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Abstract

Traditional EDI technology is mainly used among large
businesses because the effort to implement an EDI
solution is considerable. Internet technology is re-
cently becoming as one of the cornerstones of busi-
ness and provides a lightweight platform for small and
medium enterprises to implement EDI applications for
electronic business. This paper proposes a six-phase
process for implementing the Internet-based electronic
business applications. We provide a link between OO-
edi business models and XML/EDI deployment to form
a systematic implementation process. Moreover, for
dealing with the semantic heterogeneity, we employ
an ontology-based mechanism to improve the degree
of interoperation between electronic business systems.
We also present an example in book trade domain to
illustrate the overall framework of XML/EDI that cov-
ers both B2B and B2C services. Therefore, the EDI
applications based upon the Internet platform can be
more flexible and agility.

Keywords: electronic data interchange(EDI), elec-
tronic business, UML, XML, ontology.

1 Introduction

Electronic Data Interchange (EDI) is the computer-
to-computer interchange of formatted business doc-
uments. It is one of the most powerful tools avail-
able to businesses enabling them to electronically
transmit purchase orders, invoices, shipping notices,
and other business documents that used to be sent
in paper format. The potential benefits of us-
ing EDI are measurable and include reduced lead
times, lower inventory levels and associated carrying
costs, fewer lost or incorrect orders[10]. There are
two commonly used standards in EDI, the Amer-
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ican National Standards Institute ASC X.12 and
UN/EDIFACT! standards. The latter is commonly
used in Europe and Asia, while X.12 is most often
used in North America. Each standard defines EDI
documents and the information contained in them
in great detail. Unfortunately, EDI technology at
present is mainly used ~among large busimesses or
where a dominant actor can establish conventions.
For small and medium enterprises(SME), and where
the communication between partners is not very fre-
quent and intensive, EDI has had less success. The
main reason is that the effort to implement an EDI
solution is considerable. Another reason is that the
parties wishing to exchange business data through
EDI usually have to enter into bilateral agreements.

Traditionally, there are two methods of imple-
menting EDI: (1) through a direct computer-to-
computer link between two business organizations,
(2) through a third party network. The Inter-
net is recently asserting itself as one of the cor-
nerstones of business, with more and more Inter-
net based projects coming to life. It is shaping up
to change the way that almost all forms of com-
merce are conducted. The advent of this ubiqui-
tous communications medium is beginning to have
a profound effect on all industry and regulatory
sectors as evidenced by the number of organiza-
tions that now can be accessed via a public web
address. While business-to-consumer (B2C) ser-
vices are well established there is now an increas-
ing emphasis on the application of Internet tech-
nologies to support business-to-business (B2B) ser-
vices, through the provision of online information
and trading services. Today it is accepted that In-
ternet technology is going to change the interna-
tional situation, production, culture, economical as-
pects and daily life significantly. Widely pervasive
and technically dynamic, this momentum represents

!The United Nations Rules for Electronic Data Inter-
change for Administration, Commerce and Transport
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the dawning of the digital revolution.

The international EDI community has devel-
oped OO-edi over the past few years as an im-
plementation neutral framework for the future ar-
chitecture of EDI[1]. XML/EDI has also recently
emerged as the implementation and deployment
method of choice for next generation of electronic
business facilitation via the Internet. This pa-
per shows how these two technologies can be cou-
pled and integrated to develop the Internet-based
electronic business applications. We propose an
six-phase process for implementing the Internet-
based electronic business application. Starting
with object-oriented modeling, then identifying data
sets, developing DTD for XML/EDI, validating, ex-
changing, and processing the EDI messages, as well
as integrating EDI with applications, we may pro-
vide a link between OQO-edi business models and
XML /EDI deployment.

This paper is organized as follows. Section 2
presents the concepts of Open-edi and the role of
object-oriented technology in EDI framework. Sec-
tion 3 describes the coupling architecture of OO-edi
and XML/EDI, ontology supporting for XML au-
thoring, as well as an example for illustrating the
overall framework of XML/EDI. The implementa-
tion process of the Internet-based electronic busi-
ness applications is given in Section 4. Section 5
contains concluding remarks and future research di-
rections.

