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ABSTRACT

MESCHAIN: AN ARCHITECTURE FOR
SUPPLY CHAIN INTEGRATION AND AUTOMATION

ON THE INTERNET

Cingil, Ibrahim
Ph.D., Department of Computer Engineering

Supervisor: Prof. Dr. Asuman Dogag

December 2000, 142 pages

Electronic commerce is happening at a very fast pace and business-to-business
ecommerce is taking the lead, a very important part of which is the supply
chain integration and automation. There is a high demand for well accepted
interoperability standards which need to be fitted together for supply chain
integration to meet the business demands such as being able to integrate cat-
alogs from different companies. This will facilitate product comparisons and

producing customized catalogs. Given an anchor product anywhere on the
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supply chain, it should be possible to obtain information on related products
that complement or add value to this anchor product. Yet another key issue
is the full automation of the supply chain processes. However since a single
dominant electronic commerce standard is unlikely, the supply chain integra-
tion and automation should be able to accomodate different standards like
Open Trading Protocol (OTP) or Open Buying on the Internet (OBI). This
will make it possible for users to conform to the standards of their choice.

Another important fact is that rigid supply chains can co-exist with sup-
ply chains formed on the fly where participants can transact business sponta-
neously since the Web is able to make the information instantly available to
all trading partners. Facilitating resource discovery that is finding out about
the information on possible partners and their catalogs on the Internet and
transacting business automatically also becomes an important issue.

The architecture developed within the scope of this thesis addresses these
issues. We have used the emerging technologies and standards as the infras-
tructure of the system proposed; extended and integrated these to meet the
needs of supply chain integration and automation and demonstrated how each

of the mentioned functionalities can be achieved.

Keywords: Supply Chains, Supply Chain Management, Supply Chain Au-
tomation, Electronic Catalogs, Catalog Integration, Software Agents, Work-

flow Management Systems, XML, XML-QL Query Language.
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OZ

MESCHAIN: INTERNET UZERINDE BIR TEDARIK ZINCIRI

ENTEGRASYON VE OTOMASYON YAPISI

Cingil, Ibrahim
Doktora, Bilgisayar Miihendisligi Boliimii

Tez Yoneticisi: Prof. Dr. Asuman Dogag

Aralik 2000, 142 sayfa

Elektronik ticaret ¢ok hizli adimlarla gelismekte olup firmalar arasi ticaret
bu alanda bagi cekmektedir. Firmalar arasi elektronik ticaretin en 6nemli
parcalarindan biri de tedarik zinciri entegrasyonu ve otomasyonudur. Farkl
firmalarin kataloglarini birlegtirmek gibi talepleri kargilamak tizere yaygin kabul
goren ve bir arada ¢aligabilecek standartlara biiyiik talep vardir. Boylece iiriin
kiyaslamalar: ve bigimlendirilmig kataloglar miimkiin olacaktir. Tedarik zinciri
iizerinde herhangi bir noktada verilecek bir ana iiriin i¢in, bu iriinii tamam-
layan veya deger katan diger iiriinler hakkinda bilgi almak miimkiin olmalidir.
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Bir bagka onemli konu da tedarik zincirindeki siireclerin tam otomasyonudur.
Ancak tek bir elektronik ticaret standard: olas1 goriilmedigi i¢in, tedarik zin-
ciri entegrasyonu ve otomasyonu OBI veya OTP gibi degisik standardlarin
kullanilabilmesine izin vermelidir. Bu kullanicilara kendi tercih ettikleri stan-
dardlara uyma imkam saglayacaktir. Bir bagka onemli nokta ise tedarik zin-
cirlerinin 6nceden tanimlanmig yapilar: olabilecegi gibi, Internet ile gerekli bil-
giler tiim ticaret katilimcilarina aninda verilebildiginden, katilimcilarin o anda
ticaret yapmalarina olanak saglayacak gekilde dinamik olarak olugturulmasinin
da mimkiin olusudur. Bu nedenle kaynaklarin kesfedilmesi, yani Internet
izerindeki olas1 ticaret ortaklar1 ve kataloglarinin bulunmasi, 6nem kazan-
maktadir.

Bu tezin kapsaminda geligtirilmig olan mimari bu konular igermektedir.
Bu mimarinin alt yapisinda yeni geligen teknolojiler ve standardlar kullanilmasg,
bunlar tedarik zinciri entegrasyon ve otomasyon gereksinimlerini karsilamak
tizere birlegtirilmis ve bahsedilen iglevlerin nasil elde edildigi 6rneklerle goste-

rilmigtir.

Anahtar Kelimeler: Tedarik Zincirleri, Tedarik Zinciri Yénetimi, Tedarik Zin-
ciri Otomasyonu, Elektronik Kataloglar, Katalog Entegrasyonu, Yazilim Ajan-

lar1, Tedarik Zinciri, I Akis Yénetim Sistemleri, XML, XML-QL Sorgu Dili.

vi



Dedicated to my wife Selime and my parents Semra and Hiiseyin Cingil.

vii



ACKNOWLEDGMENTS

I would like to express my deepest gratitude to my supervisor Prof. Dr.
Asuman Dogag for her guidance and encouragement. Prof. Doga¢ introduced
me to interesting topics in the workflow systems, electronic catalogs, per-
sonalization and e-commerce fields and taught me how to do research. She
has supported me throughout and right from the beginning by patience, un-
derstanding and caring. Her invaluable support on the line of e-commerce
research has led to this thesis.

I would also wish to gratefully acknowledge the METU SRDC team, espe-
cially Yusuf Tambag, for implementing the parts of the system: Yusuf Tambag
for the catalog agent and TCP/IP connections, Necip Oner Hamali for the ex-
tended XML-QL query processor, Yalin Yarimagan for the workflow system,
and Ender Sevinc for the EXECUTE instruction.

A special thank goes to my lovely wife, Selime Cingil, for her constant
love, generous support and her endless understanding and patience.

Finally, I would like to thank my parents Semra and Hiiseyin Cingil. With-

out their love, support and encouragement I wouldn’t be where I am today.

viii



TABLE OF CONTENTS

ABSTRACT . . . . e iii

OZ . o v

ACKNOWLEDGMENTS . . .. .. ... ... .. ... . viii

TABLE OF CONTENTS . . .. .. ... .. .. ... .. ... .... ix

LIST OF TABLES . . . . . . . . . . . o .. xii

LIST OF FIGURES . . .. . .. . . . ... . .. xiii

CHAPTER

1 INTRODUCTION . ... .. ... ... ... 1

1.1 Motivation . . . . . . .. ..o Lo oL 6

1.2 Outline . . . .. .. .. 7

2  ENABLING TECHNOLOGIES AND STANDARDS . .. .. 9
2.1 Extensible Markup Language (XML) and the Common

Business Library (CBL) . . . ... ... ... .. ... 9

2.2 Resource Description Framework (RDF) . . . .. . .. 11

2.3 Querying XML and RDF Documents . . . . . . .. .. 13

2.4 Open Buying on the Internet (OBI) . . ... .. ... 15

2.5 Open Trading Protocol (OTP) . . ... ... .. ... 17

2.6 Agent Technology . . . . ... ... ... ... .... 23

2.7 Workflow Systems . . . . .. ... 24

3  INTEGRATION OF THE ENABLING TECHNOLOGIES . . 25

3.1 Legacy Application Support for Catalog Interoperability 28

ix



3.2 Automation of Customer Orders down the Supply Chain 32

3.3 Handling Recursive Execution in XML-QL . . . . .. 34
3.4 Relating XML documents with their corresponding RDF

descriptions . . . . . . .. ..o 36
4  THE ARCHITECTURE OF THE SYSTEM . . .. ... ... 38
4.1 Resource discovery on the Web . . . . . ... ... .. 46
4.2 Catalog interoperability and customized catalogs . . . 48
4.3 Discovery of items and services that add value . ... 52
4.4 Bi-directional traversal on the supply chain . . . . .. 56
4.5 The architecture of catalog agents . . . . . ... ... 58
4.6 The workflow architecture . . . . . . .. ... .. ... 60

5  THE FUNCTIONALITY OF THE PROPOSED ARCHITEC-
TURE . . . e 66
5.1 Producing customized catalog for the consumer . . . . 67

5.2 Finding related or add-on products for a given anchor
product . . . . ..o 70
5.3 Full automation of the supply chain . . . .. .. ... 75
5.4 Monitoring . . . . . . ... oo 7
5.5 Bi-directional traversal on the supply chain . . . . .. 78
5.6 On-the-fly supply chain construction . . . . . . . . .. 82
6 IMPLEMENTATION . . . . ... ... ... ... ....... 84
6.1 Story Board . . ... ... 00000 85
6.2 Operation of the System . . . . . . ... ... .. ... 97
7  CONTRIBUTIONS OF THE WORK . . . . .. .. ... ... 104
8 RELATED WORK . . . ... ... ... ... ... ...... 109
9  CONCLUSIONS AND FUTURE WORK . . . . .. ... ... 118
REFERENCES . . . . . . . o o o o 121
APPENDICES . . . . . . . . 126
A Proposed Extensionsto CBL . . . . .. .. ... ........ 126
B The Proposed Message DTD . . . . . . ... ... ... .... 128
C  DTD for Workflow Process Definitions . . . .. ... ... .. 130



xi



5.1
3.2
2.3
5.4

LIST OF TABLES

Results of the standardized query given in Figure 5.3

Results of the standardized query given in Figure 5.4.b . . . .
Results of the standardized query given in Figure 5.5.b . . . .

Results of the standardized query given in Figure 5.6

xii



2.1
2.2
2.3

4.1
4.2
4.3
4.4
4.5

4.6

4.7
4.8

5.1
5.2
9.3
5.4
3.5
2.6
5.7

2.8
2.9

6.1

6.2

LIST OF FIGURES

The electronic catalog structure in Common Business Library. 10

Open Trading Protocol Overview . . . . .. ... ... ... .. 18
OTP Messages . . . . o v v v v i i ittt 21
The proposed supply chain architecture . . . . . . . ... ... 39

The Business-to-Consumer scenario in the proposed architecture. 41
The Business-to-Business scenario in the proposed architecture. 44

A sample ”catalog.entry” element in XML/CBL . . . .. . .. 49
Using a wrapper program to dynamically generate contents of
a "catalog.entry” . . .. ..o 50
Three alternatives for representing the "added value” informa-
tion for products. . . . . ... ... Lo 53
RDF description and use of the ” Added_Value” property. . . . 54
The proposed message-driven, component-based and adaptive
workflow system architecture . . . . . . . . ... ... ... .. 61
An Example Supply Chain . . . . ... ... .. ... ..... 67
RDF Schema Description of the Example Resource . . . . .. 67
A standardized XML query to find out PCs with a 300 Mhz or
faster CPU . . . . . ..o 68
A standardized XML query to find out the resource type and
the super classes of a product . . . . ... ... .. ... ... 72
A standardized XML query to find out the Add-On classes and
their sub-class of a given resource type . . . . .. .. .. ... 73
A standardized XML query to find out the catalog entries of
the Add-On classes of a resource type . . . . . ... ... ... 74
A standardized XML query for traversing up links . . . . . . . 79
The recursive XML-QL function used in the query in Figure 5.7 80
Trace of the standardized XML query given in Figure 5.7 . . 82
The download items available on the MESChain page at ”http:-
//www.srdc.metu.edu.tr/MESChain”. . . . . . ... ... ... 85
Initial user interaction with the catalog of Retailer-1 at ”http:-
//www.srde.metu.edu.tr/sc/R1/R1.html” . . . . . .. .. ... 86

xiil



6.3
6.4

6.5
6.6
6.7
6.8
6.9
6.10

6.11

The electronic catalog for Retailer-1 of MESChain. . . . . . . 87
Issuing a standardized query to the electronic catalog of Retailer-

Lo 88
Results of the query issued to the electronic catalog of Retailer-1. 89
Adding an item to the shopping basket. . . . . . . .. .. ... 90
Add-on products found for the item "R1-PC333-B”. . . . . . . 91
Displaying the contents of the shopping basket. . . . .. . .. 92
Sending an order to the electronic catalog of Retailer-1. . . . . 94
”Order Tracking ID” sent by the catalog agent in confirmation

to the acceptence of the customer order. . . . .. . ... ... 95
Inquiring the status of a customer order. . . . . . .. .. ... 96

xiv



CHAPTER 1

INTRODUCTION

Supply chains provide composite services or products by utilizing autonomous,
heterogeneous, and/or conversational services provided by independent enter-
prises. A supply chain consists of various business partners like retailers,
distributers and manufacturers, and their business interactions. Being a pri-
mary focus of B2B e-commerce, supply chains link these partners who are
involved in procurement, assembly, manufacturing and distribution of goods
and services. Some tools to automate the operation of a supply chain are
already available, including Electronic Data Interchange (EDI), ordering sys-
tems, and inventory control systems. However, these require a substantial
amount of human involvement especially during set-up and typically focus on
pairs of organizations, e.g., one buyer and one supplier. The much-heralded
web-based systems for business-to-consumer applications also suffer from nu-

merous shortcomings, including the heterogeneity of information and access



paradigms across vendors.

The electronic catalogs will much better serve the needs of the businesses
today if the following functionality can be acheived through seamless inter-
operation of the resources on the whole supply chain of retailers, distributors

and manufacturers [11]:

1. Facilitating product comparisons and customized catalogs: Buyers should
be able to query multiple catalogs concurrently and then assemble the
accumulated information in any format they prefer to be able to compare
competitive products. In other words, it should be possible to integrate
data from a number of different resources to create catalogs that are
not only timely and information rich, but also tailored according to the
customer’s needs and preferences. Also for large organizations that have
negotiated special discounts with certain suppliers, interoperable cata-
log technology should make it possible to create internally distributed
product listings that describe approved items and the prices set for them

through master purchase agreements.

2. Locating complementary products: A buyer may be willing to purchase
related products or a product may need several additional components
before a complete system is deployed. This necessitates being able to lo-
cate compatible products in other catalogs through standardized queries.
That is, once a buyer establishes a core (or ”anchor”) product anywhere
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on the supply chain, s/he should be able to readily obtain information
from other catalogs describing items and services that complement or
add value to this anchor product. For many suppliers this approach
is also preferable to the alternative of redirecting customers to comple-
mentary catalogs since many of these catalogs may contain pointers to

competitive products.

. Bi-directional catalog integration: Catalog integration should be possible
not only down the supply chain, that is from retailer to manufacturer
but also up the supply chain that is from manufacturer to the retailer.
As an example, a distributor’s catalog should not only be able to obtain
information about products from the original suppliers, but should also
acquire information about the retail outlets where products in the cat-
alog are offered. This will make it possible for the user to access all the
information available on a particular product, regardless of where s/he

has chosen to establish an anchor on the supply chain.

. Automation of processes on the supply chain. Whenever a product is
bought, this information should propagate down and up the supply
chain automatically triggering a series of distribution, manufacturing
and logistics events. As an example, the items collected in a shopping
cart should automatically trigger the issuing, approval and delivery of

related purchase orders electronically to the appropriate vendor organi-



zation. In response an electronic message should be sent to the buyer
confirming the acceptance of the transaction, providing tracking num-
ber of the transaction and summarizing the status of the order. At the
seller site, on the other hand, the related sub-processes like shipment
and payment need to be automatically activated. Assuming that the
buyer is a customer who contacted a retailer, it is necessary to auto-
matically trigger the processes down the supply chain alerting necessary

processes in related distributors and manufacturers.

The work described in this thesis addresses these issues and is implemented

within the scope of the MESChain (METU Supply Chain) [6] project.

The technology we propose for catalog integration is to generate Extensi-
ble Markup Language (XML) documents from existing resources conforming
to the Common Business Library (CBL) and also to the available industry
specific standards. Given an anchor product on the supply chain, the items
and services that complement this product are described using the ” property”
feature of Resource Description Framework (RDF). The meta data of a par-
ticular resource itself can be described through the attributes of the resource
like the creator of the resource, its title, publisher, etc. There is a standard-
ization effort in this respect, namely, Dublin Core (DC) [22] that provides
for a meta data element set for describing resources. This helps not only to
their discovery by search agents but also for forming the supply chains on the
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fly. Given an anchor product on the supply chain, bi-directional traversing
on the supply chain is realized by describing up and down links through RDF
properties.

