies to share technological advances (information) and 
the costs associated with developing or obtaining technology advances. 

4.2 Important Steps Toward Success 
The following steps are suggestions on how manufacturing centers can achieve success and 
avoid common pitfalls experienced by other universities (manufacturing/technology centers). 
These steps are modified version of the original model developed by Chung (1996): 

(a) Benchmark existing shared manufacturing centers. Most large universities have a 
College of Engineering or _some sort of Manufacturing/Technology center that supports local 
industry and transfers information during the process. Each center has a specialty ( strengths and 
weaknesses) that can be modeled or copied to some extent, and this is benchmarking. By 
visiting a successful manufacturing .center that has a similar focus or desirable strengths, ideas 
for improvement and successful methods can be harnessed and adopted. Information can be 
obtained by performing market surveys or assessments. By interviewing and measuring local 
interest with manufacturing companies or manufacturing organizations, a university can 
determine the level and typ,e of work and research that is in demand. The assessment should 
determine if the project(s) iare feasible. Once an assessment is completed, it is important to 
maintain continuous contact or feedback to monitor company and industry shifts. 
(b) Assemble a comprehensive team for effective utilization. A comprehensive team is a 
small dyna~ic composition of university employees who add values to your efforts without 
long-term liability (Chung, 1996). Most manufacturing teams consist of professors, staff, and 
students, who are easily accessible and usually obtain adequate skill levels to meet the 
requirements. The following skilled positions are usually required: Project Manager, Systems 
Integrator or Computer Specialist, Facility Engineer or Maintenance Manager to maintain tools 
and equipment, and a departmental secretary for maintaining office assignments and book 
keeping (Chung, 1996). These positions and responsibilities should not be given to faculty 
members or students; they should be hired as separate staff members. Specialty skills such as 
consultation and labor should come from faculty and students. 
(cYDevelop a comprehensive project plan/goals. If the assessment deems the project feasible, 
then it is imperative that a comprehensive plan is developed. A knowledgeable team member 
with project management experience is recommended. Items that are useful in this phase are 
Gantt charts and a linear. responsibilities chart to represent deadlines and accountability 
(Chung, 1996). The project plan should be a tool or working plan to achieve goals and 
deadlines. 
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( d) Create and maintain a comprehensive information system. An enormous amount of 
information is processed and maintained by manufacturing . centers. The ability to maintain 
customer contacts, service contracts, scheduling, billing and receiving, and technical assistance 
and training is critical. A comprehensive information system, using" microcomputers, is the 
recommended tool for maintaining and controlling past and current data. This will allow a 
manufacturing center to measure its individual and collective performance with customers 
(Chung, 1996). · 
(e) Develop strategic partnerships with equipment manufacturers and vendors. 
Partnerships with any aspect of the manufacturing environment can offer benefits. Vendors 
view manufacturing centers as an opportunity to increase sales and manufacturing centers 
usually receive discounts for purchased supplied and equipment (Chung, 1996). Therefore, a 
working relationship develops that benefits both parties. 
(f) Conduct continuous marketing efTorts. It is crucial that manufacturing centers advertise 
their capabilities and availability ·so as to continue a maximum workload. This gives 
manufacturing centers security and funding to continue operations. Marketing efforts can be 
accomplished by holding regular· conferences and training sessions for current and potential 
customers. These events can present modern issues and processes that highlight popular 
technological advancements. Maintaining strong relations with local industry and the customer 
base in imperative. Continuous improvement initiatives should always be performed. 
(g) Pursue many types of external funding. The existence and livelihood of a manufacturing 
center depends on the extent of external funding. Educational institutions are experiencing the 
economic pressure and competitiveness of the global market. Manufacturing centers must be 
self-supportive to compete successfully; dependence from the school itself is not very realistic 
in today's economy. Re~renues can be generated from the services provided by the 
manufacturing center as well as receiving funding from non-p~ofit external funds such as grants 
(Chung, 1996). 
(h) Provide a complete range of services. Industrial technology needs very broad and diverse 
services and the ability to provide comprehensive services to meet those needs is essential in 
staying competitive. The ability to acquire and distribute information and technology is the 
cornerstone of the manufacturing center. 

4.3 The Role of Academic ,Jtesearch 
Graduate students and faculty members of colleges and universities can play important roles in 
developing and transferring technology. Not only can they support the mission of 
manufacturing centers as previously discussed, but they can also work on smaller, more 
intimate projects with local industry. Students and faculty alike can foster their experiences and 
education to support industry in their fields of expertise. This allows universities to research 
and apply knowledge towards real world problems and issues facing local companies. Usually, 
financial gain or revenue is achieved for · both the university and the company involved, which 
gives extra incentive and ad_ditional resources. 

5. CONCLUSIONS 
In conclusion, both small industry and educational institutions can benefit from technology 
transfer. By developing partnerships, these organizations can help each other achieve internal 
and external goals. This is accomplished by splitting costs and resources associated with 
obtaining new technology. Manufacturing centers are excellent organizations to establish for 
obtaining and distributing information. Manufacturing centers can be operated independently 
from revenue raised from s~rvices offered to local industry and non-profit funding. The model 
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and examples of technology transfer used in this report are currently common in place. The 
future welfare of small companies and universities may very well depend on the partnerships 
and bonds formed from sharing technology. On a larger scale, not only are small companies 
and universities adjusting to the paradigm shift of the information age entire nation, and all 
countries are making adjustments to accommodate this shift towards a global market. Sharing 
information provides advantages for both the supplier and the customer. Interdependence 
among nations, research centers, universities, and industry is the answer for successful 
competition for the future. Partnerships allow different organizations to concentrate on 
specialties and focus on the expertise of that particular organization. For example, research 
centers and schools can perform R&D projects, since they have appropriate resources. 
Successful competition for the future is evolving into partnerships and shared information · 
communities. 
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ABSTRACT 

DIMENSIONS OF PROCESS QUALITY 
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· Process quality is a term currently used to describe the process ·performance over a specified 
range of design requirements, or a synonym of process capability. The latter is defined in terms 
of the proportion of non-conforming units or the total spread (6a} of the process. ·The measure is 
used for the static as well as dynamic evaluation and communication of the process performance. 
A number of indices have evolved over the last two decades. However, process capability alone 
provides less than adequate way of expressing and communicating process quality. In this paper 
we attempt to identify various aspects of the process that are essential contributors to any 
measure of its quality. We present these aspects as different dimensions, with the objective of 
providing a performance measure for each. It is the authors' belief that the proposed measures 
are superior in motivating continuous improvement efforts. 

1. INTRODUCTION 
A process, is essentially an integration of resources (inputs) to provide products or services 
(outputs). Numerous interactions take place during the integration and transformation steps. 
Also any process is subject to some form of noise (external or inherent), which affects its 
performance. The collective effect of these interactions results in a range of outcomes. In most 
cases, the final product or service is the only desirable form of outcome. The rest (scrap, waste, 
heat, noise, vibration, etc.) is either recycled or disposed into the environment, and reflects back 
on the process. 

Earlier work of Garvin [I] identified eight attributes that may be used to define quality. These 
are performance, features, reliability, conformance, durability, serviceability, aesthetics, and 
perceived quality. However, we found that equally important attributes of the process quality 
were left out. In particular, when internal customers are considered. Quality, defined in terms of 
fitness for use, meeting expectations or total loss cost, need to be evaluated from the standpoint 
of all possible customers. This is in no way an attempt to deny external customers the right to 
receive a quality product but this is rather a call to grant internal customers the right to operate a 
quality process. In the following sections, we define these aspects of process quality and their 
evaluation criterion. A method for obtaining a comprehensive index that can be used for . 
evaluation purposes will be developed at a later stage of this research. 

2. DIMENSIONS OF PROCESS QUALITY 
The notion of quality is essentially customer oriented. No discussion can be made of the subject 
before identifying potential users of a process. These include all levels of users from the product 
designer to the final product customer. Within such a long chain, each member would have his 
or her own expectations of a process. The product designer, for example would expect a process 
that is essentially capable of:meeting the specifications, the scheduling engineer would expect 
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the process to be available and so on. Consequently, the objective of this paper is not to limit the 
number of aspects that can affect the process quality, but to draw attention to those believed to be 
most obvious. In the following, seven independent aspects are presented together with their 
respective measures . . These are capability, availability, flexibility, reliance, compliance 
compatibility and intelligence. Productivity, efficiency, and economics, have received ;heir far 
share of attention as measures of performance and are not addressed here. 

2.1 Capability 
This represents the ability of the process to achieve blue print specifications or system 
requirements. Usually, quantified in a negative sense, as a fallout or non-conformance rate. An 
important aspect of process capability is the stability of the process. Only when special ·cause 
variations have been removed fromthe process, it becomes stable and capability can be 
predicted. Also, process capability is in some sense an indication of the uniformity of a 
measurable output characteristic. A common measure of capability is 6cr, which is also called · 
process spread. The ability of the process to meet specification requirements in this case is 
represented with an index. All indices used are dimensionless, which makes them versatile in 
presenting the centering and/ or the spread of the process. 

,, 

The Cp index, is a common measure for describing the process potential for meeting 
specifications. It relates the specification spread to the proc~ss spread, assuming that the former 
is bilateral. Upper and lower Cp indices can be calculated relative to the process centering in 
situations involving unilateral specification. The Cpk index is usually used to reflect the actual 
capability of the process and incorporates its centering. Yet another emerging index is the Cpm 
index proposed by Taguchi [2]. The index incorporates not only the process centering but also 
its deviation from the target value. If the process is perfectly centered at target, all three of the 
above indices will take on the same value. However, as the process drifts from the target, Cpm 
tends to decrease asymptotically. It is worth noting here that these indices represent capability 
with respect to individual characteristics of the product. For an overall evaluation of capability, 
reference is always made to some additive measure like the proportion of non-conforming units 
or Taguchi's total loss cost. 

2.2 Availability 
This is the probability that the process is operating satisfactorily at any point in time. Four 
aspects of availability are apparent from this definition. First, the process is considered 
repairable. Second, availabi~ity is a probability-related aspect; the numerical measure of which 
is a value between O and I. Third, satisfactory operation of a process implies no failure for a 
stated period of time, i.e .. , mean time between failures (MTBF). Fourth, availability considers the 
down time required to restore satisfactory operation, should the process fail, i.e., mean time to 
repair (MTTR). Therefore, availability is a function ·ofthe reliability and maintainability of a 
process, both are important factors in determining the operational readiness of the process and its 
ab~lity to meet demand. 

The ratio of the operating time (MTBF) to the total time (MTBF +MTTR), is used as a measure 
of the process availability [3]. This measure represents the inherent availability of the process 
since, logistics and administrative delay times are not included. ~chieved availabi!ity, anothe~ 
measure which is more suited for processes under development, 1s based on the ratio of operatmg 
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time to the total of operating, corrective, and preventive maintenance times. When a process 
contains more than one production or service unit, the overall availability depends on the manner 
by which these units are arranged.· · 

2.3 Flexibility 
Flexibility, as used here, refers to the range of product or service styles expected from the 
process. It does not necessarily refer to any specific automated system. For example, a drilling 
machine equipped with a variable-speed spindle drive is more flexible than that with a four or six 
peed gear train. Similarly, a service station in a bank should be more flexible than that of a toll 
road. No process can be made completely flexible. A process cannot provide an infinite range 
of products or services. There are limits to the degree of flexibility that can be incorporated in a 
process. Reasons are many, ·ranging from technical to economic feasibility. However, the more 
flexible the process, the better the chances of meeting customer expectations. 

A measure of the process flexibility is obtained using the ratio of the number of tasks actually 
performed to the total number of possible tasks. The ratio should be interpreted the same way, 
the fraction of defective units would be as a measure of conformance. As such, a ratio of one 
would indicate the worst level of flexibility. This is a case were the process can only perform 
what is currently required. Qn the other hand, fractional values are indications of the ability to 
accommodate changes. The ,lower the ration the higher the flexibility. When a sequence of 
production or service units is considered, the maximum ratio obtained should be used. 

2.4 Reliance 
This aspect refers to the process ability to absorb changes in operational variables. As indicated 
by Juran [ 4 ], operating processes harbor numerous variables, but· these follow the Pareto 
principle of the vital few and useful many. When one variable is found to he more important 
than all other factors collectively, it is said to be the dominant variable. Common dominating 
variables are setup time, component, worker and information. A setup-dominant process, for 
~xample, is one in which the quality of the output units is essentially determined based on the 
initial setup of the process. Service processes may be server, software, and / or hardware
dominant. 

Reliance is thus an indication of the complexity of a process and the robustness of its output 
quality. The lower the number of dominating variables, the better the chances of controlling the 
process. The ratio of the nurpber of dominating variables to the total number of operational 

· variables can be used as a measure of the process reliance. A ratio of one indicates total reliance, 
where changes in any of the operational variables would affect the quality of the output. 

2.5 Compliance 
It may seem that safety is a separate engineering function and not quality related. We believe that 
the same argument w~s made regarding productivity, efficiency and reliability to name a few. 
The benefits of considering ~hese as cross-functional goals, and sharing responsibility of 
achieving them have been many. After all, assurance is a quality discipline that has the common 
objective of attaining goals. 
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It is becoming less common to evaluate_ processes without due considerations of its ability to 
meet safety and environmental codes. This is because of the current importance placed on 
creating a safe work place by mandated government requirements and the technical complexities 
involved in satisfying and maintaining these requirements. 

A hazard usually exists because of an ill engineering design of the prQcess, ~hich exposes 
workers to the hazard though the environment or in transit. Posting signs and training workers 
not to commit unsafe acts are no solutions. If it can happen, it will happen. The obvious 
approach to accident prevention is not creating the hazards in the first place, in other words saf~ 
engineering the process. The same applies to environmental requirements. Well .after the fact 
discoveries of pollution levels and rating cities accordingly is not the answer. Rating, if at all, 
should be applied to the processes causing the pollution in these cities. 

To evaluate the degree of health hazard arising out of a process, reference is made to the 
threshold values, which appear in published standards. These limiting values are based on the 
best available information from industrial experience or on experimental studies with human 
beings and /or animals. Whe;reas, incidence and severity rates can be used to evaluate work
related injuries and illnesses. Using these injury statistics, a comparison can be made between 
different processes. It is also . possible to compare different operating conditions of a given 
process. 

2.6 Intelligence 
This is another aspect that pertains to the ability of the process to correct input and output errors. 
Such an ability can be gained through some for~ of automation or implementing SPC tools. 
Processes may be classified according to their ability to detect, quantify, correct or prevent error 
signals. These abilities are interdependently ascending, like a ladder, each one is a prerequisite 
of the one to follow. The ability to quantify an error is naturally a prerequisite of the ability to 
correct it. Some form of a measuring devise (sensor) is used to detect and quantify an error. 
The smallest magnitude of error that can be detected defines the resolution of the sensor used. 
Also, the time (lag) between the incidence of an error and the response of the process is another 
important aspect. When two processes possess the same ability, the one that is more ~esponsive 
is preferred. 

3. SUMMARY 
This is a first attempt of an ongoing research dealing with process quality and improvement. We 
realize that there are more dimensions to process quality than those discussed in this paper. 
These "other" dimensions and an attempt to develop a comprehensive process quality index will 
be presented in later publications by the authors. 
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ABSTRACT 
Most multi criteria decision-making techniques rely on some type of distance formula to 
determine the best tradeoff solution. This paper investigates the sensitivity of goal point 
approaches with respect to the choice of a given goal point. Our purpose is to see for which 
ranges of goal points the solution is robust and for which range the solution is more sensitive. We 
also look at the distance vectors and determine if any trends exist. 

INTRODUCTION 
Most Multi Criteria Decision Making (MCDM) techniques rely on some type of distance formulae 
to determine the best tradeoff solution. That is, if one increases the f1 by 1 unit, what is the 
resulting change in f2? This sensitivity analysis examines the mergina 1 input change and output 
value, or tradeoff. Most often the best solution is the one closest a given goal point. We'll also 
look at the distance vectors and determine if any trends exist. 

This project investigates the sensitivity of goal point approaches with respect to the choice of a 
given goa 1 point. Our purpose is to see for which ranges of goal points the solution is robust and 
for which ranges the solution is more sensitive. The results will be examined by comparing the 
lengths of the distance vectors for three different orders of an equation. · 

MODEL 
Our example problem uses a feasible region approximating the portion of a circ 1 e in the first 
quadrant with a radius of 100 centered at the origin. First, we selected angle increments of 5 
degrees and using the circle'r, radius of 100 we derived coordinates outlining the approximated 
circle quadrant. The x and y coordinates were found using the formula: 

x = (Cos 0) * 100 
y = (Sin 0) * 100 

These formulae were repeated for each five degree angle increment (0). The twenty increments 
comprising the ninety degrees first quadrant and the corresponding coordinates can be seen in 
Exhibit 1. . 
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Second, based on these coordinates, using the slope formula, 19_ linear equations were created. 
The equations were determined by using two sets of coordinates and the following formulae: 

m = { {y2 -y1)/(x2 - x1)} 

where m is the slope and once the slope was determined, the following equation formula was used 

y= (m)(x) + b 

where b is the equation constant. 
Since the x and y coordinates are known, and the slope was determined, the equation was 
rearranged to solve for the equation co?stent: 

b = y- (m)(x) 

The Pareto - Optimal frontier bounding the feasible region (the interior) of the circle was 
approximated using these 19 linear equations using the 20 x and y coordinates (see Exhibit 2). This 
problem was solved using the axis, f1 (vertical axis) and f2 (horizontal axis) as the two objectives to 
equate decision space and objective space. 

A grid is constructed using goal points positioned 20 units apart on both ·the f1 and f2 axes, covering 
the range of 0 to 200. Points 1that are within the boundaries of the feasible region are excluded and 
therefore 99 goal points are contained in the goal point region (see Exhibit3). 

Three different distance equations will be tested (L1, L2, and Loo), to determine the minimum 
distance between the 99 goa I points and the feasible region. The minimum distance for the solution 
is denoted L1, and one value is found for each of the 99 goal points. Where the general equation is: 

Lp = { ~ (Xj* - Xjl} l/P 

And p= I, 2, and oo 
Xj* represents the x and y coordinates of a goal point 
Xj represents the x and y coordinates of an optimal point 
The values for p wer~ selected to illustrate: 

p = I, linear 
p = 2, nonlinear 
p = oo, minimax 

The GAMS (General Algebraic Modeling System) linear programming language was used to 
calculate the distances (although other linear programming languages can also be used). The L1 
distances were calculated in the 'First Pass'. Exhibit 4 shows the GAMS program_(STEFI.GMS) 
used to solve this problem. 

The distance equation is: 
first Pass: L1 = {(y* - y) + (x* - x )}; 
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where x* and y* represent the coordinates of a goal point, and x and y represent the coordinates 
of an optima 1 point in the feasible region. 

The objective function is to minimize the value of 'z' from the following equation using goal 
programming: 

Objective: z = dlp + dln + d2p + d2n 

where: d 1 p = the excess of the x coordinate of the goal point 
din = the shortage of the x coordinate of the goal point 
d2p = the excess of the y coordinate of the goal point 
d2n = the shortage of the y coordinate of the goal point 

The Objective function is subject to the following two goal programming constraints which relate 
the goal points to the optimal points: 
Subject to 

x* = x + d In - d 1 p 
y* = y + d2n - d2p 

The objective function also iri subject to the 19 equations which bound the feasible region. The 99 
Li I distance vectors of the first pass are the shortest lines between the goal point and the 
intersection with the feasible region. The results can be seen graphically in Exhibit 5, and the 
numerical results can be seen in Exhibit 6. Exhibit 7 shows the coordinates of the Pareto frontier, 
where it was intersected by each distance vector. 

The GAMS/MINOS (Modular In -core Nonlinear Optimization System) solver was used to 
calculate the L2 distance (the second pass). · 

The distance equation is: 

Second Pass: L2= {(y* -y )2 + (x*- x ) 2
}'

5 

The objective function is to minimize the value of z from the following equation, using nonlinear 
programming: 

Objective: z = { (dip+ din) 2 + ( d2p + d2n) 2}'
5 

subject to all previously listed 21 constraints (19 equation constraints, and the 2 goal programming 
constraints) . 

.I 

The 99 L2 distance vectors can be seen graphically in Exhibit 8, and the numerice 1 results can be 
seen in Exhibit 9. Exhibit 1 O shows the coordinates of the Pareto frontier, where it was intersected 
by each distance vector. · 
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Similar to the first pass the GAMS (General Algebraic Modeling System) linear programming 
language was used to calculate the Loo, or minimax, distance (the Third Pass). The Loo distance 
equation is: 

Third Pass: Loo= max {(y* - y }, (x* - x )} 

The objective function is to minimize the value of z, using linear progr~ng: 

Objective: z = D 

Subject to the following 4 minimax constraints: 

dlp~D 
dln~D 
d2p~D 
d2n~D 

as well as 21 constraints listed. previously. The Loo distance vector can be seen graphically in 
Exhibit 11 , the numerical results can be seen in Exhibit 12. Exhibit 13 shows the coordinates of 
the Pareto frontier, where it was intersected by each distance vector. 

RESULTS 
The analysis of the first, second and third passes will be conducted_ holding the x value of the 
coordinate constant and allowing y to change. The distance vectors (in units) will be compared to 
the prior value and this incremental distance will be called robust or sensitive. We will define 
robust to meon that changing input by 20 units will result in an equal result in output. To 
determine if goal points are robust the marginal increments of the distance vectors will be 
examined. We will define sensitive to mean that changing input by 20 units will result in an output 
less than 20 units. 

To determine robustness the "Delta distances" were calculated using the distance vectors vertically 
within each pass. For exempla: one compares the distance vectors of goal points (80, 200) to (80, 
180) which are (11/127.31) and (11/107.31) respectively. The first number corresponds to the 
~istance vector of the x - component, here ( 11 and 11 ); and the second number is the y -
component, here (127.31 and 107.31). The increase between these two distance vectors (Delta) is: 

11 ..: 11 = 0 for the Delta x - component 
127.31 - 107.31 = 20 for the Delta y- component 

The resulting Delta fot point (80, 200) is (0/20). This value of 20 conforms to our definition of 
robustness, since the y - coordinate was increased by 20 units, and the Delta had a corresponding· 
increase by 20 units .. 
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First Pass 
Recel I that the first pass uses a linear equation. Results for the Delta's First Pass are shown in 
numerically in Exhibit_ 14. The grope appears symmetric at about 45 degree angle to the x axis. On 
the First Pass all the goa I points are robust. In the x - range from 0 to 60 the distance vectors point 
vertically from each respective goal point to the intersection of the Pareto - Optima I frontier of the 
efficient region. Similarly, in they - range from Oto 60 the distance vectors point horizontally from 
each respective goal point to the intersection of the Pareto - Optimal frontier of the efficient 
region. No values hit any of the 20 comer points that bound the Pareto frontier. In the area (80 .. 
200, 80 - 200) all distance vectors converge to one optimal point (69, 72.69) which is, surprisingly, 
not a comer point. Recall, a comer point is one of the selected 20 points that outline this Pareto -
Optimal frontier (See Exhibit I). 

Second Pass 
Recall that this pass uses a nonlinear equation. This means that both the x and y components will be 
changing, simultaneously. Due to this simultaneous change the results are difficult to interpret. 
Results of the Delta Second Pass are shown numerically in Exhibit 15. Visual analysis· shows the 
distance vectors resemble the rays of the sun. No values hit any of the 20 comer points that bound 
the Pareto - Optimal frontier. 

Third Pass 
Recall that the third pass uses a linear equation. Results for the Delta's Third Pass are shown in 
numerically in Exhibit 16. Visually all the distance vectors have a 45 degree angle in relation to the 
x axis. The exceptions are goals points which fall in two triangular area. The first area is bounded 
by vertices: (0, 200), (80, 200) and (0, I 00), and the second area by (I 00, 0), (200, 0), and (200, 
80). Goal points within these two regions were determined to be robust, while all the other goal 
points were sensitive. No values hit any of the 20 comer points that bound the Pareto - Optimal 
frontier. 

ADDITIONAL POINTS 
Six additional points were selected and distance vectors obtained for the first, second and third 
passes. These goal points were selected such that they were in between the twenty incrementa I 
units used for both the x and y axis. Three points were arbitrarily selected within a vertical line (I 10, 
115), (I 10, 120) and (110, 125 ); and three within a horizontal line (125, 85), (130, 85) and (138, 
85). 

The additional points were selected and tested to determine if smaller increments (less than 20 
units), as well as to determine the region between two goal points to be robust or sensitive. 

Results from additional points: 

For the first pass: 
Both the vertical end horizontal points were determined to be robust. All six points were consistent 
with the other goal points or~ ginally found in the first pass; they converged at the optima I point ( 69, 
72.69). See Exhibit 17. 
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For the second pass: 
Results are difficult to determine since again, both the x and y components vary simultaneously. See 
Exhibit 18. 

For the third pass: 
Both the vertical and horizontal points were determined to be robust. All six points were consistent 
with the other goal points originally found in the third pass; they intef sected the Pareto - Optimal 
frontier at a 45 degree angle. See Exhibit 19. 

CONCLUSION 
In summary both linear equations from the first and third passes produced goal points in a defined 
region that were robust and other points in a defined region that were sensitive. In contrast the 
second pass, a nonlinear equation prc;,duced goal points that appear to be all sensitive. 

The use of additional goal points enabled one to clarify that if one chooses smaller increments in 
either the x or y axis this will not effect the overall results. 

Further analysis is needed especially with regard to analyzing the second pass or nonlinear 
equations. 

References and exhibits upor.: request. 
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ABSTRACT 
We develop a simulation model to assist with the scheduling of truck deliveries of raw material to 
a manufacturer. This manufacturer is an intermediate link in a supply chain, and must provide 
product to its customer under a "Just in Time" contract. The cost of stock out is, therefore, 
quite high. Our objective, is to assist with the scheduling of deliveries in such a manner as to 
minimize inventories under a constraint of no stock outs. The raw materials are supplied by local· 
and international vendors, hence the deliveries have to be scheduled over a fixed time window, 
also the order sizes are defined to use the full capacity of the delivery trucks. 

