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ABSTRACT 
 

 

Radio Frequency Identification (RFID) is set to become the standard in identification and 

tracking of items worldwide with projected numbers in tens of billions in a few years. With the 

reducing size and cost of RFID equipment, the use of RFIDs is being pushed well beyond just 

replacement of barcodes. Even though the deployment of RFIDs is growing at an exponential 

rate, the only global standard that currently exists for RFID networks is the EPCglobal Network 

proposed by EPCglobal, Inc.  

This thesis reviews the EPCglobal Network Architecture and provides a detailed 

explanation and critique of the proposed framework. Although this architecture has been 

designed as a very robust and scalable architecture, there are some limitations related to delay 

and reliability. The thesis proposes an enhancement to the EPCglobal Architecture to mitigate 

these issues. The new architecture suggests that RFID users maintain a local database that 

synchronizes with the Master database, so that under certain conditions, data can be retrieved 

locally instead of going over the network for identification of every single item. The thesis 

compares the two architectures using a cost function analysis. Also, as a means to showcase the 

advantages of the proposed enhancement as well as to enable future users and researchers to 

have access to a RFID test environment, a complete, scalable RFID simulator has been built 

from the ground up. The results show that the proposed solution demonstrates distinct 

performance improvements over the original architecture and also increases the reliability of the 

system. 
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CHAPTER ONE 
 

1 INTRODUCTION 

 

1.1 RIFD Basics 

RFID stands for “Radio Frequency Identification”. RFID systems “tag” objects so that they 

can be identified automatically using radio waves. The main components of RFID systems are 

Tags, Readers, Middleware and Back-end databases. RFID tags are similar to barcodes except 

that they do not require line-of-sight for identification. Tags are transponders that can store 

information that can range from a simple identification number to actual information describing 

the object. Using radio frequency communication, an RFID reader in the vicinity of the tag can 

read the information broadcast by the tag and pass it on to a connected server (middleware). This 

information can then be used by the system as desired e.g. to identify the object, retrieve desired 

information about the object and perform inventory management, warehouse management, CRM 

and monetary transactions. 

Even though RFIDs have been around since World War II, research on their use in 

everyday-object tracking has spiked over the last few years. “RFID” has become the most 

common buzz word in supply-chain circles, especially after the 2004 mandates by Wal-Mart and 

Department of Defense to adopt RFIDs in their supply-chain. Moreover, the reduction in cost 

and size of semiconductor components has spurred the growth of RFID. In addition to supply-

chain management, other applications for RFID tagging include security, asset management, 

counterfeit prevention, healthcare and electronic payment. In fact, there are plans afoot to use 
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RFIDs to tag every object, person, animal to form an “Internet of Things”, so that data can be 

shared between organizations and people.   

1.2 History of RFIDs 

Like all other inventions, a multitude of technologies and factors led to the development of 

RFID. The earliest known use of Radio Frequency Identification can be traced back to radars 

which were used in World War II to identify friendly aircrafts. Called IFF (Identification Friend 

or Foe), the system used coded identification signals sent by friendly aircraft to identify the 

Allied Airplanes as most of the bombing missions were carried on at night. This technology, 

invented in 1935 by Sir Robert Alexander Watson-Watts as a part of a secret British project, was 

one of the first active-system RFID used. The Germans at this time also had their own crude 

method of identifying their aircrafts, which was essentially a passive RFID method; they would 

roll their planes as the returned to base, thus changing the radio signal reflected back [2]. Shortly 

after the war, in October 1948, a paper titled “Communication by Means of Reflected Power” 

was published by an engineer named Harry Stockman that proposed the use of a received radio 

signal to power a mobile transmitter. 

The first patent filed for RFID technology was by Mario Cardullo for a passive RFID tag 

with a rewritable memory (1973 - U.S. Patent 3,713,148) [1][6]. The first patent with the use of 

the name Radio Frequency Identification was granted to Charles Walton in 1983 (U.S. Patent 

4,384,288) [5]. As the interest and research in RFIDs for its applications in animal tracking, 

transportation and personnel access grew through the 70s, companies like Texas Instruments, 

Identronix and Amtech became pioneers in RFID technology. The first toll collection system was 

deployed in Norway in 1987. During the 1990s, RFID gained commercial acceptance and began 

to be used all over the world for toll collection systems and livestock tracking.  
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1.3 EPCglobal (Auto ID) 

EPCglobal is an open, non-profit organization that was formed in October 2003 as a joint 

venture between GS1 and GS1 US [8]. The goal of the organization is to develop and implement 

the EPCglobal Network which is a set of standards and architectures designed to drive the 

concept of the “Internet of Things”.  

The EPCglobal was formed as a successor to the MIT Auto-Id Center where the original 

EPC concept was developed. The board of governors of EPCglobal consist representatives of 

numerous corporations like Proctor & Gamble, Hewlett-Packard, Wal-Mart Stores, Inc., Cisco 

Systems, Inc., standards organizations like GS1, GS1 Japan, GS1 Brasil and educational 

institutions like MIT [9]. 

1.4 Current Issues 

RFIDs have been plagued with problems ever since the proposal to use RFIDs to tag 

everyday objects. Most of the issues are centered on security and privacy, especially in the public 

eye. However, by increasing the number of tags by tagging at an item level, several 

implementation issues have also come to light. This section highlights some of the issues that 

have slowed down the RFID juggernaut.  

1.4.1 Privacy and Security Issues 

The widespread deployment of RFIDs and the EPCglobal proposal for the “Internet of 

Things” has raised many concerns for privacy activists all over the world. The fear is that by 

tagging every day object governments and corporations will be able to track the individual’s 

movements, preferences and loyalties. There are several personal privacy threats associated with 

the use of RFIDs. For example, insurance companies may be able to read RFID tags on 
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medicines purchased by consumers and then accept or deny them insurance based on the medical 

problems that the individual or family might have. Another fear is that, even though the 

malicious reader might not be able to exactly identify the exact items that the individual is 

carrying, they will be able to unequivocally track the user based on the RFIDs he/she is carrying 

as any RFID tag would always transmit a unique serial number. This fear of privacy activists is 

exacerbated by the invention of human implantable chips like VeriChip’s patented and FDA 

approved “human-implantable RFID microchip” [32]. Corporations using RFIDs also have some 

privacy concerns. These include competitors being able to monitor their supply-chain 

management systems, inventory replenishment dynamics and customer preferences. Security 

issues mostly concern the implementers of RFID tags. These include physical attacks like 

material removal, probe attacks, etc. and non-physical attacks like counterfeiting tags, 

eavesdropping on reader-tag communication and denial-of-service attacks [35].  

1.4.2 Implementation Issues 

There are several issues that users may experience in the actual implementation of RFIDs. 

The sheer volume of data that will be generated by storing and sharing the information attached 

to every conceivable item will by it self overwhelm all existing infrastructure components. It has 

been documented that current relational databases will not be able to handle this large volume of 

data. As an example of the amount of data that will be generated by RFIDs; it is estimated that 

the amount of data that a complete inventory of Wal-Mart Stores, Inc. for a single day would be 

to the tune of 7 million terabytes [45]. Considering that every item known to man as well as 

human tagging in proposed, the amount of data stated above will increase many times over. Even 

the current Internet and network infrastructure might buckle under such load. Other 

implementation issues, to name a few, include implementation of policies for the sharing of 
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RFID transactional data between corporations, maintaining a global standard for RFIDs and 

replacing/supplementing existing barcode technologies.  

1.5 Problem Description 

The EPCglobal Network Architecture has been designed to be a robust, scalable, 

extensible, secure and a platform independent system. While it does achieve most of its goals, it 

tends to become inefficient when it comes to handling a larger number of RFID tags as, in the 

absence of any caching mechanism, it goes out to the Internet to query every single RFID tag, 

even if this tag has been queried previously. This increases the delay for every query and also 

puts an increased load on the entire network, thereby further congesting the network. 

Additionally, since there are no backup mechanisms defined, the business comes to a stand-still 

in case of a network or device failure. In order to extenuate these concerns, the author proposes 

that users maintain a local database that will be sourced from the manufacturer’s databases. This 

will reduce the delay in RFID resolution queries, reduce the load on the network and will also act 

as a failover in case of service interruptions.  

1.6  Organization of Thesis 

In this thesis, the author presents an enhancement to the existing EPCglobal architecture. 

The thesis is organized as follows. Chapter One gives an introduction to RFID technology and 

EPCglobal, Inc., the history of RFIDs and the prevalent issues surrounding RFID deployment. 

Chapter Two presents a literature survey with detailed explanations of the various components 

that make up an RFID system. The chapter also explains the advantages and limitations of RFIDs 

with a brief look at some of the applications of RFIDs. Chapter Three provides a detailed 

analysis of the EPCglobal Network Architecture and an explanation of the limitations of the 
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architecture. Chapter Four presents the proposed solution to problem with an in-depth analysis of 

its architecture, data-flow, pros and cons. Subsequently, the two architectures are compared 

using a cost-function analysis and an RFID simulator. Chapter Five concludes the thesis and 

provides some thoughts on possible future research in this area.  
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CHAPTER TWO 
 

2 LITERATURE SURVEY 

 

2.1 RFID Primer 

RFID technology covers anything from tagging retail items for sale to tagging animals and 

humans. However, all RFID technology is based on the same principles. This section describes 

the basics of RFIDs including the physics or RFID technology along with the important 

components that make up an RFID system. The most important of these components are the 

RFID tags, Readers and Middleware.  

2.1.1 Physics of RFID 

Radio waves are low frequency Electromagnetic (EM) waves. EM waves are generated 

when a fluctuating current passing through a conductor creates changing a magnetic field i.e. 

waves of electromagnetic energy.  Radio Waves are lower in frequency than other EM waves 

like microwaves, gamma rays and x-rays. Unlike light, radio waves readily pass through plastic, 

wood, etc. However, there are certain materials like water, metal that inhibit the passage of radio 

waves through it. These are called “Opaque Materials”. The degree of inhibition of radio waves 

through these materials depends on the frequency of the radio waves. While Low Frequency and 

High Frequency waves are more efficient than Ultra-high Frequency waves at penetrating these 

materials, they are also bulkier and costlier to manufacture than the UHF tags. Hence, UHF tags 

have become more common as an industry standard.  
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2.1.2 Frequency Regulations 

There are five frequency bands allotted for use in RFID systems. These have been 

outlined in Table 1. ISO specifications govern the frequencies used for RFID systems within 

these allocated frequency bands.  

TABLE 1 

ALLOTTED FREQUENCY BANDS FOR RFID SYSTEMS 

 

FREQUENCY BAND FREQUENCY RANGE 

Low Frequency 9 – 135 KHz 

High Frequency 13.553 – 15.567 MHz 

Amateur Radio band 430 – 440 MHz 

Ultra-high Frequency 860 – 930 MHz 

Microwave Frequency 2.4 – 2,4835 GHz, 5.8 GHz 

 

2.1.3 Tags 

RFID tags are small transponders that consist of a microchip and an antenna and can be 

attached to items for identification and tracking. The tag may then be housed in protective 

materials like paper, ceramic, epoxy or glass. These can then be attached to items for 

identification and tracking. Tags can be classified as Passive Tags and Active Tags. Passive Tags 

do not have their own power source. They derive their power by coupling with the radio wave 

they receive from the reader and broadcast their encoded data in the backscatter transmitted back 

to the reader. Active Tags on the other hand have their own power source like an onboard battery 

and have a transmitter for sending signals back to the reader.  
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Since Active Tags have their own power source, they are more sophisticated than Passive 

Tags. They can control sensors, perform calculations, encrypt-decrypt data and function over a 

larger ranges with weak signals. These are tags are always on. Passive Tags on the other hand 

require a strong signal from the reader to function. They are inexpensive and smaller in size and 

can only function in the presence of a reader i.e. they are activated by the reader signal. Also, 

they are less sophisticated than Active Tags.  

2.1.4 Readers 

Readers are used to read the contents of tags by querying them. A basic reader transmits a 

simple query and tags within the reader’s range reply with the necessary information. 

Sophisticated readers can perform additional tasks such as transmitting/receiving authentication 

information, writing information to tags, activating/deactivating tags and enabling/disabling 

functionalities within the tags. The reader basically connects the tags to the rest of the enterprise 

system.  

Readers can be classified into Stationary Readers, Handheld Readers and Mounted 

Readers depending on the configuration and the method of deployment. Some of the 

performance measurements of readers consist of Identification Range, Identification Rate, Read 

Range, Read Rate, Write Range and Write Rate. Readers and tags communicate through 

protocols defined to prevent collisions of reads of different tags responding to the same reader. 

These protocols are called Singulation and Anti-Collision protocols and the currently used ones 

are Slotted Aloha, Adaptive Binary Tree and Slotted Terminal Adaptive Collection. Also, the 

reader communicates with the rest of the network with a set of Reader Protocols for which 

currently there are no standards defined.  
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2.1.5 RFID Middleware 

The RFID Middleware is needed to process the raw data from the Readers and extract 

useful business information from it. The Middleware also provides a management interface for 

setting up and managing the readers. Another important function of the Middleware is to filter 

the raw event data. By filtering duplicate reads from different readers or by only requesting tag 

information for tags based on certain programmed events, the middleware circumvents the need 

to request information for every tag request that it receives, thereby substantially reducing the 

load on the system as well as the network. 

2.2 RFIDs versus Barcodes 

Although RFID tags are hyped as an upgrade to barcode technology, it is highly unlikely 

that it will entirely replace barcodes in the coming years. There are several reasons for this. For 

one thing, they are ubiquitous and universally accepted. They have been a standard for 

identifying items for over 3 decades now. There is existing infrastructure in place to 

manufacture, read and process the millions of barcodes that are still manufactured each year. It is 

naïve to think that these will be replaced in the near future.   

Another important advantage that barcodes have over RFIDs is the cost factor. Even with 

current technology, the cheapest RFID tag is about 25 cents and is supposed to top out at 5 cents 

within the next few years. The cost of barcodes however is well under 1 cent. Also, while you 

can get a decent hand-held barcode scanner for as little as 60$, the cheapest hand-held RFID 

reader is about 200$ [7]. The same price difference exists for the stationary barcode and RFID 

readers. 

There are also other advantages of barcodes over RFIDs. There are no restrictions or 

regulatory restrictions on the use of barcodes like the radio frequencies used by RFIDs. Barcodes 
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have no issues with the material they are attached to and can be affixed to metal containers or 

containers with liquids. They can be etched on to metal and even be printed on boxes. Barcodes 

also have no privacy issues associated with them. They are visible, open and obvious and are not 

implemented at item level so cannot be used for tracking. RFID on the other hand has caused a 

huge uproar for the privacy issues it will cause in terms of personal data security, tracking 

individuals, profiling, etc. However, this does not mean that RFIDs will fail. With lowered costs 

and increased awareness in the industry, the adoption of RFIDs as a business solution is 

gradually increasing. Also, RFIDs do not necessarily have to replace barcodes to be successful; 

they can work in conjunction with barcodes for other processes of the supply-chain like pallet 

management, warehouse-management, purchasing and logistics.  

2.3 Advantages of RFID 

The previous section compared RFID technology to that of the existing Barcode 

technology and highlighted the limitations of RFIDs as compared to barcodes. However, RFID 

also offers numerous advantages over the traditional barcodes. Some of the important ones are 

listed below.  

2.3.1 Identification without Line-of-Sight 

A basic requirement for barcodes to function is that the scanner must have a good line of 

sight access to the barcode.  This often requires human intervention in order to scan the barcodes 

and negates the possibility of automating a process, e.g. in retail stores where the barcode on the 

item has to be manually located and scanned, in airports where baggage needs to be scanned, etc. 

RFID readers on the other hand do not need line-of-sight to read an RFID tag. This provides a 

significant advantage over barcodes in the automation and ease of the workflow. For example, 
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shoppers at retail stores do not need to stand in line for their items to be scanned and containers 

can be inventoried for the items they contain without having to physically unload them.  

2.3.2 Larger Storage Capacity 

Although some barcode technologies like “Data Matrix” and “PDF417” can thousands of 

characters, the most popular barcodes can store only up to 11 characters. The most basic RFID 

tags on the other hand can store 96 bits. Also, with their electronic memories, they can store 

more data than barcodes in the same area. 

2.3.3 Dynamic Data / Programmability 

RFID Read-Write tags can be modified during their lifetime and can be reprogrammed as 

desired after they have been commissioned. Printed barcodes on the other hand only hold static 

data and cannot be modified once they have been commissioned. RFID tags can also be 

programmed to perform additional tasks such as read and transmit sensor readings and perform 

logical calculations.  

2.3.4 Greater Read Range 

Barcodes can only be read within a few feet of the scanner and require line-of-sight 

communication. Although long range scanners do exist for barcodes as well, they are not as 

widely used and also cannot match the read ranges that are specified for RFID readers. UHF tags 

can be read at up to distances of 20 feet and active tags can be read up to distances as large as 

300 feet [50]. 
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2.4 Applications of RFID 

There are a myriad of proposed applications for RFID technology. The range of 

applications is continually expanding and while some of them seem incredulous at present, 

experts propose RFID tagging for every known object including humans and internetworking 

every single tag to implement an "Internet of Things”. This section highlights some of the more 

common areas of use for RFIDs.  

2.4.1 Identifying and Tracking Items 

One of the biggest advantages of RFID technology is that tags do not require line-of-sight 

for communication. This enables RFIDs to be used to identify and track goods as well as animals 

and humans. Additionally, the identification can also be coupled with associating and 

communicating sensor readings based on programmed triggers. These functionalities allow a 

gamut of items to be tracked using RFID technology. Some examples are as follows: 

− Airline Baggage 

− Tracking items through manufacturing and assembling 

− Shipping Containers, pallets in a container and items in a pallet 

− Inventory items at stores, hospitals and warehouses 

− Fleet maintenance 

− Fixed and movable assets companies 

− Library books 

− CRM at retail stores 

− Toxic Waste Monitoring 

− Stolen Vehicles/goods 
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− Parts for manufacturing in Airplane, Automotive and Defense industries 

− Patients in a hospital 

− Animals on farms, in poultry industry and in homes 

− Prisoners 

− Children at schools and babies at homes 

2.4.2 Electronic Payment 

Electronic payment without swiping a card or scanning a barcode is one of the most 

common applications of RFID today. The most widely used application for RFID today is the 

toll payment systems used on highways across North America as well as Europe. In this case, a 

customer has a pre-paid account with the toll collection agency which is associated with a unique 

tag. When the customer drives through a toll booth, the reader at the booth reads the RFID tag on 

the customer vehicle and charges the customer the toll amount, without having the customer stop 

in line and pay the amount every single time.  

Credit card companies have implemented credit cards that contain an RFID tag and only 

need to be brought to the vicinity of the counter to implement payment. In the future, these will 

also be integrated with the “Internet of Things” to speed up checkout and payment of items at 

retail stores, gas stations, etc. For example, a customer checking out items at a retail store can 

simply walk out with the items. While walking out, readers will bill him/her for the items bought 

and will ask for confirmation for charging the RFID credit card that he/she is carrying. On 

confirmation, the credit card will be billed; all without having to go through a checkout line.  
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2.4.3 Counterfeit Prevention 

Considering that counterfeit drugs constitute more than 10 percent of the global drug sales 

and cause thousands of deaths each year [40], ensuring the authenticity of drugs is a huge 

concern of the Pharmaceutical industry. The planned solution for this issue is to have a “track 

and trace” system for tracking the drugs through the entire supply chain. By sharing a central 

drug database between pharmaceutical companies and distributors, verification of items at 

different stages can be implemented. While this technology already exists, companies also plan 

to implement a scheme of providing assurance to the end user that a drug is indeed authentic. 

Research for such a scheme is currently ongoing.  

2.4.4 Access Control 

RFID Smartcards are increasingly replacing access control cards that need to be swiped for 

authentication. These can be used to restrict access to users at homes and workplaces, to control 

access to medicines and medical records at hospitals, etc. Car companies have implemented 

RFID car keys where the user simply needs to approach the car in order for the doors to be 

opened and the car to be started. As soon as the owner walks away from the car, the car will also 

automatically get locked [41]. An interesting documented application of RFID for access control 

is the example of an individual who implanted an RFID chip in his hand to allow him to enter his 

home and office, access computers and equipment at work and access and start vehicles; all 

without having to carry any keys [42].
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CHAPTER THREE 
 

3 EPCGLOBAL NETWORK 

 
 

The EPCglobal network is designed to allow sharing of dynamic product data between 

stake-holders in a supply chain. The goal is to implement an architecture that can be used to 

identify, track and locate assets as they move through the various phases of the supply chain. 

This architecture will enable every object to be uniquely identified through the EPC tag and will 

be accessible for monitoring to trading partners through the existing Internet infrastructure. 

Because the data is real-time and can be integrated into the business work-flow, it will empower 

organizations to make more informed decisions regarding inventory and asset management. 

Business decisions can now be made not on market trends but on real-time events. Also, as the 

entire system will be automated, it is projected that the RFID network will save organizations a 

ton of money. (Wal-Mart's projected cost savings with the RFID implementation is 1.2 to 2.4 

billion dollars [9].) The network will, however, have to provide for real-time access to the data as 

well as secure the data against unauthorized access. This is not a trivial task considering that 

estimates have projected the number of tags to reach a trillion by the year 2012 [8].  

3.1 EPCglobal Network Model 

Consider the standard supply-chain model of a retail store. Consumers buy goods or 

services from retail stores either through their outlets or through online web sites. The retailer 

stocks the goods in limited quantities ordering them from a distributor as required. The 

distributor or the wholesaler keeps large quantities of these goods that it buys from a 
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manufacturer who makes them in their production facility. The manufacturer sources the raw 

materials for the goods from a supplier.  

 

Figure 1. EPCglobal RFID Supply Chain Model. 

 

The EPCglobal network is made up of three elements; the Object Naming Service (ONS), 

the EPC Information Service (EPCIS) and the EPC Discovery Service (EPCDS). Using these, 

the entire supply chain can now be automated using the EPCglobal Network and real-time, 

detailed product information can be shared among trading partners. The life of the tag begins 

when it is attached to a product and the master information about this tag is recorded with the 

ONS (Step 1). This information stays with the tag throughout its lifetime. The information about 

the tag is added to the EPC Information Service of the manufacturer. The manufacturer EPCIS 

also registers a tag read with the EPC Discovery Service (Step 2). When the product leaves the 

manufacturer’s facility, the tag read at the exit is again recorded with the EPCDS. Likewise, 
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when the tag enters the distributor’s domain, the tag information is recorded in their local EPC 

Information Service and tag reads at the entrance and exit at the distributor’s facility are 

registered with the EPC Discovery Service (Step 3). The product is sent to the retailer. The 

retailer records the product information in its EPC Information Service server and informs the 

Discovery Service of the tag read (Step 4). When the retailer requires the product information it 

queries the ONS for the information associated with the EPC tag (Step 5). The root ONS points 

the retailer to the manufacturer’s local ONS with in turn points to the manufacturer’s EPCIS. The 

retailer connects to the manufacturer’s EPCIS server and retrieves the required information (Step 

6).  

The retrieval of product information from the EPCIS servers sounds very similar to the 

way hosts retrieve web pages from the Internet using the Domain Name System (DNS) and is 

based partly on the DNS. The EPCglobal network has been designed to use the existing DNS 

infrastructure to retrieve EPC tag information. The tag to be queried will be converted from a 

raw number into the Uniform Resource Identifier (URI) format by the middleware that is 

connected to the RFID readers. The local DNS server will then be queried with this URI to 

obtain the location of the ONS. Subsequently, the ONS root server will be able to redirect the 

query to the appropriate local ONS. This root ONS will be hosted and managed by VeriSign, Inc. 