XML is used in our architecture as an enabling technology since it makes it
possible for business documents, forms and messages to be interoperable and
comprehensible. The Electronic Data Interchange (EDI) protocol, although a
success for some, has not been accepted by the majority of the business com-
munity as a way to do business electronically. Even though there have been
extensive efforts to standardize EDI transactions, it remains too expensive
and the software developed does not make it easy to leverage implementa-
tions across different trading partners [35]. Any solution that is targeted at
enabling network economy must be one that insulates businesses operating
computer systems from the daily changes that occur in a business.

In this thesis, we show that a supply chain architecture can be constructed
by using standard technologies without any need for specialized coding or
customized programming. We demonstrate that when these technologies are
used as proposed, achieving most of the required functionality reduces to
executing standardized queries as demonstrated in Chapter 5.

Another issue addressed in the thesis is the automation of supply chain pro-
cesses. For this purpose catalogs are associated with catalog agents which can
automatically invoke the related workflow on the supply chain for full automa-

tion of the supply chain processes. We define the workflow processes in XML



conforming to a ”workflow.dtd” that we provide to be replaced by the original
when it becomes available through the standardization efforts currently under-
taken. We also provide a component-based message-driven workflow engine in
Java capable of executing the workflow definition in XML conforming to this
workflow.dtd that the users of the supply chain can download and execute.
The catalog agents differentiate between messages sent according to different
standards and activate the related workflow process templates accordingly.

This provides for the interoperability in terms of different standards.

1.1 Motivation

Business to business (B2B) ecommerce is increasing at a very high pace and
there is a need for solutions that involve deep technology and deep innovation.
According to Goldman, Sachs&Co, revenues from B2B electronic commerce
will reach 1.5 trillion dollars in 2004 [28]. International Data Corp. (IDC)
forecasts worlwide B2B e-commerce revenues of 2.2 trillion dollars and busi-
ness to customer (B2C) revenues of 300 billion dollars by the year 2004 [27].
The Gartner Group predicts that e-market places will handle 2.71 trillion
dollars by 2004 and this will account for 37 percent of all B2B e-commerce
[23].

There are already a number of electronic market places for B2B commerce.
As an example, GE Global eXchange Services is the world’s largest B2B In-
ternet supply chain network that links already more than 100,000 trading

6



partners around the world. DaimlerChrysler, Ford, General Motors, Nissan
and Renault combined procurement channels worth an estimated 300 billion
dollars a year [14], through Covisint Marketplace.

Altough there is a huge potential, the seamless interoperation of resources
on the supply chain have not been achieved yet. The most notable work in this
respect comes from two main industry consortiums, CommerceNet consortium
and the RosettaNet consortium. The CommerceNet is the leading industry as-
sociation for electronic commerce and in [11] describes the required properties
of electronic catalogs for supply chain integration. RosettaNet project [43] on
the other hand, stresses the importance of open content and open transaction
standards for supply chain integration. These motivated the work presented

in this thesis.

1.2 Outline

The thesis is organized as follows: Chapter 2 briefly describes the technologies
and standards that enabled the architecture presented. To facilitate supply
chain integration and automation, we propose some minor extensions to the
enabling technologies. The integration of these technologies is discussed in
Chapter 3. The architecture of the system is explained in Chapter 4. This
chapter also contains the description of the workflow engine. In Chapter
5, the functionality of the system is demonstrated through examples. The
implementation of MESChain is discussed in Chapter 6. The contributions of

7



the thesis are summarized in Chapter 7, and the related work in Chapter 8.

Finally, Chapter 9 contains the conclusions.



CHAPTER 2

ENABLING TECHNOLOGIES AND

STANDARDS

In this chapter, the technologies and standards that enabled the architecture

presented and used in its implementation are described briefly.

2.1 Extensible Markup Language (XML) and the Com-

mon Business Library (CBL)

XML [51] has gained a great momentum and is emerging as the standard for
self-describing data exchange on the Internet. Its power lies in its extensibility
and ubiquity. Anyone can invent new tags for particular subject areas and de-
fine what they mean in document type definitions (DTDs). Content oriented
tagging enables a computer to understand the meaning of data. But if every
business uses its own XML definition for describing its data, it is not possi-

9



Generd Detailed

Catalog Catalog Entries Product Descriptions Product Descriptions
cat.entry.ptr — — |~ —# catalog.entry— — 1 -#» product.description — + — detailed.product.desc.
cat.entry.ptr catalog.entry product.description detailed.product.desc.
cat.entry.ptr catalog.entry

product.description detailed.product.desc.

Figure 2.1: The electronic catalog structure in Common Business Library.

ble to achieve interoperability. The tags need to be semantically consistent
across merchant boundaries. One of the efforts in this respect is the Common
Business Library [13, 25, 35]. CBL consists of information models for various

concepts including:

e Business forms, such as catalogs, purchase orders and invoices,

e Standard measurements, such as date, time, location and classification

codes.

CBL thus provides the much needed basis to ensure interoperability among
XML applications. This needs to be complemented by a set of DTDs com-
mon for specific industries, that is for vertical domains. In fact, some of the
specifications for vertical domains are already available like HL7 for exchang-
ing healthcare records, OBI (Open Buying on the Internet) [38], OTP (Open
Trading Protocol) [40], and work is going on for some other domains like
personal computers [43].

10



Related with electronic catalogs, CBL provides a standard catalog defini-
tion which includes product descriptions as well as default values for catalog
operator, payment and shipment specifications. The catalog architecture of

CBL is given in Figure 2.1.

2.2 Resource Description Framework (RDF)

RDF is a foundation for processing meta data for providing interoperability
between applications that exchange machine understandable information and
currently is a recommendation by the World Wide Web Consortium (W3C)
[41, 42]. RDF enables meta data interoperability through the design of mech-
anisms that support common conventions of semantics, syntax and structure.
Structure can be thought of as a formal constraint on the syntax for the
consistent representation of semantics. RDF imposes the needed structural
constraints to provide unambiguous methods of expressing semantics [36].

The basic data model consists of three object types: resources which are
the things being described by RDF, properties which are specific aspects,
attributes or relations describing a resource and statements that assign a value
to a property of a resource. A resource can be any object that is uniquely
identifiable by a Uniform Resource Identifier (URI). Values may be atomic in
nature or can be other resources, which in turn may have their own properties.
A collection of these properties that refers to the same resource is called a
description.

11



Meaning in RDF is expressed through a reference to an application-specific
schema which defines the terms that will be used in RDF statements and gives
specific meanings to them. In other words RDF does not stipulate semantics
for each resource description community, but rather provides the ability for
these communities to define meta data elements as needed. Individual resource
description communities define the semantics, or meaning of meta data that
address their particular needs using RDF Schema Specification Language [41].

The RDF data model provides an abstract, conceptual framework; a con-
crete syntax is also required and XML is used for this purpose [42]. The
XML namespace mechanism serves to identify RDF Schemas. The syntax
and the structural constraints RDF imposes, support the consistent encoding
and exchange of machine processable meta data.

As an example, the following RDF definition describes the resource ”ups”
as a subclass of the resource ”product” and an add-on to the resource ”desk-

99

top”:
<rdf :RDF xmlns:rdf="http://www.w3.org/TR/WD-rdf-syntax#"
xmlns:rds="http://www.w3.org/TR/WD-rdf-schema#"
xmlns:MESChain="http://www.srdc.metu.edu.tr/sc/common.schema.rdf#">
<rdf:Description ID="ups">
<rdf:type resource="http://www.w3.org/TR/WD-rdf-schema#Class"/>
<rds:subClass0f resource="product"/>
<MESChain:Add_On_to resource="desktop"/>
<rds:label>UPS</rds:label>
<rds:comment>All kinds of Uninterruptable Power Supplies
that can be used for a desktop computer</rds:comment>
</rdf:Description>

Notice that in this example, namespace prefix "rdf” is used for qualifying
RDF Syntax tags; namespace prefix "rds” is used for qualifying RDF Schema

12



tags; and namespace prefix ” MESChain” is used for qualifying the tags that
we have used to define our schema. Through out the thesis, the tags used in

the RDF examples use these prefixes.

2.3 Querying XML and RDF Documents

The availability of large amounts of data on the Web raises several issues that
the XML standard does not address. In particular, there is a need for tech-
niques and tools for sending queries to XML sources, for extracting data from
large XML documents, for translating XML data between different ontology
(DTD’s), for integrating XML data from multiple sources including RDF de-
scriptions specified in XML. XML data is very similar to ’semi-structured
data’ [47], which has been proposed in the database research community as a
data model for sources that have irregular or rapidly evolving structure.

One of the query languages available for XML is XML-QL [17] and it has
been designed by applying techniques from semi-structured data. Its purpose
is to allow XML data to be queried, translated and integrated. It incorporates
many of the features of other query languages for semi-structured data, and
extends them to an ordered data model.

XML-QL has a SELECT-WHERE construct, like SQL, that can express
queries, which extract pieces of data from XML documents, as well as trans-
formations, which, for example, can map XML data between DTD’s and can
integrate XML data from different sources. Although XML-QL shares some

13



functionalities with XSL, it supports more data-intensive operations, such as
joins and aggregates, and has better support for constructing new XML data,
which is required by transformations. XML-QL is used as the main query
language in our work.

The Extensible Stylesheet Language (XSL) [53], which is still under devel-
opment, also includes a transformation language. This XSL Transformations
language (XSLT) [54] has recently been standardized and now is an official
recommendation of the W3C. Its ability to transform data from one XML rep-
resentation to another makes it an important component of any application
that needs to convert the same data between different XML representations.

XSLT provides elements that define rules for how one XML document
is transformed into another. The transformation is achieved by associating
patterns with templates. In an XSL transformation, an XSL processor reads
both an XML document and an XSL style sheet. Based on the instructions
the processor finds in the XSL style sheet, it outputs a new XML document
or a fragment.

The transformed XML document may use the markup and DTD of the
original document or it may use a completely different set of tags. There’s also
special support for outputting HTML. With some effort it can also be made to
output essentially arbitrary text, though it’s designed primarily for XML-to-
XML transformations. Since a query can be considered as a transformation
from a source document to a query-result document, we use XSLT as an

14



alternative query language in our work.

2.4 Open Buying on the Internet (OBI)

The OBI initiative [38] is automating large-scale corporate procurement of
office and maintenance supplies. In the OBI architecture, a requisitioner at a
Buying Organization uses a Web browser to interact with a specialized catalog
at a Selling Organization. If the requisitioner places an order, the Selling
Organization will transmit an order request to the Buying Organization’s
purchasing server for approval. If it is approved, the Buying Organization
returns the order to the Selling Organization.

At an abstract level, the OBI architecture can be viewed as the interaction

of four entities:

e Requisitioner: The requisitioner represents the end-user of the system;
the person who actually places the order. The requisitioner is affiliated
with a buying organization. The requisitioner is assumed to have access
to a desktop machine, with a World Wide Web browser and access to a
corporate Intranet and the Internet. The requisitioner also has a digital

certificate, issued by a trusted certificate authority.

e Buying Organization: The buying organization represents the purchas-
ing management and the information systems which support purchasing.
These systems include an OBI server for receiving OBI Order Requests
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and returning OBI Orders, and systems for handling the requisitioner
profile information, trading partner information, workflow, approvals,
account, and tax status information necessary to complete an order.
The buying organization also negotiates and maintains contractual re-

lationships with preferred selling organizations.

Selling Organization: The selling organization maintains a dynamic elec-
tronic catalog that presents accurate product and price information —
information which can be tailored based on the organizational affiliation
of the requisitioner as specified in a digital certificate. Product and price
information reflects the contract with a buying organization. The selling
organization’s catalog must be integrated effectively with inventory and
order management systems and an OBI server for sending OBI Order
Requests and receiving OBI Orders. Selling organizations must be able
to authorize certain transaction types with the appropriate payment

authority.

Payment Authority: Payment authorities provide authorization for the
payment vehicle presented by the requisitioner. Payment authorities
must provide payments to selling organizations and a timely invoice or
debit to the buying organization. Payment authorities may include a va-
riety of financial institutions or, if the payment vehicle is a bulk invoice,
selling organizations assume the responsibilities of a payment authority.
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The OBI standard is intended to support a variety of payment vehicles,
however, OBI version 1.0 does not attempt to specify or standardize the

payment process.

2.5 Open Trading Protocol (OTP)

The Internet Open Trading Protocol [40] provides an interoperable framework
for Internet commerce. It is payment system independent and it encapsulates
payment systems such as SET, Mondex, CyberCash, etc. It addresses the
involved parties in the trade, how it will be conducted, presentation of an
offer, the method of payment, the provision of a payment receipt, the delivery
of goods and the receipt of goods. The fundamental goal of the OTP effort
is to produce a definition of these trading events in such a way that any
two unfamiliar parties that conform to the OTP specifications will be able to
complete the business safely and successfully.

A minimum useful set of OTP transactions, called ”Baseline”, are defined

as follows:

e Purchase: to support a purchase involving an offer, a payment and

optionally a delivery,

e Refund: to support the refund of a payment as a result of, typically, an

earlier purchase,

e Value Exchange: to exchange value from one combination of currency
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Figure 2.2: Open Trading Protocol Overview

and payment method to another,

Authentication: to support remote authentication of a Consumer by

another trading role using a variety of authentication methods,

Withdrawal: to support the withdrawal of electronic cash from a finan-

cial institutio n,

Deposit: to support the deposit of electronic cash at a financial institu-

tion,

Payment Instrument Care: to support the provision of Payment Brand
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or Payment Method specific customer care of a Payment Instrument,

Inquiry: to support inquiries on the status of an OTP transaction which

is either in progress or is complete,

Ping: to support a simple query which enables one OTP aware applica-
tion to determine whether another OTP application running elsewhere

is working or not.

The Trading Roles in OTP identify the different roles organisations can

play in a trade. These trading roles are the following:

Consumer: the person or organisation which is to receive and pay for

the goods or services,

Merchant: the person or organisation from whom the purchase is being
made, and who is legally responsible for providing the goods or services

and receives benefits of the payment made,

Payment Handler: the entity that physically receives the payment from

the Consumer on behalf of the Merchant,

Delivery Handler: the entity that physically delivers the goods or ser-

vices to the Consumer on behalf of the Merchant,

Merchant Customer Care Provider: the entity that is involved with
customer dispute negotiation and resolution on behalf of the Merchant,
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e Payment Instrument Customer Care Provider: the entity that resolves

problems with a particular Payment Instrument.

These roles may be carried out by the same organization or by different
organizations. For example, in the simplest case, one physical organization
(e.g. a merchant) could handle the purchase, accept the payment, deliver
the goods, and provide merchant customer care. At the other extreme, a
merchant can handle the purchase but can instruct the customer to pay a
bank or financial institution, request that delivery be made by an overnight
courier firm and to contact an organization which provides 24x7 hours of
service if problems arise. An individual organisation may take multiple roles.
As roles occur in different places, there is a need for the organisations involved
in the trade to exchange data, i.e. to carry out Trading Exchanges, so that
the trade can be completed.

The Internet Open Trading Protocol identifies the following Trading Ex-

changes which involve the exchange of data between the Trading Roles:

o Offer: The Offer Exchange results in the Merchant providing the Con-
sumer with the reason why the trade is taking place. It is called an Offer

since the Consumer must accept the Offer if a trade is to continue,

e Payment: The Payment Exchange results in a payment of some kind
between the Consumer and the Payment Handler. this may occur in
either direction,
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e Delivery: The Delivery Exchange transmits either the on-line goods, or
delivery of information about physical goods from the Delivery Handler

to the Consumer,

e Authentication: the Authentication Exchange can be used by any Trad-
ing role to authenticate another trading role to check that they are who

they appear to be.