BACKGROUND 
The manufacturer delivers products to its customer on a Just In Time basis. Hence, material 
stock outs are prohibited. Iii order to reduce the chance of stock outs a minimum buffer (safety 
stock) of 500 for ·each stock keeping unit (s.k.u.) has been set by management. Of course, there 
is also an upper limit on the inventory, since there is limited storage space. Management's 
objective was to efficiently schedule trucks delivering raw material from local and international 
vendors such that the inventory is minimized. Also, for the schedule to be effective, it was 
necessary to space deliveries such that there were no delivery truck queues formed from 
overloaded docks. The current truck delivery schedules are based on the on-hand inventory and 
production requirements. A manual adhoc policy determines truck arrival schedules for each 
week. Management desired a tool that would assist them in developing schedules that would 
minimize inventory carried and yet meet production requirements and inventory constraints. 

A typical delivery schedule provided to a supplier is shown in Table I below: 

TABLE 1 Typical Truck Delivery for a Week 
Supplier 

' 
Week of Ma" 26 1999 TO BE DELIVERED 

Product Number of Boxes 26-Mav 27-Mav 28-May 29-Mav 30-Mav 
Number pieces 

! 
AM PM AM PM AM PM AM PM AM PM 

reQuired 

300083-A 3412 14 2 2 3 3 4 
300422- B 4026 17 3 4 3 3 4 
301401 - C 4205 25 6 5 5 3 4 

301400- D 4165 24 5 5 5 3 4 
Total 0 0 1 6 1 6 1 6 0 1 6 0 1 6 0 
Trucks for week 

s
5
o I Total number of boxes 
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As can be observed from Table 1, the truck capacity limits the quantity delivered per truck to 16 
racks or boxes of s.k.u. The number of items per box or rack depends on the specific s.k.u. being 
carried. For the example shown, each rack can accommodate 178 items of s.k.u.'s 301400-D 
and 301401-C, and 250 items of s.k.u.'s 300083-A and 300422-B. The bill of material for each 
product produced by the manufacturer requires an equal quantity of these four s.k. u. 's. Hence, 
the number of boxes, of each s.k.u., delivered per truck are varied to achieve this balance. The 
normal production rate is around 72 items/hour. This can be varied between 60 and 85 items/hr. 
depending on customer demand requirements. 

DECISION SUPPORT TOOL FOR SCHEDULING TRUCK DELIVERIES 
The tool we developed to assist management to define truck schedules was a simulation model in 
which the interarrivaVdelivery times of trucks could be dynamically varied. Our objectives would 
be satisfied if we searched for a set of delivery times that would define a "global optimum" 
considering the criteria of minimizing inventory within the specified constraints and meeting 
demand requirements. However, owfog to the complexity and time required for searching an 
extremely large space, and the dynamic nature of the interarrival times over the planning horizon, 
we limited the search to a discrete set of interarrival times. After all, the simulation model would 
be used just as an aid to the scheduling process, and practical considerations limited the range of 
interarrival times. The logic used in varying the interarrival times is quite straightforward. If the 
average raw material and in process inventory fell below a threshold, it meant that the frequency 
of truck deliveries had to be increased. On the other hand, if inventory rose above a threshold, 
the frequency of truck deliveries was reduced. In order to define an "optimal set" of interarrival 
times and threshold levels to apply this logic, we looked at a number of sets of inventory 
threshold levels and interarrival times for the of sku supplied by each supplier and evaluated the 
resulting average inventory and delivery schedules via simulation. The selected set of interarrival 
times and threshold levels which minimized average inventory levels and met the production and 
inventory constraints, were used in the simulation based decision support tool. In the next 
section, we illustrate our method. To reduce the complexity of the illustration, we apply this 
approach to s.k.u. delivered from one supplier. We also limit the search to defining two 
interarrival times and inventory threshold levels for each s. k. u. 

Illustration 
The supplier delivers four components of the product. One of each of these components are 
required in the final pr<?duct ~ssembly. Figures 1 illustrates the basic process. 
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I Part 1 Part 2 

Final Assembly area: 
Match and assemble arts 

Dispatching area: 
Finished goods are sent 

to shi in area 

Fi!Jure 1 Basic Process Flow 

Part 4 

The trucks deliver products to the loading/unloading docks. The products are then moved to a 
buff er storage area via two fork lift tnicks. The products are transferred as needed to the 
processing area and then moved to assembly and shipping. 

The data used in this illustration are based on interviews with the managers. Table 2, shown 
below, provides a set of such data. 

Table 2 Data Collected via Interviews from Managers 

Time required for unloading materials from trucks= N(l.5, .2) hrs. 
Production rate = 60 to 85 items/hr. 
Current average time between truck arrivals = 13 hrs. 
Total production hours =16 hrs. (2 shifts. First shift - 6:00am-2:15pm; Second shift -
4:15-12:00 pm. 
Current buffer stock availabli! = I 000/sku. 
Storage space for material = 50 racks. 
Available space for work in process= 9 racks 

The· simulation model is built using Systems Modeling Corporation's ARENA (1994) and SIMAN 
(1994). 
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The simulation model is used to assist with scheduling trucks in the following manner. First the 
model is initialized by defining the available on hand inventory of the different part types. · The 
simulation defines the schedules of the delivery trucks by dynamically adjusting the inter-arrival 
times of the delivery trucks in the model based on the inventory level of parts in the plant. The 
rate of deliveries are increased or decreased based on selected thresholds levels of the parts 
inventory. Table 3, shown below, shows one set ofinterarrival times and threshold levels 
considered, in this illustration: 

Table 3 - A Decision Table for Defining Inter-Arrival Times and Inventory Threshold 
· Levels 

IF (Inventory Inter-arrival IF(Inventory Inter-arrival 
level) Time level) Time 

Product #1 <700 13 >1000 16 
Product #2 <700 13 >1000 16 
Product #3 "<550 12 >950 15 
Product #4 <550 . 12 >950 15 

We look at various combinations of thresholds and delivery rates to select a specific set of 
inventory thresholds and delivery rates that would generate a "satisficing" schedule, considering 
inventory levels, waiting time and queues at unloading docks etc .. 

The selected parameters are used in conjunction with the simulation model to assist in defining 
truck delivery schedules that ,minimize inventory and meet the production and inventory 
constraints. Figure 2 illustrates how the results of the simulation can be used to define a truck 
delivery schedule. 
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Note the decision support tool must contain logic to synchronize the delivery of parts from the 
same supplier. Alternatively manual synchronization can be applied using "can order" and other 
decision rules. Manual sync:1ronization is applied to Figure 2 to obtain the delivery schedule 
shown on Table 4. 

TABLE 4 Translation of Figure 2 into a Delivery Schedule 

Supplier: Morris Town 

TO BE DELIVERED 
Product Number Availa Mand Tuesd Tuesda Wednes Thurs Friday 

of ble av ay y day dav 
Number pieces Invent 

ory 
require 
d 

11 :00 7:30 10:00 8:00PM 4:30 11:00 
AM PM PM PM AM 

Numb Numb Number Number Numb Numbe 
er er er r 
of of of of Boxes of of 
Boxes Boxes Boxes Boxes Boxes 

300083 5200 750 3 4 3 4 3 4 
-A 
300422 5200 750 3 4 3 4 3 4 
-B 
301401 4800 1200 5 4 5 4 5 4 
-C 
301400 4800 1200 5 4 5 4 5 4 

-D 
Boxes per 16 16 16 16 16 16 

truck 
Trucks for · 6 
week 
Total number of 96 
boxes 

417 

STD Pack 

250 

250 

178 

178 



CONCLUSIONS AND EXTENSIONS 
The above illustration is applied to the parts delivered from one supplier, the simulation 
"assistant" is easily extended to any number of suppliers. The advantage of using a simulation 
based decision support tool in that production rates can be easily changed, and real life stochastic 
characteristics such as truck and production equipment breakdowns, stochastic interarrival times, 
truck queues at loading docks, process bottlenecks etc., can easily be introduced into the model 
without adding to the complexity of using the·assistant. Research is still ongoing on defining a 
discrete set of arrival rates and inventory thresholds to consider for each s.k. u. and the sensitivity . 
of the scheduling decision to this selection. 
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Length of space missions is constrained by the availability of food supply and the cost of re
supply. The Advanced Life Support System (ALSS) program is an on-going research effort at 
NASA to address this issue. .This research presents a requirements planning system for food 
based on the concepts in Material Requirements Planning in the context of the ALSS. The 
requirements planning model uses a bill-of-material (BOM) for each menu-item with plant needs 
at the lowest level of the BOM. There are some important differences between the BOM used in 
conventional production environments and in the context addressed here. We outline some of the 
differences and provide some approaches to address them. 

INTRODUCTION 
The Advanced Life Support System concept is that a human life support system, supplying food, 
water, and oxygen, open with respect to energy but closed with respect to mass, can operate 
indefinitely in space without ~-e-supply from Earth. This means regenerative or recycling 
technologies must be used. There are both physico-chemical and biological regenerative 
approaches to Advanced Life Support. The bioregenerative approach is also referred to as a 
Controlled Ecological Life Support .System (CELSS). The percent closure or re-supply required 
can vary with design. Or stated as a NASA goal for life support as defined by 
the Headquarters Office of Life and Microgravity Sciences and Applications (OLMSA) [I]: 

Provide life support self-sufficiency for human beings to carry out research and 
exploration productively in space for benefits on Earth and to open the door for planetary 
explorations. 

In this work, we address the requirements planning that will be needed to support food 
production in space missions. The approach we present is based on concepts in Material 
Requirements Planning. 

One widely used appro·ach to planning material requirements, in a manner that provides an 
optimal inventory level and allows real time changes to forecasted demands, is through a Material 
Requirements Planning (MRP) program [2]. In manufacturing environments, MRP is used for 
planning the time, quantity, and timing of items. MRP assumes that demand for items is dependent 
on the demand for a parent item. This dependency is represented as a Bill-of-Material. The 
demand and timing of requirement for the highest level items is given in a Master Production 
Schedule (MPS) [3]. 
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For the :MRP program to function properly, it must operate on data contained in several files. 
These files serve as inputs to the :MRP processor. They are [4]: · 
1. Master production schedule · 
2. Bill-of-Materials file 
3. Inventory record file 

VERTICALLY INTEGRArfED FOOD PRODUCTION SYSTEM 
Vertically Integrated Food Production System (VIFPS) is a model for supporting logistical issues _ 
relating to food production in the ALSS [5]. The model seeks to address all conceived ac~ivities 
ranging from planting to harvesting to food preparation and waste recycling. The model deals 
with scheduling of operations related to feeding astronauts in outer space assuming little or no re
supply. The tasks included are planting, monitoring, harvesting, recycling, processing, and food 
production. This research addresses a requirements planning system for food based on the basic 
concepts of :MRP. 

Figure 1 provides an overview of Food Requirements Planning in VIFPS. A menu plan lists the 
food items in a weekly schedule; it also provides a breakdown by meal such as breakfast, lunch, 
and dinner. The crew food needs provide an estimate of the quantity of each food item needed by 
crewmembers. The menu plan and crew food needs are translated into a Food Production 
Schedule such as the one sho_wn in Table 1; this is similar to an MPS in a conventional production 
environment. An example of a Food BOM is shown in Figure 2. The Food Production Schedule 
and the Food BOM can be m;ed to produce a Food Requirements Plan, similar to that produced 
by :MRP. : 

Figure 1. Overview of Requirements Planning in VIFPS 

SOME DIFFERENCES IN FOOD REQUIREMNTS PLANNING 
Several of the concepts in MRP can be applied directly to food planning in the context addressed 
here. However, there are some important differences. 

The Food Production Schedule is similar to an MPS with the items or products included here 
being specific menu items. le a production environment, the MPS is a goal to seek with flexibility 
in quantity and timing being possible. With the Food Production Schedule, however, such 
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flexibility may not be possible due to the minimal nutritional requirements that must be provided 
to the crew. · · 

~OM for a p~odu~t shows different components that together comprise the final product. The 
highest level item m a BOM has to have all the items at lower levels to be complete. BOM for a 
meal, usually available in a recipe, is the list of ingredients to prepare the food. Sometimes it is not 
necessary to have all the items to make a food. For example, salad may consist of lettuce, tomato, 
onions, eggs, and salad dressing. It may also be made without one of the items such as tomato or 
onions. This makes the BOM flexible in the context considered here. Figures 2, 3, and 4 provide 
an example of this. : 

Figure 2. An Example of Food BOM 

Figure 3. Alternative I ofFood BOM in Figure 2 I I Figure 4. Alternative 2 ofFood BOM in Figure 2 

Another important difference is brought about by lead times. In the context of food production, 
some lead times fall in a range of time values. For instance, an e.xtended version of the BOM in 
Figure 2 will include plant seeds at the lowest level. Here, the lead time for, say, lettuce, can be a 
range of times; it can be harvested any time between, say, 10 and 12 weeks of planting. The lead 
time may also have an effect on the yield or the quantity (in weight) of the item. 

The differences outlined here will require changes to the logic used in the traditional MRP. The 
flexibility implied in the BOM can be exploited to obtain a desirable food requirement plan. 

In the following section, we present an example and an approach to address one of the differences 
identified above, mainly flexi·Sility in what is included in the recipe for an item. 

Some preliminary research has been accomplished in the area of a requirements planning system 
under VIFPS. These results do not address the issues unique to food processing that have been 
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identified above. The results are discussed here. Three hypothetical Bills-of-Materials are 
presented in Figures 2, 3, and 4. There are three BOMs for three alternatives. BOM's are called 
recipes here since they are salad preparation instructions. · 

A hypothetical Master Production Schedule is made for seven periods (Table 1 ). Master 
Production Schedule is called Meal Plan. Tables 2 through 9 are hypothetical planned order 
release tables. They provide a hypothetical plan based on the information in the recipe. They start 
from higher level items in recipe and end with the lower level items. The simplified MRP 
pertaining to requirements planning as applied in VIFPS and distinct from MRP used in 
production environments wm: be addressed in the research. · 

Table 1. Master Production Schedule for Example 

1 2 3 4 5 6 
2 3 5 1 4 2 

APPROACHES TO ADDRESS FLEXIBLE BOM 
One major difference betweep a conventional BOM and BOM in VIFPS is the flexibility that 
exists in the BOM. We present two approaches that can be applied to BOM in VIFPS to consider 
the flexibility. 

The first approach can have two cases. The first case is when the item is interchangeable with 
another item. In this case the two items can be given the same part number and can be used 
interchangeably. But if one of the items is also used in another BOM, it may require using a 
different part number; this gives rise to case two. Here, it may be possible to remove an item as 
long as some other item exists. For example, product ABC is comprised of items A, B, and C. 
Item C is required to exist, but either A and B can be used together (preferred, if they are both 
available), or at least one of them has to be used to make the product. This model is easily used in 
a. recipe for food and it can also be applied to a production system when some items in BOM are 
flexible as explained above. This approach can be accomplished by using truth tables used in 
Boolean algebra. This will give a representation of all possible variations of the BOM. Different 
BOMs can be evaluated based on different criteria. 

The second approach is whe~1 a certain amount of items is required in specific weight ranges. In 
this approach, a certain total amount is required to be made and it may be possible. by increasing 
the amount of another item to reach the required weight. The previous example is used again to 
show this case. It is required to make two pounds of ABC. The standard recipe may need one 
pound of item C, half a pound of item A, and half a pound of item B. If A or Bis short, it can be 
compensated by one another to reach the required amount. 

We provide a hypothetical example including the first type of flexibility. We also provide an 
approach to addressing this flexibility. This example is developed to show how flexibility can be 
implemented in a BOM. Here, we are trying to make salad. Salad consists of lettuce, tomato, and 
carrot. Although it is preferred to have ·an the items to make the salad, sometimes it may not be 
possible. Figures 2, 3, and 4 represent this type of flexibility. We assume the MPS to be like that 
in Table 1. 
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Since we are trying to address this problem by applying the MRP methodology, Planned Order 
Release tables are developed for all possible alternatives. The first priority is to choose the BOM 
of Figure 2 with all the items. The salad consists of two units of lettuce, two units of tomato, and 
one unit of carrot. The Planned Order Release tables (Tables 2, 3, 4, and 5) show that (see 
Inventory On-Hand and Scheduled Receipts), this plan is possible. 

After the first period, we use the BOM of Figure 3 to illustrate BOM flexibility. This will increase 
the gross requirement for lettuce in the second period to 15 units (see Table 7). Since we have 
two units of lettuce on hand and 10 units scheduled to ·be received, there will be shortfall of 3 
units. The lead-time for lettuce is two periods and this means that the order should have been 
released two periods before. rfherefore, this BOM of Figure 3 will not be feasible during period 2. 
However, if in table 4 the projected on hand before period one had been 12 instead of 6, it would . 
have been feasible to use BOM of Figure 3. 

In general, in developing Planned Order Release tables at any time, the approach will be to 
evaluate all BOMs. The chosen BOM will be the one that is feasible and which will also satisfy 
other criteria such as production capacity. 

Tables 2 through_ 9 were gen~rated by using spreadsheet-based MRP software [6]. 

Part No 
LM 

BOM Parts !lettuce 
!Tomato 
ICanot 

Lead lime 
Lot Method 
Cost Added 

IIFOQ 

Unit Cos t 

NCI. 
lNII 

I 
I 

Tine 
IIR)Q 

Colt 

J Table 2. Planned Order Release for Salad 
Sal-, r-- ~ 3 4 :, Ill 

0 Gross Requirements • : 5 1 4 : 
2 Scheduled Rec..,.. 0 ( 0 I ( C 

2 Projected O!Mland I 3 1 ( 0 I ( C 

1 Net Requirements C : 5 1 4 : 
1 Planned Order Rec_. 0 2 5 1 4 2 
1 Plamed Order Releases1 ( 2 5 1 4 2 1 
1 lnwrto,y On Hand I ~ 1 0 0 0 0 0 
Cl Wortcin ProcNs I 0 :.i 5 1 4 2 1 

j Table 4. Planned .Order Release for Tomato 
,m-o nn . l 2 3 4 :, " 1 GrossR""1Jirw1wfl 1 

I Sch«UedHea!iols 1 
I f'l-aected 0,-lwld I e 
( Net fflKUIWTWU 

Aamed Ords" Reaias 
1 Pla-nedOrdlr ,_.. I 

1 1,-,tcrv On Hand I I 
1 W:ncin~ I I 1 

I I Table 3. Planned Order Release for Lettuce 
NCI. uluci ~ 3 4 :, Ill 

1 L.-1 1 
Gn:.e .. __ 

1 
I l'WIII C Sd.ued- 1 I 
C I I ...--:,OHw,d I ~ I 
1 I ( Nit--
1 line : Plrned OrdlrR.,.... 
C IIRXl PlrnedOrdlr-- ( 

( 1 __,,OnHand I I 
( Colt 1 WncinAocas I ( 1 

I I Table 5. Planned Order Release for Carrot 
NCI. ........... 1 ~ 3 4 :, Ill I 

L.-1 1 Gn:aR•--· - 1 1 
I Sdl«Ued- ( I I 

I C 11'Cieaed0Hw-.d I ~ 1 ( C 

I C Nit-- ( 1 1 
line 1 Plrned0rds"R8Clliin ( I 

_,,.,.,,R)Q • Plrned Ordlr -- C . C 

Addld 1 ir-ur.OnHand I 1 1 1 1 C 

Colt 1 WncinAocas I ( ◄ . ~ C ( 

I 

I 

Table 6. Planned Order Release for Salad Using 
BOM in .Figure 3 

Table 7. Planned Order Release for Lettuce Using BOM 
in Figure 3 

Plrt No. 
LM 

BOMPlrts !Lettuce 
ITcmato 
IClnd 

IIFOO 

Salad Period 
0 Gross Requrements 
3 Sc:heciAed Receipts 
2 Prqected On-lwid I 
0 Net Requrements 
1 Planned Order Aeeei~s 
1 Planned Order Releeses1 
1 nlenlay en Hand l 
6 Work in Process I 

1 2 
3 

1 

( 

1 
0 

3 4 
5 1 4 
0 0 0 
0 0 0 
5 1 4 
5 1 4 
1 4 2 
0 0 0 
1 4 2 

5 6 
1 
I 
C 

1 
1 

1 
0 C 

1 

7 Part No 
LM 

BOMPw I 
I 
I 

I1FOQ 

Table 8. Planned Order R ~lease for Tomato Using BOM 

Part No 
Lewi 

BOMPam I 
I 
I 

' Lead lime 
Lot Method 
Cost Added 

IIFOQ 

Unit Cost 

in Figure 3 · 

Tomato Patod 1 2 3 4 5 Cl 
1 Gross Requnments 10 I 4 • 4 
0 Scheduled Rec..,.. : 1( I C I C I 
0 Projected On-hand I i : I C I C I 
0 Net Requirwments ( C • 4 2 4 
2 Planned Oder Rec_. i ( ( I 4 2 4 
1 Plamed Order Releases! 0 I 4 ' 4 ( ( 

1 111-..ito,y On Hand J 2 • ( ( C ( ( 

1 WOik In Procfts I ~ I 1 I Cl 4 I 

7 
Part No. 

Lewi 
BOMPIIIS 

LNdllme 
lot Method 
CostAlldld 

Unit Colt 
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I 
I 
I 

IFOQ 

leltuce Patod 1 2 3 4 5 Cl 7 
1 GrossR- 1 1 
0 ScheGlled Rec- 1 
0 r-naa;ted~ I ' 0 lfftR ............. 1 
2 Planned 0rdlr RIC- 1 
2 Planned Ordw R...._I I 1 
1 lnwntoiy On Hand I 
1 WOll!ln Pn,c•s I 15 1 

Table 9. Planned Order Release for Carrot Using BOM in 
Figure3 

Camit Patod 1 2 3 4 5 Cl 7 
0 OINSR-
0 SchecMed RIC- 4 
0 Pnnc'led 0n-Mncl I 1 
0 NetR-
1 Pllnned 0rdlr Rec-
2 Plamed Ordw Releases! C 
1 lnwnlOIY On Hand I 1 
1 WOll!ln Pn,c•s I C 



CONCLUSION 
In this paper, we provide some of differences in conventional requirements planning and 
requirements planning in food environment. The primary differences relate to BOM. While 
flexibility in BOM in food production context will lead to some complexity in logic that is used in 
MRP computations, this flexibility will provide alternatives to deal with future uncertainties in 
availability of material. · 

Several issues associated with flexibility ofBOM need to be address.ed and will be the focus of 
future research by the authors. 
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ABSTRACT 
Prediction and/or classification are of interest in many arenas (rinks) including manufacturing 
and marketing. Our paper will compare the performance of a neural network (trained using 
backpropagation) with traditional statistical methods in a real-world prediction problem. 
Specifically, we will predict points (earned from wins, shoot-out wins, and sho.ot-out losses) a 
hockey team will earn based on traditional hockey data. The performance of the different 
methods will be compared. The results· will have implications for prediction/classification 
problems including manufacturing process outcomes and potential employee performance. 

INTRODUCTION 
Interest in hockey has been growing in the United States in the last decade, especially in the 
minor leagues. Several new leagues in the southern United States have been formed recently 
(:N estern Professional Hockey League and East Coast Hockey League) and are adding new 
teams each year. Since hockey is rich in interesting statistics and growing in popularity, we 
decided to analyze hockey data from one of the leagues in order to find characteristics or traits of 
winning teams and predict the points with which teams are ranked. The Western Professional 
Hockey League (WPHL) was chosen. Two methods will be used to predict points, a neural 
network trained using backpropagation and traditional regression, and the results will be 
compared. The models will be tested using current hockey statistics to predict points. 

HOCKEY POINTS 
Hockey is unique among the major sports in that teams are ranked using a point system rather 
than just wins and losses. The points earned by a team are based on wins, shootout wins, and 
shpotout losses. In a hockey game, if the teams are tied at the end of the final period, there is a 
shootout. Each team is allowed 5 shots against the opposite goalie, and the team with the most 
goals at the end of the shootout wins and the losing team is credited with a shootout loss. A team 
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is given two points for a win or a shootout win, and one point for a shootout loss. Therefore, a 
team is rewarded for ending the regulation three periods with a tie. 

METHODS OF ANALYSIS 
The number of points a team receives will be predicted using traditional regression and a neural 
network trained using backpropagation. The data used in the analysis is a set of observations 
containing the statistics (stats) and number of points for each team in the league. Observations 
from two seasons are included in the set, the 1996-97 end of season stats and the stats for 1998-
99 season as of February 11. The stats for the 1997-98 season were not available at the time we 
began this project. (We have since found a source for this data, ~d we will include it in future 
research.) The number of games played can be different for different teams because the stats are 
calculated at different points in the season, therefore, we included this in the model as a variable. 

The first model implemented is a stepwise regression. This model will result in a linear equation 
which can be used to predict points for a team in this league. Current statistics (as of March 4) 
will be used in this model to predict points, and we will compare the results to the actual number 
of points for the teams in order to check the accuracy of the model. The coefficients in the 
model will be used to examine the relationship between the variables (stats) and the predicted 
number of points. A positive coefficient for a variable indicates that the variable has a positive 
relationship with points. Hence, as the variable increases (all other variables held constant), the 
number of points increases and vice versa. A negative coefficient indicates that there is an 
inverse relationship between the variable and points. This means that as this variable increases 
(all other variables held constant), the number of points tends to decrease and vice versa. 

We chose a feed-forward neural network trained using backpropagation as our neural network 
method. This is the most commonly used type of neural network; it is widely available in many 
software packages - including public domain packages available on the internet. Unlike 
regression, which requires the analyst to specify the functional form of the relationship between 
the dependent and independent variables (including interactions), neural networks are "model 
free" in that the analyst need only specify the appropriate input data - and not the functional 
relationships. Neural networks have the ability to find the relationships (in~luding interactions) 
and functional forms (including nonlinearities) in the training phase. 