VeriSign is the company that manages the root DNS directory of .com and .net. [10]  

The EPCglobal Network Architecture defines a set of standards for the hardware, software 

and data interfaces collectively called the EPCglobal Standards. EPCglobal, in partnership with 

its members, also provides EPCglobal Core Services like the ONS Root, assignment of EPC 

Manager Numbers, etc.  
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3.2 EPCglobal Network Architecture 

The EPCglobal Network Architecture as shown in Figure 2 has been split into three 

sections; the EPCglobal Subscriber, the EPCglobal Core Services and the EPCglobal Partner 

Subscriber [49]. This section outlines the EPCglobal standards that a subscriber should 

implement in order to fully participate in the EPCglobal network. It defines the hardware 

standards and the interfaces that a subscriber may use in their environment for the flow of EPC 

data internally. Also, it defines the interfaces needed to access as well as share data with its 

partners through the EPCglobal Network. The subscriber can use any underlying hardware or 

design but need to adhere to the data standards and implement the interfaces in order to be a part 

of the EPCglobal network. The EPCglobal Core Services defines the set of standards and 

services that EPCglobal, along with its delegates, will provide the subscribers so that they can 

interact and share data with each other. These services include the assignment of Manager 

Numbers, which is a block of EPC numbers assigned to a subscriber so that they can assign their 

products EPCs in that block. The services also include the definition of standards, interfaces, 

delegation of responsibility and maintenance of the Root ONS and the EPC Discovery Service. 

Figure 2 shows each of the sections of the architecture and their detailed descriptions are 

subsequently provided. 

3.2.1 RFID Tag 

This is the EPC tag that will hold the product code. It could be an active or a passive tag 

and may or may not have sensors associated with it. The tags may also have features like 

rewritable memory, blocking bits, kill codes or passwords. The EPC Tag Data Specification 

defines the different encoding schemes that can be used for the tags and the tag headers and 

formats. They also specify the protocols that the tags will use for exchange of information with 
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the Readers. The protocols are defined for singulation of tags, communication of commands and 

tag responses. 

 
 

Figure 2. EPCglobal Network Architecture. 
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The tag specifications only apply to tags that conform to the “EPC Radio-Frequency 

Identity Protocols Class-1 Generation-2 UHF RFID 37 Protocol for Communications at 860 

MHz-960MHz Version 1.0.9” (“Gen2 Specification”) [11]. 

3.2.2 RFID Readers 

Read the EPC tags in the range of the reader from one or more antennas via the Tag 

Protocol and communicate the EPC to the connected server through the Reader Protocol.  

3.2.3 Reader Protocol 

The Reader Protocol defines the interfaces for communicating with a management 

application. This will enable the user to perform asynchronous (ad-hoc) inventorying of tags or 

writing to tags. The administrator can also monitor the Reader through the application and check 

for RF power, interference, data rates, choose singulation protocols, read non-EPC tags, etc. A 

management interface provides additional functionalities like killing tags, encryption, 

authorization passwords, blocking tags, etc. if supported by the tags.  The Middleware can 

instruct readers to filter, aggregate or ignore tag reads through this interface. The Reaper 

Protocol provides the Middleware with interfaces it can use for configuring, monitoring and 

reading from the RFID Readers.  

3.2.4 EPC Middleware 

The EPC Middleware bridges the gap between raw data from the Readers and business 

information. It encapsulates the software applications from the remote device interfaces so that 

that applications only see the useful data. The Middleware also provides a management interface 

for the readers. The interface required for accessing these roles of the Middleware is provided by 
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the ALE (Application Level Events) Interface. The three main functions of the EPC Middleware 

are outlined below. [50] 

Filtering and Collection of Raw Data 

The RFID reader queries for tags three times a second on an average. For each scan, it 

returns a list of tags that it has been able too identify. The business applications do not need this 

raw data as it does not need to know every half a second that a product for example continues to 

remain on a shelf. The data of interest to business applications is if the goods have entered or 

exited a premise or if inventories are running low for a particular product. This function is 

known as “Filtering and Collection”. Using this, duplicate tag reads can be eliminated, EPC tags 

for a specific class can be grouped, count of tags can be processed, and alarms can be 

programmed for inventories. Also, the Filter and Collection role can be designated to the Reader. 

Using the ALE, the applications can request data from one ore more sources; synchronously or 

asynchronously. The ALE also provides a standard interfaces for requesting, representing, 

reporting and filtering data.  

Resolving EPC Numbers 

This function is used to decode the raw EPC tag data into the URI format so that data for 

the product can be fetched from the appropriate EPCIS / EPCDS. The EPC Middleware uses this 

URI to query the ONS to locate the required information.  

Reader Management 

The middleware provides the specifications for managing the readers through the Reader 

Interfaces. His includes monitoring the read rates of the readers, configuring antenna power, 

mapping physical devices to logical reader names, choosing singulation protocols, etc. Currently, 

however, there are no specifications defined for the reader management.  
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3.2.5 EPC Information Service 

The EPC Information Service stores the read information of every tag at a particular 

location. So as a tag moves through the various phases of the a supply chain, each time the tag is 

read, the information about that particular read is stored in the local EPCIS of the subscriber. 

This contains information like a time stamp, location and any ancillary information from sensors 

or barcodes. The fact that the tag data has been stored in a particular EPCIS is registered with the 

EPC Discovery Service as explained in subsequent paragraphs. Any partner subscriber of the 

EPCglobal Network looking to access the dynamic information about a tag will query the 

EPCDS and will be redirected to the subscribers holding this information in their EPCIS servers. 

EPCIS Capturing Application 

The proposed purpose of this application is to capture EPC related events and convert 

them to the desired format that will be used to store this data in the EPCIS servers. An interface 

to this application will also provide a path for upper-layer applications like the EPCIS 

Repositories and EPCIS Accessing Applications to obtain EPC events from the Capturing 

Application. Other proposed uses of this application include multiplexing data from non-EPC 

sources like barcodes, sensors and manually entered data to the EPCIS, informing the Filtering 

and Collection application to write data to tags and to block them or kill them. 

EPCIS Repository 

The EPCIS stores all the data recorded by the Capturing application. The data is 

referenced in the local ONS and queried through the EPCIS Query Interface whenever needed by 

the local EPCIS Accessing Application or by Partner EPCglobal Subscribers.  
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EPCIS Accessing Application 

All the enterprise-level processes are carried on by this application. This application will 

access the EPC data from the EPCIS Repository using the EPCIS Query Interface. The 

application may have to be authenticated and authorized by the EPCIS Query Interface before it 

can access the data. Examples applications accessing the EPCIS data may include Enterprise 

Resource Planning (ERP) systems, Stock Management, Purchase-Order applications, Customer 

Relationship Management (CRM) systems, etc.  

3.2.6 Object Naming Service (ONS) 

The Object Naming Service is an authoritative directory of EPC information sources that 

provides the subscribers the location of the EPCIS server that they can refer to for obtain the 

required product information. The ONS contains the EPC for every registered manufacturer and 

has pointers to the manufacturer’s EPCIS servers. The Object Naming Service uses the existing 

infrastructure of the Domain Name System for resolution of URIs. EPCglobal proposes the 

addition of ONS type records to the DNS for this purpose. The DNS servers will provide the IP 

address of the required EPCIS when queried. A typical EPC query is has been described below 

[13]. 

1. The RFID Reader reads the EPC tag. 

2. The tag reader sends the encoded EPC bits to the Middleware. e.g. 806526428000311400 

3. The Middleware converts this raw data into the EPCglobal specified URI format e.g. 

urn:epc:id:sgtin:0652642.800031.400 

(urn:epc:id:sgtin:CompanyPrefix.ItemReference.SerialNumber) 

4. The Local ONS Resolver converts this pure identity URI form into the domain name 

format e.g. 800031.0652642.sgtin.id.onspec.com and makes an NAPTR query to the 
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DNS for this record. If the Local ONS already has the record in its cache then it does not 

go to the DNS to resolve the domain name.  

5. The DNS server looks up the URL and returns a series of expressions that specify the 

URL for the EPCIS servers and the protocol to be used [14]. 

6. The EPCIS Accessing Application then contacts the EPCIS server and connects to the 

Web Services running there to retrieve the product information. The product information 

is stored using Physical Markup Language (PML) which is based on XML. 

 

 

Figure 3. EPCglobal Data Flow Diagram. 
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3.2.7 DNS – ONS Hierarchy 

As explained above, ONS is basically a DNS that is used specifically for the purpose of 

retrieving RFID information. Therefore, a query for an A record of a website is a DNS query. A 

query to locate the web service of an EPCIS is an ONS query, even though the query is carried 

out using DNS [13]. The figure below shows the hierarchy of the DNS and ONS [43]. 

 

Figure 4. EPCglobal DNS – ONS Hierarchy. 

 

The existing DNS infrastructure is at the top of the hierarchy. When the querying party ONS has 

no information about the EPCIS server that it needs to query for a particular tag, it will query the 

DNS. The DNS will redirect the querying party to the Root ONS which contains the master 

records for all the ONS servers. This Root ONS will be managed by Verisign. The Root ONS 

will then redirect the Querying party to the appropriate manufacturer ONS which knows the 

location of the EPCIS server that contains the information that the querying party needs.                                      
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3.2.8 EPCIS “Discovery” 

Although neither the specifications nor the standards have as yet been defined for the EPC 

Discovery Service, the basic purpose of the EPCDS has been outlined by EPCglobal. The EPC 

Discovery Service will be an EPCglobal core service that EPCglobal Subscribers can access to 

obtain the dynamic information related to an EPC tag. As explained previously, every EPC read 

throughout the supply chain will be registered with the EPCDS. If needed, a Subscriber can then 

locate, track or obtain ancillary information about a tag as it passes through the partner 

subscriber locations. 

3.3 Issues with EPCglobal Network 

The EPCglobal Network Architecture has been designed to be a robust, scalable, 

extensible, secure and a platform independent system. While it does achieve most of its goals, it 

tends to become inefficient when it comes to handling a larger number of RFID tags as, in the 

absence of any caching mechanism, it goes out to the Internet to query every single RFID tag, 

even if this tag has been queried previously. This increases the delay for every query and also 

puts an increased load on the entire network. The sources of delay for the queries and the load 

and reliability concerns are explained in this section. 

3.3.1 Delay in DNS 

The formal specifications of the Domain Name System were introduced by RFC1034 

[15] and RFC1035 [16] in 1987 by P. Mockapetris. Since then the number of users of the 

Internet as well as its applications has come a long way and the load on the DNS root as well as 

delegate servers has increased exponentially. An example of this is the Verisign DNS Servers for 

the .com and .net domains which currently process 24 billion queries per day [18]. While the 
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DNS was designed to be a scalable, distributed means of performing mappings from names to 

IPs, its flexible design has allowed it to grow far beyond its original goals. Also the basic 

structure of the DNS has remained the same since its conception. It was originally intended for 

resolving Address RRs (Resource Records), Mail Exchange RRs, CNAME (canonical name) 

RRs and PTR (Pointer) RRs for reverse DNS lookups. However, over the years, the services 

provided by the DNS have been extended to provide DDNS (Dynamic DNS) to dynamically 

update name servers in real time, TXT records for SenderPolicyNetwork and DomainKeys, and 

NAPTR RRs to resolve ENUM [17] (tElephone NUmber Mapping) records for translating 

telephone (PSTN) numbers to IP addresses. These factors contribute to increased latency in the 

responses for DNS queries. 

A paper on Internet performance in September 2000 by Huitema and Weerahandi [19] 

observed that the end-to-end latency of 29% of the DNS lookup exceeded two seconds. 

Additionally, the authors observed that delay and loss rates were higher for servers that had a 

flatter structure and supported larger number of users, e.g., .com and .net. The loss rates of the 

DNS requests were 22.6% for .com domain and 11.6 for .net with the loss rate reaching as high 

as 62.1% for the G root server. Wills et al. [20] found that 20% of the requests took more than a 

second and Cohen et al.[21] reported that DNS lookup time exceeded 3 seconds for over 10% of 

the Servers.  Subsequent papers by Brownlee et al. [22] have shown that the loss rates (i.e. 

requests that were unanswered after 7 seconds) are high in heavily loaded root servers like B, C 

and G, especially during weekdays. Some of these servers were found to be constantly 

overloaded and consistently showed high response times. In analysis of MIT traces performed by 

Jung et al.[23], the authors found that 23% of all lookups did not receive any answer. Since this 

increased retransmission of lookups, it increased the DNS traffic as well as delay. A 2004 paper 
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by Park et al.[24] reported intermittent failures in responses from local servers as well as 

response times spanning 10-1000 milliseconds with some as high as 100 seconds on various 

PlanetLab[25] nodes. 

3.3.2 Delay in Internet 

Delays in the Internet consist of two components. The first is a fixed component delay 

which is the transmission delay and propagation delay. The transmission delay is the amount of 

time required by one bit to traverse the distance of the link. Therefore, the distance between the 

two communicating nodes determines the transmission delay. Propagation delay is the 

serialization delay and gives the time required to place a packet on to the wire. The number of 

hops between the two communicating nodes and the lowest effective bandwidth between hops 

determines the propagation delay. Depending upon the distance and number of hops, this fixed 

component introduces a delay of a few milliseconds, which is acceptable in most cases. 

However, the variable component, which is the queuing delay, increases as the load on the 

network increases. This may be as much as a few seconds for downloading a simple webpage 

[44] during peak loads, which would be unacceptable for most applications. 

In the case of the EPCglobal network, as shown in subsequent sections, the EPC 

Accessing Application will put the network under a considerable load e.g. it will insert up to 

140,000,000 packets or 34 GB of data into the network for every single store inventory, and will 

experience a queuing delay of up to a few minutes under certain circumstances. As, under the 

EPCglobal architecture, the EPC Accessing Application will go out to the manufacturer’ s 

EPCIS for every single tag and since no tag data is cached, these numbers will only grow with 

time. In fact, with the growing number of Internet users as well as the predicted half-trillion 

RFID tags by 2010 [45], the Internet infrastructure might just buckle under this load. As an 
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example of the amount of data generated by RFID even today, consider that, according to 

sources, if Wal-Mart alone queried for every single item in its inventory, it would generate 7 

million terabytes of data [46]. Imagine this amount of data going out on the network in 2010 

when every single known item to man is proposed to be tagged and inter-networked.  

3.3.3 Reliability of connections 

Another factor of the existing EPCglobal Architecture that is a cause for concern is that 

the architecture is designed with the network as a single point of failure. Any interruption in the 

Internet or DNS service would bring the entire business to a standstill. While such scenarios are 

few and far between, they are not unheard of. For example, in October 2002, millions of people 

connected to the Internet through WorldCom’s UUNet lost connectivity due to a faulty routing 

table [47] while DNS service went down in July and October 2003 [48]. Additionally, over the 

years, numerous Internet worms like Slammer, Code Red and Nimda have brought down the 

Internet several times. In such cases, since the business does not have a local copy of the RFID 

information and cannot resolve RFID tags without going out over the Internet, the entire business 

comes to a halt.  

Having discussed the concerns in the EPCglobal Architecture, the subsequent sections 

describe the proposed solutions to the problem.  
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CHAPTER FOUR 
 

4 PROPOSED SOLUTION – LOCAL CACHING 

 

4.1 Introduction  

As explained in the previous section, the EPCglobal architecture for retrieving tag 

information is modeled on the existing DNS architecture. While this approach does have a lot of 

advantages, namely the DNS infrastructure already exists and is robust enough to handle the 

ever-increasing Internet traffic; there are also some disadvantages with completely relying on the 

DNS and the unmanaged Internet. The EPCglobal architecture has been designed to cater for an 

environment where trading partners can share information through an open system using the 

existing Internet infrastructure. With the growing traffic on the Internet as well as the 

increasingly bursty nature of traffic, this leads to delays in retrieving the EPC data that might 

prove unacceptable under certain scenarios. Additionally, since the entire architecture is 

centralized, the end nodes must rely on their trading partners’ databases to retrieve data 

dynamically. This could lead to interruptions in the core business of retailers, for example, when 

the manufacturer’s databases experience excessive loads or the manufacturer’s network is down. 

The proposed architecture aims at pushing some of the control on to the end nodes so that 

data can be retrieved faster to perform the core business as well as reduces the dependence on 

databases/networks beyond the end users realm of control. In this architecture the author 

proposes that the end-user of the EPC data e.g., the retailers in the supply chain maintain a local 

database of the master data. With this architecture, after the master data has been retrieved the 

first time for a particular tag, in addition to writing this EPC read to the EPC repository, the 
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master data will be stored in the local database. Also, a local cache will be updated with the 

knowledge that this data exists in the local database. Any subsequent requests for the master data 

for this EPC tag will be transparently directed to the local database rather than going to the EPC 

repository of the manufacturer to retrieve the data. This architecture will thus speed up the 

process of retrieving the master data for an EPC tag by circumventing the process of making 

repeated requests to the Manufacturer EPC repository for the same data. Also, this solution 

enhances the reliability of the EPC architecture, as, in case the manufacturer’s EPCIS or ONS or 

network is unavailable when the retailer needs to make a sale for the product, the retailer can 

continue its business uninterrupted.  

Subsequent sections explain the architecture proposed by the author followed by a detailed 

description of the data flow model. The author simulates this architecture by using a BIND DNS 

server and a MySQL Database Server. The advantages and disadvantages of using this 

architecture are then outlined.  

4.2 Supply Chain Scenario  

Consider the supply chain scenario described in section 3.1. In this scenario, the master 

information of a product is attached to an EPC tag and is stored in the manufacturer’s database. 

As the product transits through its various stages in the supply chain each location that registers 

the EPC tag read in its discovery service, access this master information. Now consider that the 

product reaches its final retail location. At the warehouse entrance, the EPC tag is read and 

assuming that the Local ONS has never seen this product before, a DNS request is made to find 

the owner of the information for this tag. The DNS returns the URI of the root ONS. The local 

ONS then makes a query to the Root ONS which returns a series of Name Servers hosting this 

information. The Local ONS then queries these servers for the data using the appropriate service 
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(HTTP, XML, PML). The local ONS server name is cached in the Local ONS for future 

reference. This EPC tag read at the warehouse is recorded in the Local EPC repository and 

registered with the EPCDS.  

The EPC tag on this tag is read multiple times before it is finally sold. While in storage, 

before it is put on the shelf, it is queried multiple times for inventorying. Subsequently, once it is 

put on the shelf it is monitored several times a day for security as well as inventorying. Each 

time it is read, the EPC Accessing Application makes a request to the ONS to resolve the URI 

and then goes out and fetches the master data from the manufacturer’s EPCIS server. Now 

imagine the amount of traffic and the strain on the network generated by every query for every 

single object in a big retail store needing to be resolved by going out to the manufacturers’ 

EPCIS servers.  

We now shift focus to the actual sale of the product, which shall henceforth be referred to 

as the “core business”. Assume that the product is picked up by a customer and placed in his/her 

shopping cart. One of the most touted features of RFID tags is faster checkouts and payment at 

stores. Suppose this customer picks up 20 other items in his/her shopping cart and simply walks 

out of the store. At the checkout stations, the RFID reader should be able to pick up the EPC tag 

on each of his items as well as his credit card as he/she walks out of the store. At a normal pace, 

the customer would be in the range of the reader for barely a few seconds. During that exact 

time, if the network experiences any of the issues explained in section 3.3 e.g., DNS delays, 

network congestion or loss of connectivity, the customer will walk out of the store not having 

paid for every item. To counter this additional mechanisms have to be introduced to stop the 

customer from leaving before the reader has charged him/her for all the items. However, this 
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defeats the purpose of having RFIDs. Also, as explained above, a lot of unnecessary traffic is 

generated and network is used for querying the same data over and over again. 

The proposed architecture solves the aforementioned problems by maintaining a local 

database within the retailer’s premises or at a shared location for multiple outlets. Consider the 

same scenario as above. With the enhanced architecture, the product is shipped to the retail outlet 

warehouse. The EPC Accessing Application sends the request to the Local ONS, which obtains 

the address of the manufacturer’s ONS via the DNS and the Root ONS. The Local ONS informs 

the EPC Accessing application about the IP address for the master information. Now, the Local 

ONS also adds this product URI to the Local Cache pointing to the local database. Additionally,   

the retrieved master information for the product is added to the local database. Subsequent EPC 

tag lookups for warehouse inventorying, shelf inventorying, security, etc are directed to the local 

database by the Local Cache. This saves on the traffic going out on the network to the 

manufacturer’s EPCIS server.  

4.3 Architecture 

This section describes the proposed architecture and gives details of the added 

functionalities. Two new components have been added to the original EPCglobal, i.e. the Local 

Master Database and the Local Cache. The functions of these new components have been 

described below. For all other components shown in the figure, the functionalities remain as per 

the EPCglobal specifications, hence please refer to the section on EPCglobal Network 

Architecture for their details.  
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Figure 5. Proposed Network Architecture. 
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4.3.1 Local Cache 

The Local Cache Server maintains information regarding the presence of RFID 

information within the local database. This server sits between the EPCIS Query Interface and 

the Local ONS and is transparent to the user. For any tag queries sent to the ONS, the other 

components do not know of the existence of the Local Cache Server. From the viewpoint of the 

EPCIS Accessing Application, the RFID tag resolution query for obtaining the location of the 

EPCIS server of the manufacturer is made to the Local ONS server. At time t=0, the Local Cache 

is empty. When the Local Cache Server receives the request from the EPCIS Accessing 

Application, it will search through its records to check if information for this tag had previously 

been requested and if the information now exists in the local database. The records stored in the 

Local Cache include field for tag values and flags to indicate the records are present in the local 

database. If the tag info is not present, the Cache Server will forward the request to the Local 

ONS server. Additionally, the Local Cache Server will also make an entry in its records that this 

tag information was requested. The Local ONS server then follows its normal procedure to 

retrieve the location of the EPCIS server of the manufacturer, i.e. makes NAPTR queries to the 

ONS. Once the data has been retrieved successfully, it is copied to the local database and the 

Local Cache Server is informed that this tag data can now be serviced locally. When this tag is 

requested again at a later time, the Local Cache Server intercepts the request and sees that the tag 

request can be serviced locally. So instead of forwarding the request to the Local ONS Server, it 

returns the location of the local database to the EPCIS Accessing Application. The accessing 

application now makes a tag resolution request as it normally would to the local database. From 

the viewpoint of the EPCIS Accessing Application, it is simply making a request to an EPCIS 
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server based on the URL that the Local ONS returned to it; it does not know that this information 

is being serviced from a local database.  

The proposed “redirection” of queries to the local database can be implemented in a 

couple of different ways. The first is the transparent Local Cache that has been explained above. 

There are several advantages of this system. The most important one is that the change to the 

existing EPCglobal architecture is modular. So, existing implementations of the EPCglobal 

architecture do not have to be ported to the new architecture. Additionally, the code follows a 

more object oriented approach and is encapsulated from other functionalities in the architecture. 

This allows changes to be made to the component without having to modify or redesign the other 

components. The other method of implementing this system would be to redesign the existing 

EPCIS Accessing Application to keep track of the tags that are requested. Since it is the EPCIS 

Accessing Application that makes the Tag queries, it would be easier to keep track of the queries 

and of their successful entry into the local database. However, the user would lose the 

advantages of the method explained above. Also, this implementation would have to be 

completely revamped for specific needs of users or for alternate proposed solutions.  

4.3.2 Local Master Database 

The Local Master Database can be any collection of records. In our case, this is a relational 

database that is an exact structural replica of the manufacturer’s EPCIS server database. This 

provides a complete failover system in case the manufacturer’s EPCIS server becomes 

unavailable. However, this does not need to be the case. For the sake of storing local data, the 

user can choose to model a database that stores only the RFID data required by the user for 

performing the necessary business transactions. By doing so, the user can choose to compromise 
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on some of the business functionalities in order to save space, replication times, synchronization 

complexities, etc.   

Although the database has been shown in the architecture diagram as a stand-alone 

database, in terms of implementation it will modeled as a service. The choice of service depends 

upon user requirements. These can range from being run as a simple database server to which the 

EPCIS Accessing Application makes an SQL query to being a full-fledged web service that 

replicates the web service running on the manufacturer EPCIS side. The latter is a more scalable 

option as it allows the Local Database to be implemented transparently, so that the EPCIS 

Accessing Application is oblivious of the fact that the data is being sourced locally. Additionally, 

it allows the user to use the existing implementation of the EPCIS Accessing Application that 

makes tag queries to the EPCIS server, without having to modify it for making local queries.  

In order to maintain the consistency and integrity of data stored locally, appropriate 

replacement and purging policies need to be enforced. This will also ensure that there is no 

uninhibited growth in the size of the local database. There are several possible ways to 

implement this data synchronization and purging e.g. least frequently used, least recently used, 

FIFO queues, Time-To-Live, zero inventory, etc. The author describes two of these possible 

solutions below. 