OTP transactions are composed of various combinations of these Trading
Exchanges. For example, an OTP Purchase transaction includes Offer, Pay-
ment, and Delivery trading exchanges. Trading Exchanges consist of Trading
Components that are transmitted between the various Trading Roles. Where
possible, the number of round-trip delays in an OTP transaction is mini-
mized by packing the Trading Components from several Trading Exchanges
into combination OTP Messages. The OTP Messages, which are physically
transmitted between different trading roles in the form of XML documents,
constitute the OTP transactions. An OTP transaction may involve one or
more OTP Messages. An OTP Message as illustrated in Figure 2.3, has a
Transaction Reference Block which contains a globally unique identifier for
that transaction. Also, each Trading Block and Trading Component is given
an ID attribute which is unique within an OTP transaction. Therefore the
combination of the ID attribute and the globally unique identifier in the Trans-
action Reference block is sufficient to uniquely identify any Trading Block or
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Trading Component. A set of Trading Components, which represens a Trade

Exchange in an OTP Message, is called a Trading Block.

2.6 Agent Technology

An agent is a computer system situated in some environment that is capable of
autonomous action in this environment in order to meet its design objectives.
Autonomy generally means that the system acts without the direct interven-
tion of humans (or other agents), and has control over its own actions and
internal state. To better explain the autonomy of agents, consider an object
'x’ in an object oriented system. The methods that object 'x’ provides can be
invoked by other objects and ’x’ does not have any control over this. However
an agent has control over its actions. Agents, in general, have the following

properties:
1. They accept messages rather than being invoked by other programs.

2. They evaluate the messages that they receive and act in response rather

than being told what to do, i.e., they are autonomous.
3. They discover other agents that they need to communicate.
4. They keep their state while communicating with other agents.

5. The agents can advertise the services they offer through facilitators (i.e.,
match makers) so that other agents can find them. To communicate
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with other agents in the outside world, a standard agent communication

language like KQML can be used [31].

2.7 Workflow Systems

A workflow process, as defined in [50], is a coordinated (parallel and/or serial)
set of process activities that are connected in order to achieve a common
business goal. A process activity is defined as a logical step or description
of a piece of work that contributes towards the accomplishment of a process.
A process activity may be a manual process activity and/or an automated
process activity.

A workflow process is specified using a process definition language or a
process definition tool, and then executed by a workflow management system
(WFMS). A workflow process also defines the order of task invocation or con-
dition(s) under which tasks must be invoked (i.e. control-flow) and data-flow
between these tasks. A WEFMS is a system that completely defines, manages
and executes workflow processes through the execution of software whose or-
der of execution is driven by a computer representation of the workflow process
logic.

Within the scope of supply chains, workflow technology enables automa-
tion of order approval and purchasing procedures as well as assembly and/or
production processes. The workflow management system developed within
the scope of this work is discussed in detail in Section 4.6.
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CHAPTER 3

INTEGRATION OF THE ENABLING

TECHNOLOGIES

We have integrated the enabling technologies to form the proposed supply
chain architecture as follows: Electronic catalog and product description data
are stored in XML conforming to CBL. To provide for catalog interoperability
a common DTD is necessary and CBL is one of the candidates. Another
candidate like cXML [10] can also be used without a dramatic change in the
proposed architecture. In MESChain architecture, meta data of electronic
catalogs, the product taxonomy information, the meta data to express up
and down links as well as products that add value to an anchor product
are expressed in RDF. To the best of our knowledge, this is the first use of
RDF in this scope and our architecture demonstrates both the feasibility and
advantages of using RDF for these purposes.
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A catalog agent is exploited to serve all the messages coming to a cata-
log. All queries against the catalogs are realized by using standard XML-QL
queries via catalog agents. Standardized queries avoid any further coding
effort on behalf of the participants.

All accepted customer orders and monitoring of the supply chain are han-
dled dynamically and automatically by using the workflow technology which
provides different process definitions for different purchasing protocols such as
OBI, OTP, etc.

In MESChain architecture, each participant has its own catalog agent and
workflow domain manager. The benefits of using a catalog agent instead of
a Web server in the proposed architecture are as follows: A Web server, like
an agent, can also continuously listen to a port to accept incoming messages.
However in the Web server alternative, since the catalog messages need to
be handled through the GET and POST methods of HI'TP, a different URI
or at least different parameters for each different call need to be configured
on the server. Since each participant of the supply chain, like a retailer or a
distributor has its own Web server, each Web server needs to be modified or
customized individually. However an agent code is reusable through out the
supply chain. Furthermore, when a Web server needs to communicate with
an external application, for example to process supply chain queries, it uses
one of the available mechanisms like CGI or Java servlets which require some
coding. On the other hand, a catalog agent being specifically designed for
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serving catalogs, does not require any extra coding by the participants of the

supply chain.

Also, a Web server accepts any request within its capability; that is, it does
not have facilities to evaluate an incoming request or to keep its state. In-
coming requests can be evaluated by invoking external programs and states of
requests can be handled by using hidden fields on HTML pages. However both
of these are dealt with indirectly. Catalog agents have built-in capabilities to

evaluate incoming messages, as well as keeping the states of requests.

Automation on the proposed architecture is achieved by using the workflow
technology. Workflow processes handle all the purchasing procedures, for both
customer and supply orders, as well as production or assembly procedures.
Using an internet based workflow system relieves any need for pre-installation
of any specific software, such as CORBA for example. Furthermore specifying
process definitions in XML as discussed in Section 4.6 provides for very high

transportability and re-usability.

In the light of our experiences with the architecture of MESChain, there is
a need in some cases for minor extensions to some of the enabling technologies
to have the proposed architecture fully functional. The extensions needed are
described in the following sections.
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3.1 Legacy Application Support for Catalog Interoper-
ability

For catalog interoperability, the proposed architecture necessitates invoking
some external applications from XML documents such as accessing databases,
invoking workflow processes or legacy applications to dynamically modify
XML documents. For example, if some of the catalog data is on a legacy
database, it is necessary to invoke a wrapper program to dynamically generate
catalog data to be inserted into an XML document representing the integrated
catalog. Another example could be accessing an inventory database directly
from an XML document to retrieve the current availability of an item in stock.

In XML, the NOTATION facility is used for invoking external applications.
With this facility, it is possible to pass input parameters to the external ap-
plications, however there is no mechanism to retrieve the result of the invoked
application back into XML.

With the current XML technology the following two alternatives can be
used to integrate the results of an external database application into an XML

document:

o [f the database system is supporting XML, then it can be queried through

XML-QL queries that are placed in the XML document [17].

e The XML-QL queries can be used in combination with XML ”"NOTA-
TION” facility. For example, an external application that accesses the
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company’s autonomous database may be initiated by the NOTATION
facility. The external application can store its results in XML to a pre-

defined location which can be accessed then by an XML-QL query.

On the other hand, the NOTATION facility can be extended to accommo-
date the results of an external application it initiates. An external application
may generate its results in XML so that it can readily be integrated into XML
data where the NOTATION facility is used. This will provide a natural mean
to integrate XML with already existing applications.

Another solution that we propose is to use the XML processing applica-
tion [32] syntax to interact with external applications [8, 45]. Consider the
following example which retrieves the currently available quantity in stock of
an item and returns the available quantity into the XML document. In this
way, parsed value of the ”in.stock.quantity” element will always be up-to-date

although the in stock quantities reside in an external database.

<in.stock.quantity>
<7EXECUTE type="PL/SQL" name="retrieve.in.stock.quantity"
source=[SELECT available_quantity_attribute INTO avail_qty_var
FROM Inventory_Table
WHERE product_id_attribute = product_id_var]
input=[<call.parm name="product_id_var"> "M1-CD32" </call.parm>]
output=[<call.parm name="avail_qty_var"> in.stock.qty </call.parm>] 7>
&in.stock.qty;
</in.stock.quantity>

The ”avail qty_var” and ”product_id_var” are PL/SQL variables, whereas
the ”in.stock.qty” is an XML entity. The ” M1-CD32” is the product identifier
of the item in concern and is passed as a parameter to PL/SQL query from the
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"EXECUTE” statement and mapped to ”product_id_var”. The result of the
query stored in ”avail_qty_var” is mapped to ”in.stock.qty” which is provided
as the output variable and used in the XML document as an entity. Each
time the ” < in.stock.quantity >" element is parsed, the query is executed to
retrieve the current stock quantity for the product in concern.

It should be noted that the major database vendors are in an effort to fully
support XML and therefore dynamic XML generation from databases will
soon be readily available [39]. The advantage of our approach over such kind
of a dynamic XML generation is the following: the EXECUTE instruction
makes it possible to specify in the document where to get the external data
and how to integrate it into the document. In this way, XML documents
dynamically generated from a number of possibly heterogeneous resources
can be flexibly integrated. When a change becomes necessary, for example
to invoke another resource, this can be accomplished at the document level.
A server program developed to do this task, on the other hand, requires the
modification of the code each time a change is necessary. Furthermore, where
to get the data would most likely be hard-coded in a server program.

The EXECUTE instruction as proposed can appear anywhere parsed data
is allowed. The modified XML parser passes the execution to the processing
application. The ”type” attribute specifies the type of an application like a
workflow process, a PL/SQL, an SQL or an XML-QL query. New application
types can be added as needed. The "name” attribute specifies the name of the

30



application to be executed and the ”source” attribute either provides a URL
or the source. The input parameters of the process, if any, can be given by the
“input” attribute which is parsed and evaluated by the processing application.
Parsing of the input attribute is required since the general XML entities are
allowed inside the input parameters. Alternatively, the input attribute can
specify a URL where the input parameters can be found. Similarly the out-
put parameters of the process, if any, are specified by the "output” attribute
which specifies a URL indicating where the output will be stored. The out-
put attribute alternatively can give variable name specifications to store the
output values. The values stored in these variables can be included into the
XML document by the XML’s standard general entity reference format such
as: ”"&varname;”. Note that when the result of the external application is
inserted into the XML document, the document should still conform to its
corresponding DTD. This is the responsibility of the person who codes the
invoked external application.

There is a need to use ”variables” in the definition of the "EXECUTE”
processing instruction to store output values. However, variables are not read-
ily available in XML. Variables can be accommodated into XML (with a minor
change in the XML parser) by allowing the <![ENTITY ..> definitions to rede-
fine a previously defined entity. This will enable using an entity as a variable.
Alternatively, a more general variable structure can also be added to XML.

As a summary, XML is intended primarily for static data exchange on the
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Internet. However it may be necessary to interact with other sources from an
XML document to dynamically create some XML data to be inserted into the
original document. Using the EXECUTE instruction for this purpose is our
contribution in this respect.

Note that there is a similar feature in HTML where it is possible to em-
bed JavaScript in an HTML document as statements and functions within a
<SCRIPT> tag, by specifying a file as the JavaScript source, or by specifying

a JavaScript expression as the value of an HTML attribute [29).

3.2 Automation of Customer Orders down the Supply

Chain

Full automation of customer orders down the supply chain, that is from retailer
down to manufacturer, requires two mechanisms to be present in the involved
parties. These are as follows:

To automate the business processes down the supply chain, automated
stock control is essential in the sense that a stock danger level must be associ-
ated with each item in stock. A triggering mechanism must also be available
raising a signal if the ”in.stock.quantity” of a product goes below a stock
danger level. This triggering mechanism enables the related workflows to be
enacted to generate an automatic order to purchase or produce the missing
item.
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Furthermore, since each item is ordered automatically in our system, the
information about the electronic catalog where the order is to be sent should
also be known if the product is to be purchased. If the product is to be
produced, then the production procedure of the product should be known.
Note that a production process may require production or purchasing of sub
parts of the product to be produced, in which case the main production process

would fire required processes to produce or purchase these sub parts.

This information can either be stored in an external database, or alterna-
tively it can be contained in the ” product.description” element of CBL. In the
light of the discussions above, we propose the following extensions to CBL to

better accommodate the requirements of supply chain automation:

o Inventory Control Element. In order to automate the supply chain pro-
cesses, an ”inventory.control” element given in Appendix 1 is introduced

and added into the general product description element of CBL.

The inventory control element contains a list of sub parts for the prod-
ucts that need assembling, current stock availability, stock danger level,
minimum amount to order and a related workflow process pointer. When
the ”in.stock.quantity” decreases to the stock danger level or below an
automatic supply order is generated. For a product that requires assem-
bling, its sub parts are ordered first, then assembled and put into stock
according to the specified workflow process.
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e Catalog Pointer. A catalog pointer element shown in Appendix 1 is also
introduced to point at an electronic catalog or establish links among
catalogs on the supply chain. Note that catalog entry pointers in CBL
do not serve this purpose and CBL does not provide catalog pointers

possibly because it does not attempt to model a supply chain.

Catalog pointers in MESChain are used for product specific purchasing
purposes. For example, when the stock availability for a product is not
sufficient, an automatic supply order is generated for that product and
sent to a catalog agent pointed by the ”catalog.pointer” contained in
the ”inventory.control” element. The catalog pointer differs from the
”down_link” and ”up_link” descriptions discussed in Section 4.4. The
“up_link” and ”down_link” do not provide any product specific informa-

tion, but describe the roles and the participants of a supply chain.

3.3 Handling Recursive Execution in XML-QL

In an XML document there can be an element which either contains data or
a pointer to this data. As an example ”product.description.group” element
may contain either ”product.description” or ”product.description. pointer”

as shown in the following:

<!ELEMENT product.description.group (
(product.description | product.description.pointer),
quantity.per.customer?, shipment.method.set.pointer?,
payment.method.group.pointer?, value.monetary.group?)>
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Note that a pointer may point to another pointer and there is no limit on
the depth of this pointer chain. This implies a need for a recursive execution
in some queries.

Although XSLT is capable of handling this kind of recursion, there is no
support for this in XML-QL as presented in [17]. Therefore we extend the

function declaration, execution and call points in XML-QL as follows:

1. The XML-QL functions should be recursive.

2. In the function declaration of XML-QL, a query block is specified in the
function body which terminates with a CONSTRUCT clause. However
a function can be called for some intermediate results that should not
appear in the final result of the main query to conform to a particular
DTD. Also the value returned by the function is not clearly specified. For
this reason we introduce a RETURN clause to the function to explicitly

indicate that the value returned is an intermediate result.

3. We extend the call points of a function such that a function can be called

from any place where an instantiated variable can be used.

4. In XML-QL where to get the input XML document can be specified
through the IN clause. However there are no means to specify where
to store the result constructed. We propose INTO and APPEND_TO
clauses for this purpose, right hand side of which may be a variable or
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a URI that represents an XML document. Note that INTO overwrites
the previous content, whereas APPEND_TO appends to the previous

content.

An XML-QL query processor including these extensions is available at

"http://www.srdc.metu.edu.tr/MESChain/xmlql”.

3.4 Relating XML documents with their corresponding

RDF descriptions

Although there are pointers from RDF descriptions to the corresponding XML
documents, there is no accepted standard way of specifying the corresponding
RDF description in a given XML document yet.

We consider three alternative ways of specifying RDF descriptions within

XML documents:

e A special tag, say, <rdf>, can be used. In this case it is possible to
associate more than one RDF description with the given XML document

as shown in the following:

<rdf url.string="http://www.srdc.metu.edu.tr/sc/Rl.catalog.rdf"/>
<rdf url.string="http://www.srdc.metu.edu.tr/sc/R1.common.schema.rdf"/>

However, defining a tag to express RDF associations necessitates a

change in the DTD of the XML document. Changing the DTDs for
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this tag does not seem feasible. Also care should be taken in order to

prevent name space collisions.

RDF can be defined in a similar way as <!DOCUMENT ...> as shown
in the following:

<!RDF rdf.name SYSTEM "http://www.srdc.metu.edu.tr/sc/Rl.catalog.rdf">
or

<!RDF rdf.name [ ..rdf.descriptiomns.. 1>

This alternative does not necessitate any modifications in the related

DTDs and also it is possible to accommodate more than one RDF de-

scriptions at the cost of a minor modification in the XML parser.