Basically, a feed-forward neural network computes outputs as the weighted sum of a nonlinear 
transformation of the weighted sum of its inputs. That is, every input is passed to every node ( or 
_processing unit) in a "hidden" layer . . Each node in the "hidden" layer computes a-weighted sum 
of the inputs and performs a simple nonlinear transformation on the resulting value. At the 
output layer, the output node(s) calculate(s) a weighted sum of the data from th~ hidden layer. 
The backpropagation algorithm is a method used to "train" feed-forward neural networks; it is a 
gradient descent method which seeks to minimize a penalty function. We used squared error as 
the penalty function. 

A common problem in using neural networks is overtraining. The training consists of 
incremental adjustments to the weights, and it is possible for the neural network weights to 
reflect the training data too closely. That is, the neural network has learned the "noise" in the 
training data in addition to the "signal." To avoid this problem, we trained our network to the 
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· second inflection point in the squared error curve. Typically, the first inflection point reflects a 
"linear" fit to the training data. Training to the· second inflection· point allows the neural net to 
"find" any nonlinearities inherent in the data. 

REGRESSION RESULTS 
Stepwise regression is a technique that permits reexamination, at every step, of the variables 
incorporated in the model in previous steps. A variable that entered at an early stage may 
become redundant at a later stage because of its relationship with other variables subsequently 
added to the model. To check this possibility, at each step we make a partial F test for each 
variable currently in the model, as though it were the most recent variable entered, regardless of 
its actual point of entry into the model. The variable with the smallest nonsignificant partial F (if · 
there is such a variable) is removed and the model is refitted with the remaining variables. The 
partial F s are examined and so on until no more variables can be entered or removed. 

For the WPHL data set, a stepwise regression was used to predict POINTS. The variables 
entered and the order in which they entered were GOALS FOR, GOALS AG, GAMES, SO, and 
SHOTS FOR, with the final R2 = 0.977. The summary tables are as follows: 

VARIABLES 

POINTS The number of points for a team= 2*(# wins) + 1 *(# shootout losses) 
GOALSFOR The total number of goals a team has scored 
GOALSAG The total number of goals scored against a team 
· GAMES The number of games a team has played 

so The number of games in which the goalie( s) has/have held the opponent 
to zero goals 

SHOTSFOR The total number of shots on goal that a team has taken 

ANOVA 

Source Sum of Squares Df Mean Square F Sig. 
Regression 3267.605 5 653.521 145.592 .000 

Residual 76.308 17 4.489 
Total 3343.913 22 

COEFFICIENTS 

Unstandardized Coefficients Standardized 
Coefficients 

B Std. Error Beta T Si . 
(Constant) 5.880 5.506 1.068 .300 
GOALSFOR .283 .020 .986 13.801 .000 
G9ALSAG -.316 .022 -1.104 -14.539 .000 
GAMES 1.478 .236 .745 6.268 .000 
so -1.321 .426 -.142 -3.103 .006 
SHOTSFOR -9.529E-03 .004 -.232 -2.418 .027 
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Thus the regression equation is: 

PREDICTED POINTS= 5.880 + 0.283(GOALS FOR) - 0.316(GOALS AG)+ 
1.478(GAMES)- 1.321(SO)- 0.0095(SHOTS FOR) 

Contributing positively to POINTS were GOALS FOR and GAMES. Contributing negatively 
were GOALS AG, SO and, to a very small extent, SHOTS FOR. Taken as a group, these five 
variables explain 97. 7% of the variation in POINTS. In interpreting the coefficients, it must be 
noted that many of the statistics will be related to the number of games played. This will limit 
interpretation of the relationship between the variables (stats) and the number of points obtained. 
When more data is available, the analysis will be run only on end of season data where the 
number of games played will be equal. 

We can see that the number of points should increase as the number of games increases. It is 
also intuitive that higher scoring team,s would have more points and that teams that have a larger 
number of goals scored against them would tend to have fewer points. However, it is not 
intuitive that the number of shutout games (opposition scores O goals) would have a negative 
effect on points earned. One would expect this to increase the number of points earned. It is 
also interesting that the number of shots taken by a team decreases the predicte~ points. This 
implies that a team should use a strategy where fewer but better shots are attempted rather than 
taking a shot any time a player has the puck and is within range of the goal. The decrease in 
points, however, is small. -

In order to test the model, we used the current data as of March 4, and predicted points using the 
regression equation given above. The tables below display the results. 

Team CRP CTX WAC FTW AUS SHR ARK LKC MON 
Act Pts 73 69 75 66 56 83 73 72 70 
Prd Pts 68.66 71.09 74.03 62.96 51 .25 79.97 73.11 69.76 67.97 
Error 4.34 -2.09 0.971 3.04 4.75 3.03 -0.119 2.24 2.03 

" 

Team ALX TUP ABL SAN ELP ODE AMA NMX 
Act Pts 56 42 83 73 67 62 59 55 
Prd Pts 56.89 38.27 80.09 72.71 68.02 65.60 58.45 51.41 
Error -0.89 , 3.73 2.91 0.29 -1.02 -3.60 0.55 3.59 

The model seems to predict well. The largest error is 4.75 points and the average error is 2.3. The 
bias is 1.4 indicating the model tends to slightly under-predict points for this data. 

NEURAL NETWORK RESULTS 
There are no well established statistical tests for neural networks which are comparable to the F 
test and t tests used in regression. To ensure a "level" (or "Zambonied") playing field, we used 
the same variables in the neural network as was used in the regression analysis. The R2 for the 
neural network is 0.992. That is, 99.2% of the variation in points is explained by the model fit 
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· by the neural network. To determine the direction (direct or inverse) and form (linear, quadratic, 
etc.) of the relationship between the inputs and the outputs, we examined plots of the data fit by 
the neural net. We found a direct, linear relationship between the number of games played and 
the goals for and points. We found an inverse, linear relationship between the goals against and 
shots for and points . . These findings are consistent with those of the regression analysis. The 
neural network found the relationship between shut outs and points to be inverse and nonlinear. 
The graph is shown below. The direction is consistent with that found by regression; the 
functional form is not. Perhaps that explains the difference in R2 for the two approaches. 

2.90740 

points 

0.00000 4.21053 
Shut outR 

We used the trained·neural network to predict using the data as of March 4th
. The results are 

shown below. The neural network predictions are not as good as those from the regression. The 
largest error is 7.27, the average error is 3.25, and the bias is 3.1. A paired differences test for 
differences in the predictive powers of the two models suggests that the difference is significant 
(p-value = 0.0007). Perhaps the nonlinearity depicted above represents noise that the neural 
network has learned. · 

Team CRP CTX WAC FTW AUS SHR ARK LKC MON 
Act Pts 73 69 75 66 56 83 73 72 70 
Prd Pts 67.09 69.35 69.38 59.63 49.80 75.73 71.00 68.02 68.03 
Error 5.91 -0.35 5.62 6.37 6.20 7.27 2.00 3.98 1.97 

Team ALX TUP ABL SAN ELP ODE AMA NMX 
Act Pts 56 42 83 73 67 · 62 59 55 
Prd Pts 55.68 35.21 80.39 73.09 65.24 62.63 57.81 52.86 
Error 0.32 : 6.79 2.61 -0.09 1.76 -0.63 1.19 2.14 

CONCLUSIONS 
This study has been limited by data availability. We have found a source which will provide 
end-of-the-year data for several years. Using end of the year data should allow a better analysis 
of the relationships since the number of games played will be equal for every team; therefore, it 
should not dominate the forecasting models. We plan to do the same analyses for other minor 
leagues and compare the results - both in terms of predictive powers and in terms of similarities 
and differences in the various leagues. We hope to include the NHL if data are available. 
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Finally, we plan to do a factor analysis - both with traditional statistical methods and with neural 
network methods. Perhaps the factor analysis can provide additional insight into the · 
relationships between various stats and the number of points a team scores.. This might help 
explain the unexpected sign on "shots for," for example. 

The inclusion of additional data may affect the difference in performance between the neural 
network and linear regression. We will also have the opportunity to incorporate other neural 
network methods ( such as radial basis functions) and examine other ~pproaches to prevent 
overtraining. 

REFERENCES 
Hockey data, Western Professional Hockey League Expanded Report, Howe Sportsdata 
International, Fish Pier, West Building #1, Boston, MA. 
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WHY IS THE ZODE IN THE MIDDLE OF THE ROAD? 

Ken Powell, Utah Division of Public Utilities 

INTRODUCTION 

Dr. Suess introduces the story of the Zode like this: 

Did I ever tell you about the young Zode 
Who came to two signs at the fork in the road? 
One said: To Place One, and the other: Place Two. 
So the Zode had to make up his mind what to do. 

The young Zode continues to dither over which road to take. One destination may be too hot, the 
other too cold, one too high, one too low. He agonizes over his decision for 36 ½ hours before 
finally making a decision: · 

"Play safe," cried the Zode. "I'll play safe! I'm no dunce. 
I'll simply start off for both places at once!" 
And that's how the Zode who would not take a chance, 
Got to No Place at All, with a split in his pants. 

Does the story of the Zode sound familiar to you? I suspect-that too many of our industrial and 
governmental decisions get made in the same way, with the same result. The story of the Zode 
illustrates several of the problems underlying too many decisions, particularly policy decisions and 
maybe too many of our research projects: 

No clear overriding goal or objective 

Not sufficient data 

Inadequate tools for processing data 

Let's discuss each of these ir.. more detail, starting with a big example, then going down to a nuts 
and bolts example, then back up to a big example. 

NO CLEAR OVERRIDING GOAL OR OBJECTIVE 
Let's take a case in point. Why is it that we are paying billions of dollars to farmers in tobacco 
subsidies at the same time that we are paying billions of dollars for health problems related to 
tobacco, at the same time as governments are suing the cigarette manufacturers for making the 
tobacco into a product and selling it? Without taking sides in this argument, we can still see the 
lack of a single overall policy direction for the country. Doesn't this sound like the Zode, going 
two directions at once and ending up nowhere at all with a split in our pants? 

Why is an overriding goal so important? For a number of reasons. Clearly, in any problem 
reJ:Iuiring a decision there are pros and cons. The pros and cons are developed from a particular 
viewpoint. If that viewpoint is not based on the overriding goal, then what appears to be a good 
decision from a narrow viewpoint becomes a bad decision when viewed from a broader 
perspective. A decision that helps farmers seems to be a good decision when all other viewpoints 
are ignored. 
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· When we don't have an overriding goal, we become like Alice in Wonderland. Remember how 
she, too, came to a split in the road and asked the Cheshire Cat which path to take. The cat 
replied that depended on where she wanted to go. Alice replied, "I don't rightly know/ to which 
the cat responded, "Then it doesn't matter which path you take." Ifwe don't know our goal, it 
becomes almost impossible to pick the right path. 

In order to illustrate this problem further, let's drop our viewpoint to a lower decision-making 
level. For many years utilities in this country have been "cost plus" businesses. Public Service 
Commissions awarded them a rate of return above whatever their cgsts were. But utility 
regulation has been changing. We used to ask only what the utilities' real costs were. Then we 

· started asking if those costs were prudently incurred. Then we insisted on being involved in the 
planning process that triggered expensive decisions. Today we are asking if competition would 
not be better. 

With that historical background let's look at a typical utility decision. A utility manager has 
noticed that whenever there is a lightning storm in the area, there are many electrical outages. He 
can buy devices called LIGHTNING ARRESTERS that are supposed to help prevent outages, 
but he is not sure how well they work. In addition, his linemen suggest that sometimes the 
arresters themselves fail causing an outage. 

The manager's overriding goal is to prevent outages. Is that an appropriate goal? It seems so on 
the surface, but we will be coming back to this question. 

NOT SUFFICIENT DATA 
Having an overriding goal also helps us. to understand what data needs to be collected. For 
example, suppose our goal in the tobacco industry was not just helping the farmer, but our goal 
was to improve the long-term welfare of all our citizens. Collecting data on the cost of tobacco
related health problems quickly points out that we have a problem. 

Coming back to our utility problem, the manager has set his goal to eliminate lightning caused 
interruptions. So he looks at his system and collects data on arresters and interruptions. He finds 

· seven lengths of wire [circuits] where he can count the arresters installed and get the number of 
outages per year for the last ~en years. Table 1 is a summary of that data. Now that he has the 
data, what does it tell him? It seems to say that the more arresters you have, the fewer 
interruptions you have. A few years ago, he would have ordered hundreds of arresters for each 
circuit. But now he knows that regulators are looking over his shoulder and second-guessing his 
decisions. Perhaps more analysis is in order. 

INADEQUATE TOOLS FOR PROCESSING DATA 
Analyzing the data for tobacco-related health problems leads into a morass of related issues: 

Is nicotine addictive? 

Did cigarette manufacturers know nicotine was addictive? 

Is cigarette smoking a voluntary activity? 

Does the industry promote smoking among those too young to weigh the consequences? 
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· So let's leave that prickly issue and come back to our utility manager. Simply tabulating the data 
is not analyzing it. What is the relationship, if any, between the number of arresters and the 
number of outages? A simple regression would help, but what if the relationship is not linear? 
Better tools for analysis are abundant today. Curve fitting software allows us to try to fit a 
number of shapes of curves to the data, and thereby perhaps discover an underlying relationship. 

Figure I is the result of applying T ABLECUR VE software to the data in Table 1. Many kinds of 
curves had a good fit, but the simplest good fit is the one shown. With a small number of data 
points, we need an equation with few variables. 

The first thing that we note is the r2 of 0. 99999 . This tells us that we have enough data and good 
enough data from which to draw conclusions. Then we note the form of the equation, Y _= a+ 
b/x, an inverse relationship. The fitted curve itself shows us something else significant. The curve 
is asymptotic to the x axis, that is, it never reaches the x-axis. This tells us that we can never 
reduce our average outages to 0 or even 1 per year without having an infinite number of arresters. 
So our first goal cannot be met. What should we choose now for a goal? · 

The manager remembers that the regulators are always harping about minimizing cost. And now 
with competition seemingly imminent, even his bosses are stressing cost control. So now the 
manager adopts cost minimization as his goal. He determines that the installed cost of arresters is 
about $100 each .. He also determines that the IO-year cost of outages is about $200. From this 
data he develops Table 2. 

From Table 2 we note that as the number of arresters increases, the total cost first decreases and 
then increases, with a minimum of about 15. If once again we apply T ABLECUR VE to the data, 
again we find an excellent fit of r2 = 0.99998 with a fairly simple relationship. Figure 2 is a plot of 
that derived curve. We can read the minimum cost to be at about 13-14 arresters per circuit. We 
can apply calculus to the derived equation and find that the exact minimum is 13. 5 arresters per 
circuit. We obviously can't add½ an arrester to a circuit, so we use 14 per circuit. This will 
minimize our total cost, but we will still have about six outages per circuit per year. 

ANOTHER EXAMPLE 
Sometimes the split in the pants comes about because two different groups are pulling in two 
different directions. For example, electric utilities and regulators often pull in two different 
directions. With the dawning of the possibility of competition, electric utilities want to reduce 
future costs as much as possible. One such area is the investment cost of power plants. If a utility 
can increase its depreciation rate significantly, current ratepayers will pay more of the cost of the 
power plant, and future competitive customers will pay less. 

On the other hand, state regulators want current customers to only have to pay current costs. So 
these two parties are pulling in two different directions. Each will need to support its position in 
hearings before Public Service Commissions. What data will best do the job? 

One area of disagreement is the estimation of the future cost of removing a power plant. This is 
one of the elements of depreciation expense. This future expense gets depreciated along with the 
present expense of the investment in the power plant. A recent publication provided a summary of 
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the future removal cost estimates of many utilities around the nation. I In at least one case, · an 
expert witness has testified that this sample of studies provides a reliable estimate for any utility to 
use to find future removal cost. · 

Is this estimated data good data? Well, it seems to be the best available. Why? Because very few 
power plants are being retired, so actual data is scarce. However, this data base of estimates has 
many weaknesses. The primary weakness is that we really don't know the basis for any of the 
estimates. Are all power plants alike enough to say that this data base is a representative sample? 

What data analysis is useful? The expert simply used the data to calculate the average dollars per · 
kilowatt [$/KW] for the whole data base [getting $43/KW] without showing in any way that . 
dollars varied as a function of megawatts. Is this a valid assumption? 

We began our review by looking at the ~/KW for each individual plant. The raw .data itself has an 
extremely wide range. We looked at a scatter graph of the raw data, plotting$ against MW, as 
shown in Figure 3. We can see the great variability of the data, but still some sort of pattern 
seems evident. · So once again curve fitting seems desirable. We first looked at a linear curve fit, 
to see if the consultant's average is reasonable. Figure 3 shows the result of the linear curve 
fitting. The r2 is not particularly attractive and some points are clearly outliers. If we eliminate six 
points as outliers, then the r2 is improved to O. 67, without much change in the variables. I have 
drawn the $43/KW line for comparison. It appears that by not including an intercept, the $43/KW 
results in a significant overstatement of removal cost. 

We still aren't sure how good a sample this is, but if it is the best that we have, we might have to 
go with it. If we do, how significant is the difference from the $43/KW that the consultant wants 
to use? For power plants in the range of 1200 to 1500 MW, the error is from $6-15 million. If 10 
power plants with an average error of $10 million are being removed from service in the next 20 
years, the total over estimate of cost is about $100 million. 

As bad as this is, the problem gets worse. First, in today's world, almost no power plants are 
_being retired. In many cases they are being refurbished, re-powered or sold on the market. We 
have little evidence of any removal cost. We might be justified in assuming there is no removal 
cost and if it turns out we are wrong, then we can add the removal cost of this plant to the 
investment cost of whatever replacement is constructed. 

Second, even if there is a removal cost in 20 years of $43/KW, collecting that at the rate of 
$2.15/KW per year as the consultant recommends ignores the time value of money. $2 per year 

. for 20 years has a future value of $128 [assuming the utility can earn 10% on its .money], not $43! 
The annual payment needed to collect $43 in 20 years is only $.6 million. 

We have several good reasons to doubt the· results obtained by the consultant. -Our decision now 
is whether to reject removal cost altogether, or to use our lower number and the time value of 
money. These lower values would reduce the depreciation expense to $0.50/KW per year_ 
compared to the $2/KW per year recommended by the consultant. 

1 Ferguson~ John S., ''Power Plant Removal Costs Revisited", Journal of the Society of 
Depreciation Professionals. Vol. 7, Number 1, 1996-1997, pp31-48. 
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Clearly, in utilities, in industries, in government, those who knowhow to use engineering 
management sciences can make an important contribution to decision making. When we select 
the right overriding goal, collect the right data and analyze it correctly, we make better decisions. 
We don't end up like.the Zode, nowhere at all with a split in our pants. 
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Factors for Range Control Charts when 
the Underlying Distribution is Weibull 

Noel Artiles-Leon, Ph.D. 
Industrial Engineering Department. 

University of Puerto Rico 
PO Box 9043 

Mayaguez PR 00681-9043 

Abstract 

Variation is an intrinsic part of all manufacturing processes. One of the most common control 
charts to monitor process variation is the R chart. Center line and control limits for these charts 
are computed based on widely known constants which depend upon the sample size. However, 
the computation of these constants assumes that the underlying distribution is normal and, 
consequently, these constants should not be used if the underlying distribution is skewed. This 
paper presents conversion factors and simple formulas to estimate the expected value and the 
standard deviation of the sample range when the underlying distribution is Weibull. 

Introduction 

Control charts for averages and ranges are widely used in industry to monitor processes' location 
and dispersion. Control charts for averages are quite robust because the central limit theorem 
guarantees thatx is normally distributed for "large" sample sizes regardless of the underlying 
process distribution. However, the center line and the control limits of control charts for ranges 
_are usually computed using factors ( d2 and d3) which have been obtained assuming that the 
underlying process distribution is normal. These factors provide go_od estimates for the expected 
value and the standard deviation of the sample range as long as the distribution is symmetric (its 
skewness coefficient is zero) and bell shaped. When the skewness coefficient of the distribution 
is large ( say greater than 1 ), errors in the control limits of the R chart can be as large as 10% to 
15%, especially if the sample size is larger than 5. This paper presents conversion factors and 
simple formulas to ~stimate the expected value and the standard deviation of the sample range 

· when the underlying distribution is Weibull. 

·oetermination of the conversion factors 

The Weibull distribution 

The Weibull distribution (Weibull, 1951) has three parameters: a loc~tion parameter, y, a scale 
parameter, a , and a shape parameter, p. The Weibull distribution is defined by its probability 
density function: - ,· · 

f 
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[1] 

or its corresponding cumulative distribution function: 

. F(x)= I -exp[-( x:y) Pl [2] 

Unfortunately, this notation has not been standardized, and vanous writers use different 
parametrizations. Here, the above notation is used because ex is the true scale parameter and 
because of invariant properties of some estimators of parameters ex, y, and p as shown by Antle . 
and Bain (1969) and Thoman et al.(l 969). Under this parametrization, the expected value and 
variance of this distribution are 

E(x)= y +a *r(l + 1/P) [3] 

a2 = ex2r(l +2/P) - (E(x)-y)2 [4] 
i] 
·111 1.0o-t----t-----+--+----+-----+------f-------1 

This distribution can assume a wide ~ 

variety of shapes depending upon ~ 
:a 

the values assigned to its ~ oso-t---+-----+"'--+--~-------1-------1 

parameters. Weibull distributions a: 
with mean zero • and different values 
of the shape parameter are shown in 0 .oo-l,.___ij....J-Lr----.----.---!---.--~-..i=:;::::~;:::;:=l:=:;:==:;::d 

Figure 1. If p = 1, the w eibull -I.OO ~~~ull r.andom v.a;:ble i!.00 

distribution becomes an exponential . . . . . . 
. . . . Figure 1. Weibull distnbutions with mean zero, constant 

distnbution. As P mcreases the scale parameter 0 = 1 and different values of the 
distribution becomes more shape paramete~. ' 
symmetric, and with P = 3. 6 the 
distribution is very close to normal. 

The range of a Weibull random sample 

The calculation of conversion factors to estimate both the expected value and the variance of the 
sample range is based on the following theorem (Lindgren, 1968) 

Theorem: Let Xi, X2, ••• , X" be independent and identic~lly distributed random variables with 
probability density function (pdf) f(x). Assume that f(x) is strictly positive in the interval 
(a,b) [a or b could be -00 or +00 , respectively]. Then the pdf of the sample range, 
R = Max{~} - Min{~}, for O < r < b-a, is given by 

· b-r x 

g(r) = n(n-1) J[F(r+z)-F(z)] n-
2.f{r+z) .f{z) dz (5] where F(x) = f .fCt) dt 

a a 

Consequently, substituting [l] and [2] into g( ), we obtain the probability density function of the 
range of a Weibull random sample of size n, /··. 

+oo {z-yl3 {z-y+rl3( {z--y)ll {z-y+r)ll)n-2 
· g(r,n;a,p,y) n(n-l)P

2 
J[(z-y)(z-y +r)JP- 1 e T-;;:J _\_«_/ e Tf· -e _\_«_ dz (6] 

a~ . 
y 
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When p = 1, we obtain the probability density function of the _range of an exponential random _ 
sample of size n, 

r{n-1) n-1 ---
gex/r,n,a)=--(e r/ex_ 1r-2 e ex 

a 
[7] 

Notice that, as expected, g() does not depend upon the location parameter y; notice also that for 
r 

n=2, gex/r,2,a) = _!_ e ex is itself the pdf of an exponential distrib~tion with mean a. 
a . 

· To compute the expected range, ER, we need to evaluate 

ER = j rg(r)dr = n(n-1) j r [ jlF(r+z)-F(z)] n-
2f(r+z) j(z) dz] ·dr [8] 

0 0 y 

If we let p = 1, we obtain the expected range of an exponential random sample of size n, 
oo oo r{n - 1) 

n-1 ---
ERn = f rg(r)dr = ~ f r(e rlex_ lf-2 e ex dr [9] 

.o 0 

To compute the variance of the sample range, VarR, we need to evaluate. 

VarR = [<r-ER)2g(r)dr = n(n-1) [<r-ER)2 
[ f F(r+z)-F(z)] n-:t(r+z) fiz) dz) dr (10) 

The standard deviation of the sample range, SDR, is just the square root of VarR. 

The conversion factors 

Since computing ER and SDR is not a simple task, we want to compute factors to estimate them 
based on the sample standard deviation. In other words, we want to compute dw2 and dw3 so that 

ER= dw2 a [11] and SDR = dw3 a [12] 
These conversion factors depend upon the sample size, n, and the skewness, sk, of the Weibull 
distribution from which the random sample was drawn; consequently, we will write dw2(n, sk) and 
dwln, sk). In this paper we present values for dwi(n, sk) and dwln, sk) for n = 2~. 3, ... , 30 and sk 

· = 0, 0:25, .. . , 2.00. When the skewness is zero, the Weibull distribution is very similar to a 
normal distribution and when the skewness is two, the Weibull distribution is an exponential 
distribution. · 

To compute the conversion factors, first we fix a value for the skewness of the -Weibull 
distribution, say sk. -Second, we find values for the parameters (a, P, and y) of the Weibull 
distribution such that E(X)=O, Var(X)=l, and Skewness(X)=sk. In other words, we solve the 
system of nonlinear equations _. · · 

E(x) = 0 = y +a *r(l + llP) 
0

2= 1 = a2r(l +21p) -: y2 
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E[(X --E(' Y\)3] CX) -(x-y r· 
Sk(X) = - ___ -!i~' = sk = pa-PJx3(x-y)He (X dx 

03 . 
y 

for a, P1 and y. Then, with these values of the parameters, and for different sample sizes, we 
compute ER and SDR ~ ../VarR using Eqs. [8] and [10]. Finally, we set dw2(n, sk) = ER/o = ER 
and dwln, sk) = SDR / o = SDR, since o = 1. The results of this process are shown in Table 1 on 
next page. 

Example 

The compression strength of certain types of bricks is approximately Weibull distributed with 
mean 360 psi. Table 2 shows the compression strength (minus 350 psi) of 25 samples each of size 
5. We want to use these data to setup a control chart for ranges. 

Assuming that the process is stable, we can compute the average as µ = 10. 077 psi, the sample 
variance as <:12=4.0526 psi2 and the sample skewness as 1.5794; notice that this value for the 
skewness is too large for the data to be considered normally distributed. The probability plots in 
Figure 2 show that the Weibull model fits the data much better than the normal model. 