Zero-Inventory Purging 

One of the most effective ways of purging the data is by keeping track of the number of 

items of a particular product that are present in that location. There is a two-fold advantage of 

this solution. By grouping the items together and keeping track of their inventory, the manual 

inventories of items can be done directly through the database rather than reading the EPC tag on 

each of the items throughout the location. The second advantage is that, once the item has been 

 38



sold out/exhausted, queries for EPC resolution of these items will no longer be made. Hence 

these can safely be purged from the database. Storing item inventory could be achieved by either 

maintaining a separate table in the database for the quantity of items present at the location, or by 

grouping the master data for all items of a particular product and storing the quantity in an 

inventory field in the same table.  

Time-To-Live Purging 

This is the most elementary method for purging data from the local database.  However, it 

is also the most cost-effective and least cumbersome to implement. In this method, each item 

would have a TTL (Time to Live) value associated with it when it is first written to the local 

database. After the TTL has expired, the item is purged from the database. If the EPC tag is 

queried after the data has been purged, the item data will again be retrieved and stored in the 

database. This method is similar to the method used by Local Cache Servers to store web pages 

locally and is hence a tried and tested method of ensuring that the data is always the latest.  

4.4 Data Flow 

In the modified architecture, the first three steps for the data retrieval remain unchanged. The 

flow of data changes from the 4th step with due to the addition of a Local cache.   

1. The RFID Reader reads the EPC tag. 

2. The tag reader sends the encoded EPC bits to the Middleware. e.g. 80652642000311400 

3. The Middleware converts this raw data into the EPCglobal specified URI format e.g. 

urn:epc:id:sgtin:0652642.800031.400  

4. The Local ONS Resolver converts this pure identity URI form into the domain name 

format e.g. 800031.0652642.sgtin.id.onspec.com. 
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5. The Local Cache checks its records to see whether this product data exists in the local 

database. Assuming the master data for this product has not been previously requested, 

the product URI does not exist in the Cache. The Local Cache forwards this query to the 

ONS service of the Local ONS server.  

6. The ONS service then makes the NAPTR query to the DNS for this record.  
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Figure 6. Data Flow Diagram of Proposed Network Architecture. 
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7. The DNS server looks up the URL and returns a series of expressions that specify the 

8. tag data has been requested and 

9.  then contacts the EPCIS server and connects to the 

10. PC tag data. The Local 

11.  made for the same tag i.e. 80652642000311400, the 

12. of 

4.5 Cost Function Analysis 

In order to compare the two architectures as well as weigh the conditions under which the 

enhan

URL for the EPCIS servers and the protocol to be used. 

The Local Cache makes a note in its records that the 

marks the record as incomplete till the data has been successfully retrieved e.g.  

“80652642000311400 – Pending” 

The EPCIS Accessing Application

Web Services running there to retrieve the product information.  

 The Local Cache is informed of the successful retrieval of the E

Cache updates its records and marks the record as completed, e.g. “80652642000311400 

- Confirmed.” 

 At a later time, when a tag query is

Local Cache finds this tag in its records and instead of going to the DNS and returning 

the URL of the Manufacturer’s EPCIS server, it returns the URL of the local database. 

 The EPCIS Accessing Application then retrieves the product data locally instead 

fetching it from the manufacturer’s database. 

ced architecture offers the user an advantage over the original architecture, the author 

proposes a simple deterministic cost function to compare the pros and cons of the two 

architectures under various conditions. There are several factors that need to be considered while 

determining the “cost” of the architecture. One of the major factors in proposing the enhanced 

architecture is to improve the performance of the system to allow faster resolution of the tags at 
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the time of the “core business”. The author therefore attributes the highest weight to the 

performance of the network. Other important factors to consider while choosing one architecture 

over another are the reliability of the system and the monetary costs that make the system viable. 

The following sections give a detailed explanation of the parameters and equations used to 

calculate the cost of the network. 

 
Ctotal = Cnetwork ownership + Cperformance

        
     Constant          Variable 

 
 

4.5.1 Performance 

The two fundamental parameters used for measuring network performance are bandwidth 

and delay. The bandwidth of a network gives the number of bits per second that can be 

transmitted over the network. This bandwidth however is only a theoretical speed that is 

available to the user as per specification. The actual performance of the system is referred to as 

throughput. Throughput gives the measured performance of the system in bits per second. 

Therefore a user might have a bandwidth of 44Mbps available for use from the ISP but might 

only get an end-to-end throughput of 1.54 Mbps while transferring data between two remote 

nodes. Throughput is proportional to the bandwidth and can ideally be expressed as a percentage 

of the bandwidth.  

Delay (or latency) denotes the amount of time it takes for a packet/message to travel from 

one end of the network to the other. The delay can be measured as a one-way delay or as the 

round-trip time (RTT) depending on the application. There are two components to the network 

delay; the deterministic component which consist of propagation and transmission delays and the 

stochastic component which is the queuing delay.  
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Cperformance  = Cpropogation + Ctransmission +  Cqueuing 

                  
    Deterministic  Stochastic 

 

The propagation delay is the amount of time required for 1 bit to travel the given distance at the 

speed of light in the medium i.e. 

Cpropogation  = Time for 1 bit to traverse the length of the link 

  =
c
L  

L = Length of link 

c = Speed of light in medium (  for cable and  for fiber) sm /103.2 8× sm /100.2 8×

The transmission (or serialization) delay gives the time required to put a packet on to the wire.  

Ctransmission  = 
B
P   

P = Packet size 

B = Effective bandwidth of link 

Ideally, the transit time would be given by [26]: 

∑
=

=
h

i i
transmit C

Pd
1

  

where, h = number of hops, C = link capacity and P = packet size 

Here, the “effective bandwidth” refers to the bandwidth of the slowest link in the path 

that the packet traverses. Since the slowest link/node in the network would be the bottleneck that 

dominates the delay of the network, it would be a fair assumption to use that instead of the 

bandwidth made available to the user.  

There are two types of queues in routers; input queues and output queues. Queuing delays 

occur because the arrival rate of the data is higher than either the output link capacity, which fills 

 43



up the output queue, or the processing capability of the router, which fills up the input queue. In 

these cases, the packets are queued in buffers and transmitted when the router processor can 

accommodate the packet from the input queue or when egress link becomes free so that the 

router can put the packet on to the link. Since the router process many queues and traffic flows at 

the same time, the arrival rate of packets at the router is a function of the traffic of individual 

nodes sending data to/through the router. Hence, the queuing delay depends on the congestion 

level of the router.   

 

  
 

Figure 7. Network Delays. 

 

As shown in Figure 7, the delays occur at every network device on the entire network. Over the 

years, several models have been proposed to define the traffic patterns of the Internet and the 

Queuing delay resulting from it. The most widely used is the M/M/n model which suggests a 

(Markovian) Poisson arrival rate with an exponential service time. Other models like the M/D/n 
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propose a Poisson arrival and deterministic service time and the G/G/n which suggests arbitrary 

arrival and service times. The Poisson traffic models indicate that Internet traffic at any time 

interval is independent of the traffic in the previous time interval. As time has progressed, 

research has shown that Internet traffic is actually long-range dependant with self-similar scaling 

properties [27][28][29]. As is evident from the extensive research in the field of traffic modeling 

and measurement of network queuing delays, predicting the delays in a network is by no means a 

simple task and requires a comprehensive study into the nature of data being pushed on to the 

network. In order to circumvent the complications that arise from choosing an elaborate model 

for calculating the network delay as well as the lack of actual research in the type of traffic that 

RFIDs will generate, the author uses a simple deterministic model that allows the user to 

estimate these traffic delays. 

4.5.2 Deterministic Model for Calculating Queuing Delay (Leaky Bucket Model) 

 

Figure 8. Leaky Bucket Model for calculating Queuing Delay. 

 
Cqueuing  = Time spent in the queue by a packet/bit that arrived at the router at time 

A(t) = Arrival Rate of packets at time t. 

A(t) 

D(t) 

Processing 
Capacity 

Q(t) 

μ 
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= 
T
N  

N = Number of packets in one inventory process  

T = Total time for one inventory 

D(t)  = Departure rate 

 = μ 

μ = Processing capacity of router 

   = ρ×s  

s = Processing capacity of router as per specifications. 

ρ = Available processing capacity expressed as a percentage of s. 

μ
1

∴  = Average processing time per packet 

Q(t) = Length of the Queue at the Router at time t. 

 = A(t) -  D(t)  

 = 
T
N  – ρ×s  

)(tδ  = Number of dropped packets 

 = Q(t-1) - Qmax   (where Q(t) > Qmax) 

Qmax  = Maximum length of queue of router as per specifications. 

As the dropped packets are retransmitted, they add to the original arrival rate. 

∴ A(t) =  A(0) + )(tδ   (Q(t) > Qmax) 

∴Cqueuing = Delay for the last packet in the queue 

  =  
μ

δ )()1()()( ttQtDtA −−+−  
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The next section explains some possible scenarios and compares the performance of the 

two architectures under various conditions. Since the transmission and propagation delays are 

negligible (in ms) as compared to the queuing delay which is in seconds, they have been ignored. 

As an example, the author has chosen the number of items to be inventoried as 140 million. The 

average number of products in a Wal-Mart Supercenter is 140,000 [30]. Assuming an arbitrary 

average of 1000 items per product and a inventory time of ten minutes, gives us 140 million 

items that will be inventoried in ten minutes. The Router processing capability has been chosen 

as 1 million packets per second and queue length as 50000 packets [31]. The graphs below show 

the delay experienced by the last packet entering the queue at time t as a function of the 

inventory time. As assumption made in these calculations is that a packet dropped is immediately 

retransmitted by the sender. In an actual scenario, the transport layer of the sender would adjust 

its window size to accommodate the congestion and would eventually drop the packet after 

repeated time-outs. However, from the point of view of the application layer, which would have 

to eventually retransmit the tag resolution query, the packet would eventually make its way back 

into the pipe. Hence, in this model, the author has done the calculations by aggregating the 

retransmitted packets with the original transmission rate. The number of readings plotted was for 

the entire ten minute inventory while the graphs shown are for the fist minute only since the 

delays already become prohibitive at the 1 minute mark. 

As a worst case scenario, in the first measurement, we assume that only 1% of the 

router’s total processing capability is available for our queue. In this case it is observed that 

within the first 30 seconds itself, the packet delay for the last packet in the queue goes up to 10 

minutes. This would mean that a customer checking out an item at a store while the inventory is 
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going on will have to wait for ten minutes before the RFID tag is resolved and the customer can 

leave the store.  

TABLE 2 

 

QUEUING DELAY PARAMETERS FOR WORST-CASE SCENARIO 
 

Qmax N T A(t) S p D(t) 
50000 140000000 600 233333 1000000 0.01 10000 
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Figure 9. Worst-case scenario Queuing Delay. 

 

As a best case scenario, the author assumes that 10% of the router’s processing capability is 

available to us. In this case as well, by the first minute of the inventory, delays reach up to 60 

seconds and by the end of the ten minute inventory, the delay is more than 11 minutes. The 

data for both the scenarios have been attached in Appendix A. 
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TABLE 3 

 

QUEUING DELAY PARAMETERS FOR BEST-CASE SCENARIO 
 

Qmax N T A(t) S p D(t) 
50000 140000000 600 233333 1000000 0.1 100000 
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Figure 10. Best-case scenario Queuing Delay. 

 

In the above examples, the author has shown the delays experienced by a packet during 

an inventory process. Consider the scenario where there is no inventory in progress. In this case, 

there will be no queuing delays at the routers. However, other network delays like the 

transmission delay and propagation delay shown below would still be applicable. Assuming that 

only items on the shelves are monitored (140,000 products X 10 items per product) with an 

average of a hundred customers leaving the store with ten items each, the sender would still be 

injecting 1,400,000 packets or 2.7 Gbits of data (calculation shown below) every ten minutes 

into the network. In the worst case scenario, during an inventory, the sender would inject as 

much as 140,000,000 packets or 27 Gbits of data into the network.  
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Payload  = 200 bytes [38] 

Headers  = XML header (2) + TCP header (20) + IP header (20)   

  = 42 bytes 

Total packet size = Payload + Header = 242 bytes 

Number of packets = 1,400,000 

Total Data  = Number of packets X Total packet size 

  = 1,400,000 X 242 

  = 2.7 Gbits 

Cpropogation  =
c
L

 

  = 
sm

km
/103.2

4000
8×

 

  = 20 msec 

Ctransmission  = 
B
P   

  = 
Mbps
bits

544.1
1600

 

  = 1.04 msec 

 
 
In the case of the proposed architecture, only the first time that a particular product arrives at the 

location, a query will be made to the remote database to retrieve the master data. For subsequent 

queries for inventory, monitoring or item check-out, the query will be made to the local database 

so there will be no network delay component. Also, as is evident from the example above, there 

will be significantly less traffic injected into the network. 
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4.5.3 Cost of Network Ownership 

Cnetwork ownership  = Chardware + Cinstallation + Cdesign + Cmaintenance + Creliability   

There are several direct and indirect costs that need to be considered while evaluating the 

total cost of ownership of the network. Direct cost is basically cost of hardware which includes 

cost of the bandwidth of the link, cost of networking equipment like switches, routers, firewalls 

and cost of the servers that will act as the local database. Indirect costs consists installation, 

design, administration and maintenance costs as well as intangibles like loss of productivity or 

revenue due to inaccessibility of mission-critical data. In order to normalize the costs so that 

architectures can be compared on a common ground, the author proposes an elementary system 

of units and weights. In this system, each hardware component and each service is assigned a 

value of 1. Hardware components can consist of network or storage devices and bandwidth 

whereas services can include design, installation, administration, etc. For every device or service, 

that is a higher-end device than that of the other architecture, assign it a weight of 2. To evaluate 

the cost of reliability, assign every point of failure in the system a cost of 1. An example scenario 

of total cost of ownership has been outlined below using this system of units and weights.  

TABLE 4 

 

COMAPRISON OF COST OF NETWORK OWNERSHIP 
 

Component Proposed 

Architecture 

EPCglobal 

Architecture

Explanation 

Bandwidth 1 21×  Since the original architecture sends and receives 

more data over the network, the user would have 

to lease more bandwidth from the ISP. 
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Network 

Devices 

1 21×  The user will have to get higher-end edge devices 

to support the higher bandwidth as well as larger 

number requests per second.  

Storage 

Devices 

21×  1 In order to maintain a local database, the user will 

have to install and maintain a Database Cluster or 

a Storage Area Network (SAN). 

Design and 

Maintenance 

1 1 As mentioned above, the user will have to install 

and maintain a SAN system for the local DB. 

Compared to this, the user will have to install and 

maintain higher end routers and switches for the 

EPCglobal architecture. Therefore, both have 

been assigned an equal cost.  

Reliability  1 + 1 + 1 Core business cannot be performed if the 

Manufacturer’s EPCIS fails, Internet is down or 

DNS server is down.  

Total 5 9  

 

As can be seen from the example IN Table 4, the total cost of ownership of the enhanced 

architecture is almost half that of the original one.  

4.6 RFID Simulator 

In order to simulate the proposed architecture, the author has designed a complete RFID 

simulation environment which implements the various components of an RFID system. Similar 

to a real-life production environment, the program provides a basic infrastructure for managing 
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Readers, simulating tag reads, performing local computations and resolving tags with database 

queries. With a view to make the simulator scalable and extensible, the author has designed a 

completely modular, object oriented code around a set of interfaces and configuration files. 

Future users wishing to extend the functionality of this simulator need to implement the exposed 

interfaces provided by the framework in order to expand the scope of the simulator. The 

environment provides support for various tag types e.g. GID96, SGTIN96 and SSCC96 and 

allows users to add their own tag type classes by implementing the appropriate interfaces. In 

order to make the simulation as close to a production environment as possible, the author has 

implemented a BIND DNS as the ONS server and the manufacturer’s EPCIS server and Local 

Master Database are implemented as stand-alone Web Services running on IIS web servers. All 

the code for the RFID simulator and Web services as well as the required files and configuration 

for Databases and BIND server have been included in Appendix A.  

4.6.1 Simulator Description 

The core of the simulator is called the Controller Application. This application controls 

the flow of the simulation sequencing the various functions in the environment. For the purpose 

of the simulation, the Reader Manager creates a Reader that reads tags from a file using the Tag 

Factory. In order to convert the raw binary tag into the URN format, the author has written a Tag 

Factory that instantiates the appropriate Tag object based on the header of the tag e.g., the header 

for a GID-96 tag is 53. When a GID-96 tag is passed to the Tag Factory, it reads the tag and 

dynamically creates an object of the GID-96 class which then converts this into the appropriate 

URN format based on the GID-96 standards and setting from a user defined configuration file. 

This functionality enables the user to use different standards of tags dynamically in an 

environment without having to re-engineer the whole simulator. The URN is then passed to the 
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ONS (Object Naming Service). The ONS maintains an in-memory hash table of the product 

codes that the local database has entries for i.e. product codes that had previously been queried. 

The ONS searches through this hash table to see if the queried tag is present in the table and if 

the data is present in the local database. If it does not find the product code in the hash table, it 

sends an “NAPTR” DNS query to the local DNS/ONS server to resolve the URN. The local 

DNS server returns the appropriate end service (http://myrfid.example.com in our case) that can 

provide the product information for this tag. The ONS component passes this URL to the 

Controller Application while also making a note that this product has now entered the local 

domain. As a safety feature, the product code is entered into the hash table with a status as 

“Pending”. This status is changed to “Confirmed” only when the product information is actually 

received by the Controller Application and the Controller confirms its receipt to the ONS. This 

prevents the scenario where back-to-back requests for the same product tags are sent to the ONS 

and the ONS assumes that since the first request has been pulled from the remote database the 

subsequent one’s can be sourced form the local database. However, if for some reason the query 

failed or if the Controller is still waiting for the first request to be completed, the subsequent 

request will be made to the local database which does not as yet have this information. The 

Controller then queries the remote database for the required information. As per the EPC ONS 

specifications [13], this query can be in various formats e.g. WSDL, SOAP, XML, etc. With 

Web Service Definition Language (WSDL) being the recommended format for data transfer, the 

author has implemented the data sources as independent Web Services. Another feature 

implemented by the author is a “dynamic resultset”. Basically, the owner of the product 

information can determine the fields it would like to share with the querying party. The data is 

passed to the querying party as name, value and data type fields. After receiving the product 
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information, the Controller Application confirms its receipt to the ONS component. The ONS 

then writes this to the local database and marks the status of this product code as “Confirmed” in 

the hash table. Subsequent queries for this product code are then redirected to the local database 

instead of the remote database.   

4.6.2 Simulation Environment  

RFID Simulator: Java SDK 1.5.0_10, SWT 3.2.2, WST 2.0.0 

IDE: Eclipse (Europa) 3.3.0, Jigloo SWT/Swing GUI Builder 3.9.5 

 

Web Service: Microsoft .NET Framework 2.0 

IDE: Microsoft Visual Studio .NET 2005 

Database: MySql 

OS: Windows XP Professional 

Web Server: Internet Information Services (IIS), Microsoft Corporation, Version: 5.1 

 

DNS Server: BIND9 

OS: Ubuntu 7.0.4 (Server Edition) 
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4.6.3 Class Diagram  

 
 

Figure 11. Class Diagram of RFID Simulator.
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4.6.4 Sequence Diagram 

 

Figure 12. Sequence Diagram of RFID Simulator.
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4.6.5 Salient Features of Simulator 

The RFID simulator created for the purpose of this thesis has been designed as a full-

fledged simulator with the ability to be scaled to an RFID Enterprise server. This section 

describes some of the important features of this simulator. 

Object Oriented and Modular 

The simulator has been designed with strict adherence to object oriented principles.  

− The entire simulator has been designed with Interfaces to create object contracts. 

− All the components have been encapsulated as objects 

− Limited use of passing Raw data between objects i.e. data is passed as objects 

− Only limited public methods have been exposed with no use of public properties except 

for data classes 

− Methods are not nested 

− Try-Catch-Throw blocks are used to catch exceptions 

− Business processes have been separated from data manipulation processes 

Scalable and Extensible 

With a view to allow the simulator to be easily extensible into a full-scale enterprise 

server, the architecture of the simulator has been made completely modular and with OO 

concepts in mind. The entire code is written around a set of exposed interfaces. Users needing to 

modify the simulator for their purposes or wishing to extend the simulator functionalities need 

only to code the specific object to adhere to the interface contract, e.g. a user that needs to add a 

new tag type to the simulator needs to write a class for the tag that adheres to the interface ITag. 

Subsequently, the simulator will create and perform functions defined for that specific tag when 

read, without having to redesign the general functions of the Tag Base Class.  
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Configurable 

 All hard-coding of parameters in the code have been completely avoided. i.e. all 

parameters used have been put in configuration files to allow the user to change them on-the-fly. 

This allows the user to run the simulator without having to go into the code, change parameters, 

test them and then re-compile the code. Additionally, the user can even define his/her own RFID 

readers using the configuration file and not have to modify the existing code. By simply 

including the reader package in the configuration file of this RFID simulator, the reader will be 

able to function with this simulator. 

Dearth of Simulators 

 Considering that there are only a handful of RFID enterprise Server simulators that can 

simulate the RFID production environment, e.g. BEA Weblogic RFID servers, Sybase’s RFID 

Anywhere, etc, this simulator provides the user a simple and cost efficient option to test/design 

their RFID implementations. Also, since the simulator is extensible, users can develop them to 

work as production software. 

Web Services for Data-Sourcing 

Web services provide a means to publish applications over the web. They use XML to 

code and decode the data and SOAP to transport it using open protocols. The biggest advantage 

of Web Services is that it provides a simple and platform independent method for programmatic 

access to services. Even the EPCglobal ONS Standard document recommends using Web 

Services to source the data to the client [13]. In our RFID simulator, Web Services written in 

Microsoft .NET have been used on the local as well as manufacturer side to source the RFID 

data.  
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Tag Factory, Reader factory 

Rather than hard code Reader and Tag classes, the author has left these dynamic. Using 

Reflection, the author has written Tag and Reader Factories to create user defined Tag Classes 

and Reader Classes on the fly, e.g. user can create his/her own Reader class and give the class 

name in the configuration file. So instead of having the rewrite the Reader code to create an 

object of the new class, the Reader Factory will create an object of the new Reader when the 

program is executed.  

4.6.6 Performance Tests   

In order to test the performance improvement of the proposed solution, a test environment 

is created to model a live network. Parameters used for measurement are: 

− Average delay for queries resolved from Manufacturer’s EPCIS server  

− Average delay for queries resolved from Local Database Server 

− Number of queries that timed out (Read timeout of servers set to 20 seconds) 

Two sets of simulations are conducted in order to showcase the results of the proposed 

solutions. For the simulation, we read tag codes from a text file that contains 2 copies each of 

500 GID96 tags. Hence, as per the new architecture, the first 500 queries should go to the 

Manufacturer’s Server and the next 500 should be serviced locally since they were previously 

retrieved. 

In the first set (Scenario 1), the client side of the test environment is connected to the 

Manufacturer EPCIS Server in a lab environment. In order to simulate Internet delays, a Pagent 

Router is connected to emulate delays in the Internet cloud. 
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Figure 13. Scenario 1: Network diagram for performance testing. 

 

The network diagram for this scenario is shown in Figure 13. The “Packet Modifier” 

component of the Pagent Router is programmed to introduce a 500 millisecond delay for packets 

passing through it. The 500 millisecond value is an arbitrary value chosen to substitute for the 

transmission, propagation and queuing delays in the Internet. A snapshot of the output of this 

simulation is shown in Figure 14. 

 61



 

Figure 14. Scenario 1: Screenshot of simulator output for performance test.

 

The data of the Scenario 1 performance tests are attached in Appendix A. The measured 

performance parameters for Scenario 1 are shown in Table 5.  