2 Object-oriented EDI

2.1 Open-edi Concepts

Open-edi is an ISO/TEC vision of what EDI should
be. ISO/IEC 14662 identifies a baseline for
the development of Open-edi scenarios and their
implementation[1]. Open-edi assumes a generic ap-
proach to standards development, enabling organi-
zations to establish relationships quickly and eas-
ily. In principle, once a business scenario is agreed
upon, and implementations conform to Open-edi
standards, there is no need for prior agreement
among trading partners other than the decision to
engage in the relationship. The field of application
for Open-edi is the electronic processing of business
transactions among multiple organizations within
and across business sectors.

In order to fully appreciate this concept one
can examine the Open-edi Reference Model “as
shown in Figure 1. The model identifies the stan-
dards required for the inter-working of organiza-
tions, through interconnected IT systems. It is also
independent of IT implementations, business con-
tent or conversions, business activities, and organi-
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Figure 1: Open-edi Reference Model

zations.

More specifically, the Open-edi Reference Model
describes two views of any business transaction, the
Business Operational View (BOV) and the Func-
tional Service View (FSV). The BOV addresses the
semantics of business data as well as the rules for
business transactions. The FSV addresses the sup-
porting IT services, meeting the more mechanistic
aspects of functional capabilities, service interfaces,
and protocols.

The intention of Open-edi is that the formal
specification according to the reference model shall
be used as follows|(8].

o to document the roles of the parties in carrying
out the business transactions, such that joining
a scenario in effect can be considered to consti-
tute an agreement with the other parties.

e to partially automate the enactment of the
business transaction, by automatic generation
of code from or interpretation of the formal
specification, and by selection and automatic
configuration of software components.

However, the reference model is far from this
goal, and does not prescribe any specific modeling
formalisms.

2.2 TWMG’s Efforts

The economic advantages of Electronic Commerce
(EC), including ED], are widely recognized and are
expanding into numerous areas of business and ad-
ministration. To date, the majority of implemen-
tations have occurred within large, multi-national
companies. A variety of reasons, including cost,
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complexity, and security issues, have limited SME
adoption of these techniques. However, today’s
exponential technology advances, increase demand
for information systems which can keep pace with
evolving technology, and SME involvement in global
trade combine to create a powerful marketplace de-
mand.

As a means of responding to this need,
UN/CEFACT’s? Techniques and Methodologies
Working Group (TMWG) and ASC X12’s Strate-
gic Implementation Task Group (SITG) have joint
forces to develop a single international next gener-
ation EDI standard. In doing so the primary ob-
jective has been to deliver quality processes, pro-
cedures, and tools necessary to manage standards
development and maintenance over the entire life
cycle. As much “out of the box” thinking as pos-
sible has been used in evolving this work by plac-
ing an emphasis on reengineering business processes
and simplifying the rules that exist between trading
partners.

In many instances today emphasis is placed on
automating an “as is” process. However, by trans-
forming the emphasis to a streamlined, more effi-
cient process at the beginning of an automation ini-
tiative, considerably more productivity can accrue.
Therefore, significant opportunities can result from
the use of modeling techniques to identify data re-
quirements and flows associated with a process, and
object-oriented technology provides one of the more
powerful alternatives to identify and convey com-
mon business information. The underlying assump-
tion is that models unambiguously reflect informa-
tion interactions and lend themselves to a clear un-
derstanding of what must be provided in any stan-
dards design process. Likewise, common business
objects are essential building blocks from which ap-
plication developers can create affordable software
representing sharable business scenarios, which can
keep pace with evolving business and technology
needs. -

There are three actions that can improve cur-
rent EDI[6]. The first two, improving the techni-
cal base documents and improving the standards
development process could easily be implemented.
However, those changes will only result in limited
improvement not addressing all of the issues. In or-
der to address all the issues one must investigate
new methods that may result in a new way to do
EDL Some of opportunities accrue with the use of
modeling techniques to identify- data requirements
and data flows associated with a particular business
process. Object-oriented technology provides one of
the most powerful alternatives to identify and con-

2United Nations Centre for the Facilitation of Procedures
and Practices for Administration, Commerce and Transport

vey common business objects and data needed to
perform the functions within a business application.