RDF link can be defined as an attribute of the XML document itself as
shown in the following:

<?7xml Version="1.0" Encoding="UTF-8"

RDF="http://www.srdc.metu.edu.tr/sc/R1.catalog.rdf"?>

Although only one RDF link can be specified in this way, this is not a
serious restriction since the indicated RDF definition can include sev-
eral separate RDF' descriptions through XML’s entity mechanism. This
approach does not necessitate a change in DTD but a minor change in
XML parsers is required. This seems to be the most suitable solution

which is used in the architecture proposed.
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CHAPTER 4

THE ARCHITECTURE OF THE SYSTEM

In the classical supply chain model, the distinctions between retailers, distrib-
utors and manufacturers are not clear cut in that manufacturers may also need
to buy raw material and distributors or retailers may be assembling (i.e., pro-
ducing) products. Therefore in order to come up with a more generic model we
assume that all the participants on the supply chain may purchase or produce
products that they sell. This removes any differences between a manufacturer
and a distributor or a retailer in terms of supply chain functionality.

Figure 4.1 shows the proposed architecture which supports both Business-
to-Business (B2B) and Business-to-Consumer (B2C) scenarios.

In the B2C scenario shown in Figure 4.2, a user contacts the home page
of a catalog through a Web browser. Note that a search agent may help the
user to locate the home pages of the relevant catalogs as explained in Sec-
tion 4.1. When a user contacts the site through a browser, the HTTP server
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Figure 4.1: The proposed supply chain architecture
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sends the home page of the catalog, on which there are facilities for query-
ing and purchasing. When activated these facilities communicate with the
catalog agent directly through XML messages conforming to ” message.dtd”
given in Appendix B. The agent first checks an incoming message, and decides
whether to accept it or not. It rejects any message which does not conform to
"message.dtd”, or has an undefined message type, or asks for an unauthorized
functionality. If the agent decides to accept a message, it performs necessary
operations according to the message type.

Message types include: ”catalog/product query” messages, ”purchase or-
der” messages, ”workflow process activation” messages, and ”response” mes-
sages. If the message type is "query the catalog”, the agent executes a stan-
dardized XML-QL query contained in the message against the catalog and
product specifications in XML, and sends the result back. If the message type
is purchase order, the agent then decides whether to accept the order. If it
does, it determines which customer purchasing process should be activated de-
pending on the trade protocol (like OTP, OBI, etc.) indicated in the message
through the "protocol” element. Then the agent sends a process activation
message to the workflow domain manager, in addition to passing necessary
parameters such as the shopping basket, user identification information, de-
livery confirmation method and the address. The user is provided with an
order tracking number, and the workflow process runs independently. The
customer purchasing process, checks the stock availability from the inventory
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Figure 4.2: The Business-to-Consumer scenario in the proposed architecture.
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control database. If sufficient quantity is available, the process continues. Oth-
erwise, the related task in this workflow instance sends an activation message
to the workflow domain manager to initiate an automatic purchasing process
down the supply chain for the missing product(s). Since there could be several
types of missing products each with a different automatic purchasing process
type, more than one process instance may be started. Note that each process
instance started sends a purchase order message to the related catalog agent
down the supply chain and this continues recursively for missing products.
The customer purchasing process waits until the termination of the automat-
ically started purchasing process(es). Once the stock becomes sufficient, the
customer purchasing process proceeds. Upon successful termination of the
process, a confirmation message sent to the user via her preferred media (like
email, voice mail, fax, etc). We provide an example of a customer purchase
process definition in Appendix D, realizing procurement through OTP.

In the B2B scenario shown in Figure 4.3, a customer organization has a
customized catalog (details of which is presented in Section 4.2), and also
maintains its own catalog agent. A company employee contacts the Web page
of this catalog and by using the "query” and ”consumables request” facilities,
sends an XML message to the catalog agent. The catalog agent in response to
this request activates the appropriate ” Request Approval Process” depending
on the employee’s position in the company. The approval process checks the
company inventory for the requested product(s) and if the product(s) does
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not exist in the company stocks and if the request is approved, an automated
purchasing process(es) is started. Each process instance started sends a pur-
chase order message to the related suppliers’ catalog agent. This may fire a
recursive action down the supply chain for ordering of the missing product(s).

Note that at every site involved in the supply chain, there are RDF descrip-
tions of product taxonomy and RDF definitions of ” Added_Value” properties.
These facilitate finding out the add-on products once an anchor product is
established on the chain. The details of locating complementary products is
provided in Sections 4.3 and 5.2. Bi-directional traversal on the supply chain
is supported through "up_link” and ”down_link” descriptions in RDF, details
of which are given in Sections 4.4 and 5.5.

In the following a road map is presented to show how to set up such a

system from an end user or a developer point of view:

1. The catalog agent, the workflow manager, the XML-QL processor code,
IBM’s XML4J parser (modified for the entity variables and the EX-
ECUTE instruction) and LotusXSL processor (that uses the modified
XML parser) can be downloaded from ”http://www.srdc.metu.edu.tr-

MESChain”. These codes do not require any customization.
y

2. The organization should prepare its product descriptions and catalog
entries in XML conforming to CBL. To facilitate this process, an empty
set of product descriptions and catalog entries may be downloaded from
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Figure 4.3: The Business-to-Business scenario in the proposed architecture.
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the same address.

. The products offered by the organization must be described in RDF
according to their vertical market domain. Most likely, these RDF de-
scriptions will be available in the future as a result of the standardization
efforts similar to Dublin Core. However until then, an organization needs
to develop its own RDF descriptions. Note that, this is to be done only
once for a vertical domain, other organizations in the same domain may

follow these RDF descriptions.

. After preparing product descriptions, catalog entries and RDF descrip-
tions, some minor modifications may be necessary on the standardized

queries to handle different requirements of different vertical markets.

. The organization must provide its process definitions, for example def-
inition of a customer purchase process is the minimum requirement.
Since, workflow process definitions are written in XML, they are highly
transportable and common business process definitions will most likely
be publicly available. Therefore, the organization should only define its

own specific processes.

. At this point, the organization is ready to join a supply chain. One
more step is necessary to realize the connections to the related organiza-
tions: the "up_link” and ”"down_link” descriptions must be added to the
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RDF description of the catalog to indicate the organization’s immedi-
ate suppliers and customers. Note that this necessitates the mentioned
suppliers and customers to add this organization into their ”up_link”
and "down_link” descriptions. This is achieved by the catalog agents
through the ”"new.partner.msg” messages as explained in Section 5.6.

These links allow for up and down traversing on the supply chain.

The following sections describe the architecture of the system according

to its functionality.

4.1 Resource discovery on the Web

The discovery of resources in our architecture is twofold: first, the resources
that are electronic catalogs need to be discovered, and second, the types of
products contained in that catalog need to be discovered.

For discovery of electronic catalogs in the MESChain project, meta data
of individual catalogs are expressed in RDF conforming to Dublin Core (DC)
specification, an example of which can be found at ”http: //www.srdc.metu.edu.-
tr/MESChain/sc/M1.catalog.rdf”.

This description makes it possible for search agents to identify the elec-
tronic catalogs and then to select catalogs that contain the desired items. It
should be noted that DC, for the sake of interoperability, requires the value of
the "TYPE” element to be selected from an enumerated list that is currently
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under development. The ”electronic catalog” should be included into this list
for facilitating the discovery of electronic catalogs.

We propose to specify the type of the electronic catalog, such as ” manufac-
turer”, ”distributor”, "retailer” and ” customer”, in the ”SUBJECT” element.
This specification facilitates on-the-fly supply chain construction since the
type of an electronic catalog will also be available when the catalog is dis-
covered by a search agent. For interoperability reasons the type values for
electronic catalogs should also be selected from a pre-determined list with
well-defined meanings.

In this way, not only supplier catalogs are discovered on behalf of potential
buyers, but also the ”customer” catalogs maintained by buyer organizations
can be discovered on behalf of suppliers, for example to advertise promotions
or to compete with other suppliers.

We also suggest specifying the URI of the catalog agent in the ”Identifier”
element, so that it will be readily available to the search agents. The search
agents can then send a query message conforming to ”message.dtd” to the
catalog agent to verify that the page discovered is an active electronic catalog.
This query may solicit further information available in the catalog.

Similarly, shop robots may also discover supplier catalogs and possibly
make a database of their own. When a buyer asks a shop robot for a certain
type of product, the robot may query the desired and similar products through
each of the electronic catalogs listed in its database, and present the buyer
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intelligently combined results to facilitate comparative shopping. Note that
this may require dividing a complex query into subqueries and sending each
subquery to a different catalog depending on the contents of the catalog. A
similar approach is discussed [33].

For discovering the types of products in a catalog, both the catalog schema
expressed in CBL and the product taxonomy expressed in RDF are used. Note
that the taxonomy of products offered by an organization are described in
RDF according to their vertical domains in our system. CBL already provides
the standards for the catalog schema and most likely, standardized product
taxonomy descriptions in RDF will also be available in the future as a result

of the standardization efforts similar to Dublin Core.

4.2 Catalog interoperability and customized catalogs

Catalog interoperability requires handling of heterogeneous catalog data. The
accepted practice to make heterogeneous data interoperable is to map it to
a canonical data model. Here XML DTDs play this role, however, XML by
itself is not sufficient to support interoperability; the tags need to be semanti-
cally consistent across merchant boundaries. CBL provides for the necessary
standardization for horizontal domains such as for orders, invoices, catalog
entries in a product independent way. Therefore, all the catalog information
on the proposed supply chain architecture are either defined or transformed
into XML conforming to CBL.
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<7xml version="1.0" RDF="http://www.srdc.metu.edu.tr/sc/Rl.catalog.rdf"?>
<!DOCTYPE catalog.entries
SYSTEM "http://www.srdc.metu.edu.tr/sc/dtds/cbl/catentry.dtd">
<catalog.entries>
<catalog.entry ident="R1-MB333-64">
<product.description.group>
<product.description.pointer ident="R1-MB333-64">
<url.reference url.string="http://www.srdc.metu.edu.tr/sc
/R1.proddesc.xml"/>
</product.description.pointer>
<value.monetary.group>
<value.monetary.base>
<amount .monetary currency.code="USD">450.00</amount.monetary>
</value.monetary.base>
<value.adjustment> <adjustment.name>Sales Tax</adjustment.name>
<adjustment.rate>10% </adjustment.rate>
<adjusted.monetary.value>
<amount .monetary currency.code="USD">45.00</amount.monetary>
</adjusted.monetary.value>
</value.adjustment>
<value.monetary.total>
<amount .monetary currency.code="USD">495.00</amount.monetary>
</value.monetary.total>
</value.monetary.group>
</product.description.group>
</catalog.entry>

</catalog.entries>

Figure 4.4: A sample ”catalog.entry” element in XML/CBL

For organizations that keep their catalog and product information in legacy

databases or applications, there is a need to convert the schema in the legacy

databases to the schema of the proposed electronic catalogs and map their

data into XML conforming to proper catalog or product DTDs of CBL. The

schema conversion problem is not an easy task, but it is unavoidable for in-

teroperability. Schema conversion problem is out of the scope of this thesis,

since it is application dependent. However, it should be noted that once
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<product.description.group>
<product.description.pointer ident="R1-MB333-64">
<url.reference url.string="http://www.srdc.metu.edu.tr/sc
/R1.proddesc.xml"/>
</product.description.pointer>
<value.monetary.group> <value.monetary.base>
<amount .monetary currency.code="USD">450.00</amount .monetary>
</value.monetary.base> <value.adjustment>
<adjustment.name>Sales Tax</adjustment.name>
<adjustment.rate>10% </adjustment.rate> <adjusted.monetary.value>
<amount .monetary currency.code="USD">45.00</amount .monetary>
</adjusted.monetary.value> </value.adjustment>
<value.monetary.total>
<amount .monetary currency.code="USD">495.00</amount .monetary>
</value.monetary.total> </value.monetary.group>
</product.description.group>
(a) A sample output string produced by a "wrapper" program.

<?xml version="1.0" RDF="http://www.srdc.metu.edu.tr/sc/Rl.catalog.rdf"?>
<!DOCTYPE catalog.entries
SYSTEM "http://www.srdc.metu.edu.tr/sc/dtds/cbl/catentry.dtd">
<catalog.entries>
<catalog.entry ident="R1-MB333-64">
<?7EXECUTE type="Unix_Shell" name="Get.CatEntry"
source="http://www.srdc.metu.edu.tr/sc/wrappers/Get.Catentry"
input=[<call.parm name="product.id">R1-MB333-64</call.parm>]
output=[<call.parm name="cat.entry.content"> centry </call.parm>]7?>
&centry;
</catalog.entry>
</catalog.entries>
(b) An example coding of EXECUTE instruction for the wrapper.

Figure 4.5: Using a wrapper program to dynamically generate contents of a
”catalog.entry”

this schema conversion process is defined, it can be directly embedded into
wrapper programs. For schema integration we propose to use the EXECUTE
instruction introduced in Section 3.1. Assume the sample catalog entry given
in Figure 4.4. The EXECUTE instruction in Figure 4.1 (b) invokes the wrap-
per program of the related legacy application to produce the string in Figure
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4.1 (a). In this way, the necessary XML document is both dynamically and

automatically generated.

The efforts are also continuing for producing product specific standards for
vertical industry domains such as for computer industry. In MESChain, the
class hierarchy of the products are defined through RDF descriptions and the
industry specific DTDs are used to describe the products in the leaf classes.
For example, as shown in Figure 5.2, the ”"computer” class has two subclasses
as ”laptop” and ”desktop”. The ”laptop.dtd” has already been produced
by the RosettaNet project and we provide the remaining DTDs like ”desk-

top.dtd”.

As demonstrated in Section 5.1, catalog interoperability can be achieved
through standardized queries once the catalog and product DTDs of CBL are

used as the canonical model.

The customized catalogs, on the other hand, can be generated in the fol-

lowing ways:

e A participant can generate catalogs specific to its certain customers
with special discount information. But this may require the repetition
of some catalog entries according to CBL’s catalog entry DTD. Yet in
this way it is possible to give different products in different catalogs. As
an example, a supplier may wish to provide its latest products only to
a specified set of customers. Digital certificates are used by the catalog
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agent for the identification of customers.

A customer can maintain its own catalog which may contain entries
from different supplier catalogs. It is possible to achieve this through
standardized queries since all the catalogs are generated in XML con-
forming to standard DTDs. In this way, the catalogs not only contain
timely information like the most recent promotions but also will be tai-
lored according to the customer’s needs and preferences. The customer
catalog will contain only the products that the customer is interested
in and in the style s/he prefers through XML’s style sheets. Note that
a customer organization may also maintain more than one catalog, for
example different catalogs for different departments, or different cata-
logs for different employee positions. The catalog agent of the customer
organization, may select appropriate catalog according to the digital cer-
tificate identifying the employee. Producing customized catalogs for the
consumer through standardized queries is depicted through an example

in Section 5.1.

4.3 Discovery of items and services that add value

On the supply chain it is also necessary to provide information about the

items or services that complement or add value to a product. Note that, a

product taxonomy is also necessary in identifying this information since the
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<product ident="d1"> <taxon>desktop</taxon> <addon>ups</addon> ... </product>

<product ident="d2"> <taxon>desktop</taxon> <addon>ups</addon> ... </product>
<product ident="d3"> <taxon>desktop</taxon> <addon>ups</addon> ... </product>
<product ident="d4"> <taxon>desktop</taxon> <addon>ups</addon> ... </product>

(a) Add-On product information kept as a part of the product descriptions.