To setup a control chart for ranges, we need to estimate the expected value, ER, and the standard 
deviation, SDR, of the sample range. Using the conversion factors in Table 1 (with n = 5 and 
skewness= 1.5794) and interpolating 

ER= dw2 o = 2.120 ../ 4.0526 = 4.267 psi and SDR = dw3 o = 1.060 ../ 4.0526 =2.133 psi 
and the control limits for the corresponding R chart are 

LCL = max{ 0, ER-3 SDR} = 0 and UCL= ER+3 SDR = 4.267+3(2.133) =10.67 psi 
Notice that if we had incorrectly _ assumed that the compression strength_ data are normally 
distributed we would have incorrectly estimated ER and SDR as (Montgomery, 1996) 

ER= d2 o = 2.326 ../ 4.0526 = 4.6825 and SDR = d3 o = 0.8640 ../ 4.0526 = 1.739 
an~ the control limits as LCL = 0.00 and UCL= 4.6825+3(1.739) = 9.90. This UCL based on the 
normal distribution is about 7% smaller and generates a false out-of-control signal at the sixth 
sample. 

No1mal Probability-Probability Plot Weibull Probability-Probability P,ot 
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Figure 2. Normaf and Weibull probability plots for the strength data shown in Table 2. 
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Table 1 Factors for th fa Weibull 

Sample Skewness 
Size 0.00 0.25 0.50- 0. 75 1.00 1.25 1.50 1. 75 2.00 
2 1.136 1.134 1.127 1.117 1.102 1.083 1.060 1.032 0.999 

3 1.697 I. 701 1.683 1.660 1.633 1.602 1.568 1.530 1.490 

4 2.065 2.055 2.051 2.025 1.984 1.935 1.887 1.851 1.835 

5 2.331 2.318 2.313 2.284 2.238 2.184 2.133 2.097 2.086 

6 2.53'7 2.528 2.521 2.488 2.438 2.382 2.330 2.294 2.286 

7 2.703 2.695 2.684 2.650 2.599 2.543 2.493 2.459 2.453 

8 2.841 2.833 2.819 2.783 2.733 2.679 2.631 2.600 2.597 

9 2.958 2.951 2.933 2.896 2.847 2.796 2.752 2.724 2.722 

10 3.059 3.053 3.029 2.990 2.943 2.897 2.858 2.834 2.834 

11 - 3.147 3.140 3.115 3.077 3.033 2.989 2.954 2.933 2.935 

12 3.225 3.217 3.191 3.155 3.113 3.073 3.041 3.023 3.026 

13 3.296 3.288 3.257 3.219 3.180 3.146 3.120 3.107 3.110 

14 3.361 3.353 3.316 3.278 3.243 3.213 3.193 3.183 3.188 

15 3.420 3.411 3.371 3.334 3.302 3.277 3.261 3.255 3.260 

16 3.475 3.464 3.423 3.386 3.357 3.337 3.325 3.321 3.327 

17 3.528 3.505 3.481 3.455 3.430 3.408 3.391 3.384 3.387 

18 3.577 3.551 3.527 3.503 3.481 3.462 3.449 3.443 3.446 

19 3.624 3.594 3.571 3.550 3.531 3.515 3.504 3.499 3.501 

20 3.669 3.636 3.614 3.595 3.578 3.565 3.556 3.552 3.553 

21 3.713 3.675 3.656 3.640 3.626 3.615 3.607 3.602 3.598 

2-2 ., } .755 3.715 3.694 3.678 3.667 3.659 3.654 3.651 3.649 

23 3.798 3.753 3.733 3.720 3.711 3.705 3.701 3.697 3.691 

24 3.839 3.792 3.771 3.758 3.751 3.747 3.744 3.741 3.736 

25 3.880 3.830 '3.810 . 3.798 3.793 3.790 3.788 3.784 3.777 

26 J.923 3.869 3.848 3.839 3.835 3.833 3.832 3.826 3.815 

27 3.960 3.907 3.885 3.875 3.871 3.870 3.869 3.865 3.854 

28 3.998 3.944 3.923 3.913 3.909 3.907 3.905 3.900 3.888 

29 4.041 
1

3.986' 3.965 3.955 3.951 3.950 3.948 3.943 3.927 

30 4.082 4.028 4.007 3.997 3.992 3.990 3.988 3.982 3.970 

Factors for the std. deviaf fa Weibull 
Skewness 

0.00 0.25 0.50 o. 75 1.00 1.25 1.50 1.75 2.00 
0.843 0.844 0.856 0.872 0.892 0.916 0.942 0.970 1.000 
0.871 0.865 0.884 0.908 0.952 0.984 1.023 1.080 1.118 
0.853 0.846 0.871 0.903 0.951 0.989 1.036 1.105 1.167 
0.828 0.821 0.851 0.890 0.938 0.982 1.035 1.1 IO 1.193 
0.804 0. 797 0.831 0.875 0.924 0.973 1.031 1.111 1.210 
0.782 0.776 0.813 0.861 0.910 0.964 1.027 1.1 IO 1.221 
0.762 _ 0.758 0.797 0.848 0.898 0.956 1.023 1.110 1.230 
0.745 0.741 0.783 0.835 0.887 0.948 1.019 1.109 1.236 
0.728 0.726 0.770 0.823 0.877 0.941 1.015 1.108 1.241 
0.714 0.712 0.758- 0.812 0.867 0.934 1.012 1.107 1.245 
0.701 0.700 0.747 0.802 0.858 0.928 1.008 1.105 1.248 
0.689 0.689 0.737 0.792 0.850 0.922 1.005 1.104 1.251 

0.678 0.680 0.728 0.783 0.843 0.917 1.001 1.103 1.253 
0.668 0.671 0.720 0.774 0.836 0.911 0.997 1.101 _ 1.255 
0.659 0.663 0.712 0.767 0.829 0.906 0.993 1.099 1.257 
0.650 0.655 0.705 0.759 0.822 0.899 0.988 1.097 1.259 

0.642 0.648 0.698 0.752 0.816 0.894 0.984 1.095 1.260 
0.634 0.642 0.692 0.745 0.809 0.887 0.978 1.092 1.261 
0.627 0.635 0.686 0.738 0.802 · 0.880 0.971 1.089 1.262 
0.620 0.629 0.680 0.732 0.795 0.872 0.963 1.085 1.264 
0.613 0.624 0.674 0.726 0.788 0.865 0.955 1.081 1.265 

0.607 0.619 0.669 0.721 0.781 0.857 0.947 1.076 1.266 
0.601 0.614 0.664 0.715 0.774 0.848 0.938 1.070 l.267 
0.595 . 0.609 0.659 0.710 0.766 0.839 0.928 1.064 1.268 
0.590 0.605 0.655 0.706 .0.760 0.830 0.917 1.057 1.269 
0.585 0.601 0.650 0.702 0.752 0.821 0.906 1.049 1.270 

0.580 0.597 0.646 0.698 0.745 0.811 0.893 1.041 1.271 
0.575 0.593 0.642 0.694 0.737 0.800 0.880 1.031 1.272 . 

0.571 0.589 0.638 0.691 0.729 0.789 0.866 1.021 1.273 



No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Table 2. Coml!ression stren~th data 

(Compression strength - 350) psi Sample 
Rani:;t 

9.376 9.719 10.153 8.034 11.431 3.397 
11.604 10.052 9.402 12.874 11.482 3.472 
8.843 12.527 8.390 8.075 9.315 4.452 

11.246 8.994 7.864 8.848 8.111 3.382 
8.870 15.568 9.815 8.818 10.086 6.749 
7.822 9.646 16.971 18.124 8.644 10.303 

14.116 8.562 11.225 8.551 9.067 5.566 
10.419 10.322 9.051 8.568 14.652 6.084 
12.666 12.769 8.013 11.308 8.961 4.756 
8.671 9.658 10.496 12.472 8.080 4.392 
8.137 7.823 10.059 8.254 10.658 2.835 
8.639 9.043 12.747 9.136 8.423 4.324 
9.485 9.785 11.447 8.105 8.166 3.342 
8.579 11.977 10.867 8.298 9.933 3.679 

11.938 8.289 8.239 9.184 10.089 3.700 
10.045 9.660 15.679 9.878 8.964 6.715 
9.327 8.234 14.338 8.018 15.228 7.210 

10.692 8.839 9.084 11.959 10.092 3.121 
9.122 12.571 8.310 10.924 8.409 4.262 
8.428 11.673 8.142 8.705 9.496 3.531 
9.057 10.207 8.103 13.153 9.439 5.050 
9.422 10.124 11.159 9.774 11.448 2.026 
9.849 9.638 9.318 9.160 9.962 0.803 
9.188 8.788 8.456 7.903 8.426 1.285 

10.337 10.075 9.574 14.257 11.372 4.683 
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Figure 3. Control chart for ranges of 
compression strength data. 
Samples come from a Weibull 
distribution. 
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·Conclusions 

The estimation of the expected value and the standard deviation of the sample range assuming that 
the data follow a normal distribution is a relatively robust procedure. The estimation based on the 
normal assumption produces errors in the upper control limit of a range chart that are smaller than 
5% when the skewness is less than 1.25. These errors increase as the sample size and the skewness 
increase. For sample sizes larger than seven and skewness larger than 1.5, these errors are larger than 
10%. 
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DESIGN AND USE OF g-TYPE CONTROL CHARTS FOR INDUSTRY AND HEALTHCARE: 
SPC Charts for Hospital Infections and Adverse Events 

James C. Benneyan, Ph.D., Northeastern University, Boston MA, benneyan@coe.neu.edu. · 

INTRODUCTION 

This article examines approaches to the design and application of statistical control charts to low defect 
processes such as high yield manufacturing systems and various adverse healthcare events (hospital in
fections, contaminated needle sticks, heart surgery complications), with _particular emphasis on the .devel
opment of events-between g and h control charts, design issues, and their statistical operating characteris
tics. Due to ease of use, low infection or defect rates, and the immediate availability of each observation, 
a measure of particular interest is the number of events between occurrences, such as between infections, 
adverse events; or defects. Appropriate control charts for such scenarios, especially useful when the oc
currence rate is low, were developed in 1989 by the author [6], investigated, and partially disseminated 
via several unpublished reports and conference papers [3-5] in circulation. 

A primary purpose of this article is to summarize the use of this type of control chart and illustrate their 
application to healthcare and other concerns. These new charts, called g and h charts, are based on in
verse sampling from underlying geometric and negative binomial distributions and are particularly useful 
in certain cases over conventional charts in terms of significantly improved detection performance. Sev
eral interesting properties and design issues of these new charts also are illustrated that can significantly 
improve the power to detect important process changes over conventional appro~ches, including use of 
supplementary rules, redefined Bernoulli trials, probability-based limits, and a new supplementary rule. 

Hospital epidemiology is concerned with adverse events, surveillance, and the study of epidemic and en
demic infections, which in SPC terminology equate to unnatural and natural variability, respectively. 
Nosocomial infections basically are any infections acquired or spread as a result of a patient being hospi
talized, rather than being present as an admitting condition at the time of hospitalization. Some examples 
include surgical wound infections, pneumonia, bacteremia, urinary tract infections, cutaneous wound in
fections, bloodstream infections, catheter infections, and gastrointestinal infections. National costs of 
nosocomial infections have been estimated at approximately 8.7 million additional hospital days and 20 
thousand deaths per year, and hospital accrediting bodies therefore are urging quality improvement meth
odology be applied to this process defect. For example, the Joint Commission on Accreditation of 
Healthcare Organizations (JCAHO), among others, requires hospitals be engaged ih continuous quality 
improvement (CQI) activities, including the application of statistical methods such as statistical process 
control (SPC) to infection control. 

·STATISTICAL g AND h CONTROL CHARTS FOR THE NUMBER OF EVENTS, 
PROCEDURES, OR DAYS BETWEEN INFECTIONS 

Several approaches ·to applying SPC to nosocomial infections are possible, dependent ·on the situation and 
ranging in complexity and data required. For example, two standard approaches are to use u or p She
whart control charts, such as for the number of patient falls or the fraction of infected catheters per time 
period, respectively. A~ an alternate measure, the number of procedures, events, or days between fofec
tions has been proposed due to the low rate of infection, the near immediate availability of each individual 
observation, and the simplicity of use with which non-technical personnel can implement this measure. 
Being easy to calcul~te, a chart can·be updated immediately, in real-time, on the hospital floor. In order 
to plot these type of data on control charts·, however, note that none of the standard charts are appropriate. 
For example, standard c, u, np, and p discrete control charts are based on Poisson and binomial distribu
tions, whereas X and S charts are based on continuous Gaussian distributions. 
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By description, conversely, the number of events between infections most closely fits the definition of a 
geometric random variable, as illustrated by the histogram in Figure 1. More appropriate control charts in 
such cases therefore are g or h charts, based_ on underlying geometric distributions, for the total and aver
age number of days between infections, respectively. Use of inappropriate discrete distributions and con
trol charts can lead to erroneous conclusions about the variability and state of statistical control of the in
fection rate, a situation which has been described by several authors [5,9,10]. The technical details of g 
and h charts were developed in a article in the Journal of Quality Technology [6.10], and later papers 
[ 4,5] illustrated several healthcare, manufacturing, distribution, administration, and finance examples of 
three general cases in which they may be applicable: ( 1) if dealing with sce~arios de.scribed by the classic 
description of a geometric random variable; (2) if a geometrically decaying shape simply appears natu
rally; and (3) for more desirable or powerful control of low frequency data than by p and np charts. 

~ 
(.) 
C: 
Q) 
::J 
O" 
Q) 
'-

LL 

□ Days Between Infections 

I Geometric Distribution 

0 2 3 4 5 6 7 8 9 10 11 12 
Days Between Nosocomial Infections 

Comparison of Empirical D~ta with Geometric Distribution 
Figure 1 

In cases with low defect or infection rates and with immediate availability of each obseivation, consid
ering Bernoulli processes with respect to geometric rather than traditional binomial probability distribu
tions can produce more plotted subgroup data and greater power to more quickly detect process changes. 
Given a subgroup size of the number-between n = 1 occurrences, the calculations for constructing noso
comial infection control g charts conveniently simplify to those shown in Table 1, where: 

x = the average number of days between infections, 
p ~ the rate of infection (if known), and 
k = the number of standard deviations used in the control limits (with typically k = 3). 

Center Line (CL) 

Upper & Lower Control Limits 

Infection Rate Known 

1-p 
p 

1-p {G_ 
-1- ± k~7 

Infection Rate Estimated 

x 

Table l: Cakulations for Infection ·control g Charts (with n = 1) 
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Example of a Nosocomial Infection Control g Chart 

Figure 2 

UCL 

CL 

LCL 
75 . 

Note that a negative LCL customarily is rounded up to zero, as plotting points beneath this is not possible. 
Also note that several alternate approaches to constructing these charts exist, given the skewness of geo
metric data, including using probability-based limits and setting the center line to the median rather than 
the traditional arithmetic mean. Figure 2 illustrates an example of the corresponding g chart for the em
pirical data shown in Figure 1. Note that an increase in the number of days between infections corre
sponds to a reduction in the nosocomial rate. In this particular example, although all points are contained 
within the control limits, several within-limit signals of a rate increase exist between observations 34 to 
55. Under the philosophy of statistical process control, a first step in reducing the nosocomial rate is to 
bring the process into a state of statistical control so that it is operating with only natural variability. See 
Duncan [8] and Benneyan [1,2] for additional information about statistical process control and its appli
cation to healthcare, respectively. Several other examples of the application of this type of control chart 
to industrial and healthcare concerns can be found in some of the cited references [4,5,10]. 

CHART PERFORMANCE AND SOME SIMPLE DESIGN OPTIONS 

Two important properties of any control chart are the probabilities of detecting true changes in the noso
comial rate and of incorrectly indicating changes when, in fact, none have occurred. For example, Figure 
3 illustrates these operating characteristics for the g chart shown in Figure 2, where the in-control daily 
probability of an infection is p '~ 0 .3 5. Note that an ideal curve would rise steeply to a probability of al
most 1.0 and then descend steeply, corresponding to high power and a low false alarm rate. Of particular 
concern in Figure 3, conversely, is the lack of any power to detect increases in the infection rate, due to 
-the lower control limit of zero. In such cases, two simple options are to use the standard·rules mentioned 
above for detecting unnatural variability within the limits or to use the following new simple rule for de
tecting rate increases: 

Number Consecutive Points on LCL = Number Infections on Same Day 2'.: ln(aLcL), 
. ~p 

where aLcL is the desired false alarm probability for erroneous signals of increases. A third simple option 
is to conceptually reverse the Bernoulli trials so as now instead to count the num:ber of consecutive cases 
(or days) with infections between days without infections. As Figures 4 through 6 illustrate, all three ap
proaches can increase a g chart's power to detect rate increases, although care should be taken not to also 
overly increase false alarms. Various combinations of these approaches also might be investigated to 
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ac_hieve a c_ha1: with the most desirable_ propert!es. _Also note while in general taking larger subgroups 
will result m higher power to detect smaller shifts m the simplest case the number of d t'l th t 
· c · · h b . ' ays un i e nex 
m1ectlon constrams t e su group size to n = I. 
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Figure 4 

DISCUSSION 

Statistical process control, applied correctly, is an effective technique that should be used to compliment 
traditional hospital epidemiology methods. As the costs_ of nosocomial infection are high, rapid detection 
of an increase (i.e., unnatural variation) in a clinical unit is of obvious interest, as well as detection of 
(endemic) periods where the infection rate is statistically reduced, so that root causes of reductions can be 
investigated and standardized. A recent more extensive series of articles [2] also elaborates on and com
pares various alternate approaches in greater detail. Because significant differences can exist between 
service-specific infection rates, such as for adult and pediatric intensive care units, surgical patients, and 
high-risk nursery patients, separate control charts might be applied to each of these categories. Addition
ally, infection rates generally are more representative if based on the number and/or duration at-risk, such 
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as the number of patient days, surgeries, and devise-use/devise-days, rather than simply on number of 
admissions, discharges, etc. [13]. Of course, to study each category separately and adjusted in an appro
priate manner requires more detailed data availability and additional calculations. For whatever denomi
nator method, stratification, or at-risk adjustment used, some of the general approaches to SPC discussed 
in this article can be applicable. 
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More sophisticated charts also can be applied to the number of days between infections, such as geomet
rically weighted moving average (GWMA) and cumulative sum (Cusum) control charts [6,7], now based_ 
mathematically on geometric and negative binomial distributions. Although more complicated to con
struct and interpret, these charts tend to detect smaller process shifts more quickly, while still maintaining 
low false alarm rates. Additionally, like the g chart, these charts also can take immediate advantage of 
each observed infection, rather than waiting until the end of a specified time period. An alternate lay
approach suggested to applying SPC to the number of days between infections has been to search for a 
transformation that makes empirical data appear reasonably symmetric. Although situations exist where 
normalizing and other transformations can be advocated, in general blind transformation without statisti-
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. cal basis and knowledge of underlying process stability can reduce the ability to identify existent unnatu
ral variability (especially if the underlying distribution is known), a fundamental purpose of SPC. As an 
example, an inappropriate transformation approach.recently resulted in falsely reporting process stability 
when the nosocomial infection rate had in fact significantly increased [5]. 
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A PROBABILISTIC ERROR MODEL OF ROBOT REPEATABILITY 

ABSTRACT 

Stephen Allen 
Truman State University 

Kirksville, MO 
USA 

Deterministic transformation A matrices, which describe the position of a robot manipulator in . 
space, are modified to include probabilistic position information representing joint and end 
effector error. A probabilistic forward kinematic end point position and orientation error model is 
then developed. The model is compared to actual results of a six degree-of-freedom ASEA Irb-6 
robot. Five hundred measured repetitions are acquired for error comparisons. The model's 
prediction is statistically consistent with the actual data, thus providing a useful decision 
information tool for robot selection and application considerations. 

INTRODUCTION 
Managers have sought robotics applications in a variety of industrial fields (Engelberger 1980): 
die casting, spot welding, arc welding, investment casting, forging, press work, spray painting, 
plastic molding, foundry work, machine tool loading, heat treatment process, deburring of metal 
parts, palletizing operations, brick manufacture, glass manufacture, basic pick and place 
operations, and precision assembly. The list is endless with new manufacturing applications 
continually being sought. The science of manufacturing will continue the increased use of facility 
automation. The robotic manipulator will be a key component of this automation buildup 
according to a Delphi study conducted by Georgia Institute of Technology (Porter 1987). 
Industry will demand that a robotic manipulator be able to successfully perform a required task 
with exacting precision. Further, industry will demand that robotic manipulators be at least as 
flexible as the flexible manufacturing system to which they are being integrated. 

Currently, many companies have found that the robotic manipulator has not been the perfect 
employee. One such company is the major auto manufacturer Chrysler. In a past performance 
test of their robotic manipulators, fifty of the two hundred robots tested broke down during 
preparation for the test and all of the remaining robots failed the test. Some of the complaints 
offered by Chrysler regarding robot performance were that the robot was not as fl~xible as was 
perceived by the user; the robot was not as precise in its movements as needed; and the robot 
seemed to work as_ needed for awhile but later the output produced by the robot was statistically 
out of control for then unidentifiable reasons (Helmers 1986). Whatever the inadequacy, there is 
a great deal of expense incurred when an automatic device does not deliver as required or 
expected. (Puttre 1994) 

Rather than purchasing, installing, and testing a robotic manipulator in an operational production · 
line, it is possible to.mathematically mo_del the system under consideration. Mathematically 
modeling the system is a convenient, far less expensive available alternative. Once mathematically 
modeled, the system may be perturbed with a known input and its output analyzed. Thus, the 
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· initial step toward understanding the robotic manipulator's location in space is to mathematically 
describe its performance capability .. (Kota 1997) 

KINEMATIC MODEL DEVELOPMENT 

General Development 
The homogeneous transformation matrix concept of the kinematic modeling of a robotic 
manipulator was introduced in 1955 by Denavit and Hartenberg. However, use of this concept 
was not widely published until the work was clarified by Paul in 1981 and reinforced by Ranlcy in 
1985. The homogeneous transformation matrix concept begins with a representation of _ 
fundamental movements for one link of a manipulator ( or a coordinate frame.) After coordinate 
and frame schemes have been declared, a homogeneous transformation A matrix representation of 
a link is defined. Precedent relationships of links are established through the use of a link 
parameter table (Paul, 1981 ). The link parameter table orders the precedence and provides a 
listing of the variables and constants needed for the homogeneous transformation matrix. Finally 
the T matrix, which represents orientation and position location of the robotic manipulator, is 
generated by the product of sequential link A matrixes. For example, a six degree of freedom 
manipulator is represented as 0T 6=

0A11 A/ A/ A/ A/'¾,. Generally, the superscripts are not 
labeled and are understood to represent the preceding link. 

The homogeneous transformation matrix is a 4x4 matrix that describes position and orientation of 
prescribed links in space of coordinate frames. The homogeneous transformation matrix 
represents the orientation and position of a coordinate frame by two submatrices. The two 
submatrices are a 4x3 orientation submatrix and a 4xl position vector. (See Figure 1.) 

nx OX ax px 
ORIENTATION POSITION 

MATRIX VECTOR ny oy ay PY 

A= 4 X 3 4 X 1 nz oz az pz 
0 0 o- 1 

4 X 4 

Figure 1. Homogeneous Transformation Matrix 

Generally, there is a one to one correspondence between the number of links and the number of 
degrees of freedom of the manipulator. For example, a six degree of freedom manipulator is 
kinematically modeled as 0T 6=

0A1
1 Al A3 

3 Ai 4 As 5 ¾,, where t is the final 4x4 matrix of the six A 
matrices multiplied. The resultant T matrix gives orientation and position information about the 
end effector or tip of the robotic manipulator. · 
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Forward Kinematic Model Development 
The general model of position and orientation is developed from the forward kinematic solution of 
a robotic manipulator. Each of the links has an estimated link error response which is modeled 
with a normal probability distribution. The complete general model, which includes the link error 
response, examines position and orientation errors. Link interaction response is examined by 
limiting the links that are modeled with a probabilistic error response. Additionally, the general 
model may be modified to examine other error generating characteristics such as link length error. 
The model will be verified using an ASEA IRb-6, five degree of freedom robot, manufactured by 
ASEA, Inc., White Plains, NY. The ASEA IRb-6 robot is a totally electric servo driven 
manipulator. Links one, two, and three provide major positioning _of the robot, while links four 
and five provide minor positioning and orientation of the robot. The robot weighs one hundred 
twenty-five kilograms, while its maximum payload capacity (including gripper weight) is only six 
kilograms. The robot's ratio of maximum.payload to weight is 4.8% which is about average for 
this class of industrial robot (Ka:frissen 1984). The robot's physical dimensions are shown in 
Figure 2. 

670mm ►195i:[1 

Figure 2. Physical Dimensions of the ASEA IRb-6 . . 

Forward Kinematic Solution 
The forward kinematic deterministic solution of the ASEA-IRb-6, five degree of freedom robotic 
manipulator is determined by using the Denavit-Hartenberg (1955) and Paul (1981). The first 
step in position and orientation formulation requires a kinematic diagram (See Figure 3.) to 
identify and assign axes of rotation and translation. For the ASEA IRb-6, there are no prismatic 
joints; consequently for each link, all unknown link parameters are rotational variables. 