2.3 Role of Object Oriented Technol-
ogy

Object-oriented technology is essentially a method-
ology for organizing data in ways that echo how
things are put together and relate in the real world.
An object is a reusable, self-contained component of
a business information model. It has characteristics
(known as attributes) and activities and functions
(known as methods). An object knows whom it is,
what it does, and how it relates to other objects.

Industry is now turning to the use of object-
oriented technology as the most viable solution to
the software development problem. Through the use
of common business objects we see opportunities to
lower costs and hasten the introduction of new soft-
ware applications. Objects provide the ability to
encapsulate data and methods within a representa-
tion of program components. In turn, they permit
faster application development, easier maintenance,
and reduced program complexity. The use of object
oriented architectures permit applications acquired
from different sources and installed on different plat-
forms to freely exchange information. As quickly
as industry is turning to the use of object-oriented
technology, it is just as quickly evolving to a discrim-
inator in the positioning of application software in
the marketplace. There is very little interoperabil-
ity between common business applications because
the basis for information exchange, e.g., business
objects, is predominantly proprietary in nature.

In order to overcome this situation, there must
be a common source of object development. A num-
ber of issues are resolved by developing and attribut-
ing international standards body status to object
class libraries. Objects provide the capability to en-
capsulate much of the knowledge we now store in
implementation guides. This facilitates the focus we
maintain on the BOV by documenting our knowl-
edge and expertise related to the business process.
Interoperability objectives are satisfied in that soft-
ware developers do not require the development of
proprietary objects to support the business mod-
els. Cost objectives are met because software de-
velopers are not required to develop the business
process knowledge needed to develop software ap-
plications. Lastly, software developers can focus on
product variations (e.g., look and feel) as the means
to differentiate themselves in the marketplace rather
than focusing on the underlying business process
and data requirements.

An object oriented approach to EDI develop-
ment is, therefore, a “process-driven approach” i.e.,

—201—



PurchaseOrdex
-NumberOfOrder : int|
-Item-10fOrder : char
-Item-20fOrder : char]
-QuantityOfltem] : in
FQuantityOfltem? : ing
+getltems()
+setltems(Q

</Class>

</Class>

-SepcOfltem : char

(a)

<Class><ClassName>PurchaseOrdex</ClassName>

<Attribute>PurchaseOrder.NumberOfOrder</Attribute>
<Attribute>PurchaseOrder.Itenm-10f0rder</Attridbute>
<Attribute>PurchaselOrder.Item-20£f0rder</Attribute>
<Att:1hnt->?u:chai.o:do:.Quantityol!t0n1</1tt:1hut.>
<Attribute>PurchaseOrder.QuantityOofItem2</Attribute>
<Opention>PurchaseOrder.getItems</Operation>
<Opention>PurchaseOrder.setItems</Operztion>

<Class><ClassName>Items</ClassName>
<Attridbute>Items.NameOfItem</Attribute>
<Attribute>Items.SpecOfItem</Attribute>

®)

Figure 2: (a) A simple UML class (b)Resulting XML data document

when a trading partner looks at another trading
partner, what is seen is a common (subset) process,
and potentially “extensions” that are unique to a
trading partner that are spelled out in a published
“scenario”. These extensions (often needed for in-
ternal or competitive reasons) also become easier
to implement than the traditional data driven ap-
proach.

3 Harmony between OO-zdi
and XML /EDI

XML is a simplified metalanguage, derived from
SGML, emerging as the standard for self-describing
data exchange in the Internet applications. XML’s
. power derives from its extensibility and ubiquity.
Anyone can invent new tags for particular subject
areas, defining what they mean in document type
definitions (DTD) Content-oriented tagging enables
a computer to understand the meaning of data, in-
cluding a number represents a price, a data, or a
quantity(7].