<?7xml version="1.0" encoding="UTF-8" 7>
<!DOCTYPE catalog [<!ELEMENT taxonomy ( taxon+ )>

<!ELEMENT taxon (name, added.value*, addon.to*, part.reqx,
part.opt*, parent*, childx) >
<!'ELEMENT name (#PCDATA) >

<!ELEMENT added.value (#PCDATA) >

<!ELEMENT addon.to (#PCDATA) >

<!ELEMENT part.req (#PCDATA) >

<!ELEMENT part.opt (#PCDATA) >

<!ELEMENT parent (#PCDATA) >

<!ELEMENT child (#PCDATA) > 1>
<taxonomy>

<taxon><name>computer</name><added.Value>printer</added.value>
<parent>product</parent>
<child>desktop</child><child>laptop</child></taxon>

<taxon><name>desktop</name><added.value>ups</addedd.value>
<part.reg>monitor</part.req><part.req>keyboard</part.req>
<part.opt>cdrom</part.opt><parent>computer</parent></taxon>

<taxon><name>ups</name><addon.to>desktop</addon.to>
<parent>product</parent></taxon>

</taxonomy>

(b) A sample product taxonomy definition.

Figure 4.6: Three alternatives for representing the ”added value” information
for products.

add on products of a super class (e.g. computer) can also be the add on
products of its sub class (e.g. desktop). The following three alternatives are

considered for representing the add-on product data in the electronic catalogs:

1. Keeping the add-on product data in the product definitions: This causes
redundancy since the same add on product must be specified repetitively
for each instance of a product. For example, assuming that ”UPSs
are add-on products to desktops”, each instance of a desktop product
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<rdf:Description ID="Added_Value">
<rdf:type resource="http://www.w3.org/TR/WD-rdf-syntax#Property"/>
<rds:label>Add On Product</rds:label>
<rds:domain resource="Product'>
<rds:range resource="Product'>
<rds:comment>The Added_Value property indicates the possible
Add_On products for an anchor product</rds:comment>
</rdf:Description>
<rdf:Description ID="desktop">
<rdf:type resource="http://www.w3.org/TR/WD-rdf-schema#Class"/>
<rds:subClass0f resource="computer"/>
<MESChain:Added_Value resource="ups"/>
<MESChain:Part_Required resource="monitor"/>
<MESChain:Part_Required resource="keyboard"/>
<MESChain:Part_Optional resource="cdrom"/>
<rds:label>Computer</rds:label>
<rds:comment>All kinds of desktop computers</rds:comment>
</rdf:Description>
<rdf:Description ID="ups">
<rdf:type resource="http://www.w3.org/TR/WD-rdf-schema#Class"/>
<rds:subClass0f resource="Product"/>
<MESChain:Add_On_to resource="desktop"/>
<rds:label>UPS</rds:label>
<rds:comment>All kinds of Uninterruptable
Power Supplies for desktops</rds:comment>
</rdf :Description>

Figure 4.7: RDF description and use of the ” Added_Value” property.

will contain an ”add-on” tag to specify "ups” as shown in Figure 4.3
(a). When a new add-on product is introduced to desktops, all these

instances should be updated to reflect this new add-on product.

2. Using a “taronomy.dtd”: Assume the sample taxonomy DTD given
in Figure 4.3 (b) which describes a product taxonomy. This ”taxon-
omy.dtd” specifies the class/subclass hierarchy through ”parent” and
”child” elements, and the added-value property through the ”"added.value”
element.
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3. Using RDF definitions: Both the product taxonomy and ” Added_Value”
property can be expressed by using RDF Schema Definition Language,
more specifically through ”subClassOf” and ” Property” features of RDF'.
Figure 4.7 shows the RDF definition of the ” Added_Value” property and
definition of the resources ”desktop” and ”ups”. The class/subclass hi-
erarchy and the added value property definition are explicitly given, and
the ”domain” and "range” constraints indicate the type of resources that

the property applies.

Note that RDF, by giving a description for each resource individually,
like ”desktop” and ”ups” in the example, declares what kind of proper-

ties these resources may have.

The XML DTDs in comparison to RDF descriptions suffer from the follow-

ing disadvantages when it comes to expressing relationships among resources:

e "subClassOf” being a part of RDF Schema Definition Language has a
well defined meaning; whereas the tags like ”parent” or ”child” need

interpretation.

e The properties that resources may have, are not explicit in the XML
DTDs, since all the properties of the resources need to conform to the

7

same DTD. In the example given, "ups” does not have any ”add-on”
products and this is explicit from the RDF description in Figure 4.7;

however this fact is not apparent in the ”taxonomy.dtd” in Figure 4.3
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(b), since all the products conform to the same DTD.

e Furthermore, "domain” and ”range” constraints in RDF provide for
their proper use through automatic validation of constraints on the re-

sources that they apply. DTDs do not provide for this.

If we summarize, the first approach presented does not differentiate data from
meta data and RDF descriptions have better expressive power compared to
XML DTDs in expressing relationships.

In MESChain we used the third alternative where the ”subClassOf” and
"property” features of RDF are used to express the information about the
items or services that complement or add value to a product. In the descrip-
tions given in Figure 4.7, the ”property” is defined in a generic way, that is,
UPSs are defined as " Add-On” products for desktop computers without giv-
ing any specific instance information, since we assumed that all the instances
of UPSs are add on products for all the desktop computers.

Finding related or add-on products for a given anchor product from the
RDF descriptions through standard queries is depicted by an example in Sec-

tion 5.2.

4.4 Bi-directional traversal on the supply chain

Generally a participant on a supply chain knows about its suppliers and buy-
ers because they have some kind of pre-established agreements among them.
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For example, a distributor knows which products it buys from which manu-
facturer or a retailer knows which products it buys from which distributor and
the manufacturer of these products. However, the information in the reverse
direction is generally not available.

We have defined the relationships among the catalogs on the supply chain,
in other words, participant roles through RDF property. At any point on
the supply chain, all the immediate suppliers to this point are defined as
”down_link” and all the immediate purchasers of this point are defined as
“up_link” providing the capability for bi-directional traversals on the chain.
RDF definitions of these links can be found at ”http://www.srdc.metu.edu.tr/-
MESChain/sc/common.schema.rdf”.

Instance specific values for these properties need to be specified as RDF
statements as shown in the following example which describes that distributor
D1 has two manufacturers (M1,M2) down the chain and two retailers (R1,R2)

up the chain:

<rdf:Description about="http://www.srdc.metu.edu.tr/sc/D1.catalog.xml">

<MESChain:down_link resource="http://www.
<MESChain:down_link resource="http://www.
<MESChain:up_link resource="http://www.
<MESChain:up_link resource="http://www.

</rdf:Description>

srdc
srdc
srdc
srdc

.metu.
.metu.
.metu.
.metu.

edu
edu
edu
edu

.tr/sc/M1.
.tr/sc/M2.
.tr/sc/R1.
.tr/sc/R2.

catalog.
catalog.
catalog.
catalog.

xml"/>
xml"/>
xml"/>
xml"/>

These links are created automatically by the catalog agents through the

new partner messages as discussed in Section 5.6.

An example is given in Section 5.5 that illustrates an upward traversal of

the supply chain from a manufacturer’s catalog to a retailer’s catalog through
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a standardized query.

4.5 The architecture of catalo a ents

In MESChain each catalog is associated with a catalog agent. The catalog
agent is used in querying catalogs; in automating the supply chain by au-
tomatically invoking the related workflow processes and also for ”on-the-fly
supply chain construction” as described in Section 5.6.

Using a catalog agent instead of a Web server provides the following bene-
fits: A catalog agent, being specifically designed for serving electronic catalogs,
does not require any modification or customization of the agent code. A cata-
log agent also keeps internal state while communicating with involved parties
and has autonomy and specialized knowledge on how to handle incoming mes-
sages. A catalog agent can also provide personalized service to the consumers
either based on their previous shopping behaviour or using the ”like-minded
people” approach as discussed in 7.

The catalog agent handles incoming messages according to " message.dtd”

given in Appendix B which contains the following message types:

e uery Catalog (”query.catalog.msg”) messages: The standardized XML-
L query contained in the message is executed against the catalog and

the product specifications in XML, and the result is sent back.

e Purchase Order (”purchase.msg”) messages: If the agent decides to ac-
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cept the purchase order, it uses the ”protocol” element in the message
to decide on which trade protocol (like OTP, OBI, etc.) to use. It is
possible to accommodate new standards by introducing new workflow
templates and by informing the catalog agents about the new protocols

and the related workflow templates.

Workflow Process Activation (”wf.process.run”) messages: The agent

sends this message to the domain manager to start a process instance.

Order Tracking (”order.tracking.msg”) message: A customer sends this
message to the catalog agent through the facilities on the home page of

the catalog with the proper ”order tracking id”.

Workflow Process Status uerying (”wf.query”) messages: The agent
sends this message to the domain manager when it receives an order

tracking message from a customer.

Partnership Negotiation ("negotiate.msg”) message: This message is
used by the catalog agent to handle the pre-negotiation to form a new

partnership which needs to be approved by an approval process.

New Partner ("new.partner.msg”) message: When a partnership is ap-
proved, the catalog agent sends this message to the related catalog agent
to establish the ”"up_link” and "down_link” descriptions on the supply

chain.



e Response ("response.msg”) messages: In response to every message a

response message is sent.

The catalog agents have the following properties:

e They are autonomous; they need to listen to a port for incoming mes-

sages.

e They handle different message types and act accordingly.

e They preserve their state while communicating with other agents and

with the domain manager while processing messages.

e They communicate with other catalog agents for establishing new part-

nership relations automatically.

MESChain Agents communicate in XML over TCP /IP.

4. The or o architecture

A workflow system is provided to fully automate the supply chain processes
in cooperation with the catalog agent. Workflow processes are defined in
XML conforming to a ”workflow.dtd” as provided in the Appendix C. Using
workflow systems in supply chain integration is an accepted practice. However,
the Workflow architecture proposed in this thesis better fits to supply chain
automation. The advantages of this architecture are discussed in Section 7.
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Figure 4. : The proposed message-driven, component-based and adaptive
workflow system architecture

The architecture of the workflow system is component-based , 3 and
message-driven as shown in Figure 4. . An implementation is available in
55 . Each participant on the supply chain has a Workflow Domain Manager
which runs in close contact with the catalog agent. The Workflow Domain
Manager and other components of the workflow system are implemented as

ava ob ects and they communicate with each other through XML messages.

The basic components of the workflow system are presented in the follow-
ing:
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1. Workflow Domain Manager: The domain manager is the server of the
system. It communicates via XML messages conforming to ”message.dtd”,
and it can perform any of its functionality through these messages. For
example, a catalog agent sends only an XML message (” wf.process.run”)
to initiate the related process when a customer purchase order is ac-
cepted. The domain manager, in response to a "wf.query” message

provides the monitoring information to the catalog agent.

Human clients access the domain manager through a Web browser for
administrative purposes like defining new processes or monitoring the
system. The domain manager downloads appropriate ava applets to
the client which then handle subsequent requests of the same client for
that particular service which is provided by a component server. The
domain manager keeps runtime information such as list of active process
instances, active component servers, list of participating sites, etc. for

domain monitoring purposes.

2. Workflow Process Ob ect (WPQO): When the catalog agent or an autho-
rized user wants to initiate a new instance of a pre-specified workflow
process, the Domain Manager creates a new ” Workflow Process Ob ect”.
The main method of this ob ect is the ” Basic Enactment Method” which
is activated by the Domain Manager on behalf of the client. The WPO
contains all the data (such as workflow process definition, workflow rele-
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vant data, enactment history of that instance up to the current execution
point, etc.) required to complete the execution of the process instance,
or to migrate the process instance from one site to another, or to rescue
an instance in case of failures. Since a WPO contains its own copy of the
workflow process definition and all the run-time information about its
own process instance, the dynamic modification of the workflow process

definition on instance basis is simply enabled by dynamically modifying

the WPO.

WPOs exist only for active process instances. When a process instance
terminates, its WPO is destroyed after its history is permanently saved

by the History Manager.

. Component-Server Repository: The components of the system are im-
plemented as ava ob ects and are activated by the domain manager
as requested by the executing process instances. The human interac-
tion components like Dynamic Modification tool, on the other hand, are
accessed by the authorized users through ava applets. The Component-
Server Repository includes the following components for human inter-

action:

e Workflow Process Definition Tool: Authorized users are allowed to
define new workflow processes or to delete previously defined pro-
cesses. The process definition is syntactically verified and perma-
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nently stored in the Workflow Process Definition Library in XML.

e Dynamic Modification Tool: Authorized users are allowed to mod-
ify a particular workflow process instance at run time to respond to
external changes that cause variations in the pre-specified process
definition. In such a case, the modifications can be applied to exe-
cuting instances selectively or to all instances of the same workflow
process if required. The modifications can also be reflected to the
template definitions in the Workflow Process Definition Library if

needed.

e Process Instance Monitoring Tool: Users are allowed to trace work-
flow process instances they have initiated and extract run-time in-
formation about the current execution status of an instance. Col-
lecting and measuring process enactment data are needed to im-
prove subsequent process enactment as well as documenting what
process actions actually occurred in what order. This feature pro-
vides data for optimization and evaluation of process definitions.

Note that an authorized user can monitor any process instance.

4. Workflow Process Definitions Library: Workflow definitions (i.e., the
process templates), organizational role definitions, and participant-role
assignments are durably stored into this library. Only workflow process
definition tool and dynamic modification tool may insert or update work-
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flow process templates in this library. However, a new process definition
may remotely be inserted into the library through an XML message sent
to the domain manager provided that the message contains the process

definition.

5. History Manager: The History Manager handles the database that stores
the information about workflow process instances which have been en-
acted to completion to provide history related information to its clients
(e.g. for data mining purposes). It should be noted that the history of

active process instances are stored in the WPO itself.

The implementation of this workflow architecture provided in 55 requires
only TCP/IP connection to communicate with its components, the catalog
agent and domain managers of other organizations. Since the workflow system
is message based, it does not need any special software such as CORBA to

remotely execute tasks.
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A proof of concept prototype of the proposed system developed within the
scope of the MESChain (METU Supply Chain) pro ect is available from

"http://www.srdc.metu.edu.tr/MESChain”.

Figure 5.1 shows a sample supply chain where all the involved catalogs are
expressed in XML conforming to CBL catalog architecture given in Figure
2.1. Figure 5.2 presents a simplified example of the product taxonomy for the

personal computer industry.

In the following sections the functionality of the proposed architecture
shown in Figure 4.1 is described through detailed examples which are based
on the sample supply chain and product taxonomy given in Figures 5.1 and 5.2.
All the queries (both in XML- L and XSLT), query results, sample catalog
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Distributer D1 — - Retailer R1

Distributor D2 J]——( Retailer R2
Manufacturer M3

Figure 5.1: An Example Supply Chain

DotMatrix
Printer
Desktop

Figure 5.2: RDF Schema Description of the Example Resource

data and sample product taxonomy descriptions mentioned in the examples

are available at "http://www.srdc.metu.edu.tr/MESChain/sc”.

roducin custo 1 ed catalo for the consu er

Assume that an individual customer C1 contacts retailer R1’s catalog to buy

MHz or faster Pentium PC. The standardized query given in Figure
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FUNCTION et.Proddesc. eneral.Element (in pdi, in proddesc_url )
W ERE <product.description ident = " pdi'">
<product.description.general> </> ELEMENT_AS pdge
</> IN proddesc_url
RETURN pdge

W ERE <product.description ident = " pdi'">
<product.description.general.pointer ident = " pdgi">
<url.reference url.string = " pdgidesc_url">

</></></> IN proddesc_url
RETURN et.Proddesc. eneral.Element( pdgi, pdgidesc_url)
END

(a)
W ERE <catalog>
<catalog.entry.pointer ident = " cei">
<url.reference url.string = " catentry_url">

</></> ELEMENT_AS cep_element
</> IN "www.srdc.metu.edu.tr/sc/Rl.catalog.xml",

<catalog.entry ident = " cei">

<product.description.group>
<product.description.pointer ident = " pdi">
<url.reference url.string = " proddesc_url">

</></></></> IN " catentry_url",
<product.description.general>
<keyword.set><keyword>Desktop</></>
<feature.set> <feature.group>
<feature.name>Clock Speed</>
<feature.name.value><mh > mh _value</></>
</></></> IN et.Proddesc. eneral.Element( pdi, proddesc_url),
E PR "( mh _value >= 300)"
CONSTRUCT cep_element INTO "resultl.xml"

)
Figure 5.3: A standardized XML query to find out PCs with a 3  Mhz or
faster CPU

5.3 will return the items in the retailer’s catalog that satisfies the customer’s
request.
The first part of the query in Figure 5.3.b matches each catalog entry

pointer found in the catalog of the retailer R1. The second part of the query



Table 5.1: Results of the standardized query given in Figure 5.3

Result of the Query

R1-PC333-A

R1-PC333-B

accesses corresponding catalog entries located in ”catentry_url” and identi-
fied by "cei”. Each accessed catalog entry points to a product description
element located in ”proddesc_url” and identified by ”pdi”. The third part
of the query calls the function ”Get.Proddesc.Element” to find the ”prod-
uct.description.general” element and selects the product only if it contains a
feature ”Clock Speed” with a value greater or equal to 3 . Here the func-
tion contains two sub queries, such that the second one is executed only if
the first one fails, because the ”product.description” element will either con-
tain a ”product.description.general” element or a pointer to it. The first
sub query returns the ”product.description.general” element if it is present
in the ”product.description”. The second sub query on the other hand, fol-
lows the ”product.description.general.pointer” link recursively until ”prod-
uct.description.general” element is found. Assume that the catalog entry
pointers of the items in Table 5.1 are returned as the result of this query.
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5. indin related or add-on products for a iven an-

chor product

Assume that the user wishes to find out about add on products as well. In
order to do this, resource type of the selected products are obtained from the
product description. Then, the RDF description of each of these resources
are searched to obtain a list of resource types of add-on products specified
by the ”Added-Value” property. Note that ”computer” is the super class
of ”desktop” and the add on products of ”computer” are also the add on
products of ”desktop”. Therefore the add on products of the super classes of
the resource are also collected in the same way. The resource list constructed
is expanded for their subclasses. As an example, if the add on product is
printer, its subclasses such as ”dot matrix printer” and ”laser printer” should

be added to the resource list.