TABLE 5 

SCENARIO 1: MEASURED PERFORMANCE PARAMETERS 
 

Parameter Value 

Average delay for queries resolved from 
Manufacturer’s EPCIS server  

3,261 ms 

Average delay for queries resolved from Local 
Database Server 

19 ms 

Number of queries that timed out (Read timeout 
of servers set to 20 seconds) 

0 

 

 

In the second set of performance tests, in order to simulate an environment as close as 

possible to a production environment, the client side is connected to the Manufacturer EPCIS 
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Server through the Internet. The client side was connected to the 10 Mbps LAN at Wichita Sate 

University while the Manufacturer EPCIS server is connected to a Corporate Broadband 1 Mbps 

Cable connection in Pune, India. The network diagram for Scenario 2 is shown in Figure 15.  

 

 

Figure 15. Scenario 2: Network diagram for performance testing. 

 

A snapshot of the output of this simulation is shown in Figure 14. The data for the Scenario 2 

performance tests are also attached in Appendix A. 
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Figure 16. Scenario 2: Screenshot of simulator output for performance test.

 

The measured performance parameters for Scenario 2 for the same set of 2000 queries are shown 

in Table 6.  

TABLE 6 

SCENARIO 2: MEASURED PERFORMANCE PARAMETERS 
 

Parameter Value 

Average delay for queries resolved from 
Manufacturer’s EPCIS server  

6,752 ms 

Average delay for queries resolved from Local 
Database Server 

23 ms 

Number of queries that timed out (Read timeout 
of servers set to 20 seconds) 

18 

 

These simulations clearly show that there is a distinct performance improvement by using 

the proposed architecture. 
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4.7 Points to Ponder 

As is evident from the analysis provided in the sections above, the proposed architecture 

has a two-fold advantage over the original architecture; the local caching enables faster 

resolution of the RFID tags and the local database allows for temporary fail-over in case of 

service interruptions. In this section, we shall discuss some of the things that need to be taken 

into account while deploying the proposed architecture.  

 While a local database can be used to continue business operations during a break in 

network service or manufacturer’s database, the local database can only provide RFID tag 

resolutions for tags that have previously been queried. However, to continue the core business, 

e.g. to sell items at a store, the items have most likely already been queried when they reached 

the store warehouse, so the local database does allow for the core business operations to continue 

in spite of the Manufacturer’s EPCIS Server being unavailable. Additionally, if item information 

is stored at a product level rather than a tag level, assuming there is no specific tag info needed, it 

increases the probability that the RFID query can be resolved locally.  

Previous sections have mentioned strategies for purging the data periodically. This is 

necessary for maintaining the integrity of the data as well as restraining the burgeoning size of an 

RFID database. In addition to automatic purging / synchronization of data, the user may have to 

consider ad-hoc purge strategies for specific business cases that they might have, e.g. in case the 

price of an item that is already present at the store is changed in a master database, there needs to 

be a mechanism to either purge that product data from the local database so that it is retrieved 

from the master database in the next query, or to synchronize the product data in the local 

database to reflect the new price. Features like Merge Replication (Microsoft SQL Server) that 
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are readily available with most relational databases can be used to perform this ad-hoc as well as 

periodic synchronizations.  

Another advantage of setting up periodic synchronizations is that it can provide the user 

with an alternate method for creating a local database. Instead of having to wait for the tag to be 

scanned the first time that a query is made, an automated system of periodically pushing data to 

the local site can be setup wherein the tag data for a product that is expected to be reaching the 

site is pushed on to the local database before the tag is scanned for the first time. In this case, all 

queries can be made to a local database by default and query “misses” can be redirected to the 

remote database.  
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CHAPTER FIVE 
 

5 CONCLUSIONS AND FUTURE WORK 
 

5.1 Conclusions 

In this thesis, the author presents an enhancement to the EPCglobal Network architecture 

to enable faster resolution of RFID tag queries while also providing a measure of failover to the 

system. The architecture makes use of a local cache to store information about tag queries in 

order to service them locally. As is seen from the cost-function analysis presented, the proposed 

architecture provides a distinct improvement in response times over the original architecture, 

especially in cases where the user regularly makes a very large number of RFID queries. The 

proposed solution also alleviates network load and congestion by drastically reducing the number 

of queries that are sent out over the network. The performance analysis carried out with the 

RFID simulator support the findings of the cost-function analysis, showing far smaller response 

times than the original architecture. Additionally, since a copy of the RFID data exists at the 

local site, the proposed architecture enables the local data to be used as a backup in case of 

service interruptions and allows for failover mechanisms to be implemented if necessary. A 

byproduct of this research has been the creation of a full-fledged RFID simulator that is scalable 

and extensible and can be used by researchers and business users for RFID simulations or as a 

core to build an RFID Enterprise Server.  
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5.2 Future Work 

This section presents some of the author’s observations over the course of this thesis on 

areas of concern in an unrestrained, burgeoning field of RFIDs and provides directions for future 

research in this field.  

Although Radio Frequency Identification as a technology has been around for a very long 

time, the idea to use it for creating an “Internet of Things” is a fairly nascent one.  So while 

companies are forging ahead to build their own RFID systems, there is a glaring lack of 

standards in this field. An important direction for research would be the development of these 

global standards and the design of a framework for policy-based sharing of data between 

stakeholders.  

A major concern with the rate at which RFID data will grow over the coming years is that 

current technology of relational databases will be prohibitively expensive to implement for the 

sheer volume of static data that RFIDs will generate. Researchers in this area would need to 

develop an alternate form of storage that will be inexpensive for storage of static (write-once) 

data as well as indexed for faster querying.  

One of the goals for this thesis was to reduce the response times for the RFID tag queries. 

With this in mind, an avenue worth exploring would be to have regional ONS servers. Having 

ONS requests go to regional ONS servers rather than a central one would enable faster resolution 

of ONS queries. Another area of research with this goal would be to have RFID data-sourcing 

based on region; something on the lines of content distribution networks (CDN). Since RFID 

data is mostly static data, it would be fairly simple and significantly faster to create regional 

caches of RFID data and have queries sourced from a nearby region rather than travel trans-

atlantic or trans-continental over an unmanaged network to retrieve data.  
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Another major area of research would be work on core network issues from the viewpoint 

of RFID traffic. In the coming years, with the plan of tagging everything on the planet, RFID 

traffic will constitute a fairly large, if not dominating, percentage of Internet traffic. Keeping this 

in mind some possible ideas for research are: modifying routing protocols to maintain separate 

network topologies or separate policies for regular and RFID devices, modifying TCP/IP 

protocol for special handling/policing/queuing of RFID packets and programming Edge and 

Core Internet devices to handle RFID/XML data differently than normal Internet traffic so that 

they do not buckle under the high volume of RFID data. 
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APPENDIX A 
 

SOURCE CODE FOR RFID SIMULATOR 

 
/****************************************************************************/ 

Package: com.cloudgarden.resource 
 

/****************************************************************************/ 
 

 
File: SWTResourceManager.java 
 
package com.cloudgarden.resource; 
 
import java.util.HashMap; 
import java.util.Iterator; 
import java.util.Vector; 
 
import org.eclipse.swt.events.DisposeEvent; 
import org.eclipse.swt.events.DisposeListener; 
import org.eclipse.swt.graphics.Color; 
import org.eclipse.swt.graphics.Cursor; 
import org.eclipse.swt.graphics.Font; 
import org.eclipse.swt.graphics.FontData; 
import org.eclipse.swt.graphics.Image; 
import org.eclipse.swt.widgets.Control; 
import org.eclipse.swt.widgets.Display; 
import org.eclipse.swt.widgets.Widget; 
 
/** 
 * Class to manage SWT resources (Font, Color, Image and Cursor) 
 * There are no restrictions on the use of this code. 
 * 
 * You may change this code and your changes will not be overwritten, 
 * but if you change the version number below then this class will be 
 * completely overwritten by Jigloo. 
 * #SWTResourceManager:version4.0.0# 
 */ 
public class SWTResourceManager { 
 
 private static HashMap resources = new HashMap(); 
 private static Vector users = new Vector(); 
 private static SWTResourceManager instance = new SWTResourceManager(); 
 
 private static DisposeListener disposeListener = new DisposeListener() 
{ 
  public void widgetDisposed(DisposeEvent e) { 
   users.remove(e.getSource()); 
   if (users.size() == 0) 
    dispose(); 
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APPENDIX A (continued)  
 

  
} 
 }; 
 
 /** 
  * This method should be called by *all* Widgets which use resources 
  * provided by this SWTResourceManager. When widgets are disposed, 
  * they are removed from the "users" Vector, and when no more 
  * registered Widgets are left, all resources are disposed. 
  * <P> 
  * If this method is not called for all Widgets then it should not be 
called 
  * at all, and the "dispose" method should be explicitly called after 
all 
  * resources are no longer being used. 
  */ 
 public static void registerResourceUser(Widget widget) { 
  if (users.contains(widget)) 
   return; 
  users.add(widget); 
  widget.addDisposeListener(disposeListener); 
 } 
 
 public static void dispose() { 
  Iterator it = resources.keySet().iterator(); 
  while (it.hasNext()) { 
   Object resource = resources.get(it.next()); 
   if (resource instanceof Font) 
     ((Font) resource).dispose(); 
   else if (resource instanceof Color) 
     ((Color) resource).dispose(); 
   else if (resource instanceof Image) 
     ((Image) resource).dispose(); 
   else if (resource instanceof Cursor) 
     ((Cursor) resource).dispose(); 
  } 
  resources.clear(); 
 } 
 
 public static Font getFont(String name, int size, int style) { 
  return getFont(name, size, style, false, false); 
 } 
 
 public static Font getFont(String name, int size, int style, boolean 
strikeout, boolean underline) { 
  String fontName = name + "|" + size + "|" + style + "|" + 
strikeout + "|" + underline; 
  if (resources.containsKey(fontName)) 
   return (Font) resources.get(fontName); 
  FontData fd = new FontData(name, size, style); 
  if (strikeout || underline) { 

   try { 
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APPENDIX A (continued)  
 

  
 
    Class lfCls = 
Class.forName("org.eclipse.swt.internal.win32.LOGFONT"); 
    Object lf = FontData.class.getField("data").get(fd); 
     
 
if (lf != null && lfCls != null) { 
     if (strikeout) 
      lfCls.getField("lfStrikeOut").set(lf, new 
Byte((byte) 1)); 
     if (underline) 
      lfCls.getField("lfUnderline").set(lf, new 
Byte((byte) 1)); 
    } 
   } catch (Throwable e) { 
    System.err.println( 
     "Unable to set underline or strikeout" + " 
(probably on a non-Windows platform). " + e); 
   } 
  } 
  Font font = new Font(Display.getDefault(), fd); 
  resources.put(fontName, font); 
  return font; 
 } 
 
 public static Image getImage(String url, Control widget) { 
  Image img = getImage(url); 
  if(img != null && widget != null) 
   img.setBackground(widget.getBackground()); 
  return img; 
 } 
 
 public static Image getImage(String url) { 
  try { 
   url = url.replace('\\', '/'); 
   if (url.startsWith("/")) 
    url = url.substring(1); 
   if (resources.containsKey(url)) 
    return (Image) resources.get(url); 
   Image img = new Image(Display.getDefault(), 
instance.getClass().getClassLoader().getResourceAsStream(url)); 
   if (img != null) 
    resources.put(url, img); 
   return img; 
  } catch (Exception e) { 
   System.err.println("SWTResourceManager.getImage: Error 
getting image "+url+", "+e); 
   return null; 
  } 
 } 
 
 public static Color getColor(int red, int green, int blue) { 
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  String name = "COLOR:" + red + "," + green + "," + blue; 
  if (resources.containsKey(name)) 
   return (Color) resources.get(name); 
  Color color = new Color(Display.getDefault(), red, green, blue); 
  resources.put(name, color); 
  return color; 
 } 
 
 public static Cursor getCursor(int type) { 
  String name = "CURSOR:" + type; 
  if (resources.containsKey(name)) 
   return (Cursor) resources.get(name); 
  Cursor cursor = new Cursor(Display.getDefault(), type); 
  resources.put(name, cursor); 
  return cursor; 
 } 
 
} 
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/****************************************************************************/ 

Package: com.wsu.rfid 

/****************************************************************************/ 
 

File: TagFactory.java 

 
package com.wsu.rfid; 
 
import java.lang.reflect.Constructor; 
 
import com.wsu.rfid.tag.*; 
import com.wsu.rfid.config.*; 
 
public class TagFactory  { 
  
 /*public class TagType{ 
  public static final int SGTIN96 = 48; 
  public static final int SGTIN198 = 54; 
  public static final int GID96 = 53; 
  public static final int SSCC96 = 49; 
 }*/ 
 
 private static TagFactory _instance; 
 private TagFactory() 
 { 
   
 } 
  
 public static TagFactory instance() 
 { 
  if(_instance == null) 
   _instance = new TagFactory(); 
  return _instance; 
 } 
  
 public ITag parseTag(String binaryReaderTag) throws 
IllegalArgumentException  
 { 
//  First 8 bits are the header  
  int tagHeader = Integer.parseInt(binaryReaderTag.substring(0,8), 
2); 
  TagBase tag = null; 
   
  try 
  { 
   TagConfig tagConfig = 
Configuration.instance().getTagConfig(); 
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   TagConfig.TagInfo info = 
tagConfig.getTagInfo(Integer.toString(tagHeader)); 
   
   
   
   Class tagClass = Class.forName(info.tagClass); 
   Constructor c = tagClass.getConstructor(); 
   tag =  (TagBase)c.newInstance(null); 
   tag.parse(binaryReaderTag); 
   return tag; 
  } 
  catch(Exception e) 
  { 
   return null; 
  } 
   
   
 } 
  
  
} 
/****************************************************************************/ 
 
 
File: ReaderFactory.java 
 
package com.wsu.rfid; 
 
import java.lang.reflect.*; 
import com.wsu.rfid.config.*;  
 
 
public class ReaderFactory { 
 
 private static ReaderFactory _instance; 
 private ReaderFactory() 
 { 
   
 } 
  
 public static ReaderFactory instance() 
 { 
  if(_instance == null) 
   _instance = new ReaderFactory(); 
  return _instance; 
 } 
  
 public IReader getReader(ReaderConfig config) 
 { 
  Try 
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  { 
   Class readerClass = Class.forName(config.readerClass); 
   Constructor c = readerClass.getConstructor(); 
   IReader reader =  (IReader)c.newInstance(null); 
   reader.initialize(config); 
   return reader; 
  } 
  catch(Exception ex) {return null;} 
   
 } 
} 
/****************************************************************************/ 
 
 
File: ONSParams.java 
 
package com.wsu.rfid; 
 
public class ONSParams { 
 public boolean isLocallyCached; 
 public String endService; 
  
} 
/****************************************************************************/ 
 
 
File: ITag.java 
 
package com.wsu.rfid; 
 
public interface ITag { 
 
 public abstract String getURI(); 
  
 public abstract String getURN(); 
 
 public abstract String getTagDecimal(); 
 
 public abstract String getDomain(); 
 
 public abstract long getSerialNumber(); 
 
 public abstract int getObjectClass(); 
 
 public abstract int getGeneralManager(); 
  
 public abstract int getTagHeader(); 
 
} 
/****************************************************************************/ 
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File: IReaderManager.java 
 
package com.wsu.rfid; 
 
import com.wsu.rfid.config.ReaderConfig; 
 
public interface IReaderManager { 
 
 boolean initialize(ReaderConfig config); 
 //Tag parseTag(String binaryReaderTag); 
} 
 
/****************************************************************************/ 
 
File: IReader.java 
 
package com.wsu.rfid; 
 
import java.io.IOException; 
 
import com.wsu.rfid.config.ReaderConfig; 
 
public interface IReader { 
 
 void initialize(ReaderConfig config) throws IOException; 
 void destroy(); 
 String readSingle() throws IOException; 
 String[] readBatch(int numItems, int timeout )throws IOException; 
  
} 
/****************************************************************************/ 
 
 
File: Ions.java 
 
package com.wsu.rfid; 
 
import java.io.IOException; 
import com.wsu.rfid.config.*; 
 
public interface IOns { 
 void initialize(ONSConfig onsConfig) throws IOException; 
 ONSParams getEndPoint(String domainName); 
 String getIPAddress(String endPoint); 
 void updateLocal(String[] values) throws IOException ; 
} 
 
/****************************************************************************/ 
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File: IEnterpriseApp.java 
 
package com.wsu.rfid; 
 
import java.io.IOException; 
 
public interface IEnterpriseApp { 
 String convertToURN(String uri); 
 Object getProductInfo(String endPoint, int productCode) throws 
IOException; 
} 
 
/****************************************************************************/ 

Package: com.wsu.rfid.config 
 

/****************************************************************************/ 
 

File: TagConfig.java 
 
package com.wsu.rfid.config; 
import java.util.*; 
 
public class TagConfig { 
  
 private Properties _properties; 
 private static final String TAG_CLASS = "tag.class."; 
 private static final String TAG_PREFIX ="tag.prefix."; 
 private static final String TAG_SUFFIX = "tag.suffix."; 
 TagConfig(Properties properties) 
 { 
  _properties = properties; 
 } 
  
 public class TagInfo 
 { 
  public String tagClass; 
  public String prefix; 
  public String suffix; 
 } 
  
 public TagInfo getTagInfo(String tagId) 
 { 
  TagInfo tagInfo = new TagInfo(); 
  tagInfo.tagClass = _properties.getProperty(TagConfig.TAG_CLASS + 
tagId); 
  tagInfo.prefix = _properties.getProperty(TagConfig.TAG_PREFIX + 
tagId); 
  tagInfo.suffix = _properties.getProperty(TagConfig.TAG_SUFFIX + 
tagId); 
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  return tagInfo; 
 } 
} 
/****************************************************************************/ 
 
 
File: ReaderConfig.java 
 
package com.wsu.rfid.config; 
 
public class ReaderConfig { 
 
 public String readerClass;  
 public String fileName; 
} 
/****************************************************************************/ 
 
 
File: ONSConfig.java 
 
package com.wsu.rfid.config; 
 
public class ONSConfig { 
  
 public String localReadService; 
  
 public String localWriteService; 
  
 
} 
/****************************************************************************/ 
 
 
File: Configuration.java 
 
package com.wsu.rfid.config; 
import java.io.*; 
import java.util.*; 
 
public class Configuration  
{ 
 private ReaderConfig _readerConfig; 
  
 private TagConfig _tagConfig; 
  
 private ONSConfig _onsConfig; 
  
 private static String CONFIG_FILE = "rfid.cfg"; 
  
 private static Configuration _instance; 
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 Properties _properties; 
  
 private Configuration()  throws IOException 
 { 
  FileInputStream reader = new 
FileInputStream(Configuration.CONFIG_FILE); 
  _properties = new Properties(); 
  _properties.load(reader); 
  reader.close(); 
 } 
  
 public static Configuration instance() throws IOException 
 { 
  if(_instance == null) 
   _instance = new Configuration(); 
  return _instance; 
 } 
  
 public ReaderConfig getReaderConfig() 
 { 
  
  if(_properties == null) 
   return null; 
   
  if(_readerConfig == null) 
  { 
   _readerConfig = new ReaderConfig(); 
   Enumeration enumerator = _properties.propertyNames(); 
   for (; enumerator.hasMoreElements(); )  
   { 
          // Get property name 
          String propName = (String)enumerator.nextElement(); 
          if(propName.equals("reader.file")) 
          { 
           _readerConfig.fileName = 
_properties.getProperty(propName); 
          } 
          else if(propName.equals("reader.class")) 
          { 
           _readerConfig.readerClass = 
_properties.getProperty(propName); 
          } 
           
   } 
  } 
  return _readerConfig; 
 } 
  
  
 public TagConfig getTagConfig() 
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 { 
  
  if(_properties == null) 
   return null; 
   
  if(_tagConfig == null) 
  { 
   _tagConfig = new TagConfig(_properties); 
  } 
  return _tagConfig; 
 } 
  
 public ONSConfig getONSConfig() 
 { 
  
  if(_properties == null) 
   return null; 
   
  if(_onsConfig == null) 
  { 
   _onsConfig = new ONSConfig(); 
   Enumeration enumerator = _properties.propertyNames(); 
   for (; enumerator.hasMoreElements(); )  
   { 
          // Get property name 
          String propName = (String)enumerator.nextElement(); 
          if(propName.equals("ons.localreadservice")) 
          { 
           _onsConfig.localReadService = 
_properties.getProperty(propName); 
          } 
          else if(propName.equals("ons.localwriteservice")) 
          { 
           _onsConfig.localWriteService = 
_properties.getProperty(propName); 
          } 
   } 
  } 
  return _onsConfig; 
 } 
} 
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/****************************************************************************/ 

Package: com.wsu.rfid.impl 
 

/****************************************************************************/ 
 
 

File: ReaderManagerSimulator 
 
package com.wsu.rfid.impl; 
 
import com.wsu.rfid.IReaderManager; 
import com.wsu.rfid.config.ReaderConfig; 
 
public class ReaderManagerSimulator implements IReaderManager { 
 
 public boolean initialize(ReaderConfig config) { 
  // TODO Auto-generated method stub 
  return false; 
 } 
 
 //public Tag parseTag(String binaryReaderTag) { 
  // TODO Auto-generated method stub 
  //return null; 
 //} 
 
} 
/****************************************************************************/ 
 
 
 
File: LocalOns.java 
 
package com.wsu.rfid.impl; 
 
import com.wsu.rfid.IOns; 
import com.wsu.rfid.ONSParams; 
import com.wsu.rfid.ws.*; 
import com.wsu.rfid.config.*; 
 
import javax.naming.directory.*; 
import javax.naming.NamingException; 
 
import java.io.IOException; 
import java.util.HashMap; 
 
public class LocalOns implements IOns { 
  
 
 // Create a hash table 
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 HashMap localCache = new HashMap(); 
   
 //Check if the domain name is locally cached 
 boolean isLocallyCached = false; 
  
 //To store the status of the locally cached domain name 
 int status; 
  
 String tagProdCode; 
  
 //TO-DO put this in config file 
 private String LOCAL_READ_SERVICE; // = 
"http://localhost/RFIDInfoService/ProductInfo.asmx"; 
 private String LOCAL_WRITE_SERVICE; // = 
"http://localhost/RFIDWriteService/WriteProduct.asmx"; 
 //private static String REMOTE_END_SERVICE = 
"http://192.168.1.100/RFIDInfoService/ProductInfo.asmx"; 
 private static int STATUS_PENDING = 1; 
 private static int STATUS_CONFIRMED = 2; 
  
 public void initialize(ONSConfig onsConfig) throws IOException 
 { 
  LOCAL_READ_SERVICE = onsConfig.localReadService; 
  LOCAL_WRITE_SERVICE = onsConfig.localWriteService; 
   
 } 
 
 public ONSParams getEndPoint(String domainName)  
 { 
   
  Attributes attrs = null; 
  String ipAddress = null; 
  String endService = null; 
  boolean success; 
  ONSParams ONSobject = new ONSParams(); 
   
  String splitUri[] = domainName.split("\\."); 
  tagProdCode = splitUri[0] + "." + splitUri[1]; 
 
  ONSobject.isLocallyCached = findInCache(tagProdCode); 
   
  if (ONSobject.isLocallyCached) 
  { 
   ONSobject.endService =  LOCAL_READ_SERVICE; 
  } 
  else 
  { 
   try 
         {    
     DirContext ictx = new InitialDirContext() ; 
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           attrs = ictx.getAttributes("dns:///"+domainName, 
new String[] {"NAPTR"}); 
           //System.out.println(attrs); 
           String s = attrs.toString(); 
           String sa[] = s.split("!"); 
           int stringCount = sa.length; 
           while(stringCount > 0)  
 
           { 
            if (sa[stringCount-1].length() > 4 && 
sa[stringCount-1].substring(0, 4).equals("http")) 
            { 
             ONSobject.endService = sa[stringCount-1]; 
             break; 
            } 
            stringCount = stringCount - 1; 
           } 
           
           makePendingEntry(tagProdCode); 
           status = STATUS_PENDING; 
         }  
         catch (NamingException e)  
         { 
          e.printStackTrace(); 
         } 
  } 
              
  return ONSobject; 
 } 
 
 public String getIPAddress(String endPoint) { 
  Attributes attrs = null; 
  try 
        { 
         DirContext ictx = new InitialDirContext() ; 
         attrs = ictx.getAttributes("dns:///"+endPoint, new String[] 
{"A"}); 
         //System.out.println(attrs); 
        }  
        catch (NamingException e)  
        { 
         e.printStackTrace(); 
        } 
  return attrs.toString(); 
 } 
  
 public void updateLocal(String values[]) throws IOException 
 { 
  Boolean success = false; 
  RFIDWriteServiceSoapProxy proxy = new 
RFIDWriteServiceSoapProxy(); 
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  proxy.setEndpoint(LOCAL_WRITE_SERVICE); 
     success =  proxy.writeProductInfo(Integer.parseInt(values[0]), 
values[1], values[2]);      
  if (status == STATUS_PENDING && success) 
  { 
   localCache.put(tagProdCode, STATUS_CONFIRMED); 
  
 private boolean findInCache(String tagProdCode) 
 { 
  boolean isCached = false; 
  Object stringStatus = new Object(); 
   