Zs 
Zo ds 

0s 

Figure 3. Kinematic Diagram of ASEA IRb-6 
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After proper assignment of axes, the kinematic parameters are determined for input to the 
homogeneous A transformation matrix. The final T 5 matrix is determined by the following matrix 
multiplication: Ts = A1 A2 A3 ~ As. This combination yields the following equations of position 
and orientation: 

' nx = cos 81 cos(0 1+ 0 2+ 0 3)cos 8 s-sin 8 1sin 0 5 

ny= sin 01cos(81+ 82+ 83)cos 0 s+ cos 81sin 0 5 

nz = sin(81+ 82+ 83) cos 8 s 
ox = - cos 81 cos(8 1+ 8 2+ 8 3)sin 8 s- sin 8 1 cos 8 5 

oy = - sin 8 1cos(8 1+ 8 2+ 8 3)sin 8 s+ cos 81 cos 8 s 
oz= - sin(81+ 82+ 83)sin 8 s 
ax = - cos 81 sin(8 1+ 8 2+ 8 3) 
ay = -sin 8 1 sin(8 1+ 8 2+ 8 3) 
az = cos(81+ 82+ 83) 
px = -ds cos 81 sin(0 2+ 0 3+ 84)+a3 cos 81cos(82+ 8 3)+a2 cos 81 cos 82 
PY= -ds sin 0 1 sin(0 2+ 0 3+ 84)+a3 sin 81cos(82+ 8 3)+a2 sin 81 cos 82 
pz = dscos(8 2+ 8 3+ 84)+a3 sin(0 2+ 8 3)+a2 sin 82 

The position and orientation of the ASEA IRb-6 is mathematically modeled by the use of above 
deterministic relationships. 

Probabilistic Information Modeling 
Robot manufacturers generally supply repeatability information for their robots with a plus or 
minus tolerance range, implying a two dimensional error space for the robot's operation. 
However, robots are often required to operate in a three dimensional space. For this reason, 
repeatability needs to be investigated beyond a simple plus or minus tolerance range to include the 
overall error possibilities. ASEA (Kafrissen 1984) quotes a repeatability of± 0.20 millimeter or a 
range of 0. 40 millimeter for the five servo driven degrees of freedom of the ASEA IRb-6 robot. 
No quotation of orientation error repeatability is offered by the manufacturer. This lack of 
information is disturbing because degree of freedom five is a purely rotational link. Assuming link 
five has minimal straightness·errors (link five length is ninety five millimeters), actuation of this 
link has no effect on position error but has a significant effect on orientation error. Therefore, 
degrees of freedom one, two, three, and four contribute to position error, while all five degrees of 
freedom contribute to orientation error. 

Suggested variability of the revolute link error response is± 0.10 degrees. (Stone 1988) It is 
noted here that although the five actuators of the ASEA IRb-6 are similar, individual repeatability 
response of each actuator could vary widely. A normal probability distribution is used to model 
link error response. The normal distribution of link errors has a zero mean. The standard 
deviation is derived by letting 3a = 0.10, yielding a=0.10/3. The normal distribution of errors 
implies that 99.765% of the link error responses will be within± 0.10 degree (Grant 1980). This 
stochastic error model is then applied to each link for the appropriate model to investigate the 
impact of the link(s) on position an orientation error. 

451 



A statistical software package, SAS, is used to evaluate the . stochastic position and orientation 
error model that was developed. The SAS program is modified appropriately for each model 
evaluated. The SAS system has the capability to retain the random number sequence used to . 
model link error response. Therefore each run, where appropriate, uses the saine set of random 
numbers for each link 

RESULTS 

Comparison of Full Model to Experimental Data 
The Full model variation data was validated with experimental posi~ion error data. The validation 
was performed to test if the theoretical probabilistic model will predict position error variation. · 
Position error was obtained (Falke 1986) from an ASEA IRb-6 robotic manipulator. The 
experimental pose of 81 = 80°, 82 = 35°, 83-= -20°, 84 = 70°, and 0s = 50° is the same pose for 
which the theoretical full model variation data was acquired. Five hundred repetitions of 
experimental position error were measured for the pose. The ASEA IR.b-6 robotic manipulator 
that was used to gather the experimental position error data was a well used, often repaired robot 
nearing the end of its useful life. The robot had visual link imperfections. From the recorded data, 
an apparent warm-up period was required for the robot to stabilize. Other experimental data for 
another pose and condition sho~ed the robot to be well beyond the published repeatability data. 
Therefore, it was expected that the experimental data should have a significantly greater error 
mean that indicated by the theoretical full model variation error mean. Tabl~ XII compares the 
resultant experimental position error and the theoretical position error for the same pose. 
Inspection of the results tends to verify the claim that the experimental error mean result should 
be significantly greater than the theoretical error mean result. 

To support this claim, a statistical test was used to determine if the experimental mean position 
error was statistically greater that the theoretical mean position error. Both the theoretical and 
experimental position error data sets have five hundred repetitions. A hypothesis test of 
IL,: µ experimental= µ theoretical and Ha: µexperimental>µ theoretical was developed to determine if the 
difference of the means of position error was statistically different. The Z statistic used to test the 
difference of means was Z = (Y.i::!!1 ) Iv((~// n1) + (~-i,2 / n2 )). The comparison of experimental 
and theoretical results is shown in Table 1. 

Position Error x erimental 
Mean · Si ma Minimum Maximum 
1.18 0.38 .023 2.63 

Position Error Theoretical 
Mean Si ma Minimum .Maximum 
0.62 0.30 .070 1.77 

Table 1 

The Z statistic was compared to Z.os which represented a significance level of 0.05 (a one sided 
test) . The calculated Z statistic was 2.59 for which the null hypothesis must be rejected. Thus, it 
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was concluded that the mean experimental position error was greater than the mean theoretical 
position error. Rejection of the null hypothesis was expected. Reasons for rejecting the null 
hypothesis can be attributed to physical inaccuracies inherent in the robot evaluated, the error 
measurement system, and the validity of assumptions that are the basis for the theoretical position 
error model. This evaluation procedure is significant technology advance for managers of 
automated shops. The· manag~rs can examine theoretical position errors for expected poses of a 
new manufacturing process while off-line, thus eliminating a costly, time consuming trial and error 
approach to determine the ability of the robot to perform the desired task. 
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ABSTRACT 
This paper is an attempt to highlight the current issues of outsourcing software in countries in Asia, 
especially in China and India. It addresses the crucial factors to be a successful software outsourcer 
in the region. The paper compares China with India in terms of the software exports to identify the 
common issues and differences in software export. It also presents some strategic concerns for 
further development. 

INTRODUCTION 
Information technology is diffusing rapidly-into all industrial and service sectors and is now seen as 
one of the most crucial technologies affecting global economic growth. Software is vital of all 
components of information technology.· It is estimated that the software industry is responsible for 
5% of GDP in U.S. [1]. Jobs in this area are growing rapidly as well. According to the survey from 
the ITAA, there nearly 200,000 IT jobs standing vacant in U. S. companies, and annually production 
of qualified IT graduates from domestic colleges is less than 40,000 [2]. 

Software industry is rapidly changing and hence it is not easily defined. It has grown and diversified 
to enter every aspect of business industry. Software industry is extremely labor-intensive and skill
intensive. Costs of computer programmers and other skilled labor have become major expense in 
development of information systems [3]. 

Software industry now is losing its strategic distinction because of its global availability, Internet 
accessibility and easy copy. As businesses develop their strategies "in the information age, there is 
more emphasis on technology-enabled capabilities - not only for operational . efficiency but also for 
strategic effectiveness [ 4]. One of the analysis performed by a national temporary personnel service 
indicates that up to half oflarge U.S. companies are investigating the feasibility of outsourcing some 
or all of their software functions [ 4]. 

GLOBALFEATURESOFSOFTWAREDEVELOPMENT 
In addition to the significant features of labor/skill intensity, the difficulties and advantages in 
technology know-how also attract various vendor and clients in software outsourcing business. For 
example, U.S. companies' advantages in developing emerging software technology will make various 
foreign outsourcers to lower their bids just for get in touch with the new technology. On the other 
side, any advantage on· a particular technology can vanish fair quickly. U.S. companies have to 
transfer their technology know-how into profit or cost efficiency in timely manor. This is because of 
the following unique features of software industry: 

• The technologies in software can be dispersed around the world widely and quickly, including the 
technologies to create, distribute, and operate software. 

• The software technology is intangible; and can be modified after initial production to create a 
new product. 

• The software technology has no clear distinction between production tools and final product. 
• The technology can be transportable across various computer platforms and networks. 
• Exported software has to meet the application requirements in foreign sites. 
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With increasing production and use _of software, emerging economies in south east Asia such as 
India, China, Singapore, Hong-Kong, Taiwan; etc. all have software industries with annual growth 
rates of 30-40% [5]. One of the reasons for such fast growth is that the software industry is a highly 
desirable industry and got strong governmental support in all these nations. Software industry does 
not require a lot raw material but skilled manpower, and is not in any way damaging to the 
environment. With relatively small investment, right governmental policies and legislation, a 
developing country's IT /IS society can catch up the progress of the emerging software technology 
very quickly. Compare to the conventional industry, the unique features ~nd applications of software 
industry shorten the technological distance between the developing countries and developed 
countries. 

GLOBAL SOFTWARE OUTSOURCING 
Outsourcing software development has become a prominent business practice in which a, company 
contracts all or part of its software projects to one or more outside suppliers (outsourcers). As 
companies strive for an ever more delusive competitive advantage in today's global economy, more 
companies in developed countries opted to dismantle internal IT /IS departments by transferring IT 
employees, facilities, hardware leases and software licenses to third party vendors. Outsourcing 
software development, or the strategic use of outside software resources, has become one the most 
critical topics and most widely implemented management tool for organizational change. 

As the world's largest software industry, U.S. continues to outsource its software ~evelopment 
globally. It has become the largest software outsourcing client in the world. This is due to it being 
the first-entrant in the field of computer and software. Most world class software vendors are sited in 
U.S. It has the largest base of software installation [5]. There is general compatibility with a large 
number of installed software. Intellectual property right has been regulated and executed by US 
standards. There are many quality educational institutes for programming and computer science. 

The growing software market offers firms to recruit critical resources to develop quality software, 
including skilled engineers to develop software, efficient markets channel to distribute software, 
strong support from academic research centers, and an active capital market to support risky 
investment. 

US software outsourcing business is not only the largest domestically but also internationally. Table 
1 shows th D h five years. e average revenue or t e past 1 

Country Market Share % 
US- 57 
Japan 13 
UK 8 
Germany 7 
Canada 6 
France 3 
Others 6 
Total 100 

Table 1. Market share of software outsourcing in past five years [7]. 

Global outsourcing of software growth in world market has been almost exponential since late 
1970's. Growth of software market in past twenty years has been exponential. The past five years' 
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average revenue worth roughly $3 50 billion [ 6]. Internationalization was fueled by the desire to · 
reduce labor costs and shortage of software skills in developed countries, which lead to large 
backlog of software projects. 

Globalization of software outsourcing is also favorable due to the nature of the industry. There is 
standardization of job activities based on structured system analysis. Given current programming 
languages and hardware environments, as well as the Internet facilities, the technology and activities 
of software production can be regulated and monitored, no matter where the development taking 
place, hence it allows the internationalization of software services [7]. 

Studies show that for the innovative and strategic applications, they are unlikely to be ideal for 
outsourcing from countries having weaker law enforcement of security and piracy issues [8]. Never 
the less, the cost benefits of outsourcing are significant enough for companies to outsource. It is not 
only advantageous to outsource but also imperative for a company, in order to remain competitive 
and bring new technological advancement and most importantly stay ahead of competition. 

SOFTWARE OUTSOURCERS: CHINA VS INDIA 
Currently, the software industry in India is estimated to be worth $1.2 billion U.S dollars. If we add 
in in-house development that tak~s place at many large commerciaVcorporate end-users, the total 
software industry is near $2 billion, where as ten years back the software industry. in India was less 
than $10 million. The growth rate for the Indian software industry in the last five years has been 
46%. Despite these high growth rates, India's share in the world software market is very low [10]. 
Currently, the software industry employs more than 125,000 people and continues to be the fastest 
growing sectors in Indian economy. 

Compare to Indian software industry, China started late. According to research conducted by 
International Data Corp., the compounded annual growth rate for software service in China between 
1995 and 2000 will be 43 percent, with the total market size forecasted to reach $784 million by the 
year 2000. For this reason, many IT companies are placing high hopes on the future potential of the 
professional services market in China and are currently laying the groundwork they believe necessary 
for future success which include finding outsourcing partners for IT /IS development. The total IT 
market in China is forecasted to average 3 7 percent annual growth from 1995 to the year 2000, while 
over the same period the software services market is forecasted to grow at 43 percent. 

On the other side, software export in India worth US$ 24 million in 1985 and with in a few years, the 
turnover has grown multifold; in 1996-97, a total export of $785 million was achieved and it is 
expected to reach an export level of $1 billion by 1998. Chinese software export industry got in 
touch with global software market since mid SO's while the major efforts were in the transplanting 
Chinese version of various software and data processing business. Table 2 shows the comparison of 
export proportion in several software service categories. 

Count Data ent 
India 10· 15 15 

39 20 41 
25 58 17 
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[China I 17 I 56 I 27 
Table 2. A comparison on proportion of exports in each category [4] 
International companies landed in India and China, including IBM, Microsoft, Novell, Oracle, 
AT&T, Fujitsu, Motorola, Digital, Hewlett Packard. GE, AT&T, Reebok, Levies, Caterpillar, 
Citibank, American Airlines, British Aerospace, are partnering with local software industries. Three 
types of software development arrangements currently exist [9, 1 O, 11]: 

• Subsidiaries of foreign vendors or foreign software users. 
• Joint ventures between foreign and local IT /IS firms. . 
• Outsourcing of foreign based projects to local contractors. Foreign firms established a 

wholly owned subsidiary to develop and maintain its proprietary. 
Internet has become a communication channel for software development. China's Internet 
infrastructure has been made up of four, largely separate national networks: (a) ChinaNet, the 

· primary commercial network, run by the Ministry of Information Industry. (b) The golden Bridge 
Network (GBNet), a much smaller competing commercial network, owned by Jitong Corporation. 
(c) China science and Technology Network (CSNet), the nation's high technology researches 
network. (d) The China Educa~ional and Research network (CERNet), linking China's academic and . 
learning institutions from grade school to post-graduate level [12, 13]. 

Both China and India enjoy the following advantages over some of other nations, which promote 
software exports: 

Cheap labor: Manpower cost is relatively low. A typical programmer with 3 years experience in both 
countries might earn less than $200/month - approximately 15 times less than his or her American 
counterpart. Plus the Chinese/Indian labor has reputation for being flexible and amenable. 

Highly trained and skilled personnel: Both China and India have the world's second largest pool of 
scientific manpower. It has a growing number of ~ore than 3.5 million technical personnel with more 
than 41,000 IT/IS graduates annually. 

Quality: Various training programs and certification processes ensure the quality of software 
personnel and services. For example, 3 7 Indian software companies have acquired ISO 9000 
certification and about 70 more are in the pipeline. In China, there is a cooperate policy in many large 
IT firms to have employee to pass the certification tests. 

State-of-the-art Technology: A survey shows that more than 65% of Indian software companies use 
the state-of-the-art technologies in their software development process. The state-of-the-art 
technologies include the use of Computer Aided Software Engineering (CASE) and Fourth 
Generation Languages ( 4GLs) in software development; adoption of Graphical User Interfaces; 
Object-oriented programming techniques; etc. Acquiring high computing equipment is no longer a 
major obstacle for software project as the price of such equipment is going down dramatically. The 
declining cost of telecommunications facilities that can lower cost of delivering the programmers' 
output to their clients around the world. 

Establishing Partnership: The huge market opportunities in China and India are very attractive to 
foreign enterprises. One of the ways of stepping into the local market is to provide outsourcing 
projects to the local societies so that to establish a positive relationship for the further market 
development. For example, a software vendor may outsource a project that transforms its product to 
be able to process the local dialects or languages. Such project will bring the hard currency to the 
local society and facilitate sales in the local market. 
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On the other side, both China and India also share some common problems. 

Brian Drain: Software outsourcing projects are dwarfed by a problem that undermines growth 
polices in all developing countries - the problem of the brain drain. A local programmer who 
participated in an outsourcing project may have good opportunity to immigrate to a developed 
country where he/she can improve his/her standard of living as a result of dramatic wage differential 
cited above. Furthermore, the developed IT /IS societies offer the real prospect that a skillful foreign 
programmer can capture vast financial rewards for his/her skills and initiative. This phenomenon has 
caused a lot political debates in both China and India for years. 

Software Piracy: Although both governments have implemented various policies to disfavor piracy · 
but it still plagues the software industry, especially in China. 

Low-end projects: The contracted projects are mostly fell into the categories of low-end products, 
such as utility programs, drivers, peripheral . systems software, and simple data processing, such data 
entry and report generation. Majority of such projects does not need sophisticated software 
technology. 

Competition: There is a rising competition from other developing nations in the region, such as 
Pakistan, Singapore, Philippine, Thailand, and etc. [5]. 

THE STRATEGIC CONCERNS FOR CHINESE OUTSOURCER 
Compared to Chinese software industry, Indian software society is mature and therefore is positioned 
better as software outsourcer in global market. This challenges the Chinese .IT /IS society to address 
the issues that hamper its efforts to be a successful bidder for the foreign software contracts. The 
following concerns are strategic for successful outsourcing environment. These issues also underline 
certain differences between Crinese outsourcers and Indian outsourcers. 

Governmental restrictions: Chinese IT /IS society should try to alleviate as much business restrictions 
conflicting foreign client's interests as possible, meanwhile try to clearly state which domains are not 
allowed for foreigners to step in at first place. 

Cultural and language barriers: Cultural differences can present managerial problems in outsourcing 
business in developing countries. Cultural differences are daunting to many foreigners, especially 
when governmental regulations involved. Communication is key to reconcile problems caused by 
culture issues. In addition, unlike Indian IT /IS society where the English is common media, Chinese 
IT professionals have to pay attention to its language skills to improve the communication with its 
foreign clients. 

Protecting intellectual property rights: Fundamental intellectual property rights in China are 
relatively weak. How to enforce the laws and policies in this field is crucial to the success of 
executing contracts. · 

Reduce the uncertainties and hidden Cost reduction: The hidden cost should be recognized and 
minimized well. The high q~.1ality products delivered on time are the first. Credibility .can be 
established by avoiding the negative surprises. 

Political uncertainty: Providing a stable political environment for foreign investment is very 
important to keep foreign investments and contracts continually flowed into a developing country. 
The political uncertainty is not under the control of local IT /IS society. However, it is local society's 
responsibility to advice foreign client to accommodate the political environment. 
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Flexibility to change: Due to the nature of uncertainties and difficulties in global outsourcing 
business, it would be more practical for an outsourcer to be flexible to the changed proposed by its 
clients. Therefore, as the new entrant, . an outsourcer should try to .avoid those projects that require 
extensive system analysis. · 

CONCLUSION 
The good news is that the appreciation for intangibles has been gradually increasing in China and we 
can expect this trend to continue. Factors spurring this increase . in appreciation for intangibles include 
government incentive programs to increase awareness of software export, growing IT sophistication 
among professionals and end users, and increased first-hand experience with large project 
implementation. 

Another factor that will lead to greater need for China's software export is the growing international 
competition that the country faces in international export markets. As China's mainly export-driven 
economy continues to develop, there is growing recognition among IT decision-makers that the 
country will need to invest heavily in IT in order to remain competitive in the future. This investment 
will need to put towards activities that can increase competitiveness through efficiency such as 
professional IT /IS services. 

The most important factor behind a successful outsourcer is the understanding to outsourcing 
business, a closer relationships with clients and suppliers in specific vertical markets. Connections to 
reputable international outsourcing consulting firms will bring significant benefits to Chinese IT /IS 
society. · 
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Weekly PM10 particulate measurements from January 1996 to December 1996 at 51 Texas 
Natural Resource Conservation Commission (TNRCC) surveillance sites in the State of Texas 
were obtained. With the complete data set of temperature, wind direction, wind speed, and 
relative humidity, statistical analysis was performed to establish the PM10 regions in the state and 
the effect of meteorological factors on PM10 concentration in the Southeast Texas Region. 

Introduction 

The Clean Air Act (CAA) seeks to protect public health from harmful effects of six criteria 
air pollutants: particulate matter, carbon monoxide, lead, sulfur dioxide, nitrogen oxides and 
ozone. Currently, particulate matter (PM) which includes fugitive dust, smoke, soot, organic 
aerosols, and other combustion by-products was regulated on particles with diameters 10 
micrometers or less (PM10). Especially in the urban area, PM10 is known as one of the main 
pollutants. A strong association between the fine air particulate pollution and mortality rates in 
six U.S . cities has been reported by Dockery et al. (1993). 

· Many cities face problems with air pollution due to the high concentration of population and 
their activities that generate the pollution. Fine particles are expected to originate mainly from 
anthropogenic activities in contrast to large particles, where natural sources and resuspended 
material can contribute a significant amount (Chow et al., 1992). However, PM10 concentrations 
vary according to atmospheric conditions, which lead to the individual characteristics of PM10 
concentration for each city. The purpose of this paper is to present the overall PM10 

concentration in the State of Texas with emphasis on the Southeast Texas Regio~. In addition, 
this paper examines the differences, similarities, and relationships among various sites and the 

· influence of atmospheric conditions on PM10 concentration. 

Database and Site Description 

PM10 concentration data were received from the Texas Natural Resource Conservation 
Commission (TNRCC). These data had been validated for technical errors of instruments and · 
power failures. Particulate matter was collected by using high volume samplers with size 
selective inlet, glass fiber filter and with flow rate of pump 0.8-1.7 m3/min. Twenty-four-hour 
PM10 samples on filters were taken at fifty-one sites in the State of Texas. Sampling for these 
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PM10 took place every sixth day for all TNRCC monitoring network. The TNRCC PM10 
monitoring locations are shown in Figure 1 where the indicated number represents the number of 
monitoring sites in that area. Figure 2 shows the monitoring sites located in the City of Houston. 
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Figure 1. The monitoring sites in the 
State of Texas. 

Figure 2. The monitoring sites in the 
City of Houston. 

Data Analysis and Results 

Typical PM10 data collected by TNRCC in 1996 are shown in Figure 3. They clearly indicate 
that the PM10 concentration is strongly affected ~y the location of the site and the day of the year. 
The 1996 data have indicated that the highest annual average PM10 concentrati_on is at Chaparral 
monitoring site located in Dallas area with an annual average of 50.81 µg/m3

, which is found to 
exceed the PM10 standard, i.e., 50 µg/m3

. The lowest annual average is at a Texas City 
monitoring site in Galveston with 14. 6 µg/m3

. 
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Figure 3. PM10 concentration at three sites in the State of Texas. 

An analysis of Pearson-Correlation on the reported PM10 data has indicated that the State of 
Texas exists five high~y correlated regions in terms of PM10 concentrations, namely, San 
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Antonio-Austin, Dallas-Forth Worth, El Paso, Corpus Christi- Brownsville and Southeast Texas. 
Table 1 shows selected Pearson-Correlation results between two sites within or among difference 
regions. The results clearly demonstrate that the two sites within a region are in general · highly 
correlated; however, the two sites among different regions are poorly correlated. 

Table 1. Inter-site Pearson-Correlation of PM10 Concentration among Different Regions in Texas 

Site Al A2 Bl B2 Cl C2 Dl D2 
Beaumont Al I " 

Pasadena A2 0.81 I 
Ridgetop Bl 0.58 0.40 1 
Northwest B2 0.73 0.26 0.73 I 
San Benito Cl 0.40 0.38 0.53 0.58 1 
Leopard C2 0.33 0.38 0.43 0.51 0.76 I 
Convention DI 0.44 0.13 0.6,0 0.51 0.12 0.02 1 
Gaddes D2 0.40 0.13 0.58 0.40 0.15 0.05 0.79 1 
Ivanhoe El 0.01 0.16 -0.08 -0.03 -0.06 0.04 -0.12 -0.03 
Northeast E2 0.09 0.22 0.03 0.01 0.10 0.16 -0.12 0.00 
Note: Region A: Southeast Texas Region; Region B: San Antonio-Austin; 

Region C: Corpus Christi; Region D: Dallas; and Region E: El Paso. · 

El E2 

I 
0.88 I 

Table 2 shows a statistical summary of PM10 concentration in the Southeast Texas Region. 
As indicated, the highest average PM10 concentration is at the Clinton monitoring site which is 
located in the heavy industrial area. The range of average PM1o concentration in this region is 
seen to be from 14.66 to 40.21 µg/m3 which are all below the PM10 -standard of 50 µg/m3

. 

Table 2. Statistical Summary of PM10 Concentration in Southeast Texas Region 

Site name No. of Range Average Standard Land Use 
Sample (u2/m3

) (ug/m3
) Deviation 

Beaumont Al 57 4-42 15.54 6.85 Residential 
Pasadena H. A2 54 10- 49 24.72 8.70 
Monroe H. A3 55 11- 59 20.67 7.13 Residential 
East H. A4 61 11- 50 25.62 8.89 
Kress H. AS 50 14- 65 31.64 10.46 Commercial 
Crawford H. A6 59 10- 53 24.66 8.73 Commercial 
Clinton H. A 7 57 13- 71 40.21 15.75 Industrial 
Aldine H. A8 58 9-46 22.71 7.67 Residential 
Bingle H. A9 57 11- 44 21.51 6.75 Residential 
Texas City Al0 56 6-41 14.66 7.05 
Fire Station Al 1 60 8-66 22.05 10.88 
Nessler Pool Al2 58 6-53 20.47 9.21 

Detailed Pearson-Correlation results for the Southeast Texas Region, including the Cities of 
Houston, Galveston and Beaumont, are summarized in Table 3. Again, most of the calculated 
Pearson-Correlation values are convincingly high, ranging from 0.5 to 0.9, indicating strong 
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correlation except the Clinton monitoring site, which is the only site located in the heavy 
industrial zone. These results suggest that the size of a region having a similar trend of PM10 
concentration can be greater than 100 miles. The highest correlation value is 0.90, which is the 
correlation value between Pasadena and Monroe monitoring site. From this table, it can be 
concluded that the correlation value is generally proportional to the distance between monitoring 
sites. The site-to-site correlations decrease as the separation distance increases, which is in 
agreement to that reported by Brook et al. (1997). 