By going back to the product descriptions, the product names correspond-
ing to these resource types are obtained and the retailer’s catalog is accessed
again to extract related entries to be added to the customer’s resulting catalog.
In this way, a dynamic customer catalog is created for this anchor product

together with its add-on products.

Three standard queries shown in Figures 5.4, 5.5 and 5.6 are executed
against the RDF description of this catalog resource to obtain the catalog

entries for the add on products:



The first of part the query given in Figure 5.4.b matches each catalog
entry pointer ”cei” in the temporary result produced by the query given in
Figure 5.3. The second part of the query accesses the designated catalog
entry and obtains the product description identifier ”pdi” and its url. The
third part of the query accesses the product description element and retrieves
”pddetail_url” and ”"pddi”. The fourth part of the query gathers the resource
type of this product into ”rrt” from the product description element pointed
by ”pddetail_url” and ”pddi”. The function call in the CONSTRUCT part of
the query extracts the super classes of each selected product’s resource type
from the RDF descriptions. Actually this function is executed recursively to
any depth since the RDF schema does not impose any restrictions on the
nesting level of the ”subClassOf” property. Therefore, the query is executed
until no other super classes are found, that is, until the given top resource
type ”Product” is reached.

The resource types shown in Table 5.2 are obtained as the result of the
above query according to the RDF schema description given in Figure 5.2.

The second standard query given in Figure 5.5.b is executed next against
these resource types. The query accesses the RDF descriptions for each prod-
uct resource type to obtain related add on product types. The function call
in the CONSTRUCT part, traces down the class hierarchy of the resources to
obtain all the sub classes of the extracted add-on product types. In fact this
function is executed recursively to any depth, similar to finding the closure
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FUNCTION et.RDF.SuperClass(in inpClass, in topClass, in res.tag.name)
W ERE <rdf:RDF xmlns:rdf="http://www.w3.org/TR/WD-rdf-syntax#"
xmlns:rds="http://www.w3.org/TR/WD-rdf-schema#">
<rdf:description ID = " inpClass" >
<rds:subClass0f resource = " superClass">
</></></> IN "http://www.srdc.metu.edu.tr/sc/common.schema.rdf",
E PR "( superClass != topClass)"
CONSTRUCT < res.tag.name> superClass</>
et.RDF.SuperClass( superClass, topClass, res.tag.name )
END
(a)
W ERE <catalog.entry.pointer ident = " cei">
<url.reference url.string = " catentry_url">
</></> IN "http://www.srdc.metu.edu.tr/sc/resultl.xml",

<catalog.entry ident = " cei">

<product.description.group>
<product.description.pointer ident = " pdi">
<url.reference url.string = " proddesc_url">

</></></></> IN " catentry_url",

<product.description ident = " pdi">
<rdf.class>< rrt></></>
</> IN " proddesc_url"

CONSTRUCT <rdf.resource.type> rrt</>
et .RDF.SuperClass( rrt, "Product", "rdf.resource.type")
INTO "result2.xml"
(b)

Figure 5.4: A standardized XML query to find out the resource type and the
super classes of a product

set of super classes, since the RDF schema does not impose any restrictions

on the nesting level of the ”subClassOf” property.

The resource types shown in Table 5.3 are obtained as the result of the

above query according to the RDF schema description given in Figure 5.2.

The third query given in Figure 5.6 finds out the catalog entries for the
products corresponding to these add on product types. The query accesses
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Table 5.2: Results of the standardized query given in Figure 5.4.b

Result of the Query

desktop

computer

FUNCTION et.RDF.SubClass (in inpClass, in res.tag.name )
W ERE <rdf:RDF xmlns:rdf="http://www.w3.org/TR/WD-rdf-syntax#"
xmlns:rds="http://www.w3.org/TR/WD-rdf-schema#">
<rdf:description ID = " subClass">
<rds:subClass0f resource = " inpClass">
</></></> IN "http://www.srdc.metu.edu.tr/sc/common.schema.rdf"
CONSTRUCT < res.tag.name> subClass</>
et .RDF.SubClass( subClass, res.tag.name)
END

(a)

W ERE <rdf.resource.type> rrt </>
IN "http://www.srdc.metu.edu.tr/sc/result2.xml",

<rdf :RDF xmlns:rdf="http://wuw.w3.org/TR/WD-rdf-syntax#"
xmlns:rds="http://www.w3.org/TR/WD-rdf-schema#"
xmlns:our="http://www.srdc.metu.edu.tr/sc/common.schema.rdf#">
<rdf:description ID=" rrt">
<MESChain:Added_Value ID=" addOnClass">
</></></> IN "http://www.srdc.metu.edu.tr/sc/common.schema.rdf"

CONSTRUCT <rdf.addon.class> addOnClass</>
et .RDF.SubClass( addOnClass, "rdf.addon.class")
INTO "result3.xml"
(b)

Figure 5.5: A standardized XML query to find out the Add-On classes and
their sub-class of a given resource type

the product description entries and selects the products that belong to these
add on product classes, and then extracts the catalog entries to construct a

73



Table 5.3: Results of the standardized query given in Figure 5.5.b

Result of the Query

ups

printer
scanner
laser.printer

dot.matrix.printer

W ERE <rdf.addon.class> addOnClass</>
IN "http://www.srdc.metu.edu.tr/sc/result3.xml",

<catalog>
<catalog.entry.pointer ident = " cei">
<url.reference url.string = " catentry_url">

</></> ELEMENT_AS cep_element
</> IN "http://www.srdc.metu.edu.tr/sc/Rl.catalog.xml",

<catalog.entry ident = " cei">

<product.description.group>
<product.description.pointer ident = " pdi">
<url.reference url.string = " proddesc_url">

</></></></> IN catentry_url,
<product.description ident = " pdi">
<rdf.class>< addOnClass></></>

</> IN proddesc_url

CONSTRUCT cep_element INTO "result4.xml"

Figure 5.6: A standardized XML query to find out the catalog entries of the
Add-On classes of a resource type

catalog entry pointer list for the selected add on products.
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Table 5.4: Results of the standardized query given in Figure 5.6

Result of the Query

R1-D1-M2-UPS500
R1-D1-M2-Laser6
R1-D1-M2-PR9

Catalog entry pointers for those items in Table 5.4 are obtained as the
result of the third query.

As demonstrated through these examples, a customized catalog can be
dynamically created by executing the given standardized XML- L queries.
Such a dynamic catalog can be presented to the customer according to his

preferred style by using the XML’s style sheet mechanism.

5. ull auto ation of the supply chain

Assume that the user selects the items and puts the desktop, R - -,
and a laser printer R -D - - aser into his shopping cart and finalizes his
shopping. The catalog agent accepts the shopping cart as part of a ”pur-

chase.msg” message, and according to the customer’s preferred purchase pro-

tocol (like OBI or OTP) starts a workflow process and provides an order
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tracking identifier so that the customer can monitor its order.

Assuming that the customer prefers OTP, an example workflow process
definition invoked by the catalog agent is given in Appendix 3. This process,
through a user task, first registers the customer into a customer database
if s/he is not already registered, and obtains a unique customer id for the
customer. The process continues checking the stock availability for each item
in the shopping cart. For all the products for which in stock quantity is
not su cient, an automatic order is generated and sent to the catalog agent
of the related distributor. Note that if the customer order can be fulfilled
with the available stock, the process continues by requesting the payment
from the customer conforming to the payment exchange procedure in OTP.
After the receipt of the payment, the process confirms the delivery with the
customer, and realizes the delivery of goods according to the delivery exchange
procedures in OTP.

In OTP, the roles like ”payment handler”, ”delivery handler” could be
either realized by different organizations or by a single organization. The
workflow process definition given in Appendix 3 assumes that all the roles are
realized by the merchant organization.

Note that a retailer is a customer to the distributor and the same workflow
process can be used by the distributor with the possible exception that the
shipping details and the payment may be predetermined. Thus when the
automatically generated orders of retailer’s workflow process are sent to the
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distributors catalog agent, it in return starts its own workflow process. In this

way the automation of the whole supply chain is achieved.

5.4

onitorin

Monitoring on the supply chain includes monitoring of status of customer

orders, supply purchase and/or production orders. Monitoring requirements

can be considered in the following categories:

ustomer rder  onitoring. A customer may monitor only her own
orders one at a time by contacting the catalog agent for each order.
When a customer places an order through the catalog agent, she is
provided with a tracking number. Later, the customer may inquire the
status of her order by contacting the catalog agent and presenting the
tracking number of the order. The catalog agent sends the workflow
domain manager a ” wf.query” message which includes the order tracking
number. The workflow domain manager identifies the related workflow
process instance by using the order tracking number, and sends the
status of the process back to the catalog agent. The catalog agent then

forwards the status of the order to the customer.

onitoring rders at a articipant. A supply chain participant may
want to monitor a single order or all orders, i.e., the status of customer
orders down the supply chain. This can be achieved by authorized users
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via direct connection to the participant’s own workflow domain manager

which maintains a run-time list of active processes and their status.

e onitoring the ntire hain. Monitoring of the entire chain can be
achieved by directly connecting to the workflow domain managers of
each participant on the chain. When the results are combined, it will

include all the active orders and their status on the chain.

5.5 Bi-directional traversal on the supply chain

Assume a business-to-consumer scenario where a customer is willing to buy
a product with a certain brand name. This can be a whole product or a
subcomponent in a product. The customer prefers to refer to the manufac-
turer’s catalog to see the available alternatives. Since s/he can only purchase
from a retailer it is necessary to traverse the supply chain starting from this
manufacturer until the retailers that sell the product (or the products which
contain this product as a component) are reached.

As an example, consider the supply chain given in Figure 5.1 where a
customer wants to buy a 32X or faster CD produced by manufacturer M1.
We use "up_link” feature of the supply chain which is defined as an RDF
property as explained in Section 4.4.

The standardized query given Figure 5.7 first retrieves the 32X or faster
CDs produced by manufacturer M1 and then traverses the up links to find
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W ERE <catalog>

<catalog.entry.pointer ident = " cei'>
<url.reference url.string = " catentry_url">
</></></> IN "http://www.srdc.metu.edu.tr/sc/Ml.catalog.xml",
<catalog.entry ident = " cei">
<product.description.group>
<product.description.pointer ident = " pdi">
<url.reference url.string = " proddesc_url">

</></></></> IN catentry_url,
<product.description.general>
<feature.set> <feature.group>
<feature.name>Access Speed</>
<feature.name.value><rate> speed</></>
</></></> IN et.Proddesc. eneral.Element( pdi, proddesc_url),
E PR "( speed>=32)"
CONSTRUCT <catalog.entry.pointers>
et.UpLink.Items("http://www.srdc.metu.edu.tr/sc/Ml.catalog.xml", cei)
</> INTO "result .xml"

Figure 5.7: A standardized XML query for traversing up_links

out the retailers selling this product. Assume the following item is found in

M1’s catalog: - D

The function call in the CONSTRUCT part, traces the up links to find out
the retailers selling this product. The function definition in Figure 5. obtains
the URL of the RDF descriptions from  xml ... as proposed in Section 3.4.
Once the RDF description is obtained, the query checks the SUB ECT ele-
ment to see if a retailer catalog is reached. Note that the SUB ECT element
of Dublin Core contains the roles of participants on the supply chain as pro-
posed in Section 4.1. If a retailer’s catalog is not reached yet, the second query
block of the function executes to obtain the up links of the current catalog
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FUNCTION et.UpLink.Items (in catalog_url, in cei )
/* When a retailer catalog has been reached, the following query will
terminate and return a catalog entry pointer to a retailer product*/
W ERE <catalog RDF=" rdf_url"></> IN catalog_url,
<rdf:RDF xmlns:rdf="http://www.w3.org/TR/WD-rdf-syntax#"
xmlns:dc="http://purl.org/metadata/dublin_core#">
<rdf:Description about=" catalog_url">
<dc:Sub ect>"Retailer"</>
</></> IN rdf_url,
<catalog>
<catalog.entry.pointer ident = " cei'">
</> ELEMENT_AS cep_element
</> IN catalog_url
RETURN cep_element
/* This it is not a retalier catalog,
follow the "uplink"s until a retailer catalog is found.*/
W ERE <catalog RDF=" rdf_url"></> IN catalog_url,
<rdf:RDF xmlns:rdf="http://www.w3.org/TR/WD-rdf-syntax#"
xmlns:msc="http://www.srdc.metu.edu.tr/sc/common.schema.rdf#">
<rdf:Description about=" catalog_url">
<msc:up_link resource=" up_catalog_url"></>
</></> IN rdf_url,
<catalog>
<catalog.entry.pointer ident = " up_cei>
<url.reference url.string = " up_catentry_url">
</></></> IN wup_catalog_url,
<catalog.entry ident = " up_cei">
<product.description.group>
<product.description.pointer ident = " up_pdi">
<url.reference url.string = " up_proddesc_url">
</></></></> IN up_catentry_url,
<product.description ident=" up_pdi">
<product.description.general.pointer ident=" cei">
</></> IN up_proddesc_url
RETURN et.UpLink.Items( up_catalog_url, wup_cei )
END

Figure 5. : The recursive XML- L function used in the query in Figure 5.7

and searches the up link catalogs to find the item (or the products contain-
ing the item) recursively. This function requires both a CONSTRUCT and
a RETURN clause since there could both be several up links to be traversed

and also several products containing the required item. If only a RETURN



statement is used the function will return upon a first match. To be able to
get the complete combinations, the CONSTRUCT statement is used together
with a RETURN clause where the RETURN clause executes only after the

CONSTRUCT clause produces all combinations.