  //isCached = localCache.containsKey(tagProdCode); 
   
  stringStatus = localCache.get(tagProdCode); 
  if (stringStatus != null ) 
  { 
   status = Integer.parseInt(stringStatus.toString()); 
  } 
  else  
  { 
   status = 0; 
  } 
  if (status == 0 || status == STATUS_PENDING) 
  { 
   isCached = false;   
  } 
  else 
  { 
   isCached = true;    
  } 
   
  return isCached; 
 } 
 private void makePendingEntry(String tagProdCode) 
 { 
  //boolean isDone = false; 
   
  // Add key/value pairs to the map 
     localCache.put(tagProdCode, STATUS_PENDING); 
   
  //return isDone; 
    
 } 
 
} 
/****************************************************************************/ 
File: FileReader.java 
 
package com.wsu.rfid.impl; 
 
import com.wsu.rfid.*; 
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import com.wsu.rfid.config.ReaderConfig; 
 
import java.io.*; 
 
public class FileReader implements IReader { 
 
 private java.io.FileReader _fileReader ; 
 private BufferedReader _stream; 
 public void initialize(ReaderConfig config) throws IOException{ 
  try { 
   _fileReader = new java.io.FileReader(config.fileName); 
  } catch (FileNotFoundException e) { 
   throw new IOException("File not found" + config.fileName); 
  } 
  _stream = new BufferedReader(_fileReader); 
 } 
  
 public void destroy() 
 { 
  try 
  { 
   if(_stream != null) 
    _stream.close(); 
   if(_fileReader != null) 
    _fileReader.close(); 
   _stream = null; 
   _fileReader = null; 
  } 
  catch(Exception e) 
  {} 
 } 
 
 public String[] readBatch(int numItems, int timeout) throws 
IOException{ 
  return null; 
 } 
 
 public String readSingle() throws IOException{ 
  return _stream.readLine(); 
 } 
 
} 
/****************************************************************************/ 
 
 
File: EnterpriseAppSimulator.java 
 
 
package com.wsu.rfid.impl; 
 
import java.io.IOException; 
import com.wsu.rfid.IEnterpriseApp; 
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import com.wsu.rfid.ws.*; 
 
public class EnterpriseAppSimulator implements IEnterpriseApp { 
 
 public Object getProductInfo(String endPoint, int productCode)  throws 
IOException{ 
  RFIDInfoServiceSoapProxy proxy = new RFIDInfoServiceSoapProxy(); 
  proxy.setEndpoint(endPoint); 
 
 //proxy.setEndpoint("http://localhost/RFIDInfoService/ProductInfo.asmx"
); 
     return proxy.getProductInfo(productCode); 
 } 
 
 public String convertToURN(String uri)  
 { 
  return null; 
 } 
 
} 
/****************************************************************************/ 
 
File: ControllerApp.java 
 
package com.wsu.rfid.impl; 
 
import org.eclipse.swt.SWT; 
import org.eclipse.swt.events.SelectionAdapter; 
import org.eclipse.swt.events.SelectionEvent; 
import org.eclipse.swt.graphics.Point; 
import org.eclipse.swt.graphics.Rectangle; 
import org.eclipse.swt.layout.FillLayout; 
import org.eclipse.swt.layout.GridData; 
import org.eclipse.swt.layout.GridLayout; 
import org.eclipse.swt.widgets.Composite; 
import org.eclipse.swt.widgets.Display; 
import org.eclipse.swt.widgets.Menu; 
import org.eclipse.swt.widgets.MenuItem; 
import org.eclipse.swt.widgets.Shell; 
import org.eclipse.swt.widgets.Table; 
import org.eclipse.swt.widgets.TableColumn; 
import org.eclipse.swt.widgets.TableItem; 
import org.eclipse.swt.graphics.*; 
 
import com.cloudgarden.resource.SWTResourceManager; 
 
import com.wsu.rfid.*; 
import com.wsu.rfid.ws.*; 
import com.wsu.rfid.config.*; 
 
import java.io.FileNotFoundException; 
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import java.io.IOException; 
 
/** 
* This code was edited or generated using CloudGarden's Jigloo 
* SWT/Swing GUI Builder, which is free for non-commercial 
* use. If Jigloo is being used commercially (ie, by a corporation, 
* company or business for any purpose whatever) then you 
* should purchase a license for each developer using Jigloo. 
* Please visit www.cloudgarden.com for details. 
* Use of Jigloo implies acceptance of these licensing terms. 
* A COMMERCIAL LICENSE HAS NOT BEEN PURCHASED FOR 
* THIS MACHINE, SO JIGLOO OR THIS CODE CANNOT BE USED 
* LEGALLY FOR ANY CORPORATE OR COMMERCIAL PURPOSE. 
*/ 
public class ControllerApp extends org.eclipse.swt.widgets.Composite { 
 
 private Menu menu1; 
 private Table resultTable; 
 private MenuItem aboutMenuItem; 
 private MenuItem contentsMenuItem; 
 private Menu helpMenu; 
 private MenuItem helpMenuItem; 
 private MenuItem exitMenuItem; 
 private MenuItem closeFileMenuItem; 
 private MenuItem saveFileMenuItem; 
 private MenuItem newFileMenuItem; 
 private MenuItem openFileMenuItem; 
 private TableColumn manufacturer; 
 private TableColumn productName; 
 private TableColumn productCode; 
 private TableColumn timeTaken; 
 private TableColumn isLocal; 
 private TableColumn url; 
 private TableColumn tag; 
 private Menu fileMenu; 
 private MenuItem fileMenuItem; 
 IOns ons = new LocalOns(); 
 
 { 
  //Register as a resource user - SWTResourceManager will 
  //handle the obtaining and disposing of resources 
  SWTResourceManager.registerResourceUser(this); 
 } 
 
 public ControllerApp(Composite parent, int style) { 
  super(parent, style); 
  initGUI(); 
 } 
  
 /** 
 * Initializes the GUI. 
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 */ 
 private void initGUI() { 
  try { 
   this.setSize(909, 440); 
   this.setBackground(SWTResourceManager.getColor(192, 192, 
192)); 
   GridLayout thisLayout = new GridLayout(1, true); 
   thisLayout.marginWidth = 5; 
   thisLayout.marginHeight = 5; 
   thisLayout.numColumns = 1; 
   thisLayout.makeColumnsEqualWidth = true; 
   thisLayout.horizontalSpacing = 5; 
   thisLayout.verticalSpacing = 5; 
   this.setLayout(thisLayout); 
   { 
    GridData resultTableLData = new GridData(); 
    resultTableLData.widthHint = 874; 
    resultTableLData.heightHint = 360; 
    resultTable = new Table(this, SWT.NONE); 
    resultTable.setLayoutData(resultTableLData); 
    resultTable.setLinesVisible(true); 
    resultTable.setHeaderVisible(true); 
     
    { 
     tag = new TableColumn(resultTable, SWT.NONE); 
     tag.setText("Tag"); 
     tag.setWidth(207); 
    } 
    { 
     url = new TableColumn(resultTable, SWT.NONE); 
     url.setText("URL"); 
     url.setWidth(223); 
    } 
    { 
     isLocal = new TableColumn(resultTable, 
SWT.NONE); 
     isLocal.setText("Local"); 
     isLocal.setWidth(40); 
    } 
    { 
     productCode = new TableColumn(resultTable, 
SWT.NONE); 
     productCode.setText("Product Code"); 
     productCode.setWidth(80); 
    } 
    { 
     productName = new TableColumn(resultTable, 
SWT.NONE); 
     productName.setText("Product Name"); 
     productName.setWidth(128); 
    } 
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    { 
     manufacturer = new TableColumn(resultTable, 
SWT.NONE); 
     manufacturer.setText("Manufacturer"); 
     manufacturer.setWidth(116); 
    } 
    { 
     timeTaken = new TableColumn(resultTable, 
SWT.NONE); 
     timeTaken.setText("Time Taken (ms)"); 
     timeTaken.setWidth(94); 
    } 
 
   
   } 
   { 
    menu1 = new Menu(getShell(), SWT.BAR); 
    getShell().setMenuBar(menu1); 
    { 
     fileMenuItem = new MenuItem(menu1, 
SWT.CASCADE); 
     fileMenuItem.setText("File"); 
      
     { 
      fileMenu = new Menu(fileMenuItem); 
      { 
       openFileMenuItem = new 
MenuItem(fileMenu, SWT.CASCADE); 
       openFileMenuItem.setText("Start 
Simulation"); 
      
 openFileMenuItem.addSelectionListener(new SelectionAdapter() { 
        public void 
widgetSelected(SelectionEvent evt) { 
         startSimulation(evt); 
        } 
       }); 
      } 
      { 
       exitMenuItem = new 
MenuItem(fileMenu, SWT.CASCADE); 
       exitMenuItem.setText("Exit"); 
      
 exitMenuItem.addSelectionListener(new SelectionAdapter() { 
        public void 
widgetSelected(SelectionEvent evt) { 
         exit(evt); 
        } 
       }); 
      } 
      fileMenuItem.setMenu(fileMenu); 
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     } 
    } 
    { 
     helpMenuItem = new MenuItem(menu1, 
SWT.CASCADE); 
     helpMenuItem.setText("Help"); 
     { 
      helpMenu = new Menu(helpMenuItem); 
      { 
       contentsMenuItem = new 
MenuItem(helpMenu, SWT.CASCADE); 
      
 contentsMenuItem.setText("Contents"); 
      } 
      { 
       aboutMenuItem = new 
MenuItem(helpMenu, SWT.CASCADE); 
       aboutMenuItem.setText("About"); 
      } 
      helpMenuItem.setMenu(helpMenu); 
     } 
    } 
   } 
   this.layout(); 
   ONSConfig onsConfig = 
Configuration.instance().getONSConfig(); 
   ons.initialize(onsConfig); 
  } catch (Exception e) { 
   e.printStackTrace(); 
  } 
 
 } 
  
 /** 
 * Auto-generated main method to display this  
 * org.eclipse.swt.widgets.Composite inside a new Shell. 
 */ 
 public static void main(String[] args) { 
  Display display = Display.getDefault(); 
  Shell shell = new Shell(display); 
  ControllerApp inst = new ControllerApp(shell, SWT.NULL); 
  Point size = inst.getSize(); 
  shell.setLayout(new FillLayout()); 
  shell.setText("RFID Simulator"); 
  shell.layout(); 
  if(size.x == 0 && size.y == 0) { 
   inst.pack(); 
   shell.pack(); 
  } else { 
   Rectangle shellBounds = shell.computeTrim(0, 0, size.x, 
size.y); 
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   shell.setSize(shellBounds.width, shellBounds.height); 
  } 
  shell.open(); 
  while (!shell.isDisposed()) { 
   if (!display.readAndDispatch()) 
    display.sleep(); 
  } 
 } 
  
 private void startSimulation(SelectionEvent evt) { 
  int NUMBER_OF_TAGS = 30; 
  try 
  { 
    
   //IReaderManager manager= new ReaderManagerSimulator(); 
   ReaderConfig readerConfig = 
Configuration.instance().getReaderConfig(); 
   IReader reader = 
ReaderFactory.instance().getReader(readerConfig); 
   //IOns ons = new LocalOns(); 
   IEnterpriseApp enterpriseApp = new 
EnterpriseAppSimulator(); 
    Display disp = Display.getCurrent(); 
    Color red = disp.getSystemColor(SWT.COLOR_RED); 
    
    
   //manager.initialize(readerConfig); 
   for(int i =0; i<NUMBER_OF_TAGS; i++) 
   {  
    long start = System.currentTimeMillis(); 
    String rawTag  = reader.readSingle(); 
    ITag tag = TagFactory.instance().parseTag(rawTag); 
    //String uri = 
enterpriseApp.convertToURN(tag.getURI()); 
    ONSParams ONSobject = ons.getEndPoint(tag.getURN()); 
    //String IPAddress = ons.getIPAddress(endPoint); 
    Object info = 
enterpriseApp.getProductInfo(ONSobject.endService, tag.getObjectClass()); 
    //System.out.println(info); 
     
    Item item = (Item)info; 
    int itemCount = 0; 
    itemCount = item.getValues().length; 
    String values[] = item.getValues(); 
    TableItem tableItem = new TableItem(resultTable, 
SWT.NONE); 
    int colCount = 0; 
    tableItem.setText(colCount++,tag.getTagDecimal()); 
    writeToFile(tag.getTagDecimal()); //delete 
    tableItem.setText(colCount++,tag.getURN()); 
    writeToFile(","+tag.getURN());//delete 
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    String isLocal; 
    if(ONSobject.isLocallyCached) 
    { 
     isLocal ="Yes"; 
    } 
    else 
    { 
     isLocal = "No"; 
     tableItem.setForeground(red); 
     if (itemCount != 0) 
     { 
      ons.updateLocal(values); 
     } 
    } 
    tableItem.setText(colCount++,isLocal); 
    writeToFile(","+isLocal);//delete 
    int valueCount = itemCount; 
    long time = System.currentTimeMillis() - start; 
    while (itemCount > 0) 
    {     
     tableItem.setText(colCount++,values[valueCount- 
itemCount]); 
     writeToFile(","+values[valueCount- 
itemCount]);//delete 
     itemCount = itemCount - 1; 
    } 
    tableItem.setText(colCount, Long.toString(time));  
    writeToFile(","+Long.toString(time));//delete 
    writeToFile("\r\n");//delete 
    resultTable.update(); 
    resultTable.redraw(); 
     
     
   } 
 
 
    
  } 
  catch(IOException ioe){} 
  catch(IllegalArgumentException iaex){} 
   
  //TODO add your code for fileMenuItem.widgetSelected 
 } 
  
 private void writeToFile(String text) 
 { 
  try { 
   java.io.BufferedWriter out = new java.io.BufferedWriter(new 
java.io.FileWriter("C:\\results.csv", true)); 
   out.write(text); 
   out.close(); 
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   } catch (IOException e) { 
   }  
 } 
 private void exit(SelectionEvent evt) 
 { 
   
 } 
  
  
 public TableColumn getTag() { 
  return tag; 
 } 
  
 public TableColumn getUrl() { 
  return url; 
 } 
  
 public TableColumn getIsLocal() { 
  return isLocal; 
 } 
  
 public TableColumn getManufacturer() { 
  return manufacturer; 
 } 
 
} 
/****************************************************************************/ 

Package: com.wsu.rfid.tag 
 

/****************************************************************************/ 
 
 

File: TagBase.java 
 

package com.wsu.rfid.tag; 
 
import com.wsu.rfid.ITag; 
 
public abstract class TagBase implements ITag { 
 
 private int _tagHeader; 
 private int _generalManagerNum; 
 private int _objectClassNum; 
 private long _serialNum; 
  
 private String _tagDecimal; 
 private String _tagURI; 
 private String _tagURN; 
  
 public String getDomain() { 
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  // TODO Auto-generated method stub 
  return null; 
 } 
 
 public int getTagHeader() { 
  return _tagHeader; 
 } 
  
 public int getGeneralManager() { 
  return _generalManagerNum; 
 } 
 
 public int getObjectClass() { 
  return _objectClassNum; 
 } 
 
 public long getSerialNumber() { 
   
  return _serialNum; 
 } 
 
 public String getTagDecimal() { 
  // TODO Auto-generated method stub 
  return _tagDecimal; 
 } 
 
 public String getURI() { 
  // TODO Auto-generated method stub 
  return _tagURI; 
 } 
  
 public String getURN() { 
  // TODO Auto-generated method stub 
  return _tagURN; 
 } 
 public abstract void parse(String rawTag); 
  
 //setters 
 protected void setDomain(String domain) { 
 } 
 
 protected void setTagHeader(int th) { 
  _tagHeader = th; 
 } 
  
 protected void setGeneralManager(int gm) { 
  _generalManagerNum = gm; 
 } 
 
 protected void setObjectClass(int oc) { 
  _objectClassNum = oc; 
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 } 
 
 protected void setSerialNumber(long sn) { 
  _serialNum = sn; 
 } 
  
 protected void setTagDecimal(String tag ) { 
  _tagDecimal = tag; 
 } 
  
 protected void setURI(String uri) { 
  _tagURI = uri; 
 } 
  
 protected void setURN(String urn) { 
  _tagURN = urn; 
 } 
} 
/****************************************************************************/ 
 
File: GID96.java 
 
package com.wsu.rfid.tag; 
 
import java.io.BufferedReader; 
import java.io.FileNotFoundException; 
import java.io.IOException; 
import com.wsu.rfid.config.*; 
 
import com.wsu.rfid.config.ReaderConfig; 
 
public class GID96 extends TagBase { 
 
 //TODO this must go into a config 
 private String GID96_PREFIX;// = "urn:epc:id:gid:"; 
 private String GID96_SUFFIX;// = "gid.id.onsepc.com"; 
  
 /*public void initialize() throws IOException 
 { 
  try  
  { 
   TagConfig tagConfig = 
Configuration.instance().getTagConfig("gid96"); 
   GID96_PREFIX = tagConfig.tagPrefix; 
   GID96_SUFFIX = tagConfig.tagSuffix; 
  } 
  catch (FileNotFoundException e) 
  { 
   throw new IOException("Configuration file not found"); 
  }  
 }*/ 
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 public void parse(String binaryReaderTag)  
 { 
 
 super.setTagHeader(Integer.parseInt(binaryReaderTag.substring(0,8), 
2)); 
   
  try  
  { 
   TagConfig.TagInfo tagInfo = 
Configuration.instance().getTagConfig().getTagInfo(Integer.toString(super.get
TagHeader())); 
   GID96_PREFIX = tagInfo.prefix; 
   GID96_SUFFIX = tagInfo.suffix ; 
  } 
  catch (IOException e){} 
   
   
   
  //Bits b87b86…b60, considered as an unsigned integer, are the 
General Manager Number. 
 
 super.setGeneralManager(Integer.parseInt(binaryReaderTag.substring(8,28 
+ 8), 2)); 
   
  //Bits b59b58…b36, considered as an unsigned integer, are the 
Object Class. 
 
 super.setObjectClass(Integer.parseInt(binaryReaderTag.substring(36,24 + 
36),2)); 
   
  //Bits b35b34…b0, considered as an unsigned integer, are the 
Serial Number. 
 
 super.setSerialNumber(Long.parseLong(binaryReaderTag.substring(60,36 + 
60),2)); 
  
  //Convert to Decimal form for display 
  super.setTagDecimal(super.getTagHeader() + "." 
+super.getGeneralManager() + "." + super.getObjectClass() + "." + 
super.getSerialNumber()); 
   
  //Convert to URI 
  super.setURI(GID96_PREFIX + ":" + super.getGeneralManager() + "." 
+ super.getObjectClass() + "." + super.getSerialNumber()); 
   
  //Convert to URN 
  super.setURN(super.getObjectClass() + "." + 
super.getGeneralManager() + "." + GID96_SUFFIX); 
 } 
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 public String toString() 
 { 
  return super.getURI(); 
 } 
 
} 
/****************************************************************************/ 

Package: com.wsu.rfid.ws 
 

/****************************************************************************/ 
 

 
File: RFIDWriteServiceSoapStub.java 
 
/** 
 * RFIDWriteServiceSoapStub.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public class RFIDWriteServiceSoapStub extends org.apache.axis.client.Stub 
implements com.wsu.rfid.ws.RFIDWriteServiceSoap { 
    private java.util.Vector cachedSerClasses = new java.util.Vector(); 
    private java.util.Vector cachedSerQNames = new java.util.Vector(); 
    private java.util.Vector cachedSerFactories = new java.util.Vector(); 
    private java.util.Vector cachedDeserFactories = new java.util.Vector(); 
 
    static org.apache.axis.description.OperationDesc [] _operations; 
 
    static { 
        _operations = new org.apache.axis.description.OperationDesc[1]; 
        _initOperationDesc1(); 
    } 
 
    private static void _initOperationDesc1(){ 
        org.apache.axis.description.OperationDesc oper; 
        org.apache.axis.description.ParameterDesc param; 
        oper = new org.apache.axis.description.OperationDesc(); 
        oper.setName("writeProductInfo"); 
        param = new org.apache.axis.description.ParameterDesc(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "productId"), 
org.apache.axis.description.ParameterDesc.IN, new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "int"), 
int.class, false, false); 
        oper.addParameter(param); 
        param = new org.apache.axis.description.ParameterDesc(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "productName"),  
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org.apache.axis.description.ParameterDesc.IN, new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "string"), 
java.lang.String.class, false, false); 
        param.setOmittable(true); 
        oper.addParameter(param); 
        param = new org.apache.axis.description.ParameterDesc(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "prodManufacturer"), 
org.apache.axis.description.ParameterDesc.IN, new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "string"), 
java.lang.String.class, false, false); 
        param.setOmittable(true); 
        oper.addParameter(param); 
        oper.setReturnType(new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "boolean")); 
        oper.setReturnClass(boolean.class); 
        oper.setReturnQName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"writeProductInfoResult")); 
        oper.setStyle(org.apache.axis.constants.Style.WRAPPED); 
        oper.setUse(org.apache.axis.constants.Use.LITERAL); 
        _operations[0] = oper; 
 
    } 
 
    public RFIDWriteServiceSoapStub() throws org.apache.axis.AxisFault { 
         this(null); 
    } 
 
    public RFIDWriteServiceSoapStub(java.net.URL endpointURL, 
javax.xml.rpc.Service service) throws org.apache.axis.AxisFault { 
         this(service); 
         super.cachedEndpoint = endpointURL; 
    } 
 
    public RFIDWriteServiceSoapStub(javax.xml.rpc.Service service) throws 
org.apache.axis.AxisFault { 
        if (service == null) { 
            super.service = new org.apache.axis.client.Service(); 
        } else { 
            super.service = service; 
        } 
        
((org.apache.axis.client.Service)super.service).setTypeMappingVersion("1.2"); 
    } 
 
    protected org.apache.axis.client.Call createCall() throws 
java.rmi.RemoteException { 
        try { 
            org.apache.axis.client.Call _call = super._createCall(); 
            if (super.maintainSessionSet) { 
                _call.setMaintainSession(super.maintainSession); 
            } 
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            if (super.cachedUsername != null) { 
                _call.setUsername(super.cachedUsername); 
            } 
            if (super.cachedPassword != null) { 
                _call.setPassword(super.cachedPassword); 
            } 
            if (super.cachedEndpoint != null) { 
                _call.setTargetEndpointAddress(super.cachedEndpoint); 
            } 
            if (super.cachedTimeout != null) { 
                _call.setTimeout(super.cachedTimeout); 
            } 
            if (super.cachedPortName != null) { 
                _call.setPortName(super.cachedPortName); 
            } 
            java.util.Enumeration keys = super.cachedProperties.keys(); 
            while (keys.hasMoreElements()) { 
                java.lang.String key = (java.lang.String) keys.nextElement(); 
                _call.setProperty(key, super.cachedProperties.get(key)); 
            } 
            return _call; 
        } 
        catch (java.lang.Throwable _t) { 
            throw new org.apache.axis.AxisFault("Failure trying to get the 
Call object", _t); 
        } 
    } 
 
    public boolean writeProductInfo(int productId, java.lang.String 
productName, java.lang.String prodManufacturer) throws 
java.rmi.RemoteException { 
        if (super.cachedEndpoint == null) { 
            throw new org.apache.axis.NoEndPointException(); 
        } 
        org.apache.axis.client.Call _call = createCall(); 
        _call.setOperation(_operations[0]); 
        _call.setUseSOAPAction(true); 
        _call.setSOAPActionURI("http://ws.rfid.wsu.com/writeProductInfo"); 
        _call.setEncodingStyle(null); 
        _call.setProperty(org.apache.axis.client.Call.SEND_TYPE_ATTR, 
Boolean.FALSE); 
        _call.setProperty(org.apache.axis.AxisEngine.PROP_DOMULTIREFS, 
Boolean.FALSE); 
        