Table 3. Inter-site Correlation of PM10 in the Southeast Texas Region 

Site Al A2 A3 A4 AS A6 A7 AS A9 AlO All A12 
Beaumont Al 1 
Pasadena A2 0.81 1 
Monroe A3 0.83 0.90 1 
East A4 0.79 0.82 0.82 1 
Kress AS 0.80 0.70 0.77 0.83 1 
Crawford A6 0.70 0.63 0.77 0.77 0.88 1 
Clinton A7 0.40 0.31 0.40 0.51 0.56 0.43 1 
Aldine A8 0.80 0.71 0.75 0.89 0.82 0.74 0.62 1 
Bingle A9 0.81 0.76 0.81 0.88 0.85 0.86 0.47 0.85 1 
Texas C. AlO 0.77 0.58 0.63 0.60 0.61 0.62 0.45 0.65 0.61 1 
Fire Sta. Al 1 0.62 0.49 0.53 0.55 0.64 0.52 0.46 0.61 0.57 0.75 1 
Nessler Al2 0.65 0.62 0.64 0.56 0.47 0.47 0.50 0.59 0.57 0.64 0:61 1 

Note: Al: Beaumont, TX; A2-A9: Houston, TX; and Al0-Al2: Galveston, TX. 

The highly correlated Pearson-Correlation can also be confirmed by the results shown in 
Figure 4, where PM10 concentrations at three different sites in the Southeast Texas Region are 
plotted. The peaks and valleys of the three curves are seen to be highly correlated. 

An attempt was made to perform an analysis of variance on PM10 data for several selected 
factors in the Southeast Texas Region, and the results are summarized in Table 4. As indicated, 
temperature and wind speed have significantly effects on PM10 concentration. Note that this is in 
agreement with that reported by Olcese et al. (1998). 

Table 4. Analysis of Variance for Each Factor in the Southeast Texas Region 

Factor F Value F Critical Conclusion 

Temperature 6.14 · 2.11 Significant effect 

Wind Direction 1.49 2.03 Not significant effect 

Wind Speed 8.16 2.11 Significant effect 

Relative Humidity 1.79 2.81 Not significant effect 
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Figure 4. PM10 concentration at three different sites in the Southeast Texas Region. 

To confirm the F test results, Figure 5 illustrates·the relationship between PM10 concentration 
and temperature. It can · be seen that when the temperature increases, the average PM1o 
concentration in the region increases. 

2 
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Figure 5. Plot of average PM10 concentration versus temperatu~e. 

The effect of wind speed on the PM10 concentration is shown in Figure 6. The effect is seen 
to be inverse, i.e., when the wind speed is high, the PM10 concentration is seen to be low. 

Conclusions 

This paper has analyzed the PM10 data collected by TNRCC in 1996 in the State of Texas. 
The PM10 concentration has been found t_o be a function of the location and the day of the year. 
The results from the analysis of Pearson:..correlation have strongly suggested that the State of 
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Texas exists five highly correlated regions in term of PM10 concentration, namely, San Antonio
Austin, Dallas-Forth Worth, El Paso, Corpus Christi-Brownsville and Southeast Texas. 

The analysis of variance performed for the Southeast Texas Region has indicated that, among 
several selected factors, temperature and wind speed appear to have significant effects on the 
PM10 concentration. The PM10 concentration is higher at a higher temperature and is lower at a 
higher wind speed. Additional information, however, is needed for a more detailed analysis. 
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Figure 6. Plot of average PM10 concentration versus wind speed. 
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DECISION SUPPORT MODELS FOR EVALUATING MUTUAL FUNDS USING 
DISCRIMINANT ANALYSIS 

AH A. Nazemi, Roanoke College, Salem, VA 24153, (540) 375-2217, Nazemi@Roanoke.Edu 

INTRODUCTION 
In this study, we have utilized Factor Analysis (FA) in conjunction with Multivariate Discriminant 
models to develop Decision Support Models for analyzing decisions regarding classification of return 
and risk associated with Mutual Fund securities. Factor Analysis is one' of the most popular 
quantitative techniques for reducing the number of model variables. into a key set of fact9rs 
representing the original variables. This will reduce the number of contributing variables into a more · 
manageable set that can be used in subsequent analyses. Reducing the number of contributing variables 
into a more manageable set can reduce errors -in estimation of model coefficients hence -providing a 
more robust models. For this investigation we have develop Discriminant models for rating mutual 
funds as Favorable and Unfavorable and for assessing the fund's level of risk as High and Low. We 
have used both the original and factored set of variables to compare the accuracy of factors as 
predictor variables. 

In 1997, Mutual Funds constituted over $250 billion worth of funds available in practically any 
investment category and size. There are a number of variables that contributes to the percentage of 
return and the potential risk associated with a given mutual fund. One of the difpculties encountered 
by many investors in decisions regarding such financial securities is this large number of decision 
variables that must be analyzed and taken into account before considering such securities for a 
portfolio. This becomes particularly important in situations when a high degree of correlation among 
decision variables exists causing errors in estimating regression model coefficients that could lead to 
inadequate and useless decision model. 

Decision Variables 
Although, Mutual Funds were designed to be simple and straightforward, recent developments in the 
market and increasing popularity of these funds have prompted the introduction of more complex and 
diversified issues. This in turn, has made the managerial decisions regarding the purchase of such 
issues much more difficult requiring a great deal of analysis both quantitatively and qualitatively. 
Variables used to construct models are based on typical values that are available for most funds either 
through investment advisor or the mutual fund's prospectus. These variables are as follows: 

Variable Name Variable Name 
Fund Category (CAT) IO-Year After Tax Return (RETATl0) ·· 
Size (SIZE) Yield (YIELD) 
Load (FEES) · Turnover (TIJRNOVER) 
Expense Ratio (EXPRA TIO) Cash Percentage (CASH) , 
1-Y ear Pretax Return (REIBTl) Foreign Percentage (FOREIGN) 
3-YearPretaxReturn (RE1BT3) P-ERatio (PE) 
5-Y ear Pretax Return (RE1BT5) Untaxed Gains (UNTAXED) 
10-Y ear Pretax Return (REIBTI0) Risk (RISK) 
I-Year After Tax Return (RETATl) Category Rating (CATRATING) 
3-Year AfterTaxRefum (RETAT3) •. Rating (RATING) 
5-Y ear After Tax Return (RETAT5) 
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Characteristics of Selected Funds 
For this study, a sample of 270 funds from a total of over 900 funds were selected using systematic, 
probability method· from a table provided by _BusinessWeek in 1997. Descriptive statistics indicated 
even distribution of funds over various overall ratings. Nearly 38 percent of the funds in the sample 
had an overall rating of3 or lower while just over 39 percent had a rating of 5 or better on a scale of 1-
7 (I =lowest rating, 7=highest rating). Fund Categories matched the proportions present in the 
population with the largest category represented being Large Cap Blend funds and the smallest 
category including Sector and Regional funds. · 

Preliminary evaluation of correlation matrix indicates a high positive correlation between "Rating" and 
variables "5-Y ear Returns" and "Yield" and a high negative correlation between "Rating" and "Expense 
Ratio" and "P-E Ratio". As anticipated a very high positive correlation exists between "Overall · 

. Rating" and "Category Rating" and an extremely negative correlation between "Overall Rating" and 
"Risk" variable. "Risk" variable shows · strong correlation with "P-E Ratio" and somewhat strong 
negative correlation with "Yield " variable. This provided us with some specific points to look for 
when interpreting factor extracted during Factor Analysis. 

FACTOR ANALYSIS 
Factor Analysis (FA) and its subset the Principal Component Analysis (PCA) are used to analyze the 
dimensionality of a set of manifestation variables in order to establish whether or not they are moving in 
a smaller number of dimensions. In addition to identifying and measuring specific factors, . it is also 
essential to find "meaningful" interpretations for each factor extracted. This is done by examining the 
sample correlation between variables and factor loadings. We used Quartimax orthogonal rotation 
technique to make the interpretation of the factors easier. We had anticipated to extract 5 to 6 factors 
reflecting the characteristics of the original set of variables. An examination of factor loadings and the 
interpretation of each factor helped to decide on the set of variables that can be used for subsequent 
analyses. Several methods such as the tise of Surrogate Variables and using Factor· Scores was been 
used to extract those variables that have the highest impact on the rating and risk level of mutual funds. 
We ~11 briefly explain how such methods can be utilized. 

Factor Scores 
In addition to Surrogate Variables, we have also explored the use of Factor Scores to reduce the 
number of variables. Factor scores are used to calculate the coefficient for each factor that can be 
saved as new . variables for further analysis. These coefficients are determined by summing up the 
products of each variable and its corresponding score. The resulting value is a linear combination of 
the underlying variables. The algebraic representation of this would be 

p 
Fjk = LWji X ik 

i=l 
where FJ"k is the jth factor for case k, w ji is the factor -score coefficient for jth factor of ith variable and 
xik is the standardized value of ith variable for kth case. A complete list of factor scores was calculated 
butjs not included because of the limited space. We derived values for new factors for each case and 
use them as new variables in the subsequent multivariate discriminant analyses. 
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Su"ogate Variables 
The use of Surrogate Variables allows us to predict a fund's rating and risk.level by developing models 
with only those variables that have the highest contribution to each factor extracted. In this case, we 
extracted 6 factors so we can use the six surrogate variables for the decision model. We have identified 
these variables in the Model Development section of this paper. 

MULTIVARIATE DISCRIMINANT ANALYSIS 
The Multivariate Discriminant Analysis (MDA) involves deriving the linear combination of all 
independent variables that best discriminate between two or more groupS'" of obseivations. The 
fundamental step in the development of MDA technique involves partitioning of the total sample 
variance into components representing 'Within Group' and 'Among Group' variances. The discriminant · 
function is then developed by maximizing the 'Among Group' variance relative to the Within Group' 
variance. The linear combination for this discriminant function would have a general form of · 

n 

where fik is the discriminant function, a_; is the discriminant weight for the explanatory variable Xijk, i 
represents an observation index (ith case), j is the variable index, and k is the number of groups. To 
develop a linear combination of m~ured variables, we must first develop expressions representing the 
partitioning of a linear combination of the variables into Within and Among Group components. 

Development of a discriminant function provides useful information about the power of a set of 
selected variables for separating obseivations from several groups. In many applications, including the 
one in this research, we are also interested in assigning observations with unknown group membership 
to the most likely group. This essentially provides a mean for predicting the group membership for 
new observations. For such cases, a multivariate classification function can be developed directly from 
the discriminant function. This approach is often utilized when there are only two groups and 
consequently only one discriminant function. An alternative approach, that is used in this study, would 
be to construct a linear classification function for each group. This technique assumes that 
observations from each group are from multivariate normal populations. To assign an observation to a 
particular group, the values of the classification function for each group are calculated and the 

· observation is assigned to the group with the largest value. 

MODEL DEVELOPMENT 

Extracting Factors 
The result of factor analysis for the funds' data is provided below: 

Com nt~ts Eij..'Cllrnlue %ofVar 
: 1 4.26740 30.5 

2 1.72798 12.3 

I 
3 1.26960 9.1 
4 1.22019 8.7 
5 1.09542 7.8 
6 I°.01636 7.3 

468 

Cum 014 
30_5 · 
42.8 
51.9 
60.6 
68.4 
75.7 



Six principal components had eigenvalµes above one and would cumulatively explain over 75% of 
the· variance in the fund's data. These factors are then used to construct Component and Rotated 
Component Matrices to show the factor loadings of each variable for its corresponding 
component. Rotated factor loading matrix shows the correlation of variable with each factor. 
Factor loadings give an early indication of what variables tend to group together under the same factor. 
We set the threshold for .factor loadings at 0.5 to look at only those loadings that show a strong 
correlation between the variable and its corresponding factor. For example, we can see that all before 
and After Tax Returns tend to load heavily on factor I while PE Ratio and Yield load on factor 2 and 
soon. 

RETBT5 
RETAT5 
RETBT3 
RETBTl 
RETATl 
RETAT3 
PE 
YIELD 
TURNOVER 
SIZE 
UNTAXED 
FOREIGN: 
FEES 
CASH 

Interpreting Factors · 
The interpretation and naming of factors in this study has been mostly straight forward with one 
exception where seemingly unrelated variables line up under the same factor. In such cases, we could 
have raised the threshold level, for example from .5 to .65 to eliminate lower factor loadings. This 
would remove Cash variable from factor 6 and eliminate Size from factor 3. Instead, we selected to 
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interpret factors' meanings based on the variables that had the strongest association with extracted . 
factors. The following is the list of new variables and their interpretation: 

Factor 1 (Return) - This factor provides very strong indication of the importance.ofRetum variables. 
Interestingly enough 5-year a."ld 13-year return patterns make the highest contribution to this factor 
where as the 1- Year Return has somewhat a lesser association with this factor. We did not enter 10-
Y ear returns because many funs do not have a IO-year history. If we were to select a surrogate 
variable for· this factor it would be 5-Y ear Return since it has the highest level of contribution to this 
factor. --

Factor 2 · (PE Ratio) - This factor loads strongly on the fund's PE Ratio and Yield that is an indication 
of the level of earning for the fund. The surrogate variable for this factor can be PE Ratio. 

Factor 3 (Activity) - This factor was somewhat difficult to interpret primarily due to the seemingly 
unrelated variables associated with this factor. The two variable presented under this factor are 
Turnover and Size. The size of the portfolio can be related to the level of turnover of underlying 
stocks. It may be that larger portfolios would have smaller relative turnover. For surrogate variable, we 
have the option of separating these variables for the subsequent analysis or elect to go with the 
Turnover variable which has the strongest correlation with factor 4. 

Factor 4 (Gains) - This fa~or represents Untaxed Gains variable which is _the unrealized and 
undistributed capital gains of the fund. Untaxed Gains is the surrogate for this variable. 

Factor 5 (Non-US Securities) -This factor represents a variable that shows the portion of fund's 
portfolio that is not invested in US securities. Instead it is held as cash or in invested in non-US 
securities. Foreign is the surrogate for this variable. 

Fact~r 6 (Load) - This factor loads on two variables, Fees and Cash. The Fee variable which 
represent the fiuid's load shows a much strong correlation with this factor and hence can be used as the 
surrogate variable. · 

Discriminant Model 
All models for this study will be constructed using the original set of variables, factors and surrogate 
variable sets. Each model was individually cross-validated by holding out a test sample, developing the 
model with the remaining observations, and classifying the hold-out cases. The . accuracy of 
classification for each model was tested by calculating the Hit Ratio (percent of observations correctly 
classified) for each model and.recording the results in a classification matrix. A "Hit" is when a model 
correctly classifies an observation into the same category as the actual group. Each ·model was also 
tested for statistical significance using chi-square statistics. 

Results from discriminant analysis using the original set of variables points to five main contributors to 
the favorable rating of a particular mutual fund. These variables are Percent of Foreign Holdings, 5- . 
Year Return Before Tax, PE Ratio, Yield .. and Turnover. Note that four of these vanables, 5-Y ear 
Return BT, Turnover, PE Rado and Foreign Holdings are the same as those surrogate variables that 
we identified in our Factor ~alysis. We will proceed with developing parallel discriminant models for 
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both sets of variable as well i as factor . variables. Fallowing is the result of the 3 models and the 
classification summary for both return and risk rating: 

Rtu Rf u· A e rn a m2 sm2 II Variables 
Classification function coefficients Predicted Group Membership 

Variable Favorable Unfavorable Actual Group Cases 1 2 
FOREIGN .0871848 .1082514 Group 1 107 84 23 
PE . 4148490 .5238431 78.51 21.51 
RETBT5 1.5201624 1.2591801 Group 2 163 27 136 
TURNOVER 3.1222490 3.7911045 16.61 83.41 
YIELD 3.2253342 2.4469989 Percent of' "grouped" cases correctly 
Constant) -25.0131463 -24.8267078 classified: 81.481 

s atm2 SIDI? anables RikR. u· AIIV. 
Classification function coefficients Predicted Group Membership 

Variable Favorabl~ Unfavorable Actual Group Cases 1 2 

PE .5336284 .7597834 Group 1 180 165 15 
RETBT5 1.0380961 .8360059 91. 71 8.31 
YIELD 2.5787150 1.7656341 Group 2 90 19 71 
(Constant) -16.0756327 -19.2990279 21.11 78.91 

i Percent of "grouped" cases correctly 
classified: 87. 411 

Classification Power 
To estimate the classification power of these models, we have used cross-validation technique 
explain earlier in this paper. The results are provided in the classification matrix on the right
hand-side of each table. Models for Rating classified approximately 80% of the observations into 
correct categories while models for Risk had an accuracy range between 79 to 87%. 

Predictive Capability 
To test the predictive power of our model, we have constructed by a Decision Support model that 
utilizes the coefficient calculated and presented on the left-hand-side of each table. For example 
the two functions from the first table would have the following forms:: 

DFav~ble = -25.01 +0.0S*Foreign+0.41 *PE+ 1.52*RetBT5 + 3.12*Tumover+3.22Yield 
Dunravorable= -24.82 +1.08*Foreign+0.52*PE+l.25*RetBT5 + 3.79*Tumover+2.44Yield 

If ~avorable > Duntavorable , th~n the mutual fund is classified as Favorable otherwise it. would be 
considered Unfavorable. Similar linear functions were constructed for all six models using surrogate 
and factor model coefficients. We then used test data from our hold-out sample to substitute into these 
functions and tabulated the results as follows: 

All Variable Model Surro~ate Model Factor Model 
Return Ratin2 16 of 20 (800/o) 16 of20 (800/o) 12 of 20 (6QO/o) 

Risk Ratin2 17 of20 (85%) 16 of20 (80%) 13 of20 (65%) 

Our fist two set of models categorized observations into correct group with 800/4 accuracy. Note that 
our all-variable models had almost identical predictive power as our surrogate model results for rating 
Return. However, the all-variable model did slightly better in rating risk than the surrogate model. 
Factor models showed relatively low predictive power. 
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CONCLUSIONS 
We have been able to reduce foe number of explanatory variable into a more manageable· set in order to 
improve the accuracy of predictive models. Factor analysis helped us to organize variables into clusters 
that can be interpreted and have meaning. Our discriminant analysis showed how well surrogate 
variables can represent original variables and that models based on surrogate variables can produce 
fairly accurate predictive models. These types of models provide the investor with a fairly simple and 
quick means of evaluating and classifying Mutual Fund securities. They can be used as a preliminary 
indication of whether or not a fund will continue to perform well and/or how high ofa potential rating 
it can achieve. Such models can also provide a simple mechanism for evaluating the level of risk that 
may be associated with a certain return pattern. 
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EVALUATION OF DOCUMENT CONTROL SYSTEM AT SEA PORT 
AUTHORITY IN A GCC COUNTRY 

Ahmad A. Moreb and Shams Uddin Ahmed 

Department of Industrial Engineering 
King Abdul Aziz University, Jeddah, KSA 

Abstract: Importers' documents for consignments at a GCC seaport 
undergoes phases of evaluation by the seaport authority. It is established 
that the arrival of documents at the customs department follows normal 
distribution. The documents are immediately checked for black listed 
importers. This operation also assumes a normal distribution. The 
documents are then processed by three main departments such as 
numbering, verifying and reviewing; which follow exponential distribution. 
Finally the documents are delivered to the customs department for further . 
processing. 
An analysis of the document control system is done via GPSS simulation 
study. The optimum processing time of documents was found to be 207 
minutes. A total of 36 employees were needed to complete the process. The 
average number of documents processed in eight hours was found to be 17. 
Bottlenecks are identified · at the stamping agent's and the manager's work 
station. 

'1. INTRODUCTION AND SYSTEM DEFINITION 
An importer, whose documents are to be cleared from customs department, first presents 
it to the storage fees counter for payment. The documents are then sequentially 
processed at the various documents control departments. All the employees from 1 
through 34 will be engaged at different stages of the document processing. Data 
collected show that the documents arrive at the document control department at the 
seaport following a normal distribution with a mean of 28.60 minutes and standard 
deviation of 12 minutes. The documents first enter into the system to check the black 
listed importers. If the importer is black listed, his documents are refused from further 
processing. The departm~nt manager sends documents to the numbering employees for 
allocating reference number and other relevant information, which are to be further 
processed. The verification agent for the completeness and authenticity of the 
documents then verifies it. The review department process documents to see if the · 
information is in order. Finally, the documents are transferred to the stamping agent to 
complete its final phase of operation. Operational time and the type of probability 

· · distribution for the processing of documents are summarized in Table 1. 
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T bl 1 Th D" t .b ti T" fi th D t P a e . e IS rI U on 1me or e ocumen rocessme; 
I OPERATION ON DOCUMENTS I PROBABILITY DISTRIBUTION 

IN MINUTES 
~STANDARD 

: DEVIATION .1 
Arrival of Documents Nonnal 28.60 12 · 
Scrutinize of documents Normal 21.74 8 
Numbering on Documents Exponential 62.74 
Verification of Documents Exponential 53.82 
Review of Documents Exponential 13.88 
Document distribution by manager Uniform IO 5 

A computer simulation model is developed for the system as described above. Two 
scenarios are evaluated, scenario I was based on first in first out (FIFO) rule. Scenario II 
is to process the documents sequenti_ally from one department to another when a 
predetermined number of documents have been collected. This creates a bulk of 
documents before being transferred to the next department. The model allows bulking of 
8 documents at the maximum. These two dispatch scenarios are studied in detail via 
simulation study. Among the critical parameters in such system; the simulation study 
determines the optimum number of personnel that would minimize the mean resident 
time. Mean resident time i~ defined as the total time spent by the documents inside the 
system. Efforts are also made to reduce the variance in the experiment. The variance 
reduction improves the validity of the model [Law and Kelton (1982)]. Statistics that are 
of interest are average number of documents processed in a day or in a specified time 
and average utilization of service facilities. These statistics are useful in evaluating 
different scenarios by the port authority for the speedy processing of the documents. The 
sooner the document gets cleared from the port authority and customs department the 
better it is for the importer in terms of business objectives. Delay will usually result in 
lost business and dissatisfaction to the importer. 

2. MODEL DESCRIPTION 
A discrete event computer simulation model that represents the system behavior of 
document control system is used. The model is based on GPSS (general-purpose 
Simulation System) computer simulation language [O'Donovan (1979), Schriber 
(1974)]. Transaction representing document's arrival which follows a normal 
distribution with parameters as shown in table 1. The transactions join the receiving 

. queue. The documents now go for processing. It is engaged in service when a server is 
free. The documents that are not processed for black . listed importer goes to a 
probabilistic TRANSFER block with probability 0.05, then transaction branches to a 
BLST block. Toe manager is now needed· to distribute the documents to the numbering 
department. A GA TE block with logical mnemonic NU is used to test the condition if 
manager is free by testing the non-utiliz.ation mode. The maximum number of _ 
documents, which should bulk before transferring to the next department, is tested at a 
TEST block. This block uses two standard numerical attributes with GE operator on the · 
condition that ~e processed documents have just crossed number· 8. Otherwise 
transactions are refused entry to the next block and kept in the TEST block until the 
defined number is reached. The document creates a queue named NUMBQ at the 
numbering department. The numbering employees; representing NUMB; process the 
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documents at an ADVANCE block · whenever NUMB _is free. The documents after 
processing leaves the server NUMB. The GATE and TEST blocks again check if the 
manager is free and the required number of documents has been collected. Upon 
satisfying these conditions the documents enters a queue called VERIQ at the 
verification department. The server at the verification department is named VERI and if 
he is free the documents are processed as per the distribution time shown in table 1 at 
the ADVANCE block. Similar checks are done on the number of documents and the 
status of the manager. The employees; REVW; at the reviewing department then 
prepares to process the document which creates a queue called REVWQ. The 
documents enter the stamping department for stamping using STMP server. A queue is 
created at a QUEQE block named STMPQ. Statistics are collected at the TABULATE 
block when the transaction completes its processing. The simulation is run over a period 
of 80 hours, which is equivalent to ten days of operations. 