The execution of the query continues with the recursive calls of the function
as follows: The function is called for ”M1l.catalog, M1-CD32” as shown in
Figure 5. .a which constructs ”D1.catalog, D1-M1-CD32” and ”D2.catalog,
D2-M1-CD32” by following the up links D1 and D2. The function in the
construct clause is called for ”D1.catalog, D1-M1-CD32” as in Figure 5. .b
and it constructs ”Rl.catalog, R1-D1-M1-CD32”. We assume that there are
no matching items in R2’s catalog. The function in the construct clause is
called for ”"R1.catalog, R1-D1-M1-CD32” as in Figure 5. .c and which returns
a catalog entry pointer since it finds out that R1 is a retailer. The call in (b)
terminates by the termination of (c), which causes the construct part of (a) to
call the function once more for ”D2.catalog, D2-M1-CD32” as in Figure 5. .d.
The function finds the up links R1 and R2, but we assume that these catalogs
do not have any matching items. Therefore the functions returns nil, which
causes the call in (a) to terminate and return the final result as "R .cata og

R-D- - D "



et.Uplink.Items(M1.catalog,"M1-CD32")
uplinks: D1,D2
Construct: Dl.catalog, "D1-M1-CD32"
D2.catalog, "D2-M1-CD32"
()
et.Uplink.Items(D1.catalog,"D1-M1-CD32")
uplinks: R1,R2
Construct: Rl.catalog, "R1-D1-M1-CD32"
(®)
et.Uplink.Items(R1.catalog,"R1-D1-M1-CD32")
uplinks: R1,R2
returns: Rl.catalog, "R1-D1-M1-CD32"
()
et.Uplink.Items(D2.catalog,"D2-M1-CD32")
uplinks: R1,R2

Construct: nil

(d)

Figure 5. : Trace of the standardized XML query given in Figure 5.7

5. n-the- y supply chain construction

On-the-fly supply chain integration is greatly facilitated with the proposed
architecture. Since the meta data of the electronic catalogs are described
through RDF with Dublin Core, the discovery of them by search agents be-
comes possible. In a business to business scenario, once a buyer search agent
locates an electronic catalog of a potential supplier, it informs its own catalog
agent which in turn contacts and negotiates with the catalog agent located.
If a deal is reached, each catalog agent starts an approval process to evaluate
the new candidate partner for its own company. If both parties approve each

other as 'new partners’, then the catalog agents exchange a "new.partner.msg”



message to automatically insert "up_link” and ”down_link” property values
pointing to each other in the RDF descriptions of the catalogs. They also
exchange the necessary CBL data such as market participant information as
part of the "new.partner.msg” operation.

The assumption over here is that the electronic catalogs conform to CBL.
For those catalogs that do not conform to CBL or that are kept in legacy

databases, how to map them to CBL catalogs is discussed in Section 4.2.



A proof of concept prototype of the proposed system developed within the
scope of the MESChain (METU Supply Chain) pro ect, and is available from

"http://www.srdc.metu.edu.tr/MESChain”.

The prototype is implemented in ava D 1.1.5. IBM’s XML4 parser

52 and LotusXSL 1. .1 34 are used to parse and transform XML documents.
However we have modified the XML parser for the entity variables and the
EXECUTE instruction as discussed in Section 3.1, and arranged the XSLT
processor to use this modified XML parser. We have implemented the XML-
L processor by using ava and avaCC. The Web server used is Apache 1.3 ,
and the browser is Netscape 4.5. The system runs on Sun Ultra-1 operating
under Sun OS 5.6. Since Netscape 4.5 does not support XML documents, all

the XML results obtained are converted to HT'ML through XSLT.

As shown in Figure 6.1, "http://www.srdc.metu.edu.tr/MESChain” pro-
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Figure 6.1: The download items available on the MESChain page at ”http:-
//www.srdc.metu.edu.tr/MESChain”.

vides the downloads for the catalog agent, XML- L query processor, Modified
XML4 Parser, Sample Catalog Data, Workflow Domain Manager and Task

samples.

tory Board

In this section, we will provide a story board to describe the functionality
of the system. Assuming that a customer wants to buy a desktop PC with
3 Mhz or faster CPU and 64 MB or more RAM, and s/he accesses the
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Figure 6.2: Initial user interaction with the catalog of Retailer-1 at ”http:-
//www.srdc.metu.edu.tr/sc/R1/R1.html”

electronic catalog of Retailer-1. A sample dialog in our implementation with
the electronic catalog of Retailer-1 according to this scenario is demonstrated

in the following with snap shots of the dialog frames:

e Assume that a customer contacts "http://www.srdc.metu.edu.tr/sc/R1/
R1.html” to initiate a dialog with the catalog of Retailer-1. The initial

dialog frame is shown in Figure 6.2.

e The customer chooses to browse the catalog by clicking the ”Browse
Monitor” button. The browser is then directed to the ”http://www.srdc.
metu.edu.tr/sc/R1/R1.cat.cgi” page which is shown in Figure 6.3. The
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Figure 6.3: The electronic catalog for Retailer-1 of MESChain.



Figure 6.4: Issuing a standardized query to the electronic catalog of Retailer-1.



Figure 6.5: Results of the query issued to the electronic catalog of Retailer-1.



Figure 6.6: Adding an item to the shopping basket.

contents of the electronic catalog is dynamically converted to an HTML
page by an XSLT query executed in CGI script. The query simply selects
all the products available in "R1.catalog.xml” and generates its result

as an HTML file.

”

Assume that the customer clicks ” uery Catalog” button to see if a
desktop with a 3 Mhz or faster CPU and 64 MB or more memory
exists in the catalog. Figure 6.4 shows the” uery Catalog” dialog frame,
which is generated dynamically according to the product type to be

queried. The customer enters 3  for ”Clock Speed”, 64 for "RAM”, and

clicks 70O 7 button. The frame generates the standard query with the



Figure 6.7: Add-on products found for the item ”R1-PC333-B”.



Figure 6. : Displaying the contents of the shopping basket.

given values and displays it in the small window below the frame. The
query is generated in either XML- L or XSLT depending the selection.
The customer may inspect or modify the generated query, and send it
to the catalog agent by clicking the ”Send” button.

2



e The catalog agent executes the query sent, and returns the result of the
query in a seperate browser window. Figure 6.5 shows a sample query

result page.

e Assume that the customer clicks ” Add-to-Basket” button to buy the
desktop contained in the query result. The dialog frame shown in Figure

6.6 appears to place the item "R1-PC333-B” into the shopping cart.

e Assume that the customer is also ineterested in the add-on products
for this item. When the ”find Add-On Products” button of the item
"R1-PC333-B” is clicked, a standardized query is sent to the catalog
agent, which in turn, sends back a query result page shown in Figure
6.7. This page includes R1-D1-M2-UPS5 , R1-D1-M2-Laser6 and R1-
D1-M2-PR . Assume that the customer clicks ” Add-to Basket” button
for the laser printer and puts into basket a R1-D1-M2-Laser6 item with

a quantity of 1.

e Assume that the customer likes to see the contents of the shopping cart
by clicking any of the ”Show Shopping Cart” buttons. Figure 6. shows
such a sample shopping cart. The customer may modify the contents of

the shopping cart.

e When the ”Finalize Shopping” button is clicked on the shopping basket
frame, the purchase dialog frame shown in Figure 6. is invoked. Cus-
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Figure 6. : Sending an order to the electronic catalog of Retailer-1.



Figure 6.1 : ”Order Tracking ID” sent by the catalog agent in confirmation
to the acceptence of the customer order.

tomer name, payment instrument, delivery address, etc. are gathered
by this frame. When the ”Purchase” button is clicked, contents of the
shopping cart is sent to the catalog agent in XML conforming to the

"message.dtd”.

e The catalog agent sends an ”Order Tracking-ID” as shown in Figure

6.1 after accepting the customer order.

e To inquire the status of the order, the customer may contact the initial
page given in Figure 6.2 and select ”Track Order” option. The browser

window is directed to ”"R1.TrackOrder.html”, and the frame in Figure



Figure 6.11: Inquiring the status of a customer order.



6.11 is shown. The customer enters his customer-ID and order tracking-

ID, then clicks ” Refresh” button to get the status of the order displayed.

peration of the yste

In this section we describe the operation of the system from the system per-
spective through the scenario presented in Section 6.1. Notice that all the files
mentioned in this section can be found at ”http://www.srdc.metu.edu.tr/sc”.
For the sake of simplicity in this section, we will use ”R1.html” to mean

"http://www.srdc.metu.edu.tr/sc/R1/R1.html”.

Our implementation consists of essentially four parts for each participant:

Catalog.xml document,

Catalog agent,

Workflow Domain Manager.

Customer-side applets,

The ”catalog.xml” document which conforms to CBL contains all the cat-
alog related data, catalog entries, offered products, product specifications, etc.
The ”catalog” element of the catalog.xml specifically contains all the run time
environment related information, such as the name, port number of the cata-
log agent, on which host the catalog agent is supposed to run, where to find

7



the workflow domain manager parameters, the temporary files folder URL,
etc.

The catalog agent and the workflow domain manager run at the partic-
ipant’s site, but the catalog agent must run on the same host as the Web
server. Both of them are written in AVA, downloadable from the thesis
site, and usable by all participants as is. No customization of the code is
needed by the participants, they get the participant-related information from
the ”catalog.xml” for which a URL is given on their command line. Both
the catalog agent and the workflow domain manager have a listening TCP/IP
socket to catch incoming messages. For each incoming message, they create a
new thread to process it.

There are two customer-side applets involved. One is called ”Shopping-
BasketApplet”, and the other is ” OrderInfoApplet”. Both are downloaded by
the browser when the customer contacts the related web ports. These will be
discussed in the following.

When a customer contacts the initial interface page at "R1.html”, s/he
is provided with two choices as shown in Figure 6.2: (1) Browse the cata-
log, (2) Track a previous order. Depending on the selection, the customer
is either directed to ”"Rl.cat.cgi” or "R1.TrackOrder.html”. Assume that
the customer selects the first one and the page "Rl.cat.cgi” starts loading.
This URL is a CGI shell which uses XML4 parser to parse ”R1.catalog.xml”

and then XSLT processor to dynamically generate an HTML form, namely



"temp_files/R1.cat.html”, that includes all catalog entries in " R1.catalog.xml”.
Notice that ”R1.catalog.xml” is an XML file conforming to CBL, and may con-
tain URL pointers or EXECUTE statements to access other resources such
as databases or legacy applications. Therefore each time ”R1.cat.cgi” is con-
tacted, the "temp_files/R1.cat.html” HTML file is regenerated. This HTML
form presents each catalog item in a table format, and contains a AVA Applet
called ”ShoppingBasketApplet” at the end. The applet takes two parameters:
the name of the catalog agent, say "R1”, and the port number of the cat-
alog agent, so that it can communicate with its associated catalog agent a
through TCP/IP socket. Once the "Rl.cat.html” is generated and loaded,
the customer can browse the contents of the catalog. Each item presented
in the catalog is associated with a set of buttons as shown in Figure 6.3,
namely ”Show Advertisement”, ” Add-to-Basket item.id”, ”Show Shopping
Cart”,” uery Catalog” and ”Find Add-On Products” buttons. In fact, the
7 uery Catalog” and ”Show Shopping Cart” buttons are not directly related
with any individual item, they are replicated for ease of use. The remaing
three buttons, ”Show Advertisement”, ” Add-to-Basket item.id” and ”Find
Add-On Products”, are directly related with the item associated.

The ”Show Advertisement” button, as the name implies, provides multi-
media advertisement for the item. It redirects the browser to another URL,

such as "R1/videos/itemid.AVI” and makes advertisement of the item through

.AVI, .MPEG or similar video players. The other four buttons are all handled



by the ”ShoppingBasket Applet” applet which essentially creates and main-
tains a shopping basket ob ect.

The ” uery Catalog” button invokes the frame shown in Figure 6.4 to
query the catalog. This frame helps the customer to construct an XML- L
or XSLT query, in other words the query given in Figure 5.3 is tailored for
the item in question. The customer may modify the generated query, or en-
ter a completely new query on this frame. After the query is constructed, it
is sent to the catalog agent by clicking the ”Send” button. Notice that the
query is sent as an XML document conforming to the ”message.dtd” provided
in Appendix B. The catalog agent parses this incoming message, extracts
the query, executes it by invoking the XML- L or the XSLT processor de-
pending on the query type, and creates a temporary result file, for example
"temp_files/CTS ID3.html”. The temporary result file is sent back to the ap-
plet, which opens a new browser window as shown in Figure 6.5 to present the
result of the query. Note that the query result windows share the ”Shopping-
Basket” ob ect, meaning that the customer may use buttons on any window
without any difference.

The "Find Add-On Products” button causes the ”ShoppingBasketAp-
plet” to form a query by combining three queries given Figures 5.4, 5.5, 5.6,
and send it to the catalog agent as an XML document conforming to the
"mesage.dtd”. The catalog agent executes the queries by invoking the XML-

L or the XSLT processor, and creates a temporary result file, for example



"temp_files/CTS ID .html”. The temporary result file is sent back to the
applet, which opens a new browser window as shown in Figure 6.7 to present
the result of the query.

The ” Add-to-Basket” button invokes the frame shown in Figure 6.6 to add
an item and its quantity into the shopping cart.

The ”Show Shopping Cart” button invokes the frame given in Figure 6.
which shows the current contents of the shopping basket. The contents of
the shopping cart can be modified on this frame, for example quantity of
an item may be changed, or an item can be removed from the cart. The
”Finalize Shopping” button is used to place a customer order. When this
button is clicked the purchase dialog frame shown in Figure 6. isinvoked. The
purchase dialog frame retreives the information about the customer, payment
instrument, delivery address, etc. When the ”Purchase” button on this frame
is clicked, the applet converts the contents of the ” ShoppingBasket” ob ect into
a XML fragment, constructs a ”purchase.msg” conforming to ”message.dtd”
and sends it to the catalog agent.

The catalog agent it parses the ”purchase.msg”, checks its validity, and
if it accepts the order, determines which customer-order process is to be run
depending on the protocol, creates a ”wf.process.run” message accordingly,
and sends it to the workflow domain manager through a TCP/IP socket con-
nection.

The workflow domain manager receives the message, parses it, and starts
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the indicated customer-order process and provide the shopping basket and
customer related information as an input parameter. Although the processes
differ according to the purchase protocol, the initial part of all customer-order
processes are the same. The common part, generates a customer-ID for the
customer if not already generated, and generates an ”order-ID” and registers
the customer order. Then the process send a ”response.msg”’ to the catalog
agent, which redirects it to the customer-side applet. The applet invokes a
dialog frame shown in Figure 6.1 to inform the customer of his ” customer-1D”
and ”order.tracking.ID”.

The customer-order process initiated by the workflow domain manager
handles the order. It checks the stock availability, payment requirements,
delivery requirements, etc. It should be noted that the system propagates the
orders down the supply chain when there is not enough material in the stock.

To inquire the status of the order, the customer may contact the initial
interface page at ”R1.html” shown in Figure 6.2, and click the ” Track Order”
button. The browser is directed to ”R1.TrackOrder.html” and the ”Order-
InfoApplet” is loaded. The applet takes two parameters: the name of the
catalog agent, say "R1”, and the port number of the catalog agent, so that it
can communicate with its associated catalog agent a through TCP/IP socket.
This applet as shown in Figure 6.11 retrieves the order tracking ID from the
customer, constructs a ”wf.query.msg” conforming to the ”"message.dtd”, and
sends it to the catalog agent. Notice that, the applet can not send the message

12



directly to the workflow domain manager due to the security restriction: an
applet may only communicate with the site from where it is loaded (in our
environment, the domain manager runs on a different host for load balanc-
ing). Therefore, the ”wf.query.msg” is sent to the catalog agent which directs
it to the workflow domain manager. The domain manager parses the mes-
sage, checks the status of the indicated customer-order process, prepares a
“response.msg”’, and sends it to the catalog agent. The catalog agent directs
the message to the customer-side ”orderInfoApplet” which shows the status

of the order on the same frame shown in Figure 6.11.
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The contributions of the work described in this thesis are as follows:

1.

ata og interopera i ity. MESChain proposes XML CBL catalog DTDs
as the canonical data model for integration of heterogeneous catalogs.
By using the EXECUTE instruction introduced in Section 3.1, it is pos-
sible to integrate XML fragments obtained from external applications
through wrapper programs. In this way, XML documents dynamically
generated from a number of possibly heterogeneous resources can be flex-
ibly integrated. This integration is done at the document level rather
than at the code level. With this approach, an organization may con-
tinue to keep its product specifications and catalog information in its
legacy applications and still benefit from the supply chain architecture
proposed.
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When all the catalogs are available in XML conforming to standard
DTDs, catalog integration and customized catalog generation reduce to

issuing standardized XML queries as demonstrated in Section 5.1.