_call.setSOAPVersion(org.apache.axis.soap.SOAPConstants.SOAP11_CONSTANTS); 
        _call.setOperationName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "writeProductInfo")); 
 
        setRequestHeaders(_call); 
        setAttachments(_call); 
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 try {        java.lang.Object _resp = _call.invoke(new java.lang.Object[] 
{new java.lang.Integer(productId), productName, prodManufacturer}); 
 
        if (_resp instanceof java.rmi.RemoteException) { 
            throw (java.rmi.RemoteException)_resp; 
        } 
        else { 
            extractAttachments(_call); 
            try { 
                return ((java.lang.Boolean) _resp).booleanValue(); 
            } catch (java.lang.Exception _exception) { 
                return ((java.lang.Boolean) 
org.apache.axis.utils.JavaUtils.convert(_resp, 
boolean.class)).booleanValue(); 
            } 
        } 
  } catch (org.apache.axis.AxisFault axisFaultException) { 
  throw axisFaultException; 
} 
    } 
 
} 
/****************************************************************************/ 
 
 
File: RFIDWriteServiceSoapProxy.java 
 
package com.wsu.rfid.ws; 
 
public class RFIDWriteServiceSoapProxy implements 
com.wsu.rfid.ws.RFIDWriteServiceSoap { 
  private String _endpoint = null; 
  private com.wsu.rfid.ws.RFIDWriteServiceSoap rFIDWriteServiceSoap = null; 
   
  public RFIDWriteServiceSoapProxy() { 
    _initRFIDWriteServiceSoapProxy(); 
  } 
   
  public RFIDWriteServiceSoapProxy(String endpoint) { 
    _endpoint = endpoint; 
    _initRFIDWriteServiceSoapProxy(); 
  } 
   
  private void _initRFIDWriteServiceSoapProxy() { 
    try { 
      rFIDWriteServiceSoap = (new 
com.wsu.rfid.ws.RFIDWriteServiceLocator()).getRFIDWriteServiceSoap(); 
      if (rFIDWriteServiceSoap != null) { 
        if (_endpoint != null) 
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((javax.xml.rpc.Stub)rFIDWriteServiceSoap)._setProperty("javax.xml.rpc.servic
e.endpoint.address", _endpoint); 
        else 
          _endpoint = 
(String)((javax.xml.rpc.Stub)rFIDWriteServiceSoap)._getProperty("javax.xml.rp
c.service.endpoint.address"); 
      } 
       
    } 
    catch (javax.xml.rpc.ServiceException serviceException) {} 
  } 
   
  public String getEndpoint() { 
    return _endpoint; 
  } 
   
  public void setEndpoint(String endpoint) { 
    _endpoint = endpoint; 
    if (rFIDWriteServiceSoap != null) 
      
((javax.xml.rpc.Stub)rFIDWriteServiceSoap)._setProperty("javax.xml.rpc.servic
e.endpoint.address", _endpoint); 
     
  } 
   
  public com.wsu.rfid.ws.RFIDWriteServiceSoap getRFIDWriteServiceSoap() { 
    if (rFIDWriteServiceSoap == null) 
      _initRFIDWriteServiceSoapProxy(); 
    return rFIDWriteServiceSoap; 
  } 
   
  public boolean writeProductInfo(int productId, java.lang.String 
productName, java.lang.String prodManufacturer) throws 
java.rmi.RemoteException{ 
    if (rFIDWriteServiceSoap == null) 
      _initRFIDWriteServiceSoapProxy(); 
    return rFIDWriteServiceSoap.writeProductInfo(productId, productName, 
prodManufacturer); 
  } 
   
   
} 
/****************************************************************************/ 
 
 
File: RFIDWriteServiceSoap.java 
 
/** 
 * RFIDWriteServiceSoap.java 
 * 
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 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public interface RFIDWriteServiceSoap extends java.rmi.Remote { 
    public boolean writeProductInfo(int productId, java.lang.String 
productName, java.lang.String prodManufacturer) throws 
java.rmi.RemoteException; 
} 
/****************************************************************************/ 
 
 
File: RFIDWriteServiceLocator.java 
 
/** 
 * RFIDWriteServiceLocator.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public class RFIDWriteServiceLocator extends org.apache.axis.client.Service 
implements com.wsu.rfid.ws.RFIDWriteService { 
 
/** 
 * This web service writes the product information to the local database 
 */ 
 
    public RFIDWriteServiceLocator() { 
    } 
 
 
    public RFIDWriteServiceLocator(org.apache.axis.EngineConfiguration 
config) { 
        super(config); 
    } 
 
    public RFIDWriteServiceLocator(java.lang.String wsdlLoc, 
javax.xml.namespace.QName sName) throws javax.xml.rpc.ServiceException { 
        super(wsdlLoc, sName); 
    } 
 
    // Use to get a proxy class for RFIDWriteServiceSoap 
    private java.lang.String RFIDWriteServiceSoap_address = 
"http://localhost/RFIDWriteService/WriteProduct.asmx"; 
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    public java.lang.String getRFIDWriteServiceSoapAddress() { 
        return RFIDWriteServiceSoap_address; 
    } 
 
    // The WSDD service name defaults to the port name. 
    private java.lang.String RFIDWriteServiceSoapWSDDServiceName = 
"RFIDWriteServiceSoap"; 
 
    public java.lang.String getRFIDWriteServiceSoapWSDDServiceName() { 
        return RFIDWriteServiceSoapWSDDServiceName; 
    } 
 
    public void setRFIDWriteServiceSoapWSDDServiceName(java.lang.String name) 
{ 
        RFIDWriteServiceSoapWSDDServiceName = name; 
    } 
 
    public com.wsu.rfid.ws.RFIDWriteServiceSoap getRFIDWriteServiceSoap() 
throws javax.xml.rpc.ServiceException { 
       java.net.URL endpoint; 
        try { 
            endpoint = new java.net.URL(RFIDWriteServiceSoap_address); 
        } 
        catch (java.net.MalformedURLException e) { 
            throw new javax.xml.rpc.ServiceException(e); 
        } 
        return getRFIDWriteServiceSoap(endpoint); 
    } 
 
    public com.wsu.rfid.ws.RFIDWriteServiceSoap 
getRFIDWriteServiceSoap(java.net.URL portAddress) throws 
javax.xml.rpc.ServiceException { 
        try { 
            com.wsu.rfid.ws.RFIDWriteServiceSoapStub _stub = new 
com.wsu.rfid.ws.RFIDWriteServiceSoapStub(portAddress, this); 
            _stub.setPortName(getRFIDWriteServiceSoapWSDDServiceName()); 
            return _stub; 
        } 
        catch (org.apache.axis.AxisFault e) { 
            return null; 
        } 
    } 
 
    public void setRFIDWriteServiceSoapEndpointAddress(java.lang.String 
address) { 
        RFIDWriteServiceSoap_address = address; 
    } 
 
    /** 
     * For the given interface, get the stub implementation. 
     * If this service has no port for the given interface, 
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     * then ServiceException is thrown. 
     */ 
    public java.rmi.Remote getPort(Class serviceEndpointInterface) throws 
javax.xml.rpc.ServiceException { 
        try { 
            if 
(com.wsu.rfid.ws.RFIDWriteServiceSoap.class.isAssignableFrom(serviceEndpointI
nterface)) { 
                com.wsu.rfid.ws.RFIDWriteServiceSoapStub _stub = new 
com.wsu.rfid.ws.RFIDWriteServiceSoapStub(new 
java.net.URL(RFIDWriteServiceSoap_address), this); 
                _stub.setPortName(getRFIDWriteServiceSoapWSDDServiceName()); 
                return _stub; 
            } 
        } 
        catch (java.lang.Throwable t) { 
            throw new javax.xml.rpc.ServiceException(t); 
        } 
        throw new javax.xml.rpc.ServiceException("There is no stub 
implementation for the interface:  " + (serviceEndpointInterface == null ? 
"null" : serviceEndpointInterface.getName())); 
    } 
 
    /** 
     * For the given interface, get the stub implementation. 
     * If this service has no port for the given interface, 
     * then ServiceException is thrown. 
     */ 
    public java.rmi.Remote getPort(javax.xml.namespace.QName portName, Class 
serviceEndpointInterface) throws javax.xml.rpc.ServiceException { 
        if (portName == null) { 
            return getPort(serviceEndpointInterface); 
        } 
        java.lang.String inputPortName = portName.getLocalPart(); 
        if ("RFIDWriteServiceSoap".equals(inputPortName)) { 
            return getRFIDWriteServiceSoap(); 
        } 
        else  { 
            java.rmi.Remote _stub = getPort(serviceEndpointInterface); 
            ((org.apache.axis.client.Stub) _stub).setPortName(portName); 
            return _stub; 
        } 
    } 
 
    public javax.xml.namespace.QName getServiceName() { 
        return new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"RFIDWriteService"); 
    } 
 
    private java.util.HashSet ports = null; 
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    public java.util.Iterator getPorts() { 
        if (ports == null) { 
            ports = new java.util.HashSet(); 
            ports.add(new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"RFIDWriteServiceSoap")); 
        } 
        return ports.iterator(); 
    } 
 
    /** 
    * Set the endpoint address for the specified port name. 
    */ 
    public void setEndpointAddress(java.lang.String portName, 
java.lang.String address) throws javax.xml.rpc.ServiceException { 
         
if ("RFIDWriteServiceSoap".equals(portName)) { 
            setRFIDWriteServiceSoapEndpointAddress(address); 
        } 
        else  
{ // Unknown Port Name 
            throw new javax.xml.rpc.ServiceException(" Cannot set Endpoint 
Address for Unknown Port" + portName); 
        } 
    } 
 
    /** 
    * Set the endpoint address for the specified port name. 
    */ 
    public void setEndpointAddress(javax.xml.namespace.QName portName, 
java.lang.String address) throws javax.xml.rpc.ServiceException { 
        setEndpointAddress(portName.getLocalPart(), address); 
    } 
 
} 
/****************************************************************************/ 
 
 
File: RFIDWriteService.java 
 
/** 
 * RFIDWriteService.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public interface RFIDWriteService extends javax.xml.rpc.Service { 
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/** 
 * This web service writes the product information to the local database 
 */ 
    public java.lang.String getRFIDWriteServiceSoapAddress(); 
 
    public com.wsu.rfid.ws.RFIDWriteServiceSoap getRFIDWriteServiceSoap() 
throws javax.xml.rpc.ServiceException; 
 
    public com.wsu.rfid.ws.RFIDWriteServiceSoap 
getRFIDWriteServiceSoap(java.net.URL portAddress) throws 
javax.xml.rpc.ServiceException; 
} 
/****************************************************************************/ 
 
 
File: RFIDInfoServiceSoapStub.java 
 
/** 
 * RFIDInfoServiceSoapStub.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public class RFIDInfoServiceSoapStub extends org.apache.axis.client.Stub 
implements com.wsu.rfid.ws.RFIDInfoServiceSoap { 
    private java.util.Vector cachedSerClasses = new java.util.Vector(); 
    private java.util.Vector cachedSerQNames = new java.util.Vector(); 
    private java.util.Vector cachedSerFactories = new java.util.Vector(); 
    private java.util.Vector cachedDeserFactories = new java.util.Vector(); 
 
    static org.apache.axis.description.OperationDesc [] _operations; 
 
    static { 
        _operations = new org.apache.axis.description.OperationDesc[1]; 
        _initOperationDesc1(); 
    } 
 
    private static void _initOperationDesc1(){ 
        org.apache.axis.description.OperationDesc oper; 
        org.apache.axis.description.ParameterDesc param; 
        oper = new org.apache.axis.description.OperationDesc(); 
        oper.setName("getProductInfo"); 
        param = new org.apache.axis.description.ParameterDesc(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "tag"), 
org.apache.axis.description.ParameterDesc.IN, new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "int"), 
int.class, false, false); 
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        oper.addParameter(param); 
        oper.setReturnType(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "Item")); 
        oper.setReturnClass(com.wsu.rfid.ws.Item.class); 
        oper.setReturnQName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "getProductInfoResult")); 
        oper.setStyle(org.apache.axis.constants.Style.WRAPPED); 
        oper.setUse(org.apache.axis.constants.Use.LITERAL); 
        _operations[0] = oper; 
 
    } 
 
    public RFIDInfoServiceSoapStub() throws org.apache.axis.AxisFault { 
         this(null); 
    } 
 
    public RFIDInfoServiceSoapStub(java.net.URL endpointURL, 
javax.xml.rpc.Service service) throws org.apache.axis.AxisFault { 
         this(service); 
         super.cachedEndpoint = endpointURL; 
    } 
 
    public RFIDInfoServiceSoapStub(javax.xml.rpc.Service service) throws 
org.apache.axis.AxisFault { 
        if (service == null) { 
            super.service = new org.apache.axis.client.Service(); 
        } else { 
            super.service = service; 
        } 
        
((org.apache.axis.client.Service)super.service).setTypeMappingVersion("1.2"); 
            java.lang.Class cls; 
            javax.xml.namespace.QName qName; 
            javax.xml.namespace.QName qName2; 
            java.lang.Class beansf = 
org.apache.axis.encoding.ser.BeanSerializerFactory.class; 
            java.lang.Class beandf = 
org.apache.axis.encoding.ser.BeanDeserializerFactory.class; 
            java.lang.Class enumsf = 
org.apache.axis.encoding.ser.EnumSerializerFactory.class; 
            java.lang.Class enumdf = 
org.apache.axis.encoding.ser.EnumDeserializerFactory.class; 
            java.lang.Class arraysf = 
org.apache.axis.encoding.ser.ArraySerializerFactory.class; 
            java.lang.Class arraydf = 
org.apache.axis.encoding.ser.ArrayDeserializerFactory.class; 
            java.lang.Class simplesf = 
org.apache.axis.encoding.ser.SimpleSerializerFactory.class; 
            java.lang.Class simpledf = 
org.apache.axis.encoding.ser.SimpleDeserializerFactory.class; 
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            java.lang.Class simplelistsf = 
org.apache.axis.encoding.ser.SimpleListSerializerFactory.class; 
            java.lang.Class simplelistdf = 
org.apache.axis.encoding.ser.SimpleListDeserializerFactory.class; 
            qName = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"ArrayOfInt"); 
            cachedSerQNames.add(qName); 
            cls = int[].class; 
            cachedSerClasses.add(cls); 
            qName = new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "int"); 
            qName2 = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"int"); 
            cachedSerFactories.add(new 
org.apache.axis.encoding.ser.ArraySerializerFactory(qName, qName2)); 
            cachedDeserFactories.add(new 
org.apache.axis.encoding.ser.ArrayDeserializerFactory()); 
 
            qName = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"ArrayOfString"); 
            cachedSerQNames.add(qName); 
            cls = java.lang.String[].class; 
            cachedSerClasses.add(cls); 
            qName = new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "string"); 
            qName2 = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"string"); 
            cachedSerFactories.add(new 
org.apache.axis.encoding.ser.ArraySerializerFactory(qName, qName2)); 
            cachedDeserFactories.add(new 
org.apache.axis.encoding.ser.ArrayDeserializerFactory()); 
 
            qName = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"Item"); 
            cachedSerQNames.add(qName); 
            cls = com.wsu.rfid.ws.Item.class; 
            cachedSerClasses.add(cls); 
            cachedSerFactories.add(beansf); 
            cachedDeserFactories.add(beandf); 
 
    } 
 
    protected org.apache.axis.client.Call createCall() throws 
java.rmi.RemoteException { 
        try { 
            org.apache.axis.client.Call _call = super._createCall(); 
            if (super.maintainSessionSet) { 
                _call.setMaintainSession(super.maintainSession); 
            } 
            if (super.cachedUsername != null) { 
                _call.setUsername(super.cachedUsername); 
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            } 
            if (super.cachedPassword != null) { 
                _call.setPassword(super.cachedPassword); 
            } 
            if (super.cachedEndpoint != null) { 
                _call.setTargetEndpointAddress(super.cachedEndpoint); 
            } 
            if (super.cachedTimeout != null) { 
                _call.setTimeout(super.cachedTimeout); 
            } 
            if (super.cachedPortName != null) { 
                _call.setPortName(super.cachedPortName); 
            } 
            java.util.Enumeration keys = super.cachedProperties.keys(); 
            while (keys.hasMoreElements()) { 
                java.lang.String key = (java.lang.String) keys.nextElement(); 
                _call.setProperty(key, super.cachedProperties.get(key)); 
            } 
            // All the type mapping information is registered 
            // when the first call is made. 
            // The type mapping information is actually registered in 
            // the TypeMappingRegistry of the service, which 
            // is the reason why registration is only needed for the first 
call. 
            synchronized (this) { 
                if (firstCall()) { 
                    // must set encoding style before registering serializers 
                    _call.setEncodingStyle(null); 
                    for (int i = 0; i < cachedSerFactories.size(); ++i) { 
                        java.lang.Class cls = (java.lang.Class) 
cachedSerClasses.get(i); 
                        javax.xml.namespace.QName qName = 
                                (javax.xml.namespace.QName) 
cachedSerQNames.get(i); 
                        java.lang.Object x = cachedSerFactories.get(i); 
                        if (x instanceof Class) { 
                            java.lang.Class sf = (java.lang.Class) 
                                 cachedSerFactories.get(i); 
                            java.lang.Class df = (java.lang.Class) 
                                 cachedDeserFactories.get(i); 
                            _call.registerTypeMapping(cls, qName, sf, df, 
false); 
                        } 
                        else if (x instanceof 
javax.xml.rpc.encoding.SerializerFactory) { 
                            org.apache.axis.encoding.SerializerFactory sf = 
(org.apache.axis.encoding.SerializerFactory) 
                                 cachedSerFactories.get(i); 
                            org.apache.axis.encoding.DeserializerFactory df = 
(org.apache.axis.encoding.DeserializerFactory) 
                                 cachedDeserFactories.get(i); 
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                            _call.registerTypeMapping(cls, qName, sf, df, 
false); 
                        } 
                    } 
                } 
            } 
            return _call; 
        } 
        catch (java.lang.Throwable _t) { 
            throw new org.apache.axis.AxisFault("Failure trying to get the 
Call object", _t); 
        } 
    } 
 
    public com.wsu.rfid.ws.Item getProductInfo(int tag) throws 
java.rmi.RemoteException { 
        if (super.cachedEndpoint == null) { 
            throw new org.apache.axis.NoEndPointException(); 
        } 
        org.apache.axis.client.Call _call = createCall(); 
        _call.setOperation(_operations[0]); 
        _call.setUseSOAPAction(true); 
        _call.setSOAPActionURI("http://ws.rfid.wsu.com/getProductInfo"); 
        _call.setEncodingStyle(null); 
        _call.setProperty(org.apache.axis.client.Call.SEND_TYPE_ATTR, 
Boolean.FALSE); 
        _call.setProperty(org.apache.axis.AxisEngine.PROP_DOMULTIREFS, 
Boolean.FALSE); 
        
_call.setSOAPVersion(org.apache.axis.soap.SOAPConstants.SOAP11_CONSTANTS); 
        _call.setOperationName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "getProductInfo")); 
 
        setRequestHeaders(_call); 
        setAttachments(_call); 
 try {        java.lang.Object _resp = _call.invoke(new java.lang.Object[] 
{new java.lang.Integer(tag)}); 
 
        if (_resp instanceof java.rmi.RemoteException) { 
            throw (java.rmi.RemoteException)_resp; 
        } 
        else { 
            extractAttachments(_call); 
            try { 
                return (com.wsu.rfid.ws.Item) _resp; 
            } catch (java.lang.Exception _exception) { 
                return (com.wsu.rfid.ws.Item) 
org.apache.axis.utils.JavaUtils.convert(_resp, com.wsu.rfid.ws.Item.class); 
            } 
        } 
} catch (org.apache.axis.AxisFault axisFaultException) { 
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  throw axisFaultException; 
} 
    } 
 
} 
/****************************************************************************/ 
 
 
File: RFIDInfoServiceSoapProxy.java 
 
package com.wsu.rfid.ws; 
 
public class RFIDInfoServiceSoapProxy implements 
com.wsu.rfid.ws.RFIDInfoServiceSoap { 
  private String _endpoint = null; 
  private com.wsu.rfid.ws.RFIDInfoServiceSoap rFIDInfoServiceSoap = null; 
   
  public RFIDInfoServiceSoapProxy() { 
    _initRFIDInfoServiceSoapProxy(); 
  } 
   
  public RFIDInfoServiceSoapProxy(String endpoint) { 
    _endpoint = endpoint; 
    _initRFIDInfoServiceSoapProxy(); 
  } 
   
  private void _initRFIDInfoServiceSoapProxy() { 
    try { 
      rFIDInfoServiceSoap = (new 
com.wsu.rfid.ws.RFIDInfoServiceLocator()).getRFIDInfoServiceSoap(); 
      if (rFIDInfoServiceSoap != null) { 
        if (_endpoint != null) 
          
((javax.xml.rpc.Stub)rFIDInfoServiceSoap)._setProperty("javax.xml.rpc.service
.endpoint.address", _endpoint); 
        else 
          _endpoint = 
(String)((javax.xml.rpc.Stub)rFIDInfoServiceSoap)._getProperty("javax.xml.rpc
.service.endpoint.address"); 
      } 
       
    } 
    catch (javax.xml.rpc.ServiceException serviceException) {} 
  } 
   
  public String getEndpoint() { 
    return _endpoint; 
  } 
   
  public void setEndpoint(String endpoint) { 
    _endpoint = endpoint; 
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    if (rFIDInfoServiceSoap != null) 
      
((javax.xml.rpc.Stub)rFIDInfoServiceSoap)._setProperty("javax.xml.rpc.service
.endpoint.address", _endpoint); 
     
  } 
   
  public com.wsu.rfid.ws.RFIDInfoServiceSoap getRFIDInfoServiceSoap() { 
    if (rFIDInfoServiceSoap == null) 
      _initRFIDInfoServiceSoapProxy(); 
    return rFIDInfoServiceSoap; 
  } 
   
  public com.wsu.rfid.ws.Item getProductInfo(int tag) throws 
java.rmi.RemoteException{ 
    if (rFIDInfoServiceSoap == null) 
      _initRFIDInfoServiceSoapProxy(); 
    return rFIDInfoServiceSoap.getProductInfo(tag); 
  } 
   
   
} 
 
File: RFIDInfoServiceSoap.java 
 
/** 
 * RFIDInfoServiceSoap.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public interface RFIDInfoServiceSoap extends java.rmi.Remote { 
    public com.wsu.rfid.ws.Item getProductInfo(int tag) throws 
java.rmi.RemoteException; 
} 
/****************************************************************************/ 
 
 
File: RFIDInfoServiceSoap12Stub.java 
 
/** 
 * RFIDInfoServiceSoap12Stub.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
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package com.wsu.rfid.ws; 
 
public class RFIDInfoServiceSoap12Stub extends org.apache.axis.client.Stub 
implements com.wsu.rfid.ws.RFIDInfoServiceSoap { 
    private java.util.Vector cachedSerClasses = new java.util.Vector(); 
    private java.util.Vector cachedSerQNames = new java.util.Vector(); 
    private java.util.Vector cachedSerFactories = new java.util.Vector(); 
    private java.util.Vector cachedDeserFactories = new java.util.Vector(); 
 
    static org.apache.axis.description.OperationDesc [] _operations; 
 
    static { 
        _operations = new org.apache.axis.description.OperationDesc[1]; 
        _initOperationDesc1(); 
    } 
 
    private static void _initOperationDesc1(){ 
        org.apache.axis.description.OperationDesc oper; 
        org.apache.axis.description.ParameterDesc param; 
        oper = new org.apache.axis.description.OperationDesc(); 
        oper.setName("getProductInfo"); 
        param = new org.apache.axis.description.ParameterDesc(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "tag"), 
org.apache.axis.description.ParameterDesc.IN, new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "int"), 
int.class, false, false); 
        oper.addParameter(param); 
        oper.setReturnType(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "Item")); 
        oper.setReturnClass(com.wsu.rfid.ws.Item.class); 
        oper.setReturnQName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "getProductInfoResult")); 
        oper.setStyle(org.apache.axis.constants.Style.WRAPPED); 
        oper.setUse(org.apache.axis.constants.Use.LITERAL); 
        _operations[0] = oper; 
 