UML is rapidly becoming the language of choice
for object-oriented modeling in general. UML mod-
els have a strongly defined semantics, but perhaps at
the cost of being a bit too concretely interpreted for
analysis[3, 4, 8]. In addition, UML and CORBA fit
well together and so it is natural to use CORBA for
the communrication part. To use UML for modeling
and traditional EDI messaging for communication
would require reinterpretation UML models. We
therefore adopt UML for modeling, and CORBA for
the middleware permitting communication between
the Open-edi parties.
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3.1 Combining UML and XML

Using the combination of UML and XML as tools
we can provide a link between the OQO-edi busi-
ness models and XML/EDI deployment. Figure 3
shows the framework of this concept in practice.
There are several components that enable the link-
ing process and each component provides part of an
inter-related whole, and also part of requirements
for XML/EDI deployment.

OO0O-edi allows design of object messages in XML
as well as UN/EDIFACT messages. We utilize
UML to achieve a top-down, process model driven
approach to design the generation of EDI appli-
cations. UML models allows the specification of
messages that could be expressed in either; (1)
smaller information bundles that are representative
of the object messages in an interaction diagram,
or (2) larger, nested messages that are analogous to
UN/EDIFACT. Either type of message could easily
be communicated in XML syntax.

The UML model approach and XML schema are
complementary. Since XML Schema also provides
rich data typing that is available in UML, UML
models also be expressed in XML Schema. Fig-
ure 2 shows an example of a simple UML class and
resulting XML data document. The object man-
agement group’s XML metadata interchange (XMI)
document could easily be converted to XML Schema
or directly from the modeling tool itself if the tool
supported the export. Artifacts that would be con-
verted to XML Schema would be based on UML
class diagrams, including the data typing, inheri-
tance, and aggregation based within the class dia-
gram. In addition, XML Schema documents could
be imported directly or by conversion to XMI for




import into UML modeling tools. Reuse of new and
existing XML or even SGML information allows the
integration into a’cross-industry model via a repos-
itory. This will allow the standardization on com-
mon semantics, or linking of semantically equivalent
items, and standard interfaces across domains, col-
lectively guaranteeing interoperability across these
domains. '

The repositories in XML/EDI provide the
means to define the presentation of existing EDI
standards code and element dictionaries, EDI trans-
actions, and XML based documents with document
type definitions. Repositories also contain new com-
ponents that enable the complete definition and rep-
resentation of a business system in an electronic for-
mat. We may capture and describe all these com-
ponents using XML Glossary. Hence, each reposi-
tory contains XML Glossaries, and these allow the
storage and retrieval of the appropriate components.
For a detail description and design of the(Repository
approach, please refer to [2].,

3.2 Ontology Supporting

The main purpose of an ontology is to enable com-
munication between computer systems in a way that
is independent of the individual system technologies,
information architectures and application domain.
The key ingredients that make up an ontology are a
vocabulary of basic terms and a precise specification
of what those terms mean. The term “ontology”
has been used in this way for a number of years
by the artificial intelligence and knowledge repre-
sentation community, but is now becoming part of
the standard terminology of a much wide commu-
nity including object modeling and XML[11]. An
ontology is more than a taxonomy or classification
of agreed terms. An ontology provides a set of well-
founded constructs that can be leveraged to build
meaningful higher level knowledge. The terms in an
~ ontology are selected with great care, ensuring that
the most basic (abstract) foundational concepts and
distinctions are defined and specified. The terms
chosen form a complete set, whose relationship one
to another is defined using formal techniques. It is
these formally defined relationships that provide the
semantic basis for the terminology chosen.

In the Internet-based applications, such as
agent-based systems, the adoption of a shared on-
tology allows agents to simultaneously interoper-
ate without misunderstanding, retain a high de-
gree of autonomy, flexibility and agility[7, 11]. An
ontology-based approach has the potential to signif-
icantly accelerate the penetration of electronic com-
merce within vertical industry sectors, by enabling
interoperability at the business level, reducing the

need for standardization at the technical level. This
will enable services to adapt to the rapidly changing
online environment.