1 en an anchor product on the suppy chain disco ery o the items
and ser ices that add awue to this product. The product taxonomy
and an ”Added_Value” property are defined in RDF Schema Definition
Language, more specifically through the ”subClassOf” and ”property”

features of the RDF.

The ”subClassOf” mechanism makes possible to give a product taxon-
omy, and through the ”property” feature of RDF, it is possible to state
which resource (e.g. a printer) is an add on product for which other
resource (e.g. a computer). This mechanism is explained through ex-

amples in Sections 4.3 and 5.2.

i-directiona tra ersa on the supp y chain. The relationships among
the catalogs on the supply chain, in other words participant roles, are
specified through the ”"up_link” and ”down_link” descriptions in RDF
which facilitate the bi-directional catalog search and integration. This
mechanism is explained through examples in Sections 4.4 and 5.5. Cata-
log agents help to establish the "up_link” and ”down_link” specifications
for on-the-fly supply chain construction as explained in Sections 4.5 and
5.6.
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4.

n open architecture capa e o supporting di erent e ectronic commerce
standards. It is widely believed that a single dominant ecommerce stan-
dard is unlikely. Rather there will be many standards. An ecommerce
architecture should be open in the sense that it should be able to sup-
port more than one standard at a time. As an example both OBI and
OTP are different but similar standards. When the base is XML, since
XML is machine processable, it naturally follows that the task of sup-
porting more than one standard should be delegated to the agents and
this is the approach taken in MESChain by associating catalog agents

to catalogs.

Resource disco ery on the e . Resource discovery on the Web has been
an important yet di cult problem. It is considered in two categories in
our architecture: discovery of the electronic catalogs and discovery of

the types of products contained in a catalog.

For the discovery of electronic catalogs, the meta data of a catalog is
expressed in RDF using the Dublin Core element set. For the discovery
of product types, a catalog schema conforming to CBL and a product
taxonomy expressed in RDF are used. Having a standardized catalog
schema and product taxonomy, it becomes possible for resource discov-
ery agents to find out these catalogs and types of products in them as
explained in Section 4.1.
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6.

utomating the ho e process on the suppy chain. When a catalog
agent receives a customer order, it identifies the associated protocol and
initiates the corresponding workflow template instance. The companies
on the chain can define their workflow templates in XML conforming to
”workflow.dtd” proposed and a workflow engine in ava is provided to

execute these definitions.

We believe the workflow architecture proposed in Section 4.6 better fits

to supply chain architecture for the following reasons:

e The use of XML for process definitions. In this way, process defini-
tions become highly transportable and interoperable. Any organi-
zation may develop its own processes, in addition to sharing com-
mon business processes developed by others without any di culty.
This brings re-usability to the process definitions and provides high

productivity.

e Processes can run platform-freely, since the engine is coded in ava.

The engine is capable of executing tasks locally or remotely.

e The use of XML messages to communicate with the workflow do-
main manager. This enables remote control of the workflow man-
ager, for example initiating a process from the library, or inserting a
new process definition into the library. With proper coordination of
authorization requirements, it is also possible to initiate processes
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across organization boundaries. Since initiating a process remotely
involves only sending the ”process activation” message, this mes-
sage can be sent to the workflow domain manager of any organi-
zation (in our architecture), to actually initiate the corresponding
process. At the termination of this process, the originator will be
informed by a response message in XML. That is, the proposed
workflow architecture is capable of running complex processes that

involve more than one organization in a supply chain.

The adaptive architecture of the workflow system supports dy-
namic changes on the running process instances in case of external
changes in the network or unexpected conditions in the organiza-
tion. In such a situation, running process instances may selectively
be modified as needed. The modification may cause rolling back
some completed tasks which will be compensated as part of the
modification, and execution of the modified instance will proceed

from thereon.



The most notable work on supply chain automation and integration come from
two main industry consortiums, CommerceNet consortium and the RosettaNet
consortium. The CommerceNet is the leading industry association for elec-
tronic commerce and in 11 describes the required properties of electronic
catalogs for supply chain integration. This document motivated the work pre-
sented in this thesis. RosettaNet pro ect 43 on the other hand, stresses the
importance of open content and open transaction standards for supply chain
integration and is producing the standard descriptions for computer industry
as XML DTDs.

A more recent electronic commerce interoperability infrastructure pro-
posed by CommerceNet is the eCo framework 12 . In the eCo framework

businesses agree on a common method of describing what they do, rather

than the standards of what they do and how they do it. The eCo framework



consists of an architectural specification and a semantic specification. The eCo
Architectural Specification presents information about an e-commerce system
in seven different categories (layers). The eCo Semantic Specification provides
a sample set of business documents that can be used inside the eCo frame-
work. These can be used as is, or extended and modified to meet specific
needs 12. In the network layer the eCo compliant markets are listed like
computers, phones, or books. In the market layer, for a specific market like
computers, their participating businesses are listed like Dell, or IBM. In the
business layer, the services provided by a business are listed for example pur-
chase or rent. At the service layer, the possible interactions are listed where
each interaction defines input, output documents and optionally an execution
URI. As an example the interaction for purchasing a computer can be an or-
der document as input, and an invoice as output defined in XML using the
corresponding CBL DTDs 13 . The document layer specifies the structure
of a document as well as listing data elements if there are any. At the data
element layer, details of data elements are presented.

Smart Supply Web 2 attemps to put together three important technolo-
gies, namely workflow systems, data integration and on-line decision support,
to enable seamless deployment of e-service supply web solutions. Exchange-
able Routing Language (XRL) is a routing language designed and used for
flexible routing of ad hoc workflows where process definitions are given in
XML. Supply Web uses XML and an XML transformation language called
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AT to extract and integrate data obtained on the Web. However, it does
not provide any canonical data model, instead schema and ontology differences
are handled manually. DecisionFlow, a rule based decision support system, is
then used on the integrated data to decide what business actions to perform.
MESChain also uses a WEMS where processes are defined in XML, however
it provides a standard catalog architecture expressed in XML conforming to
CBL as the canonical data model. This standard catalog architecture enables
easy discovery, querying and comparative shopping via XML- L or XSLT
queries against the catalogs.

In 44, 24 multi-organizational processes are described which, when prop-
erly designed, can mimic supply chain functionality. Polymorphic Process
Model (PPM) and Service Oriented Process Model (SOP) introduced in this
work decouple activity and service interfaces from activity and service imple-
mentations, and provide process polymorphism to support their mapping.
Business processes are modeled as Multi-enterprise Processes (MEPs), to
which each enterprise contributes Single-enterprise Processes (SEPs) that im-
plement and refine the activities referenced in MEP. PPM activity types are
determined by activity interfaces of the abstract activities defined in MEPs,
and these activity types can be mapped to concrete implementations provided
by SEPs and service activities by matching their interfaces. Late-binding per-
mits use of multiple activity implementations within a process without modi-
fying this process at run time. To deal with heterogeneity, activity interfaces
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are modeled as state machines that include application-specific operations and
states, and have input/output parameters. PPM and SOP model essentially
workflows (MEPs) in a Virtual Enterprise, not supply chains. Notice also that
designing a MEP would require the determination of the business partners and
(abstract) activities that will be involved in the process. Additionally, there
is no catalog architecture where products or services offered can be listed or
searched.

MESChain on the other hand, models a supply chain where each partici-
pant can independently transact business, neither participants nor the services
need to be determined in advance.

WISE system 2 describes an infrastructure for business to business elec-
tronic commerce. This infrastructure includes an ”internet workflow engine”
acting as the underlying distributed operating system controlling the execu-
tion of business processes, a process modeling tool for defining and monitoring
the processes, a catalog tool for virtual enterprise services. In WISE, virtual
business processes are constructed by using the services offered by different
companies as building blocks. The WWW catalog provided uses ava Ap-
plet/Servlet technology to allow companies in the trading community to ad-
vertise and to see the semantics of the services provided by other companies.

CrossFlow 15 aims at providing high-level support for workflows in dy-
namically formed virtual organizations. Virtual organizations are formed
when some activities of a company is outsourced to external service providers.
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High level support is obtained by abstracting services and offering advanced
cooperation support. Virtual organizations are dynamically formed by contract-
based match-making between service providers and consumers.

MESChain differs from WISE and CrossFlow as follows: MESChain ad-
dresses the supply chain automation and catalog interoperability by exploiting
the recent Web standards and using workflow and agent technology, rather
than constructing a workflow from the building blocks provided by companies
in the trading community.

Related with electronic catalogs, 16 discusses issues and solutions about
the creation of a product information database as a foundation for deploying
an electronic catalog. In the proposed architecture, an HTML form will be
dynamically generated from the database when a buyer wants to browse the
catalog through the Internet. To exchange product information among trad-
ing partners, it is suggested that the contents of product information database
be either electronically sent in XML or this information be queried online. For
example when a distributor needs the product information from the manufac-
turer, the manufacturer should either send this information in XML format or
should let its product database to be queried online by the distributor. The
latter relives the distributor from maintaining product information which is
primarily maintained in the manufacturer’s database.

In MESChain, a participant has the option of keeping its own product
information database and generating the electronic catalog in XML from this
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database dynamically by the EXECUTE instruction. Sharing the product
information among participants is also possible in MESChain by using the
”product.description.pointer” element of the CBL catalog schema which pro-
vides for online querying to retrieve product information from another partic-
ipant.

Anderson Consulting’s BargainFinder 3 is one of the well-known and early
example of electronic marketplaces. BargainFinder was the first shopping
agent for on-line price comparison. It requests its price from each of nine
different merchant web sites as if it is using a web browser to do the request.
Although it was a limited prototype, it offered many insights into the issues
involved in price comparisons.

OFFER 4 is an electronic brokering architecture which uses OMG’s CORBA
as a distribution infrastructure. There are three main components: suppliers,
customers and e-brokers. A customer can search for a service either directly in
the e-catalog of the supplier or use the e-broker to search all the e-catalogs of
all the suppliers, which are registered with this broker. CORBA is chosen as
the communication infrastructure to solve the interoperability problem. They
specify a standard IDL interface for the e-catalogs of a supplier and for the
e-broker. Each supplier is responsible for implementing this interface to be
able to register with the broker and for others to find its catalog. As the
negotiation mechanism e-brokers employ simple auction mechanisms.

In 1 , the workflow-based electronic market place consists of an Intel-
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ligent Directory Service (IDS) and agents. The IDS contains the template
workflows for buying and selling processes, as well as a match maker mecha-
nism. Each agent executes either a buying or a selling workflow template to
determine its behaviour as a buyer or a seller, respectively. There also exist
some search agents which advertise the market place and try to discover and
bring in new participants to the market place. Web and CORBA is used as
the underlying infrastructure of this market place and agents communicate
through ML. Sellers register the products they sell in the IDS, thus buyers
can search through and iif they find something interested they can contact
the seller agent to negotiate and do business.

Related with describing resources for information discovery, the Informa-
tion Manifold (IM) 33 pro ect developed at AT T Bell Labs., provides a
uniform interface to the resources. The approach requires the participating
sources manually describe their available content and querying capabilities
using the content and capability records defined in the IM pro ect. When a
complex query arrives, it is divided into sub queries such that each sub query
can be send to an appropriate source, and answers from these sources are
combined to form the resulting answer of the complex query. The content and
capability records developed does not conform to any standard.

In MESChain, the contents of a catalog is expressed in XML conforming
to CBL and product taxonomy in RDF, both of which can easily be queried
via XML- L or XSLT.
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There are many workflow management systems, some of which are briefly
described in the following:

METUFlow 2 , 26,4 is a fully distributed workflow management system
that uses a block structured process specification language called MFDL. A
process tree is generated from a process definition, and it is used for guard
generation for each task in the process definition. The guards are used by task
handlers to control the activation of the user tasks at run time. Distributed ex-
ecution of METUFlow is based on CORBA. METUFlow’s highly distributed
architecture makes dynamic modification very ine cient. In MESChain, how-
ever, the workflow architecture by keeping all the process information in a
workflow process ob ect, e ciently handles the dynamic modifications.

Another distributed workflow management system is METEOR, (Manag-
ing End to End Organization) 46 . Its workflow execution model is driven by
inter-task dependency rules that are expressed in a specifically designed script
language. METEOR allows workflow definition at two levels of abstraction
using two different languages: the Workflow Specification Language, and the
Task Specification Language. Process definitions are saved in an intermediate
format that is used for automatic code generation at run time. The runtime
code generators output code for task managers and task invocation, data ob-
ect access routines and recovery mechanism. The generated code includes all
the inter-task dependencies required by the definition of the process, and it is
based on CORBA and Web environment for distributed execution.
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In 37, the use of Web technology for workflow is presented with ME-
TEOR2 Web-based workflow management system (WebWork). WebWork is
said to be web-based rather than web-enabled since both interfaces and com-
munication/ distribution infrastructures are built using Web technology. Data
flow is realized through exchanging HTML pages and CGI is the main com-
munication mechanism with servers.

There is also some previous work on realizing a workflow system with the
use of agents. DartFlow workflow management system 5 uses Web-browser
embedded ava applets as its front end and transportable agents as the back-
bone. A transportable agent is a program that migrates machine to machine in
a heterogeneous network. In DartFlow, each business process can be handled
by an agent. Agent Tcl system is used to implement transportable agents.
Since agents in DartFlow do not use a standard communication language, its

usage is limited to those who make use of Agent Tcl system.
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Electronic commerce is one of the most exciting and fast moving fields of to-
day with a high demand for innovative new technologies and interoperability
standards 1,1 ,1 . The progress and wider dissemination of electronic com-
merce will be possible with interoperable architectures which allow consumers
and businesses seamlessly and dynamically come together and do business
without ad hoc and propriety integration.

In this thesis we describe such a supply chain integration architecture
that provides for the expected functionality by exploiting and integrating the
current interoperability standards for the Web. The architecture proposed

integrates the enabling technologies as follows:

e Electronic catalog and product description data are stored in XML con-
forming to CBL. In this architecture, catalog DTDs of CBL are used as
the canonical data model to provide for catalog interoperability.
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e Meta data of electronic catalogs, the product taxonomy information, the
meta data to express up and down links as well as products that add

value to an anchor product are expressed in RDF.

e A catalog agent is exploited to serve all the messages coming to a catalog.
All queries against the catalogs are realized by using standardized XML-
L or XSLT queries which avoid any further coding effort on behalf of

the users.

e All accepted customer orders are handled dynamically and automati-
cally by using the workflow technology which provides different process

definitions for different purchasing protocols.

e Monitoring of the entire supply chain also benefits from the workflow

technology used by each participant.

The experiences gained through the implementation of MESChain indi-
cated that current enabling technologies lack certain features necessary for
supply chain integration. We propose some extensions to meet the required
functionality and also demonstrate how these technologies fit together. For
example, the EXECUTE instruction introduced to XML provided very helpful
in dealing with catalogs maintained in legacy databases or applications.

We have benefited from the knowledge and experience gained in MESChain
in other areas of electronic commerce. For example, 7 shows how our expe-
riences with RDF, XML and XML- L are applied to a completely different

11



research area, namely ”personalization on the Internet”, as a side product of
the work presented in this thesis.

Supporting only one canonical data model, namely catalog DTDs of CBL,
for electronic catalogs may sometimes be restrictive. As a future work, addi-
tional catalog schemas may be supported to give businesses a choice. As long
as the supported schemas are limited, automatic conversions among them can
be possible. On the other hand, catalog agents can provide personalized elec-
tronic catalogs tailored for individual customers, depending on the purchasing
habits of them. For example, promotion items can be presented at the top to
those customers who generally buy items on promotion.

In the future, the proposed architecture may be extended to handle pre-
and post-sale processes such as bidding, tender evaluation, quotation han-
dling, service contracts, and warranty handling. Also, international processes
concerning a different set of issues, such as currency conversion, taxation, and

customs duty can be integrated into the proposed system.
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