    } 
 
    public RFIDInfoServiceSoap12Stub() throws org.apache.axis.AxisFault { 
         this(null); 
    } 
 
    public RFIDInfoServiceSoap12Stub(java.net.URL endpointURL, 
javax.xml.rpc.Service service) throws org.apache.axis.AxisFault { 
         this(service); 
         super.cachedEndpoint = endpointURL; 
    } 
 
    public RFIDInfoServiceSoap12Stub(javax.xml.rpc.Service service) throws 
org.apache.axis.AxisFault { 
        if (service == null) { 
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            super.service = new org.apache.axis.client.Service(); 
        } else { 
            super.service = service; 
        } 
        
((org.apache.axis.client.Service)super.service).setTypeMappingVersion("1.2"); 
            java.lang.Class cls; 
            javax.xml.namespace.QName qName; 
            javax.xml.namespace.QName qName2; 
            java.lang.Class beansf = 
org.apache.axis.encoding.ser.BeanSerializerFactory.class; 
            java.lang.Class beandf = 
org.apache.axis.encoding.ser.BeanDeserializerFactory.class; 
            java.lang.Class enumsf = 
org.apache.axis.encoding.ser.EnumSerializerFactory.class; 
            java.lang.Class enumdf = 
org.apache.axis.encoding.ser.EnumDeserializerFactory.class; 
            java.lang.Class arraysf = 
org.apache.axis.encoding.ser.ArraySerializerFactory.class; 
            java.lang.Class arraydf = 
org.apache.axis.encoding.ser.ArrayDeserializerFactory.class; 
            java.lang.Class simplesf = 
org.apache.axis.encoding.ser.SimpleSerializerFactory.class; 
            java.lang.Class simpledf = 
org.apache.axis.encoding.ser.SimpleDeserializerFactory.class; 
            java.lang.Class simplelistsf = 
org.apache.axis.encoding.ser.SimpleListSerializerFactory.class; 
            java.lang.Class simplelistdf = 
org.apache.axis.encoding.ser.SimpleListDeserializerFactory.class; 
            qName = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"ArrayOfInt"); 
            cachedSerQNames.add(qName); 
            cls = int[].class; 
            cachedSerClasses.add(cls); 
            qName = new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "int"); 
            qName2 = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"int"); 
            cachedSerFactories.add(new 
org.apache.axis.encoding.ser.ArraySerializerFactory(qName, qName2)); 
            cachedDeserFactories.add(new 
org.apache.axis.encoding.ser.ArrayDeserializerFactory()); 
 
            qName = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"ArrayOfString"); 
            cachedSerQNames.add(qName); 
            cls = java.lang.String[].class; 
            cachedSerClasses.add(cls); 
            qName = new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "string"); 
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            qName2 = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"string"); 
            cachedSerFactories.add(new 
org.apache.axis.encoding.ser.ArraySerializerFactory(qName, qName2)); 
            cachedDeserFactories.add(new 
org.apache.axis.encoding.ser.ArrayDeserializerFactory()); 
 
            qName = new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"Item"); 
            cachedSerQNames.add(qName); 
            cls = com.wsu.rfid.ws.Item.class; 
            cachedSerClasses.add(cls); 
            cachedSerFactories.add(beansf); 
            cachedDeserFactories.add(beandf); 
 
    } 
 
    protected org.apache.axis.client.Call createCall() throws 
java.rmi.RemoteException { 
        try { 
            org.apache.axis.client.Call _call = super._createCall(); 
            if (super.maintainSessionSet) { 
                _call.setMaintainSession(super.maintainSession); 
            } 
            if (super.cachedUsername != null) { 
                _call.setUsername(super.cachedUsername); 
            } 
            if (super.cachedPassword != null) { 
                _call.setPassword(super.cachedPassword); 
            } 
            if (super.cachedEndpoint != null) { 
                _call.setTargetEndpointAddress(super.cachedEndpoint); 
            } 
            if (super.cachedTimeout != null) { 
                _call.setTimeout(super.cachedTimeout); 
            } 
            if (super.cachedPortName != null) { 
                _call.setPortName(super.cachedPortName); 
            } 
            java.util.Enumeration keys = super.cachedProperties.keys(); 
            while (keys.hasMoreElements()) { 
                java.lang.String key = (java.lang.String) keys.nextElement(); 
                _call.setProperty(key, super.cachedProperties.get(key)); 
            } 
            // All the type mapping information is registered 
            // when the first call is made. 
            // The type mapping information is actually registered in 
            // the TypeMappingRegistry of the service, which 
            // is the reason why registration is only needed for the first 
call. 
            synchronized (this) { 

 125



APPENDIX A (continued)  
 

  
 
                if (firstCall()) { 
                    // must set encoding style before registering serializers 
                    _call.setEncodingStyle(null); 
                    for (int i = 0; i < cachedSerFactories.size(); ++i) { 
                        java.lang.Class cls = (java.lang.Class) 
cachedSerClasses.get(i); 
                        javax.xml.namespace.QName qName = 
                                (javax.xml.namespace.QName) 
cachedSerQNames.get(i); 
                        java.lang.Object x = cachedSerFactories.get(i); 
                        if (x instanceof Class) { 
                            java.lang.Class sf = (java.lang.Class) 
                                 cachedSerFactories.get(i); 
                            java.lang.Class df = (java.lang.Class) 
                                 cachedDeserFactories.get(i); 
                            _call.registerTypeMapping(cls, qName, sf, df, 
false); 
                        } 
                        else if (x instanceof 
javax.xml.rpc.encoding.SerializerFactory) { 
                            org.apache.axis.encoding.SerializerFactory sf = 
(org.apache.axis.encoding.SerializerFactory) 
                                 cachedSerFactories.get(i); 
                            org.apache.axis.encoding.DeserializerFactory df = 
(org.apache.axis.encoding.DeserializerFactory) 
                                 cachedDeserFactories.get(i); 
                            _call.registerTypeMapping(cls, qName, sf, df, 
false); 
                        } 
                    } 
                } 
            } 
            return _call; 
        } 
        catch (java.lang.Throwable _t) { 
            throw new org.apache.axis.AxisFault("Failure trying to get the 
Call object", _t); 
        } 
    } 
 
    public com.wsu.rfid.ws.Item getProductInfo(int tag) throws 
java.rmi.RemoteException { 
        if (super.cachedEndpoint == null) { 
            throw new org.apache.axis.NoEndPointException(); 
        } 
        org.apache.axis.client.Call _call = createCall(); 
        _call.setOperation(_operations[0]); 
        _call.setUseSOAPAction(true); 
        _call.setSOAPActionURI("http://ws.rfid.wsu.com/getProductInfo"); 
        _call.setEncodingStyle(null); 
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        _call.setProperty(org.apache.axis.client.Call.SEND_TYPE_ATTR, 
Boolean.FALSE); 
        _call.setProperty(org.apache.axis.AxisEngine.PROP_DOMULTIREFS, 
Boolean.FALSE); 
        
_call.setSOAPVersion(org.apache.axis.soap.SOAPConstants.SOAP12_CONSTANTS); 
        _call.setOperationName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "getProductInfo")); 
 
        setRequestHeaders(_call); 
        setAttachments(_call); 
 try {        java.lang.Object _resp = _call.invoke(new java.lang.Object[] 
{new java.lang.Integer(tag)}); 
 
        if (_resp instanceof java.rmi.RemoteException) { 
            throw (java.rmi.RemoteException)_resp; 
        } 
        else { 
            extractAttachments(_call); 
            try { 
                return (com.wsu.rfid.ws.Item) _resp; 
            } catch (java.lang.Exception _exception) { 
                return (com.wsu.rfid.ws.Item) 
org.apache.axis.utils.JavaUtils.convert(_resp, com.wsu.rfid.ws.Item.class); 
            } 
        } 
  } catch (org.apache.axis.AxisFault axisFaultException) { 
  throw axisFaultException; 
} 
    } 
 
} 
/****************************************************************************/ 
 
 
File: RFIDInfoServiceLocator.java 
 
/** 
 * RFIDInfoServiceLocator.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public class RFIDInfoServiceLocator extends org.apache.axis.client.Service 
implements com.wsu.rfid.ws.RFIDInfoService { 
 
/** 
 * This web service returns the product information for a given RFID 
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 * tag 
 */ 
 
    public RFIDInfoServiceLocator() { 
    } 
 
 
    public RFIDInfoServiceLocator(org.apache.axis.EngineConfiguration config) 
{ 
        super(config); 
    } 
 
    public RFIDInfoServiceLocator(java.lang.String wsdlLoc, 
javax.xml.namespace.QName sName) throws javax.xml.rpc.ServiceException { 
        super(wsdlLoc, sName); 
    } 
 
    // Use to get a proxy class for RFIDInfoServiceSoap 
    private java.lang.String RFIDInfoServiceSoap_address = 
"http://localhost/RFIDInfoService/ProductInfo.asmx"; 
 
    public java.lang.String getRFIDInfoServiceSoapAddress() { 
        return RFIDInfoServiceSoap_address; 
    } 
 
    // The WSDD service name defaults to the port name. 
    private java.lang.String RFIDInfoServiceSoapWSDDServiceName = 
"RFIDInfoServiceSoap"; 
 
    public java.lang.String getRFIDInfoServiceSoapWSDDServiceName() { 
        return RFIDInfoServiceSoapWSDDServiceName; 
    } 
 
    public void setRFIDInfoServiceSoapWSDDServiceName(java.lang.String name) 
{ 
        RFIDInfoServiceSoapWSDDServiceName = name; 
    } 
 
    public com.wsu.rfid.ws.RFIDInfoServiceSoap getRFIDInfoServiceSoap() 
throws javax.xml.rpc.ServiceException { 
       java.net.URL endpoint; 
        try { 
            endpoint = new java.net.URL(RFIDInfoServiceSoap_address); 
        } 
        catch (java.net.MalformedURLException e) { 
            throw new javax.xml.rpc.ServiceException(e); 
        } 
        return getRFIDInfoServiceSoap(endpoint); 
    } 
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    public com.wsu.rfid.ws.RFIDInfoServiceSoap 
getRFIDInfoServiceSoap(java.net.URL portAddress) throws 
javax.xml.rpc.ServiceException { 
        try { 
            com.wsu.rfid.ws.RFIDInfoServiceSoapStub _stub = new 
com.wsu.rfid.ws.RFIDInfoServiceSoapStub(portAddress, this); 
            _stub.setPortName(getRFIDInfoServiceSoapWSDDServiceName()); 
            return _stub; 
        } 
        catch (org.apache.axis.AxisFault e) { 
            return null; 
        } 
    } 
 
    public void setRFIDInfoServiceSoapEndpointAddress(java.lang.String 
address) { 
        RFIDInfoServiceSoap_address = address; 
    } 
 
 
    // Use to get a proxy class for RFIDInfoServiceSoap12 
    private java.lang.String RFIDInfoServiceSoap12_address = 
"http://localhost/RFIDInfoService/ProductInfo.asmx"; 
 
    public java.lang.String getRFIDInfoServiceSoap12Address() { 
        return RFIDInfoServiceSoap12_address; 
    } 
 
    // The WSDD service name defaults to the port name. 
    private java.lang.String RFIDInfoServiceSoap12WSDDServiceName = 
"RFIDInfoServiceSoap12"; 
 
    public java.lang.String getRFIDInfoServiceSoap12WSDDServiceName() { 
        return RFIDInfoServiceSoap12WSDDServiceName; 
    } 
 
    public void setRFIDInfoServiceSoap12WSDDServiceName(java.lang.String 
name) { 
        RFIDInfoServiceSoap12WSDDServiceName = name; 
    } 
 
    public com.wsu.rfid.ws.RFIDInfoServiceSoap getRFIDInfoServiceSoap12() 
throws javax.xml.rpc.ServiceException { 
       java.net.URL endpoint; 
        try { 
            endpoint = new java.net.URL(RFIDInfoServiceSoap12_address); 
        } 
        catch (java.net.MalformedURLException e) { 
            throw new javax.xml.rpc.ServiceException(e); 
        } 
        return getRFIDInfoServiceSoap12(endpoint); 
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    } 
 
    public com.wsu.rfid.ws.RFIDInfoServiceSoap 
getRFIDInfoServiceSoap12(java.net.URL portAddress) throws 
javax.xml.rpc.ServiceException { 
        try { 
            com.wsu.rfid.ws.RFIDInfoServiceSoap12Stub _stub = new 
com.wsu.rfid.ws.RFIDInfoServiceSoap12Stub(portAddress, this); 
            _stub.setPortName(getRFIDInfoServiceSoap12WSDDServiceName()); 
            return _stub; 
        } 
        catch (org.apache.axis.AxisFault e) { 
            return null; 
        } 
    } 
 
    public void setRFIDInfoServiceSoap12EndpointAddress(java.lang.String 
address) { 
        RFIDInfoServiceSoap12_address = address; 
    } 
 
    /** 
     * For the given interface, get the stub implementation. 
     * If this service has no port for the given interface, 
     * then ServiceException is thrown. 
     * This service has multiple ports for a given interface; 
     * the proxy implementation returned may be indeterminate. 
     */ 
    public java.rmi.Remote getPort(Class serviceEndpointInterface) throws 
javax.xml.rpc.ServiceException { 
        try { 
            if 
(com.wsu.rfid.ws.RFIDInfoServiceSoap.class.isAssignableFrom(serviceEndpointIn
terface)) { 
                com.wsu.rfid.ws.RFIDInfoServiceSoapStub _stub = new 
com.wsu.rfid.ws.RFIDInfoServiceSoapStub(new 
java.net.URL(RFIDInfoServiceSoap_address), this); 
                _stub.setPortName(getRFIDInfoServiceSoapWSDDServiceName()); 
                return _stub; 
            } 
            if 
(com.wsu.rfid.ws.RFIDInfoServiceSoap.class.isAssignableFrom(serviceEndpointIn
terface)) { 
                com.wsu.rfid.ws.RFIDInfoServiceSoap12Stub _stub = new 
com.wsu.rfid.ws.RFIDInfoServiceSoap12Stub(new 
java.net.URL(RFIDInfoServiceSoap12_address), this); 
                _stub.setPortName(getRFIDInfoServiceSoap12WSDDServiceName()); 
                return _stub; 
            } 
        } 
        catch (java.lang.Throwable t) { 
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            throw new javax.xml.rpc.ServiceException(t); 
        } 
        throw new javax.xml.rpc.ServiceException("There is no stub 
implementation for the interface:  " + (serviceEndpointInterface == null ? 
"null" : serviceEndpointInterface.getName())); 
    } 
 
    /** 
     * For the given interface, get the stub implementation. 
     * If this service has no port for the given interface, 
     * then ServiceException is thrown. 
     */ 
    public java.rmi.Remote getPort(javax.xml.namespace.QName portName, Class 
serviceEndpointInterface) throws javax.xml.rpc.ServiceException { 
        if (portName == null) { 
            return getPort(serviceEndpointInterface); 
        } 
        java.lang.String inputPortName = portName.getLocalPart(); 
        if ("RFIDInfoServiceSoap".equals(inputPortName)) { 
            return getRFIDInfoServiceSoap(); 
        } 
        else if ("RFIDInfoServiceSoap12".equals(inputPortName)) { 
            return getRFIDInfoServiceSoap12(); 
        } 
        else  { 
            java.rmi.Remote _stub = getPort(serviceEndpointInterface); 
            ((org.apache.axis.client.Stub) _stub).setPortName(portName); 
            return _stub; 
        } 
    } 
 
    public javax.xml.namespace.QName getServiceName() { 
        return new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"RFIDInfoService"); 
    } 
 
    private java.util.HashSet ports = null; 
 
    public java.util.Iterator getPorts() { 
        if (ports == null) { 
            ports = new java.util.HashSet(); 
            ports.add(new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"RFIDInfoServiceSoap")); 
            ports.add(new javax.xml.namespace.QName("http://ws.rfid.wsu.com", 
"RFIDInfoServiceSoap12")); 
        } 
        return ports.iterator(); 
    } 
 
    /** 
    * Set the endpoint address for the specified port name. 
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    */ 
    public void setEndpointAddress(java.lang.String portName, 
java.lang.String address) throws javax.xml.rpc.ServiceException { 
         
if ("RFIDInfoServiceSoap".equals(portName)) { 
            setRFIDInfoServiceSoapEndpointAddress(address); 
        } 
        else  
if ("RFIDInfoServiceSoap12".equals(portName)) { 
            setRFIDInfoServiceSoap12EndpointAddress(address); 
        } 
        else  
{ // Unknown Port Name 
            throw new javax.xml.rpc.ServiceException(" Cannot set Endpoint 
Address for Unknown Port" + portName); 
        } 
    } 
 
    /** 
    * Set the endpoint address for the specified port name. 
    */ 
    public void setEndpointAddress(javax.xml.namespace.QName portName, 
java.lang.String address) throws javax.xml.rpc.ServiceException { 
        setEndpointAddress(portName.getLocalPart(), address); 
    } 
 
} 
/****************************************************************************/ 
 
 
File: RFIDInfoService.java 
 
/** 
 * RFIDInfoService.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public interface RFIDInfoService extends javax.xml.rpc.Service { 
 
/** 
 * This web service returns the product information for a given RFID 
 * tag 
 */ 
    public java.lang.String getRFIDInfoServiceSoapAddress(); 
 
    public com.wsu.rfid.ws.RFIDInfoServiceSoap getRFIDInfoServiceSoap() 
throws javax.xml.rpc.ServiceException; 
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    public com.wsu.rfid.ws.RFIDInfoServiceSoap 
getRFIDInfoServiceSoap(java.net.URL portAddress) throws 
javax.xml.rpc.ServiceException; 
    public java.lang.String getRFIDInfoServiceSoap12Address(); 
 
    public com.wsu.rfid.ws.RFIDInfoServiceSoap getRFIDInfoServiceSoap12() 
throws javax.xml.rpc.ServiceException; 
 
    public com.wsu.rfid.ws.RFIDInfoServiceSoap 
getRFIDInfoServiceSoap12(java.net.URL portAddress) throws 
javax.xml.rpc.ServiceException; 
} 
/****************************************************************************/ 
 
 
File: Item.java 
 
/** 
 * Item.java 
 * 
 * This file was auto-generated from WSDL 
 * by the Apache Axis 1.4 Apr 22, 2006 (06:55:48 PDT) WSDL2Java emitter. 
 */ 
 
package com.wsu.rfid.ws; 
 
public class Item  implements java.io.Serializable { 
    private java.lang.String[] names; 
 
    private java.lang.String[] values; 
 
    private int[] types; 
 
    public Item() { 
    } 
 
    public Item( 
           java.lang.String[] names, 
           java.lang.String[] values, 
           int[] types) { 
           this.names = names; 
           this.values = values; 
           this.types = types; 
    } 
 
 
    /** 
     * Gets the names value for this Item. 
     *  
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     * @return names 
     */ 
    public java.lang.String[] getNames() { 
        return names; 
    } 
 
 
    /** 
     * Sets the names value for this Item. 
     *  
     * @param names 
     */ 
    public void setNames(java.lang.String[] names) { 
        this.names = names; 
    } 
 
 
    /** 
     * Gets the values value for this Item. 
     *  
     * @return values 
     */ 
    public java.lang.String[] getValues() { 
        return values; 
    } 
 
 
    /** 
     * Sets the values value for this Item. 
     *  
     * @param values 
     */ 
    public void setValues(java.lang.String[] values) { 
        this.values = values; 
    } 
 
 
    /** 
     * Gets the types value for this Item. 
     *  
     * @return types 
     */ 
    public int[] getTypes() { 
        return types; 
    } 
 
 
    /** 
     * Sets the types value for this Item. 
     *  
     * @param types 
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     */ 
    public void setTypes(int[] types) { 
        this.types = types; 
    } 
 
    private java.lang.Object __equalsCalc = null; 
    public synchronized boolean equals(java.lang.Object obj) { 
        if (!(obj instanceof Item)) return false; 
        Item other = (Item) obj; 
        if (obj == null) return false; 
        if (this == obj) return true; 
        if (__equalsCalc != null) { 
            return (__equalsCalc == obj); 
        } 
        __equalsCalc = obj; 
        boolean _equals; 
        _equals = true &&  
            ((this.names==null && other.getNames()==null) ||  
             (this.names!=null && 
              java.util.Arrays.equals(this.names, other.getNames()))) && 
            ((this.values==null && other.getValues()==null) ||  
             (this.values!=null && 
              java.util.Arrays.equals(this.values, other.getValues()))) && 
            ((this.types==null && other.getTypes()==null) ||  
             (this.types!=null && 
              java.util.Arrays.equals(this.types, other.getTypes()))); 
        __equalsCalc = null; 
        return _equals; 
    } 
 
    private boolean __hashCodeCalc = false; 
    public synchronized int hashCode() { 
        if (__hashCodeCalc) { 
            return 0; 
        } 
        __hashCodeCalc = true; 
        int _hashCode = 1; 
        if (getNames() != null) { 
            for (int i=0; 
                 i<java.lang.reflect.Array.getLength(getNames()); 
                 i++) { 
                java.lang.Object obj = 
java.lang.reflect.Array.get(getNames(), i); 
                if (obj != null && 
                    !obj.getClass().isArray()) { 
                    _hashCode += obj.hashCode(); 
                } 
            } 
        } 
        if (getValues() != null) { 
            for (int i=0; 
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                 i<java.lang.reflect.Array.getLength(getValues()); 
                 i++) { 
                java.lang.Object obj = 
java.lang.reflect.Array.get(getValues(), i); 
                if (obj != null && 
                    !obj.getClass().isArray()) { 
                    _hashCode += obj.hashCode(); 
                } 
            } 
        } 
        if (getTypes() != null) { 
            for (int i=0; 
                 i<java.lang.reflect.Array.getLength(getTypes()); 
                 i++) { 
                java.lang.Object obj = 
java.lang.reflect.Array.get(getTypes(), i); 
                if (obj != null && 
                    !obj.getClass().isArray()) { 
                    _hashCode += obj.hashCode(); 
                } 
            } 
        } 
        __hashCodeCalc = false; 
        return _hashCode; 
    } 
 
    // Type metadata 
    private static org.apache.axis.description.TypeDesc typeDesc = 
        new org.apache.axis.description.TypeDesc(Item.class, true); 
 
    static { 
        typeDesc.setXmlType(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "Item")); 
        org.apache.axis.description.ElementDesc elemField = new 
org.apache.axis.description.ElementDesc(); 
        elemField.setFieldName("names"); 
        elemField.setXmlName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "names")); 
        elemField.setXmlType(new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "string")); 
        elemField.setMinOccurs(0); 
        elemField.setNillable(false); 
        elemField.setItemQName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "string")); 
        typeDesc.addFieldDesc(elemField); 
        elemField = new org.apache.axis.description.ElementDesc(); 
        elemField.setFieldName("values"); 
        elemField.setXmlName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "values")); 
        elemField.setXmlType(new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "string")); 
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        elemField.setMinOccurs(0); 
        elemField.setNillable(false); 
        elemField.setItemQName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "string")); 
        typeDesc.addFieldDesc(elemField); 
        elemField = new org.apache.axis.description.ElementDesc(); 
        elemField.setFieldName("types"); 
        elemField.setXmlName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "types")); 
        elemField.setXmlType(new 
javax.xml.namespace.QName("http://www.w3.org/2001/XMLSchema", "int")); 
        elemField.setMinOccurs(0); 
        elemField.setNillable(false); 
        elemField.setItemQName(new 
javax.xml.namespace.QName("http://ws.rfid.wsu.com", "int")); 
        typeDesc.addFieldDesc(elemField); 
    } 
 
    /** 
     * Return type metadata object 
     */ 
    public static org.apache.axis.description.TypeDesc getTypeDesc() { 
        return typeDesc; 
    } 
 