3. MODEL VERIFICATION AND VALIDATION 
Analysis with a simulation model can actually be used by a planner to make the same 
conclusion that would be made with the real system. It is easier and more cost effective 
than to experiment with the system itself. The FIFO rule or scenario I is evaluated over 
a period of 4800 minutes by varying the number of servers to minimize the variance and 
mean resident time of the transactions. Considering the distribution time in Table 1 is 
valid, one can compare scenario IItor any other conditions with reference to scenario I. 
Table 2 presents the results for the two scenarios with relevant statistics. The detailed 

. results are given in table 5 and table 6. Figures 1 and 2 show the distribution of mean 
resident time in minutes; which are summarized in tables 3 and 4. These results 
correspond to runs number 3 and 8 as shown in tables 5 and 6 respectively. Scenario I 
can be considered as a simple situation and hence may act as a benchmark. 
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Figure 1. Distribution of Optimum mean resident time 
(dispatching documents on · FIFO rule) 
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Figure 2. Distribution of Optimum mean resident time 
(despatching documents on bulk formation rule) . 
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T bl 2 S a e . t ti ti ummary s a s cs 0 f . I d scenano an . II scenario 
SCENARIO 

I II I II I II I II 
AVERAGE AVERAGE CONTENT IN QUEUE AVERAGE DELAY IN QUEUE TIME IN SYSTEM 

lITILIZA TION 

0.259 0.321 0.97 0 27.96 0 191 207 
0.309 0.285 0 0 0 0 
0.326 0.349 0 0 0.16 0.16 
0.086 0.084 0 0 0.13 0.13 
0.066 0.064 0 0 0 0 .. 
0.317 0.321 0 0 - -
0.468 0.321 0 0 - -

T bl 3 Q a e . ueue sta ti . "th FIFO I sties w1 rue to thd 1spa c t ocumen s 
~lAX CONT. ENTRIES ENTRIES(O) AVE.CONT. AVE.TIME AVE.(-0) 

leneth in queue total zero entry in queue in queue -0 entry 
18 18 167 149 0.97 27.96 259.38 
1 0 137 137 0 0 0 
l 0 137 137 0 0.016 2.5 
1 0 137 137 0 0.013 1.9 
l 0 149 149 0 0 0 ' 

T bl 4 Q a e . t ti ti ueue s a s "th b lk ti CSWI u onna ti on rue or th 1spa c 
MAX CONT. ENTRIES ENTRIES(0) AVE.CONT. AVE.TIME AVE.(-0) 

len2th in queue total zero entry in queue in queue -0 entry 
l 0 165 165 0 0 0 
I 0 156 156 0 0 0 
l 0 154 153 0 0.016 2.5 
l 0 150 149 0 0.013 1.9 
l 0 157 157 0 0 0 
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T bl 5 0 a e . 1ptimization of mean resident time (FIFO dispatch rule) 
Run Receive Number Verify Review Stamp Porter Manager Tota! Mean Standard 
no. server (minutes) Deviation 
1 Number 14 8 5 6 1 2 l 37 288 134 

Utilization .419 .249 .367 .065 .123 .145 .931 
2 Number 12 7 6 4 l 1 3 34 195 90 

Utilization .412 .317 .289 .121 .137 .325 .331 
3 Number 13 1 5 5 2 l 3 36 191 84 

Utilization .259 .309 .326 .086 .066 .317 .325 
4 Number 14 6 5 5 2 1 2 35 191 103 

Utilization .451 .329 .360 .102 .067 .310 .468 
5 Number 12 6 6 4 2 I 2 33 191 104 

Utilization .522 .287 .284 .120 .062 .285 .425 
6 Number 12 6 6 4 I I 2 32 192 99 

Utilization .280 .363 .249 .101 .128 .315 .477 
7 Number 12 5 5 4 l l 2 30 195 104 

Utilization .394 .436 .316 .091 .129 .311 .473 
8 Number 11 7 6 5 2 I 2 34 192 103 

Utilization .559 .246 .284 .095 .062 .284 .426 
9 Number 6 3 2 2 l 1 1 16 537 225 

Utilization .694 .483 .712 .153 .096 .228 .684 

Table 6. Optimizations of mean resident time (bulk formation) 
Run Receive Number Verify Review Stamp Porter Manager Tota! Mean Standard 
No server (minutes) Deviation 
l Number 14 8 5 6 1 2 1 37 445 140 

Utilization .307 .249 .370 .072 .126 .142 .939 .+--
2 Number 10 6 4 5 1 l l 28 358 153 

Utilization .473 .267 .359 .087 .131 .301 .910 
3 Number 8 4 3 3 l l l 21 407 130 

Utilization .395 .496 .560 .138 .126 .303 .935 
4 Number 6 3 2 2 I I 1 16 580 166 

Utilization .542 .619 .778 .161 .122 .287 .874 
5 Number 12 5 5 4 1 l· 2 30 216 117 

Utilization .293 .444 .342 .1.13 .131 .313 .479 
6 Number 11 6 4 4 I l 3 30 209 110 

Utilization .547 .338 .457 .103 .133 .314 .319 
7 Number 12 7 6 4 I I 3 34 207 115 

Utilization .429 .304 .267 .088 .131 .316 .309 
8 Number 13 7 5 5 2 1 3 36 207 113 

Utilization .321 .285 .349 .084 .064 .312 .312 
9 Number 13 7 5 5 2 1 2 35 218 102 

Utilization .162 .300 .370 .092 .065 .315 .490 

4. CRITICAL COMMENTS ON RESULTS 
Tables 3 and 4 show the results of the queue statistics on scenario I and II. Detail 
information about GPSS computer output and its explanation can be found in Bobllier 
(1976) and GPSS/PC software (1986). Table 3 shows that the queue length at RECVQ 
had a maximum length of 18. There were a total of 167 transaction entries in 80 hours of 
operation. It implies that there were 17 documents, which were processed in 8 hours. 
The entries in the table show that there were 149 transactions with no waiting in the 

_, queue. The average length of the queue was 0.97 and the overall average time spend in · 
the queue is 27.96 minutes. The average time in the queue for those transactions, which 

. had to wait in queue, is 259.38 minutes at the RECVQ, 2.5 minutes at the VERIQ and 
1.9 minutes at the REVWQ. Table 4 has almost similar results representing scenario II~ 
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except that there were no queue at the RECVQ. Table 5 shows the effect of the number 
of servers on the mean resident time of the documents. Runs number 3,4 and 5 show 
the minimum mean resident time of .191 minutes using the FIFO rules. The standard 
deviation in run number 3 at 84 minutes is the lowest, hence the optimum number of 
total servers is 36. The study shows that the number of managers and stamping 
personnel are among the critical factors for bottleneck operations. It is clear from runs 
1,2,3 and 9 · that increasing the number of personnel improves the mean resident time 
and standard deviation in the system. Similar results are evident for scenario II as seen 
in table 6. Runs number 7 and 8 show the minimum mean resident time"1s 207 minutes . . 
The standard deviation at run number 8 is the lowest and has a value of 113 minutes. 
Runs number 1,4,7,8 and 9 indicate that the number of stamping personnel and 
managers affect the mean resident time. It also improves the standard deviation in the 
system. The optimum number of servers is 36 for this study. Interesting enough; both 
experiments identified 36 as the optimum number of servers. 

5. CONCLUSIONS 
A simulation model for document control at a GCC seaport has been developed. It is 
observed for both scenarios that a total of 36 employees in combination of 13 receiving, 
7 numbering, 5 verifying, 5 revf ewing, 2 stamping, 1 porter and 3 managers result in the 
shortest mean processing time for the documents. The mean processing time of the 
· <locuments was found to be 207 minutes with a standard deviation of 113 minutes. This 
result is obtained for scenario II; which allows balking of 8 documents before 
proceeding to any other department. The FIFO; scenario I, results in 191 minutes mean 
processing time with a standard deviation of 84. It uses the same combination of 
employees. In given situation the bottleneck is identified as the stamping agents and the 
managers' work station. · 
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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% ofall work-related deaths and 10.5% of all work-related 
accidents even though they account for only 5.6% of the total labor force in the United States. 

This paper describes a multi media system that provides both safety training and OSHA 
regulations testing. This paper is a result of a research project that was funded by the Mechanical 
Contractors Association of Omaha, Nebraska (MCAO). 

INTRODUCTION 

Having recognized the relationship between inadequate training and work-related injuries and 
illnesses, the Occupational Safety and Health Administration (OSHA) has established safety and 
training regulations for employers, requiring all companies to develop and implement their own 
safety training programs. These programs should enable contractors to provide effective training 
for their workers, minimize OSHA training violations and reduce the likelihood of receiving 
OSHA penalties. Unfortunately, the current programs include some key disadvantages: 

• Loss of productive time while employees attend redundant training sessions 
• Ineffective record keeping on individual employees' training status 
• Lack of communication between companies in the same trade regarding employee 

training status 

OSHA reports that even with strict guidelines, inadequate safety training for employees is the 
_ eighth most cited violation. Table 1 highlights the ten most common OSHA violations. 
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Rank OSHA Standard Violation Area 
1. 1926.59E Written hazard-com program 
2. 1926.59H Training on hazardous chemicals 
3. 1926.59G Material safety data sheets 
4. 1926.404B Ground-fault circuit protection 
5. 1926.451A Scaffo lds-Gerieral requirements 
6. 1926.20B Job safety and health program 
7. 1903.2A OSHA Poster 
8. 1926.21B Safety training for employees 
9. 1926.404F Grounding of electrical systems 

10. 1926.500D Open-sided floors 

Table 1: The ten most common OSHA violations 

One can easily conclude that if the occupational safety and health problem is to be solved, safety 
training and instruction must play an even greater role than they have in the past [1]. An effective 
training program must allow employees to test their existing safety knowledge on a given subject 
and assist in providing new information at the same time. This will help to insure that they are 
reviewing the material and receiving corrections when their knowledge is wrong or ~complete. 

MULTI-MEDIA OSHA TRAINING SYSTEM 

· In today's era ofrapid change in computer and-information technology, construction safety and 
health training requirements change as quickly as any other function in our society. Safety 
training must keep up with the new technology, changing economy, and increased demands on 
workers' performance. 

The Mechanical Contractors Association of Omaha (MCAO) has taken the lead in establishing a 
training program and communication system, using new technology to help distribute training 
materials and records. The objective of the project is to provide the MCAO members with an 
improved safety training system. The program, provided on a CD-ROM, is a us~r-based 
instruction and testing system. Figure 1 shows the software structure. The system includes the 
following features: 

1 Multimedia safety training materials 
• Digital videos, sound and photographs to enhance the effectiveness· of the 

training program 
• Detailed text material on OSHA regulations 

2 Electronic testing 
• Immediate link to the appropriate training material for topics the user needs to 

learn or review before testing 
• Immediate processing of tests and results 
• Electronic storage and retrieval of individual employee training records 
• Printed test results for the employee's training 
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The software structure shown in Figure I lets the user choose to receive training on specific 
OSHA regulation or test his or her knowledge on those regulations. Figure 2 shows some of the . 
OSHA regulations available to the user. 

Begin T estinQ Now; .. , 

Begirt Testing.Now.:~ I 
Begin TeSting.Now.·~-1 

Beon resting Now ... I 

OSHA Safety Testing Sections Available 

Basic Sections Required for 10 Hour C ertificati.on 

i PersonBl Protective F.quipment 
i 

: 
!Lad.ters ad Stainiells 
i . 

I Gas We~ and CuttiJac 
I !Eectrical saty 
i 
! Fall P:n1ec1ion 
j 

!Scaftblds 
! 

I &x:av.m.ons 
l 

Return to the Main Menu 

Figure 2. OSHA regulation options available to the user. 

To illustrate both the training and the educational capability of the software, let us assume that 
the user selects the first choice shown in Figure 2, to be tested on OSHA. The first of ten 
questions on the subject, then appear on the screen, as shown in Figure 3. All questions are 
multiple-choice. The following is a step-by-step description to the interaction between t.p.e user 
~~00~~= . 

1. The user selected "B" as the answer to the question. 
2. The user then receives an audio message indicating that ··B" is the wrong answer along with 

more information as shown in Figure 4, to help the user answer the question correctly. This 
information may come in text, audio, graphics, or video format, as necessary. 

3. If the user, after reviewing the information on the screen, selects the correct answer! ··D," 
then the second question appears on the screen. 

4. If the user again selects the wrong answer, the program subtracts the number of points 
assigned to this incorrectly answered question and move to the next question. 
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1. Carefully read the question the q_uestion above. 
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5. After answering the last question on the selected section, the user has the option to send the 
final grade to the MCAO database or terminate the test. 

It is important to note here that this program's primary purpose is to tutor workers on OSHA 
regulations. This objective is achieved by providing information on OSHA regulations during the 
testing phase. 

CONCLUSION 

Safety training and education can make a significant impact in maintaining safe work 
environments and reducing the likelihood of violating OSHA training regulations. A serious 
restriction on safety training, however, is the inadequate number of safety training professionals. 
The proposed OSHA training system assists in providing self-based instruction and testing. The 
objective is to provide the Mechanical Contractors Association of Omaha, and similar 
organizations, with an immediate link to training materials as well as up-to-date, on-line· 
individual employee training records. Thus, .in one package, MCAO members have the tool to 
train their workers, eliminate redundant training and testing, and enhance both OSHA 
compliance and on-the-job safety. 
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Electronic commerce is emerging as one of the most important aspects ushered in by the 
digital age. However, the near instantaneous transactional nature of this technology requires 
less human interaction and a greater reliance on autonomous software agents. In this paper, 
we illustrate current· research highlighting how such an environment may be constructed, 
utilizing mobile agent systems as the primary automation component. A brief introduction to 
mobile agent architectures and some of the advantages and caveats of mobile agent based 
systems. Next, we discuss types of agent-based e-commerce systems: Last, we outline the 
proposed architecture for our on-going research involving the construction of a virtual stock 
exchange simulator designed to be used as an educational tool. 

1. Introduction 

In recent months, electronic commerce, or e-commerce, has become a widely accepted 
business practice. One needs to look no further than the likes of amazon.com™, e-bay™ or 
e-Trade™ to realize the impact of this business model. However, we believe the greatest 
impact of e-commerce has yet to be felt. Like many researchers, we think the greatest gain 
will be realized in large part with the use of intelligent, autonomous, and sometimes mobile, 
agents. [Kep 1] 

Agents can loosely be defined as, any software object operating on the behalf of a person or 
business entity. Agents may be permanently fixed on a given host, stationary agents, or they 
may be capable of.moving from host system to host system, mobile agents, in order to 
perform a given task or series of tasks. In this paper, we focus on the latter though some 
elements of our proposed architecture employ stationary agents. The autonomous, and 
perhaps disconnected, nature of agents enables constant monitoring of infor_mation streams 
for events relevant to a particular business concern. Based upon these events, the agent may 
intelligently engage in business transactions in a manner consistent with the desires of the 
entity it represents. This sedulous, focused attention can provide agent-enabled entities -with a 
distinct competitive advantage over those utilizing more conventional means. 

The particular type of agent to which we refer, possesses specialized reasoning to allow 
flexibility to perform their task effectively while making decisions at remarkably fast speeds. 
Like their human counterpart, research indicates agent economies, especially those on the 
scale of billions of participants, are most effective when employing the free market economic 
principles. [Kep 1] 

• This work was partially supported by a grant from Lucas Faculty Excellence Endowment 
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Today's most powerful financial and commercial weapon is information. As news breaks, 
quick reaction to favorable or unfavorable reports is imperative with the slightest delay 
possibly resulting in missed opportunities or lost profits. In order to compete effectively in 
this new marketplace, business and individuals must reconsider the means and protocols by 
which business deals have been traditionally conducted. Agents, including the mobile 
variety, may be among the most important components to emerge as a part of this new 
business model [Kep2]. 

In this paper, we examine the application of mobile agent architectures in enabling the next 
generation of e-commerce applications. First, we examine the general definition and . 
architecture of mobile agents systems identifing advantages as well as potential pitfalls. Next, 
we look at ways in which mobile agents may be applied to the e-commerce problem domain. 
Last we examine the architectural definition of the virtual stockmarket simulation application 
we are developing in our research. 

2. Mobile Agent Technology 

Though not a completely new concept, mobile agents (MAs) represent what some have 
called an evolution in distributed computing, while others feel it is even revolutionary. 
Mobile agents are autonomous software objects that are capable of migrating to an arbitrary 
agent-enable host via a communication medium, i.e. TCP/IP socket, HTTP, or e-mail 
attachment. · 

To facilitate mobility, especially on heterogeneous hosts, most mobile agent systems are 
interpreted. Early mobile agent systems, relied on scripting languages, howev~r, the Java 
programming language has recently emerged as the de facto standard for mobile agent 
implementations. The network-centric design of Java provides all_ of the features t~at ~e 
desired for remote programming environments such as, platform mdependence, ubiquity, 
network-enabled and enl:anced security. 
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Mobile agents have many benefits that make them advantageous when compared to other 
computing models. Listed below, are some of these benefits and a brief discussion of why it 
is considered a strength . 

• Mobile agents are lightweight. A typical mobile agent framework is comprised of a 
very small footprint due. They are able to leverage the built-in distributed features of 
Java to accomplish agent transportation and remote messaging. 

• Mobile agents are interpreted. This allows agent systems to be somewhat dynamic in 
nature. A new mobile agent object may be introduced to a host, without the host 
having previously installed classes for this agent. 

• Mobile agents are simple. Coincidental with the lightweight nature of the agent 
framework, most of the implementation details have been abstracted by the 
framework itself or Java, leaving the developer with few requirements for 
implementing agent mobility. Leveraging object-oriented inheritence, a minimal Java 
mobile agent only requires very few lines of code to be functional. 

• Agent mobility is transparent to the programmer. Most of the 100% Java mobile 
agent systems identified in the introduction implement the framework in a manner 
that makes agent mobility transparent to the user. The developer merely instructs the 
agent where to move, or instructs the agent how to determine where to move. The 
framework handles the underlying details . . 

• Mobile Agents are tolerant of low bandwidth, unreliable networks. Mobile agent 
frameworks are built to tolerate networks that have low bandwidth and are subject to 
frequent connection losses. Due to their lightweight structure, low bandwidth 
connections typically are not much of an obstacle. In some situations, only small 
messages are needed to transport an agent from host to host. Mobile agents may be 
checkpointed, or persisted in a certain state, and in the case of system failure, can be 
reactivated to their checkpointed state when the host is restarted. 

Mobile agents offer several unique advantages over their stationary counterparts.[Kotz] First, the 
ability to move to the source of activity, i.e. a database server, reduces the additional network 
overhead involved in remote communication. For instance, by a series of database queries, 
intermediate results are not required to be transmitted until the .final query has been executed, 
thus reducing overall execution time. In conjunction with mobility, is the abiHty to easily deploy 
software to a remote site. Merely instruct the agent to move to the remote site an begin 
execution. In this manner, a server's functionality may easily and unobtrusively be extended. 
Another advantage is the autonomous nature of agents. Once a agent has moved off of the client 
machine to another host. The client machine may safely shutdown. Upon restarting, the client 
machine needs merely to re-establish contact to the mobile agent to regain control., Alternatively, 
the agent may be p~ogrammed to periodically attempt to return to its originating site. 

As with any technology, there are also cons in using mobile agents. First, There is a significant 
amount of overhead involved in transporting even the smallest of agents over the wire. 

In the last two years, several feature rich, commercially available mobile agent frameworks have 
been released. These include Objectspace's Voyager, Mitsubishi Electric America's Concordia, 
IBM's Aglets and General Magic's Odyssey. Dartmouth University's D'Agents is an excellent 
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research-oriented mobile agent package. Though similar in many respects, each of these systems 
has functionality, which makes it unique. In this paper, we use Objectspace Voyager in the 
design of our research_ application. 

3. E-Commerce and Mobile Agents 
Utilizing agents, both stationary and mobile, has been of some interest in recent years, especially 
for e-commerce. The ability to offioad cognitive tedious tasks, such as information filtering, to 
agents, directly or indirectly via collaboration, possessing the intelligence required to effectively 
identify events of interest, ca.n off er a significant advantage to businesses. The dependence on 
costly, error-prone human resources is reduced. Instead an unlimited supply of autonomous 
agents maybe strategically and dynamically placed .in crucial areas to collect, analyze and react 
to external events. Their tasks may range from simple monitoring to executing critical 
transactions if events dictate such action. 

Multi-agent systems are comprised of multiple agents, each with a specific task, collaborating to 
achieve a single goal. [Joshi98] Multi-agent systems have an advantage when applied to complex 
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applications, due to this divh,ion of labor. This advantage is even more evident in an architecture 
applying mobile agents. By allowing a high degree of componentization, each mobile agent may 
be simpler and thus more lightweight. An obvious benefit for any archite9ture requiring objects 
to be streamed over a network. 

Mobile agent systems provide several unique possibilities for implementing e-commerce 
applications. [Chess95] Among the most intriguing of these is the prospect of agents intelligently 
engaging other agents in buslness transactions. However, initial research indicate there are 
significant issues to be concerned with when agents are allowed to participate in this capacity. 

When operating in a free market economy, research has shown that automated broker agents 
competing for agent consumers yielded two very important phenomena. [Kephart98] First, that 
the agents exhibited the desirable behavior of spontaneously specializing. That is the services 
they concentrate on is constraint. to a single narrowly defined domain. The other behavior is 
unfortunately not so beneficial. Systems built upon myopic optimal, or myoptical, agents fell into 
the same counterproductive, cyclical predatory pricing wars that their human counterparts are 
sensitive to, though this phenomenon tends to be more pronounced in agent systems than in 
human ones. This is exactly the same phenomenon observed when gas stations placed on 
opposite comers of a busy intersection. As one station lowers its price, the others quickly follow 
suit with one dropping even lower. This oscillation continues until a level is reached at which 
point one station gives up and raises prices and likewise the rest follow suit, oscillating until a 
peak price is reached. At this point the cycle begins again. These endless price wars, the volatile 
price swings are harmful not only to the brokers, but also to some degree the consumer. Further 
research has shown, at least in simple cases, that by leveraging some basic foresight principles 
derived from game theory, price wars can be virtually eliminated in agent systems.[Tesauro98] 

One of the primary problems faced by agents, and humans, in an open free market economy, is 
locating a provider of a desired service or product. Most identified solutions to this problem 
utilize one of two basic types: matchmaking and brokering. Other solutions employ a more 
flexible and desirable hybrid approach consisting of both matchmaking and brokering. 
[Decker96] In fact, the most _efficient implementations provide a hybrid architecture in which 

. multiple matchmakers are ccntrolled by a broker system. · 

Matchmaking systems permit agents with a given goal to be match with complementary agents 
that can accomplish the goal. There are three roles in this type of architecture, the matchmaker, 
the server, and the requestor. In many instances, a single agent will take on multiple roles. The 
general request-reply flow is as follows. First, the server registers its available services with the 
well known matchmaker. Next, the requestor solicits the matchmaker with a requested objective. • 
Finally, the matchmaker examines the servers that have registered services and matches the best 
available solution or solutions to the stated objective. The server information is returned by the 
matchmaker to the requestor, which in turns negotiates directly with the server. The primary 
advantages of this scheme is the use of a well known systems for the advertising and requesting 
of services. Also, the interaction with matchmaker strongly resembles that of the server. The 
major drawbacks to the matchmaker architecture are that the matchmaker can easily become 
overwhelmed if requests occur faster than it is able· to process respunses. Also, the matchmaker 
presents a single point of failure. 
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Brokered systems likewise facilitate the fulfillment of a stated objective. Yet, the process by 
which the request is fulfilled differs somewhat. As in the pure matchmaker architecture, there are 
three basic components, the broker, the server and the matchmaker. The registration of services 
is unchanged from that of the matchmaker system. However, the server information goal request 
is directed at the broker rather than directly at the server. The broker in tum distributes the 
request to a corresponding server and returns the server results to the requestor. This scheme 
alleviates the single point of failure problem and broker has the ability to dynamically b~lance 
the loads given to available servers as well as to redistribute requests in the event of a server 
failure. This disadvantage to this is the server is prohibited from advertising with more than one 
broker. This is due to the need of the broker to control all requests directed to the server in order 
to balance loads. · 

4. A Virtual Stockmarket Simulator 
In our research, we build on •:>Ur previous work to constructing a virtual stockmarket simulator 
that utilizes mobile agents to facilitate the brokering of equities with virtual traders in a virtual 
stock exchange. [E1Sawi98] We are in the initial stages of our design and draw from many of the 
elements described in this paper. Upon completion, we exp~ct that a student will be reasonably 
able to construct an agent syr,tem employing an intelligence structure of their choosing, and 
compete in a somewhat realistic trading scenario. The market will be totally agent based. The 
agents will represent a mixture of other students and simulated entities for the purpose of 
controlling, hopefully in a deterministic manner, the dynamic behavior market. Simplistic news 
streams will be available to provide in a controlled manner breaking news about specified 
publicly traded entities. 
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Increased market demands on e.g. agility, flexibility and quality require 
companies to utilize advanced manufacturing systems. Case studies in such 
systems reveal increasing needs for efficient distribution of accurate and instant 
infonnation. Present infonnation channels are not being used by shop-floor and 
maintenance personnel as planned, instead verbal and informal communication 
provides the bulk of information exchange. This paper . describes a theoretical 
framework and criteria for a wearable information system targeted at 
manufacturing system operators. The prototype "Super Operator" is based on 
World-Wide-Web technology and provides multiple information channels, 
wireless internet connection, 3D-navigation in a virtual-reality model of the work
space over the internet, decision support, etc. 

INTRODUCTION 

Industrial market conditions require continuously increased manufacturing flexibility and agility 
. with respect to volume, variants, product mixes, etc. In order to meet requirements, advanced 
manufacturing systems, e.g. car-body assembly plants, are subject to high degrees of automation, 
extensive use of industrial robots, and subsequent reductions in personnel. Ratios of 100 robots 
to 15 operators or less can frequently be seen. Although there are still several ~'simplistic" tasks 
( e.g. material loading) being done manually, the greatest responsibilities for the operators lies in 
maintaining and "nursing" complex machines and technical systems. 

Stahre and Johansson [1998b] suggest that when designing appropriate information systems for 
such operators, factors like tradition, existing networks, and practicalities must be taken into· 
account, in addition to regular system development methods. Forcing skilled craftsmen or 
operators into using information systems when alternatives are simpler, more social and 
complete may (will) result in disappointment. The work-situation for an "operator-of-the-future", 
in the context of a highly automated manufacturing plant, is approaching that of a soldier or 
control room operator. Consequently, new ways of operator support must be explored to deal 
with the growing set of problems. 
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"Mobile information systems" and "wearable computers" are emerging research and commercial 
areas. Few general ~nclu~ions fro~ this area can be drawn presently. However, the applicability 
of and need _for _function~tty pro?1:sed by such systems is indisputable. For manufacturing 
system applications special cond1t1ons apply, but Wilson (1996) suggests the following criteria 
for two possible application areas in manufacturing (i.e. operator maintenance information 
systems and communication for self-directed work teams): 

• availability at the site of maintenance 

• flexible information detail and complexity, according to user and task 

• capability to provide graphical as well as alphanumeric information 

• on-line access to parts stores, production records etc. 

• robustness, durability and, preferably, portability (mobility) 

• systems must provide means for intra-team, inter-team, and inter-shift communication 

• systems must be a resource to support team decision making or problem solving 

• systems must support the team both as a production unit and how it develops as a. team 

• systems must be a mechanism for collating "notes of good practice" 

Wilson as well discusses the use of emerging technologies such as miniature computers, head
mounted displays and "virtual reality" for applications on the shop-floor. His remarks are that: 
regardless technology selected, motivation to use new types of equipment is relying on the 
device's ability to "out-perform" old tools, e.g. paper, pencil, logbooks, charts, and dictaphones. 

Wilson's criteria matches well the findings of Stahre (1995a, 1995b) and Johansson (1997, 1999) 
with regards to user requirements among operators and maintainers in advanced manufacturing 
systems. Stahre and Johansson base their findings on six case studies in automotive and other 
mechanical industries. Further, the authors have established a theoretical framework for analysis 
of the situation. Basically, concepts used in cognitive sciences, i.e. generic levels of cognitive 
behavior (Rasmussen, 1983) and theories of situation awareness (Endsley, 1995), are just as 
applicable on a fighter pilot as on a nuclear power-plant supervisor or a manufacturing system 

· maintainer. 