XML is widely predicted to improve the degree
of interoperation between agents on the Internet.
Yet XML does not address ontology and provides
only a syntactic representation of knowledge. For
this reason, many Internet commerce initiatives are
developing taxonomy to support XML-based inter-
operation. These developments mostly focus upon
the identification of standard “tags”, and not the
underlying ontology. Interoperation is therefore de-
pendent upon each trading partner agreeing to use
particular tag sets and using these consistently. It
is not clear that this strategy will achieve the degree
of interoperation and flexibility.

Entitites, Links,

Figure 3: Coupling OO-EDI and XML/EDI

We believe that an ontology-based mechanism
integrated with XML/EDI as depicted in Figure 3
will enable greater agility and flexibility in the busi-
ness models. It may also reduce the need for organi-
zations to adopt common infrastructure and imple-
ment domain-specific standards. Spontaneous and
organized commerce between trading partners will
be more viable.

3.3 An e-Business Example

There are currently a number of virtual bookstores on
the Internet such as AMAZON? supporting some-
how only B2C services. However, the nature of the
book trade encourages the adoption of various form
of electronic business. Figure 4 depicts a frame-
work of XML/EDI for book industry covering both
B2C and B2B services of e-Business. To facilitate
and simplify the procedures of book trade, we need
to integrate related business parties to form a sup-

Shttp:/ /www.ama.zdn.com
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Figure 4: A XML/EDI framework for book enterprises

ply chain. For instance, we may consider that a
customer uses browsers to shop some books, once
he/she conforms the purchasing items, the WEB
servers at the bookstore will invoke a series of EDI
operations. First, the bookstore converts the order

to the XML/EDI elements and sends to the book

publishers or dealers, who might adopt a different
standard for EDI, say UN/EDIFACT. Then, the
book publishers or dealers convert the EDI messages
to the standard format they adopt, and process.the
order in associate with their application systems.
Once processed the order, the book publishers or
dealers also convert the message to XML/EDI ele-
ments and transmit to related business parties such
as banks and delivery companies. Thus, XML/EDI
format can be viewed as a common protocol in our
framework and the standard heterogeneity among
each trade party can be solved seamlessly.
Apparently, one of the most important com-
ponents of the framework is XML wrapper. The
primary goal of XML wrapper is to provide abil-
ity to seamlessly translate among ASC X12 and
UN/EDIFACT, as well as other EDI standards.
Moreover, by integrating with other “smart” com-
ponents such as intelligent agents and ontology li-
brary, it may provide a “next generation” EDI that
is fully backward compatible with existing ASC X12
and UN/EDIFACT standards. We are currently de-
veloping a set of tool kits that helps users to imple-

ment XML wrapper for automating EDI exchange
in terms of open spreadsheet formats and SQL-like
syntax.

4 Implementation Process

We propose a systematic process for the implemen-
tation of Internet-based electronic business applica-
tions as illustrated in Figure 5. The process cov-
ers an overall life cycle of system development and
consists a number of phases that can be viewed as
the activities for model’s coupling and “integrating:
(1) modeling business processes, (2) identifying data
sets, (3) developing DTD or XML schema, (4) gen-
erating XML pages or documents, (5) validating,
exchanging, and processing message, and (6) inte-
grating EDI with applications . We describe the
basic concepts and functionality of each phase as
follows.

Phase I: Modeling business processes. Modeling
is a means of decomposing business processes
into their more generic components. It pro-
vides a consistent means for representing the
essential capabilities, properties and aspects of
the process and excludes all extraneous details.
Models provide the interface specification that
enables non-standard data, internal to a busi-
ness process, to be mapped and translated to a
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Figure 5: Implementation process

representation of standardized data.