    /** 
     * Get Custom Serializer 
     */ 
    public static org.apache.axis.encoding.Serializer getSerializer( 
           java.lang.String mechType,  
           java.lang.Class _javaType,   
           javax.xml.namespace.QName _xmlType) { 
        return  
          new  org.apache.axis.encoding.ser.BeanSerializer( 
            _javaType, _xmlType, typeDesc); 
    } 
 
    /** 
     * Get Custom Deserializer 
     */ 
    public static org.apache.axis.encoding.Deserializer getDeserializer( 
           java.lang.String mechType,  
           java.lang.Class _javaType,   
           javax.xml.namespace.QName _xmlType) { 
        return  
          new  org.apache.axis.encoding.ser.BeanDeserializer( 
            _javaType, _xmlType, typeDesc); 
    } 
 
} 
/****************************************************************************/ 
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Web Services 
 

/****************************************************************************/ 
 

File: ProductInfo.asmx 
 
<%@ WebService class="com.wsu.rfid.ws.RFIDInfoService" Language="C#"%> 
 
 
using System; 
using System.Collections; 
using System.ComponentModel; 
using System.Data; 
using System.Diagnostics; 
using System.Web; 
using System.Web.Services; 
using System.Collections.Generic; 
using System.Xml.Serialization; 
using System.Data.Odbc; 
using System.Configuration; 
//using System.Data.SqlClient; 
 
 
 
 
namespace com.wsu.rfid.ws 
{ 
 /// <summary> 
 /// Summary description for Service1. 
 /// </summary> 
  
 public class Field 
 { 
     [XmlAttribute()] 
     public string name; 
     [XmlAttribute()] 
     public string value; 
     [XmlAttribute()] 
     public int type; 
 } 
  
 public class Item 
 { 
     private  List<string>_names = new List<string>(); 
     private  List<string> _values = new List<string>(); 
     private  List<int>_types  = new List<int>(); 
         
        [XmlArray()] 
     public string[] names; 
     [XmlArray()] 
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     public string[] values; 
     [XmlArray()] 
     public int[] types; 
  
     public  static int INTEGER = 1; 
     public  static int STRING = 2; 
      
     public void addField(String name, String value, int type) 
     { 
      _names.Add(name); 
      _values.Add(value); 
      _types.Add(type); 
     } 
      
     public void serialize() 
     { 
         names = _names.ToArray(); 
         values = _values.ToArray(); 
         types = _types.ToArray(); 
     } 
      
    /* [XmlArray()] 
     public string[] names 
     { 
      get 
      { 
          return _names.ToArray(); 
            } 
     } 
      
     [XmlArray()] 
     public string[] values 
     { 
      get 
      { 
          return _values.ToArray(); 
      } 
             
     } 
      
     [XmlArray()] 
     public int[] types 
     { 
            get 
            { 
          return _types.ToArray(); 
         } 
     }*/ 
 } 
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 [WebService(Description="This web service returns the product 
information for a given RFID tag", Namespace="http://ws.rfid.wsu.com")] 
 public class RFIDInfoService : System.Web.Services.WebService 
 { 
     [XmlArray()] 
     public Field[] fields; 
         
        private DBConfig dbconf = new DBConfig(); 
        private DBManager manager; 
         
      
  public RFIDInfoService() 
  { 
   //CODEGEN: This call is required by the ASP.NET Web 
Services Designer 
   InitializeComponent(); 
             
            //Read the Web.config for for DB connection parameters 
            readWebConfig(); 
            manager = new DBManager(dbconf); 
  } 
 
  #region Component Designer generated code 
   
  //Required by the Web Services Designer  
  private IContainer components = null; 
     
  /// <summary> 
  /// Required method for Designer support - do not modify 
  /// the contents of this method with the code editor. 
  /// </summary> 
  private void InitializeComponent() 
  { 
                
  } 
 
  /// <summary> 
  /// Clean up any resources being used. 
  /// </summary> 
  protected override void Dispose( bool disposing ) 
  { 
   if(disposing && components != null) 
   { 
    components.Dispose(); 
   } 
   base.Dispose(disposing);   
  } 
   
  #endregion 
 
  // WEB SERVICE EXAMPLE 
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  // The HelloWorld() example service returns the string Hello 
World 
  // To build, uncomment the following lines then save and build 
the project 
  // To test this web service, press F5 
 
  [WebMethod] 
  public Item getProductInfo(int tag) 
  { 
            Item item = manager.getProductInfoFromDB(tag); 
            //Item item = new Item(); 
            //item.addField("rohit", "test", Item.STRING); 
            //item.addField("prakash", "test1", Item.STRING); 
   item.serialize(); 
   return item; 
  } 
 
        private void readWebConfig() 
        { 
            dbconf.ODBCDriver = 
ConfigurationSettings.AppSettings["ODBCDriver"]; 
            dbconf.dataSource = 
ConfigurationSettings.AppSettings["dataSource"]; 
   dbconf.database = 
ConfigurationSettings.AppSettings["database"]; 
            dbconf.userName = ConfigurationSettings.AppSettings["username"]; 
   dbconf.passwd = 
ConfigurationSettings.AppSettings["password"]; 
 
        } 
 } 
 
//************************************************************************ 
    public class DBConfig 
    { 
 
        public string ODBCDriver; 
        public string dataSource; 
        public string database; 
        public string userName; 
        public string passwd; 
         
         
 
    } 
 
    public class DBManager:IDisposable  
    { 
 
        public OdbcConnection con = null; 
        //public SqlConnection con = null; 
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        //Constructor 
        public DBManager(DBConfig dbconf) 
        { 
            try 
            { 
                //FOR MYSQL DB 
                string connectionString = "DRIVER=" + dbconf.ODBCDriver + ";" 
+ 
                            "SERVER=" + dbconf.dataSource + ";" + 
                             "DATABASE=" + dbconf.database + ";" + 
                             "UID=" + dbconf.userName + ";" + 
                             "PASSWORD=" + dbconf.passwd + ";" + 
                             "OPTION=3";   
                 
                //FOR SQL SERVER 
                //string connectionString = "user id=" + dbconf.userName +  
                //                       "password=" + dbconf.passwd +  
                //                       "server=" + dbconf.dataSource +  
                //                       "Trusted_Connection=yes;" + 
                //                       "database=" + dbconf.database +  
                //                       "connection timeout=30"; 
                 
                //Get a connection to the database 
                con = new OdbcConnection(connectionString); 
                //con = new SqlConnection(connectionString); 
                con.Open(); 
 
            } 
            catch (Exception ex) 
            { 
                Console.WriteLine("DBManager:getDBConnection:Error creating 
DB connection \n" + ex); 
            } 
        } 
 
        public Item getProductInfoFromDB(int productNumber) 
        { 
            OdbcCommand myCommand = new OdbcCommand(); 
            OdbcDataReader MyDataReader; 
            //SqlCommand myCommand = new SqlCommand(); 
            //SqlDataReader MyDataReader; 
             
            Item item = new Item(); 
 
            try 
            { 
                myCommand.Connection = con; 
                myCommand.CommandText = buildSelectQuery(productNumber); 
                MyDataReader = myCommand.ExecuteReader(); 
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                if (MyDataReader.Read()) 
                { 
                    item.addField("PRODUCT_ID", 
MyDataReader.GetInt32(0).ToString(), Item.INTEGER); 

  
 
                    item.addField("PRODUCT_NAME", MyDataReader.GetString(1), 
Item.STRING ); 
                    item.addField("MANUFACTURER", MyDataReader.GetString(2), 
Item.STRING); 
                    
                } 
                myCommand.Dispose(); 
                 
            } 
            catch (Exception ex) 
            { 
                Console.WriteLine("DBManager:getDataFromDB:Error in fetching 
data \n" + ex); 
            } 
            return item; 
 
        } 
 
        private String buildSelectQuery(int productNumber) 
        { 
            String selectQuery = "SELECT * FROM PRODUCT_INFO WHERE PRODUCT_ID 
= '" + 
                           productNumber + "'"; 
 
 
            return selectQuery; 
        } 
 
 
 
 
 
        #region IDisposable Members 
 
        public void Dispose() 
        { 
            if (con != null) 
                con.Close(); 
             
            throw new Exception("The method or operation is not 
implemented."); 
        } 
 
        #endregion } 
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File: WriteProduct.asmx 
 
<%@ WebService class="com.wsu.rfid.ws.RFIDWriteService" Language="C#"%> 
 
 
using System; 
using System.Collections; 
using System.ComponentModel; 
using System.Data; 
using System.Diagnostics; 
using System.Web; 
using System.Web.Services; 
using System.Xml.Serialization; 
using System.Data.Odbc; 
using System.Configuration; 
 
namespace com.wsu.rfid.ws 
{ 
 
    [WebService(Description = "This web service writes the product 
information to the local database", Namespace = "http://ws.rfid.wsu.com")] 
    public class RFIDWriteService : System.Web.Services.WebService 
    { 
        private DBConfig dbconf = new DBConfig(); 
        private DBManager manager; 
 
        public RFIDWriteService() 
        { 
            //CODEGEN: This call is required by the ASP.NET Web Services 
Designer 
            InitializeComponent(); 
 
            //Read the Web.config for for DB connection parameters 
            readWebConfig(); 
            manager = new DBManager(dbconf); 
        } 
 
 
        #region Component Designer generated code 
 
        //Required by the Web Services Designer  
        private IContainer components = null; 
 
        /// <summary> 
        /// Required method for Designer support - do not modify 
        /// the contents of this method with the code editor. 
        /// </summary> 
        private void InitializeComponent()     { 
        } 
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        /// <summary> 
        /// Clean up any resources being used. 
        /// </summary> 
        protected override void Dispose(bool disposing) 
        { 
            if (disposing && components != null) 
            { 
                components.Dispose(); 
            } 
            base.Dispose(disposing); 
        } 
 
        #endregion 
 
        // WEB SERVICE EXAMPLE 
        // The HelloWorld() example service returns the string Hello World. 
 
        //[WebMethod] 
        //public string HelloWorld() 
        //{ 
        //    return "Hello World"; 
        //} 
 
        [WebMethod] 
        public Boolean writeProductInfo(int productId, String productName, 
String prodManufacturer) 
        { 
            Boolean isSuccess = false; 
            isSuccess = manager.writeProductInfo(productId, productName, 
prodManufacturer); 
 
            return isSuccess; 
        } 
 
        private void readWebConfig() 
        { 
            dbconf.ODBCDriver = 
ConfigurationSettings.AppSettings["ODBCDriver"]; 
            dbconf.dataSource = 
ConfigurationSettings.AppSettings["dataSource"]; 
            dbconf.database = ConfigurationSettings.AppSettings["database"]; 
            dbconf.userName = ConfigurationSettings.AppSettings["username"]; 
            dbconf.passwd = ConfigurationSettings.AppSettings["password"]; 
 
        } 
    } 
    
//************************************************************************ 
    public class DBConfig 
    { 
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        public string ODBCDriver; 
        public string dataSource; 
        public string database; 
        public string userName; 
        public string passwd; 
 
 
 
    } 
 
    public class DBManager : IDisposable 
    { 
 
        public OdbcConnection con = null; 
 
        //Constructor 
        public DBManager(DBConfig dbconf) 
        { 
            try 
            { 
 
                //string connectionString = "DRIVER={MySQL ODBC 3.51 
Driver};" + 
                //             "SERVER=192.168.2.2;" + 
                //             "DATABASE=local_rfid_db;" + 
                //             "UID=rfiduser;" + 
                //             "PASSWORD=rfidpass;" + 
                //             "OPTION=3"; 
 
                string connectionString = "DRIVER=" + dbconf.ODBCDriver + ";" 
+ 
                            "SERVER=" + dbconf.dataSource + ";" + 
                             "DATABASE=" + dbconf.database + ";" + 
                             "UID=" + dbconf.userName + ";" + 
                             "PASSWORD=" + dbconf.passwd + ";" + 
                             "OPTION=3"; 
 
 
                //Get a connection to the database 
                con = new OdbcConnection(connectionString); 
                con.Open(); 
 
            } 
            catch (Exception ex) 
            { 
                Console.WriteLine("DBManager:getDBConnection:Error creating 
DB connection \n" + ex); 
            } 
        } 
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        public Boolean writeProductInfo(int productId, String productName, 
String prodManufacturer) 
        { 
            OdbcCommand myCommand = new OdbcCommand(); 
            Boolean isSuccess = false; 
 
            String insertSQL = "INSERT INTO PRODUCT_INFO (PRODUCT_ID, 
PRODUCT_NAME, MANUFACTURER) VALUES(" 
                                    + productId + ",'" + productName + "','" 
+ prodManufacturer + "')"; 
            String selectSQL = "SELECT PRODUCT_ID FROM PRODUCT_INFO WHERE 
PRODUCT_ID =" + productId; 
            String updateSQL = "UPDATE PRODUCT_INFO SET PRODUCT_NAME = '" + 
productName + "', MANUFACTURER = '" + prodManufacturer + 
                                    "' WHERE PRODUCT_ID = " + productId; 
 
            try 
            { 
                myCommand.Connection = con; 
                myCommand.CommandText = selectSQL; 
                myCommand.CommandType = CommandType.Text; 
                Object prodId = myCommand.ExecuteScalar(); 
 
                if (prodId == null) 
                { 
                    myCommand.CommandText = insertSQL; 
                } 
                else 
                { 
                    myCommand.CommandText = updateSQL; 
                } 
 
                myCommand.ExecuteNonQuery(); 
                isSuccess = true; 
 
                myCommand.Dispose(); 
 
            } 
            catch (Exception ex) 
            { 
                Console.WriteLine("DBManager:writeProductInfo:Error in 
writing data \n" + ex); 
            } 
            return isSuccess; 
 
        } 
 
        #region IDisposable Members 
 
        public void Dispose() 
        { 
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            if (con != null) 
                con.Close(); 
 
            throw new Exception("The method or operation is not 
implemented."); 
        } 
 
        #endregion 
    } 
 
 
    
//************************************************************************ 
} 
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/****************************************************************************/ 
/*Script to create database local_rfid_db and table product_info in it*/ 
 
CREATE DATABASE `local_rfid_db` /*!40100 DEFAULT CHARACTER SET latin1 */; 
 
DROP TABLE IF EXISTS `local_rfid_db`.`product_info`; 
CREATE TABLE  `local_rfid_db`.`product_info` ( 
  `PRODUCT_ID` int(10) unsigned NOT NULL auto_increment, 
  `PRODUCT_NAME` varchar(45) NOT NULL, 
  `MANUFACTURER` varchar(45) NOT NULL, 
  PRIMARY KEY  (`PRODUCT_ID`) 
) ENGINE=InnoDB DEFAULT CHARSET=latin1; 
 
 
/*SCript to create database remote_rfid_db and table product_info in it*/ 
 
CREATE DATABASE `remote_rfid_db` /*!40100 DEFAULT CHARACTER SET latin1 */; 
 
DROP TABLE IF EXISTS `remote_rfid_db`.`product_info`; 
CREATE TABLE  `remote_rfid_db`.`product_info` ( 
  `PRODUCT_ID` int(10) unsigned NOT NULL auto_increment, 
  `PRODUCT_NAME` varchar(45) NOT NULL, 
  `MANUFACTURER` varchar(45) NOT NULL, 
  PRIMARY KEY  (`PRODUCT_ID`) 
) ENGINE=InnoDB DEFAULT CHARSET=latin1; 
 
/****************************************************************************/ 
/*Script to Insert product information in product_info table for simulation*/ 
INSERT INTO PRODUCT_INFO VALUES(8388608,'Product_Name_8388608','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388609,'Product_Name_8388609','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388610,'Product_Name_8388610','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388611,'Product_Name_8388611','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388612,'Product_Name_8388612','Manufacturer 
Name'); 
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INSERT INTO PRODUCT_INFO VALUES(8388614,'Product_Name_8388614','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388615,'Product_Name_8388615','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388616,'Product_Name_8388616','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388617,'Product_Name_8388617','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388618,'Product_Name_8388618','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388619,'Product_Name_8388619','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388620,'Product_Name_8388620','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388621,'Product_Name_8388621','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388622,'Product_Name_8388622','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388623,'Product_Name_8388623','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388624,'Product_Name_8388624','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388625,'Product_Name_8388625','Manufacturer 
Name'); 
INSERT INTO PRODUCT_INFO VALUES(8388626,'Product_Name_8388626','Manufacturer 
Name'); 
 
/****************************************************************************/ 
# BIND Zone files : example.com.db  
\example.com.      IN      SOA     ns1.example.com. admin.example.com. ( 
                                                        2006081401 
                                                        28800 
                                                        3600 
                                                        604800 
                                                        38400 
 ) 
example.com.      IN      NS              ns1.example.com. 
example.com.      IN      MX     10       mta.example.com. 
www              IN      A       10.10.1.2 
mta              IN      A       192.168.1.3 
ns1              IN      A       192.168.1.1 
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myrfid           IN      A       192.168.1.103 
*.134217728.gid.ons NAPTR 100 10 "u" "RFID+ws"
 "!(^.*$)!http://myrfid.example.com/RFIDInfoService/ProductInfo.asmx!". 
 
/****************************************************************************/ 
BIND Zone files : named.conf.local 
 
// 
// Do any local configuration here 
// 
 
// Consider adding the 1918 zones here, if they are not used in your 
// organization 
//include "/etc/bind/zones.rfc1918"; 
// This is the zone definition. replace example.com with your domain name 
zone "example.com" { 
       type master; 
       file "/etc/bind/zones/example.com.db"; 
}; 
zone "1.1.ons.naptr.com" { 
       type master; 
       file "/etc/bind/zones/1.1.ons.naptr.com.db"; 
}; 
// This is the zone definition for reverse DNS. replace 0.168.192 with your  
// network  address in reverse notation - e.g my network address is 192.168.0 
zone "1.168.192.in-addr.arpa" { 
    type master; 
    file "/etc/bind/zones/rev.1.168.192.in-addr.arpa"; 
}; 
 
/****************************************************************************/ 
BIND Zone files : rev.1.168.192.in-addr.arpa@ IN SOA ns1.example.com. admin.example.com. 
( 
                        2006081401; 
                        28800;  
                        604800; 
                        604800; 
                        86400  
) 
                     IN    NS     ns1.example.com. 
102                    IN    PTR    example.com 
/****************************************************************************/ 
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PAGENT ROUTER CONFIGURATION 

 
! Et0/0 
active 
! 
drop off 
! 
delay on 
delay one-in 1 
delay until-stopped 
delay duration 200 milliseconds 
delay queue-size-limit 1000 
! 
alter off 
 
! 
Et0/1 
active 
! 
drop off 
! 
delay on 
delay one-in 1 
delay until-stopped 
delay duration 200 milliseconds 
delay queue-size-limit 1000 
! 
alter off 
 
PAGENT ROUTER: 
int e0/0 
no ip address 
no shut 
! 
int e0/1 
no ip address 
no shut 

!
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SAMPLE OF COST FUNCTION ANALYSIS RESULTS 

 
BEST CASE SCENARIO (p = 10%) 

 

t Qmax Dp N T A(t) s p D(t) Q(t) Cq
0 50000 0 140000000 600 233333 1000000 0.1 100000 0
1 50000 0 140000000 600 233333 1000000 0.1 100000 133333 1.33
2 50000 83333 140000000 600 316666 1000000 0.1 100000 266666 2.67
3 50000 216666 140000000 600 449999 1000000 0.1 100000 399999 4.00
4 50000 349999 140000000 600 583332 1000000 0.1 100000 533332 5.33
5 50000 483332 140000000 600 716665 1000000 0.1 100000 666665 6.67
6 50000 616665 140000000 600 849998 1000000 0.1 100000 799998 8.00
7 50000 749998 140000000 600 983331 1000000 0.1 100000 933331 9.33
8 50000 883331 140000000 600 1116664 1000000 0.1 100000 1066664 10.67
9 50000 1016664 140000000 600 1249997 1000000 0.1 100000 1199997 12.00

10 50000 1149997 140000000 600 1383330 1000000 0.1 100000 1333330 13.33
11 50000 1283330 140000000 600 1516663 1000000 0.1 100000 1466663 14.67
12 50000 1416663 140000000 600 1649996 1000000 0.1 100000 1599996 16.00
13 50000 1549996 140000000 600 1783329 1000000 0.1 100000 1733329 17.33
14 50000 1683329 140000000 600 1916662 1000000 0.1 100000 1866662 18.67
15 50000 1816662 140000000 600 2049995 1000000 0.1 100000 1999995 20.00
16 50000 1949995 140000000 600 2183328 1000000 0.1 100000 2133328 21.33
17 50000 2083328 140000000 600 2316661 1000000 0.1 100000 2266661 22.67
18 50000 2216661 140000000 600 2449994 1000000 0.1 100000 2399994 24.00
19 50000 2349994 140000000 600 2583327 1000000 0.1 100000 2533327 25.33
20 50000 2483327 140000000 600 2716660 1000000 0.1 100000 2666660 26.67
21 50000 2616660 140000000 600 2849993 1000000 0.1 100000 2799993 28.00
22 50000 2749993 140000000 600 2983326 1000000 0.1 100000 2933326 29.33
23 50000 2883326 140000000 600 3116659 1000000 0.1 100000 3066659 30.67
24 50000 3016659 140000000 600 3249992 1000000 0.1 100000 3199992 32.00
25 50000 3149992 140000000 600 3383325 1000000 0.1 100000 3333325 33.33
26 50000 3283325 140000000 600 3516658 1000000 0.1 100000 3466658 34.67
27 50000 3416658 140000000 600 3649991 1000000 0.1 100000 3599991 36.00  
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APPENDIX D (continued) 
 
 

WORST CASE SCENARIO (p = 1%) 
 

t Qmax Dp N T A(t) s p D(t) Q(t) Cq
0 50000 0 140000000 600 233333 1000000 0.01 10000 0
1 50000 0 140000000 600 233333 1000000 0.01 10000 223333 22.33
2 50000 173333 140000000 600 406666 1000000 0.01 10000 446666 44.67
3 50000 396666 140000000 600 629999 1000000 0.01 10000 669999 67.00
4 50000 619999 140000000 600 853332 1000000 0.01 10000 893332 89.33
5 50000 843332 140000000 600 1076665 1000000 0.01 10000 1116665 111.67
6 50000 1066665 140000000 600 1299998 1000000 0.01 10000 1339998 134.00
7 50000 1289998 140000000 600 1523331 1000000 0.01 10000 1563331 156.33
8 50000 1513331 140000000 600 1746664 1000000 0.01 10000 1786664 178.67
9 50000 1736664 140000000 600 1969997 1000000 0.01 10000 2009997 201.00

10 50000 1959997 140000000 600 2193330 1000000 0.01 10000 2233330 223.33
11 50000 2183330 140000000 600 2416663 1000000 0.01 10000 2456663 245.67
12 50000 2406663 140000000 600 2639996 1000000 0.01 10000 2679996 268.00
13 50000 2629996 140000000 600 2863329 1000000 0.01 10000 2903329 290.33
14 50000 2853329 140000000 600 3086662 1000000 0.01 10000 3126662 312.67
15 50000 3076662 140000000 600 3309995 1000000 0.01 10000 3349995 335.00
16 50000 3299995 140000000 600 3533328 1000000 0.01 10000 3573328 357.33
17 50000 3523328 140000000 600 3756661 1000000 0.01 10000 3796661 379.67
18 50000 3746661 140000000 600 3979994 1000000 0.01 10000 4019994 402.00
19 50000 3969994 140000000 600 4203327 1000000 0.01 10000 4243327 424.33
20 50000 4193327 140000000 600 4426660 1000000 0.01 10000 4466660 446.67
21 50000 4416660 140000000 600 4649993 1000000 0.01 10000 4689993 469.00
22 50000 4639993 140000000 600 4873326 1000000 0.01 10000 4913326 491.33
23 50000 4863326 140000000 600 5096659 1000000 0.01 10000 5136659 513.67
24 50000 5086659 140000000 600 5319992 1000000 0.01 10000 5359992 536.00
25 50000 5309992 140000000 600 5543325 1000000 0.01 10000 5583325 558.33
26 50000 5533325 140000000 600 5766658 1000000 0.01 10000 5806658 580.67
27 50000 5756658 140000000 600 5989991 1000000 0.01 10000 6029991 603.00  
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