RESULTS 

Based on empirical findings and the theoretical framework a prototype application for a future 
shop-floor information system. Additional requirements concluded from the empirical studies 
were: instant and easy-to-use access to process and product knowledge, and transparency into the 
manufacturing system (hardware and software). Tools must also allow for peer-to-peer 
communication and manipulation of abstract system models. Finally, the support tools must 

_, supply the operator with multiple selections of input and output devices and standardized 
interfaces resembling other information sources (i.e. office computers, etc.). 
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Fig. 1. Super Operator equipment. (Stahre and Johansson, 1998b) 

Figure l shows the "Super Operator" prototype. Letters indicate vital parts of the technical 
equipment: A- Head-mounted display, B - Miniature keyboard, C - Wearable computer 

The mobile information system was primarily developed for laboratory tests. Th~ wearable 
computer with its head-up display is supplied with speech, sound, and video devices, thus 
utilizing parallel cognitive channels. Hands-free operation, modular software interface, and built
in telephone capabilities allow the operator to access manufacturing process data, manipulate 3D 
manufacturing system models, perform video conferencing, etc. Virtual reality capabilities are 
enhanced by wireless_ linking to mainframe relational databases and 3D system models. -

The miniature keyboard is attached to the operator's palm. A head-up display (256 gray-scales) 
provides a miniature display for one eye, which can be adjusted for either eye. A headset with 
earphone and microphone is attached to the display. Wireless communication is provided 
through a mobile/cellular telephone or via radio-LAN. System software is a standard Windows 
'98 operating system with a standard Internet browser. 
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Fig. 2. Super Operator WWW- interface [Bokesand and Melkstam, 1997] 

Figure 2 shows a part of the WWW browser implementation. Letters indicate important parts of 
the interface (in this case specifically the industrial robot of a real manufacturing cell): 
D - Navigable 3D virtual reality model, E - Links to on-line manuals, 
F - Links to Error reports, G - Links to Service reports. 

The Super Operator implementation aims to use standard equipment and focuses development 
efforts on meeting the operators' requirements as identified above. Examples of functionality 
provided by the prototype system are: 

Internet/intranet connection, wireless communication, telephone capabilities, virtual 
manufacturing system transparency, access to mainframe relational database, access to (and 
ability to manipulate) 3-dimensional models of the manufacturing system and its machines, on
line system status display, system and machine error log, voice-controlled interface, etc. 

The prototype implementation is now being field-tested in a Swedish automotive industry with 
regards to usability, practical value, mobility, quality, etc. (An on-line demonstration of the 
interface can be found at: http://www.pe.chalmers.se/projects/superoperator/) 
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DISCUSSION AND CONCLUSIONS 

Requirements for instant information are becoming decisive for system productivity not only in 
"Wall Street" business but also in widely used advanced manufacturing system. In the near 
future there is a high probability that various wearable!Internet solutions will emerge to support 
workforces. The concept of the "Super operator'' is a cross-disciplinary application addressing 
real problems on manufacturing shop-floors. Specifications for the prototype are based on 
extensive studies of operators in Swedish industries, mainly in the automotive industry. 
Information requirements and work-t~k complexity has been mapped and analyzed using a Task 
Evaluation and Analysis Methodology. 

The Super Operator is in prototype and laboratory stage. Full-scale tests for mobile maintenance 
personnel at a car-body assembly plant are being done. Usability tests will provide data for 
further developments of the p~ototype. 

It can be concluded that the Internet presents excellent opportunities for providing efficient 
support to manufacturing system operators and maintainers. Further, that the advent of wearable 
information systems provides the key technology for increasing productivity through efficient 
and distributed use of information on the shop-floor. 
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Abstract 
Larg_e Organiz.ations and companies spend enoT?1ous amount of their capital to maintain the computer networks 
that 1s used throughout the comp~y. The most important part of this network is the print server(s) at the work 
place: ~ey also have a key pers?n emplo~ed to be the system administrator who takes care of the proper 
functiorung of the system mcludmg the pnnt server. It would be so easier to maintain the printing services if 
there was an expert system doing most of the work of decision making and would help reduce the effort 0~ the 
~inist~ator' s part. My paper focuses on ~is idea an~ would s~ggest such a system that can do the above along 
with a pnnt server and take care of the queumg of the Jobs, making smart decisions, etc. 

PrintoMaster, the suggested decision making system can be designed using Neural Nets along with the Fuzzy 
Tech software with a Visual Basic driven interface. Neural Nets module can be used to train the fuzzy logic 
system for improved performance. Visual Basic can be used to design the interface and then fuzzy-tech expert 
system can be called from the application. There is a special call procedure in Visual Basic that can be used to 
interact with the fuzzy system on the background. This way the end user will not have to have any specific 
knowledge of the fuzzy system. This would makes the processing so efficient that it will result in saving 
resources like paper and time for the employees and the people maintaining the system. It can work better in an 
environment where a lot of printing is done on a daily basis. This can tremendously affect a work place and 
boost up the productivity by saving time and money for the company. 

Introduction 
Fuzzy systems is an another way of setting traditional notions of set membership and logic that has its origins in 
ancient Greek philosophy, and applications at the leading edge of Artificial Intelligence. Yet, despite its long
standing origins, it is a relatively new field, and as such leaves much room for development. This paper will 
present the foundations of fuzzy systems, along with some of the more noteworthy objections to its use, with a 
suggestion of an expert system to manage print servers in normal work environments. Ultimately, it will be 
demonstrated i,iat the use of fuzzy systems makes a viable addition to the field of Artificial Intelligence, and 
perhaps more generally to formal decision making process as a whole. This idea can be extended handle various 
problems that print server managers handle when something goes wrong with the printing service in a busy 
work environment. 

Real-World Vagueness: The Problem 
Natural language abounds with vague and imprecise concepts, like "Billy is tall," or "It is n~t very h~t today." 
Such statements are hard to translate into more precise language without losing so~~ of their semant1_c value. 
For instance, if we were to say that "Billy's height is 168cm", then it does not exphc1tly ~te that he ts tall. _On 
the other hand if someone said "Billy's height is 1.2 standard deviations about the ~ean he1~ht for men of his 
age in his culture" would not make the statement clear enough to draw any conclusions. Which culture does 
Billy belong to, and how is membership in it defined? 

While it might be argued that suer.. vagueness is an obstacle to clarity of meaning, only the mo~! s~bl~ 
11 

traditionalists would hold that there is no loss of richness of meaning when statements such as Billy _is tall ar~ 
discarded from a language. Yet this is just what happens when one tries to translate human language mto classic 
logic. Such a loss is not noticed in the development of a payroll program, perhaps, but '":hen one wants to athllow 
r. · · 11 • rt terns the meanmgs lost are often ose 1or natural language quenes, or "knowledge representation m expe sys , 
being searched for. 
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For example, when one is designing an expert system to mimic the diagnostic powers of a physician, which are 
major tasks or to codify the physician's decision-making process. The designer soon learns, that a physician's 
view of the world despite of his/her dependence upon precise, scientific tests and measurements, incorporates 
evaluations of symptoms, and relationships between them. In a "fuzzy," intuitive manner: deciding how much of 
a particular medication to administer will have as much to do with the physician's sense of the relative "strength" 
of the patient's symptoms as it will their height/weight ratio. While some of the decisions and calculations could 
be done using traditional logic, we will see how fuzzy systems affords a broader, richer field of data and the 
manipulation of that data than do more traditional methods. 

Historic Fuzziness 
The precision of mathematics owes its success in large part to the efforts of Aristotle and the philosophers who 
preceded him. In their efforts to devise a condse theory of logic, and later mathematics, the so-called "Laws of 
Thought" were posited. One of these, the "Law of the Excluded Middle," states that every proposition must 
either be True or False. Even when Parminedes proposed the first version of this law (around 400 B.C.) there 
were strong and immediate objections: for example, Heraclitus proposed that things could be simultaneously 
True and not True. 

It was Plato who laid the foundation for what would become fuzzy logic, indicating that there was a third region 
(beyond True and False) where these opposites "tumbled about." Other, more modem philosophers echoed his 
sentiments, notably Hegel, Marx, and Engels. But it was Lukasiewicz who first proposed a systematic 
alternative to the bi-valued logic of Aristotle. 

In the early l 900's, Lukasiewicz described a three-valued logic, along with the mathematics to accompany it. 
The third value he proposed can best be translated as the term "possible," and he assigned it a numeric value 
between True and False. Eventually, he proposed an entire notation and axiomatic system from which he hoped 
to derive modem mathematics. Later, he explored four-valued logics, five-valued logics, and then declared that 
in principle there was nothing to prevent the derivation of an infinite-valued logic. Lukasiewicz felt that three
and infinite-valued logics were the most intriguing, but he ultimately settled on a four-valued logic because it 
seemed to be the most easily adaptable to Aristotelian logic. 

Knuth proposed a three-valued logic similar to Lukasiewicz's, from which he speculated that mathematics would 
become even more elegant than in.traditional bi-valued logic. His insight, apparently missed by Lukasiewicz, 
was to use the integral range [-1, 0 + 1] rather than [O, 1, 2]. Nonetheless, this alternative failed to gain 
acceptance, and has passed into relative obscurity. 

It was not until relatively recently that the notion of an infinite-valued logic took hold. In 1965 Lotti A. Zadeh 
published his seminal work "Fuzzy Sets" which described the mathematics of fuzzy set theory, and by extension 
fuzzy logic. This theory proposed :naking the membership functions (or the values False and True) operate over 
the range of real numbers [0.0, 1.0]. New operations for the calculus of logic were proposed, and showed to be 
in principle at least a gener~lizatio? of classic logic. It is this theory which we wi~l now discuss. -

BASIC CONCEPTS 
The notion central to fuzzy systems is that truth values (in fuzzy logic) or membership values (in fuzzy sets) are 
indicated by a value on the range [0.0, 1.0], with 0.0 representing absolute Falseness and 1.0 representing 
absolute Truth. For example, let us take the statement: 

"Jane is old." 
If Jane's age was 75, we might assign the statement the truth value of 0.80. The statement could be translated 
into set terminology as follows: 

"Jane is a member of the set of old people." _ 
This statement would be rendered symbolically with fuzzy sets as: 

mOLD(Jane) = 0.80 
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where m is the membership function, operating in this case on the fuzzy set of old people h · h tu 
b t O O d 1 0 , w 1c re ms a value e ween . an .. 

At this juncture it is important to point out the distinction between fuzzy systems and probability B th 
th · d fi I . . . o operate over e same numenc range, an at rst g ance both have similar values: 0.0 representing False (or _ 

membership), and 1.0 representing_ True (or membership). However, there is a distinction to be madenboetn 
Th b b·1· · h · ween th~ two statements: e pro a 11~ 1c approac yields the natural-language statement "There is an 80¾ han 

J . Id," h'l th fu . I ' 0 c ce that ~e IS O 
II 

W 1 e e . ZZ?' termmo. ogr c~rresponds to "J~e's degree of membership within the set of old 
people ~s 0.80. The semantic d1ffere~ce 1s s~g~•~cant: the first VIew supposes that Jane is or· is not old (still 
caught m the Law of the Excluded Middle); 1t 1s Just that we only have an 80% chance of knowing Swhich set 
she is in. By contrast, fuzzy terminology supposes that Jane is "more or less" old, or some other term 
corresponding to the value of 0.80. Further distinctions arising out of the operations will be noted below. 
The next step in establishing a complete system of fuzzy logic is to define the operations ofEMP1Y, EQUAL, 
COMPLEMENT (NOT), CONTAINMENT, UNION (OR), and INTERSECTION (AND). Before we can do 
this rigorously, we must state some formal definitions: 
Definition 1: Let X be some set of objects, with elements noted as x. Thus, 

X = {x} . 
Definition 2: A fuzzy set A in Xis characterized by a membership function 

mA(x) which maps each point in X onto the real interval [0.0, 1.0]. As 
mA(x) approaches 1.0, the "grade of membership" ofx in A increases. 

Definition 3: A is EMPlY iff for all x, mA(x) = 0.0. 
Definition 4: A= B ifffor all x: mA(x) = mB(x) [or, mA = mB] . 
Definition 5: mA' = 1 - mA. 
Definition 6: A is CONTAINED in B iff mA <= mB. 
Definition 7: C = A UNION B, wnere: mC(x) = MAX(mA(x), mB(x)). 
Definition 8: C = A INTERSECTION B where: mC(x) = MIN(mA(x), mB(x)). 
It is iqiportant to note the last two operations, UNION (OR) and INTERSECTION (AND), which represent the 
clearest point of departure from a probabilistic theory for sets to fuzzy sets. Operationally, the differences are as 
follows : 
For independent events, the probabilistic operation for AND is multiplication, which (it can be argued) is 
counterintuitive for fuzzy systems. For example, let us presume that x = Bob, S is the fuzzy set of smart people, 
and Tis the fuzzy set of tall people. Then, if mS(x) = 0.90 and uT(x) = 0.90, the probabilistic result would be: 

mS(x) * mT(x) = 0.81 
whereas the fuzzy result would be: 

MIN(uS(x), uT(x)) = 0.90 
The probabilistic calculation yields a result that is lower than, either of the two initial values, which when 
viewed as "the chance of knowing" makes good sense. 
However in fuzzy terms the two membership functions would read something like "Bob is very smart" and 
"Bob is v~ry tall." If we presume far the sake of argument that "very" is a stronger tert? than "quite," ~~ ~t we 
would correlate "quite" with the value 0.81, then the semantic difference becomes obvious. The probab1hst1c 
calculation would yield the statement 
If Bob is very smart, and Bob is very tall, then Bob is a quite tall, smart person. 
The fuzzy calculation, however, would yield 
If Bob is very smart, and Bob is very tall, then Bob is a very tall, smart person. 
Another problem arises as we incorporate more factors into our equations (such _as the fuzzy set ?f.~eavy ~ople, 
etc.). We find that the ultim•ate result of a series of AND's approaches 0.0, even 1f all factors are imtially high. 
Fuzzy theorists argue that this is wrong: that five factors of the value 0.90 (let us say, "very") AND'ed together, 
should yield a value of 0.90 (again, "very"), not 0.59 (perhaps equivalent to "somewhat"). . . 
Similarly, the probabilistic version of A ORB is (A+B - A *B), which approaches 1.0 as additio~l factors are_ 
considered. Fuzzy theorists argue ~hat a sting of low membership grades should not produce~ high m_embership 
grade instead, the limit of the resulting membership grade should be the strongest membership value 10 the 
collection. 
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Other values have been established by other authors, as have other operations. Gougen proposes a set of truth 
value restrictions, such as "unrestricted" (mX = 1.0), "impossible" (mX = 0.0), etc. 

The skeptical observer will note that the assignment of values to linguistic meanings (such as 0.90 to "very") 
and vice versa, is a most imprecise operation. Fuzzy systems, it should be noted, lay no claim to establishing a 
formal procedure for assignments -:it this level; in fact, the only argument for -a particular assignment is its 
intuitive strength. What fuzzy logic does propose is to establish a formal method of operating on these values, 
once the primitives have been established. 

OBJECTIONS 
It would be remarkable if a theory as far-reaching as fuzzy systems did not arouse some objections in the 
professional community. While there have been generic complaints about the "fuzziness" of the process of 
assigning values to linguistic terms, perhaps the most cogent criticisms come from Roth. A formal logician, 
Roth argues that there are only two areas in which fuzzy logic could possibly be demonstrated to be "needed," 
and then maintains that in each cas.e it can be shown that fuzzy logic is not necessary. 
The first area Roth defines is that of the nature of Truth and Falsity: if it could be shown, she maintains, that 
these are fuzzy values and not discrete ones, then a need for fuzzy logic would have been demonstrated. The 
other area she identifies is that of fuzzy systems' utility: if it could be demonstrated that generalizing classic 
logic to encompass fuzzy logic would aid in calculations of a given sort, then again a need for fuzzy logic would 
exist. 

In regards to the first statement, He argues that True and False are discrete terms. For example, "The sky is blue" 
is either true or false; any fuzziness to the statement arises from an imprecise definition of terms, not out of the 
nature of Truth. As far as fuzzy sy.rtems' utility is concerned, she maintains that no area of data manipulation is 
made easier through the introductbn of fuzzy calculus; if anything, she says, the calculations become more 
complex. Therefore, she asserts, fuzzy logic is unnecessary. 

Lastly, Fox argues that despite the objections of classical logicians, fuzzy logic has found its way into the world 
of practical applications, and has proved very successful there. He maintains, pragmatically, that this is 
sufficient reason for continuing to develop the field. 

APPLICATIONS 
Areas in which fuzzy logic has been successfully applied are often quite concrete. First major commercial 
application that was developed wa·:; in the area of cement kiln control - an operation that req1:1ires an operator to 
monitor four internal states of the kiln, control four sets of operations, and dynamically manage 40 or 50 "rules 
of thumb" about their interrelationships, all with the goal of controlling a highly complex set of chemical 
interactions. One such rule is "If the oxygen percentage is rather high and the free-lime and kiln-drive torque 
rate is normal, decrease the flow of gas and slightly reduce the fuel rate". A complete accounting of this very 
successful system can be found in Umbers and King. 

The objection has been raised that, utilizing fuzzy systems in a dynamic control environment raises the 
likelihood of encountering difficult stability problems. Since in control conditions the use of fuzzy systems can 
roughly correspond to using thresholds, there.must be significant care taken to insure that oscillations do not 
develop in the "dead spaces" between threshold triggers. This seems to be an important area for future research. 
Other applications that have benefited through the use of fuzzy systems theory have been information retrieval 
. systems. A navigation system for automatic cars, a predicative fuzzy-logic controller for automatic operation of 
trains, laboratory water level controllers, controllers for robot arc-welders, feature-definition controllers for 
robot vision, graphics controllers for automated police sketchers, and more. 

Expert systems have been the most obvious recipients of the benefits of fuzzy logic, since their domain is often 
inherently fuzzy. Examples of expert systems with fuzzy logic central to their control are decision-support 
systems, financial planners, diagn~stic systems for determining soybean pathology, and a meteorological expert 
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Furthermore, extending this idea o.f managing print queue to the print server level. This can really be helpful in 
situations where there are two or more printers commanded by the same print server. 

Our application can be further enhanced using Neural Network technology provided by Fuzzy Tech software. 
In various applications, desired system behavior is partially represented by a data set. In control systems, these 
data sets may represent operational states. In decision support systems and data analysis applications, these data 
sets may represent sample cases. The NeuroFuzzy Module supplied by the Fuzzy Tech software allows for these 
data sets to be used for automated fuzzy logic system generation. Both generations of membership functions and 
fuzzy logic rules is supported, as well as automatic optimization towards the data sets. The NeuroFuzzy Module 
uses a modified error-backpropagation algorithm to train rules and membership functio~ of a fuzzy l?gic 
system. In contrast to neural network solutions, the entire training process and the resultmg fuzzy logic system 
remains completely self-explanatory. 
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Fuzzy Clustering 
NeuroFuzzy techniques provide various powerful methods for converting information contained in sample data 
into fuzzy logic rules. The benefit of this is significant. In contrast to sample data files, fuzzy logic rules can be 
interpreted and optimized by humans in a straightforward manner. However, in most cases the training data for 
the NeuroFuzzy learning must be preprocessed. Such preprocessing is necessary for two reasons: 

• It removes redundant data. 
• It resolves conflicts in the data. 

Rules, §1.nguistic ~ariable.s 

---~I ____ F_u_z....;;.zv ...... · ....;;_L ........ O..........._ic __ __ 
When Designing Fuzzy Logic Systems Using Sample Data, FuzzyClustering ls an Important Preprocessing 
Step 
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These models discussed above can give a really powerful model to the printometer. Printometer needs 
something that is more than just what Fuzzy Tech has to offer and that is Neural nets implementation for the 
suggested application. 

CONCLUSIONS 
fuzzy systems, including fuzzy logic and fuzzy set theory, provide a rich and meaningful addition to standard 
logic. The mathematics generated by these theories is consistent, and fuzzy logic may be a generalization of 
classic logic. The applications which may be generated from or adapted to fuzzy logic are wide-ranging, and 
provide the opportunity for modeling of conditions which are inherently imprecisely defined, despite the 
concerns of classical logicians. Many systems may be modeled, simulate4 and even replicated with the help of 
fuzzy systems, not the least of which is human reasoning itself. 
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AI Statistical And Visualization Techniques In Data Mining 

Mukesh Allu and Adel Ali 
Computer Science Department 

University of Southern Mississippi 
Hattiesburg, MS 3 9406 

Data mining is defined as "The nontrivial extraction of implicit, previously unknown and 
potentially u~eful i~ormation from data" . It ~s the p~ocess o~ sifting through and an;lyzing rich 
sets of d~mam_ specific data and then extractmg the mfonnation and knowledge in the form of 
new relationships, patterns or clusters for decision making purposes. This paper describes the 
statistical and visualization techniques used by AI in data mining. These techniques involved 
incorporated in data mining tools being decision trees, propositional rules, datalog rules 
association rules, probabilistic rules, clustering, statistics, neural nets and visualization. ' 

Datamining in Marketing: A Managerial Perspective 
Qiyang Chen, John Wang and Qiang Tu 

Montclair State University 

This paper discusses the managerial issues ·of datamining. It addresses the. obstacles and 
challenges to managers who want to use data mining approaches for marketing applications. 
These issues include data accuracy, consistency, planning, control, and results interpretation. 

Using Mobile Agents as Personal Accountants 

Michaele Duncan, Dia L. Ali, Supreeya Boontham 
Computer Science Department 

University of Southern Mississippi 
Hattiesburg, MS 39406-5106, USA 

Money and banking, along with all other aspects of our daily lives, are influenced by the modern 
technology commonly referred to as the "electronic age". When, where and how much money is 
disbursed on obligations, debts and other expenses on a monthly basis is a very important issue. 
For many, this is also a very difficult issue. A budget must be followed to ensure that the person 
or business remains solvent and maintains adequate liquidity throughout the month to meet all 
obligations. Another issue is the annual compilation of data for the calculation and payment of 

., income taxes. This paper proposes using mobile agent technology to create computerized 
"personal accountants" to pay bills, access bank records, and calculate and file taxes on an 
individual or company wide basis. The personal accountants will be computer generated mobile 
agents that have the authority to communicate, make decisions and conduct financial transactions 
on behalf of an individual or ';Ompany. These agents will work in the bounds of a cashless 
society, where all transactions are conducted in an on-line, real-time environment. They will be 
driven by a user defined itinerary, but also may be triggered by dynamic events. The proposed 
design, and corresponding system security issues will be discussed together with internal control 
issues that will obviously present a challenge. 
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Non-Standard Logic In Artificial Intelligence 

Lixia Luo and Adel Ali 
Computer Science Department 

University of Southern Mississippi 
Hattiesburg, MS 39406 

This paper introduces the non-s~andard logic for AI. Two groups are discussed. The first group 
includes multi-valued logic, fuzzy logic and intuitionistic logic. The second group includes the 
modal logic and the temporal logic. The paper discusses their definitions and characteristic of 
each logic. A comparison is gtven about the suitability of each in different AI applications. 

lnternet2 and its Architecture 

Rahul Mehra, Dia L. Ali 
Computer Science Department 

University of Southern Mississippi 
Hattiesburg, MS 39406-5106, USA 

Since its commercialization, the Internet has become widely used by evening and weekend 
computer hobbyists and saturated with advertising. At the same time, educators are building 
courseware with distance-learning in mind and researchers are building specialized laboratories 
and parallel compute structures with national, collaborative access in mind. It is very apparent that 
the bandwidth of the current Internet cannot support these types of instructional and research 
agendas along with the commercial uses so prevalent today. Thus a new effort is underway to 
design and implement the next-generation Internet, called Internet2. There are over I 00 
"Internet2 members" that are collaborating on this project. The membership is built from 
universities and colleges, non-profit organizations, and communications providers. Internet2 itself 
will be connected to a number of existing networks (such as the vBNS, NASA Internet, and 
ESNet.) The tools and services developed on Internet2 will be made available to the Internet as 
well. 

Implications of Postmodernism in the World of Business 

Robert Miller 
Northern Michigan University 

Postmodernist interpretations, based upon less than rigorous thinking, have entered the literature 
on management and organiz,.tional behavior and, if applied, are apt to lead to failure in the world 
of business. Examples of postmodernist interpretations and their theoretical and practical 
implications are explored in this paper. 
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Measurement of the Business and Labor Environment of the Information Technology 
Industry: An Exploratory Design 

Inge Nickerson and James Henson 
Barry University 

The paper su~arizes ~espons~s from Phase I of_ a s~udy designed to identify and classify 
currently operating busmesses m the_ telecommurucat10n and information technology industries in 
South Flonda. Phase I of the study mvolves the development of a survey instrument designed to 
elicit responses about three aspects of the enterprises: I. Business information, 2. Labor 
information, 3. Business climate information. The instrument is to be tested as a pilot study on a 
select number of establishments. Responses from the initial survey will be used to refine the 
instrument before surveying the entire universe. 

An Application of Nonparametric Techniques in Analyzing Greenhouse Effect 

Alan Oppenheim, Suresh Pradhan and John Wang 
Montclair State University 

Is there such a theory called the Greenhouse Effect or is it just a myth? With a sample size of 
365, we took two questionnaires about the temperatures. The first question is, are the record 
highs for each day closer to the sample day than the record lows are. The second questions is, are 
the mean temperatures for each sample day closer to the record high temperatures. 
Nonparametric statistics has been used to broaden the crystal ball. 

Responding to Client Needs in a Globally Competitive Environment 

Aysar P. Sussan 
Keiser College 

Today's companies are experiencing vicious competition as never before. Much of this 
competition since the late 1970s has focused on quality, and quality competition has gone global. 
Organizations that understand the customers, the employees, and the quality process, will learn 
how to implement a "Win- win" strategy. The measures used to gather data in this study was 
developed by (Sussan, 1995). The scale was validated through factor analysis. 

A Review of Motivation in Work Organizations 

Kaylene Williams and Kirandip Rai 
California State University, Stanislaus 

· " · 1 ?" r "What Everyone has asked or has tried to answer the question, What motivates peop e · 0 . . 

makes people do what they do?" This paper reviews the managerial and non-mana~en~l literature 
to summarize the various theories and ideas regarding motivation in the work orgamzation. 
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