The role of modeling in next generations stan-
dards development will be to act as the mech-
- anism for developing unambiguous business
processes (a domain) by providing detailed in-
sight into the concepts of process behavior
analysis, architecture design, and implementa-
tion. At lower stages of decomposition, models
will also identify objects and their interactions,
the data needed by the processes, and the rules
under which objects operate and interact. As
described in Section 3, we adopt UML as an
integrated suite of modeling techniques. The
results of modeling process will play as a foun-
dation for data sets identification.

Phase II: |dentifying data sets. Identification of

data sets for electronic business transactions
will often be the responsibility of industry as-
sociations and various standardization bodies
such as UN/EDIFACT. Whereas existing EDI
definitions are primarily concerned with the
way in which a set of fields forms a message,
the concepts required for XML/EDI are based
~ more on the definition of independent classes
of information that can be combined together
with other classes of information to form inter-

changeable messages. One of the advantages
the accrues from XML/EDI’s ability to subclass
fields is that such fields can be developed inter-
actively using information supplied from more
than one location. Once information has been
captured, and used to create an instance of the
relevant class of data, it should not be neces-
sary to recreate the information each time it

. is required. The requirement is that business
processed this information reference the point
at which the data was originally captured, such
as the address associated with the purchase or-
der for the items.

Phase ITI: Developing DTD or XML Schema.
Messages that pass between systems will typi-
cally conform to a previously agreed XML doc-
ument type definition or schema that formally
describes, in terms interpretable by both hu-
mans and computers, an internationally ac-
cepted message type[9]. XML DTD can be de-
veloped by:

¢ international standards bodies wishing to
. develop standardized sets of interchange-
able data.

¢ industry associations wishing to develop
agreed procedures between members.

® a company wishing to supply information
to a number of suppliers or customers.

Phase I'V: Generating XML pages or documents.
An XML/EDI electronic business message may
consist a number of pages or documents, a
pointer to the DTD, any definitions required in
the internal subset of the DTD, as well as en-
tries for each of the fields required for the mes-
sage. We associate with ontology library shown
as figure 5 to assist dealing with the under-
standing of domain-specific tagging terms. In
addition, we also permit entities and attributed
that are defined in the external subset to be
redefined in the internal subset. This facility
allow XML /EDI users to develop locally signif-
icant subclasses, i.e., domain-specific web pages
and documents. '

Phase V: Validating, Exchanging, and Processing
message. XML/EDI messages can be vali-
dated by a validating XML document instance
processor (known as an XML parser) to en-
sure they contain all required elements form the
specified data set, and that the fields are in the
required sequence.

Data captured in XML/EDI messages can be
exchanged in several ways such as: (1) in
the form of an XML file interchanged using
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the HT'TP protocol or its derivatives (secure
HTTP), (2) in the form of a multiparty Internet
e-mail message, (3)in the form of an EDI mes-
sage that is created by processing the XML file
at source using a special conversion program.

The way in which a received message would
be processed depend on which of the available
methods for exchanging messages was chosen.
If the message was received in a format that
provided the XML/EDI message generated by
the originator, the XML Style Language(XSL)
can be used to associate different processes with
individual element classes. Therefore, the ele-
ments can be processed by one or more local
processors(9].

Phase VI: Integrating EDI with applications. Al-
most any applications capable of importing and
exporting ASCII text should allow integration
of an EDI product. Since EDI is not normally
a part of the application itself, most EDI ven-
dors provide rather extensive facilities to inter-
pret the output of an application and convert
it into EDI, also being flexible while generating
output. '

While planning the implementation, it is vital
to consider what processing will be done to per-
mit receipt of function acknowledgments(FA)
and matching to the original document. Peri-
odically, these audit trials can be scanned for
unmatched transactions and the trading part-
ners can be notified of a problem.

5 Conclusions

This paper has presented a systematic process for
implementing Internet-based electronic business ap-
plications. 'We couple object-oriented modeling
technology with XML to form an integration charac-
teristic for system development. Moreover, for deal-
ing with the semantic heterogeneity, we employ an
ontology-based mechanism to improve the degree of
interoperation between electronic business systems.
We also present an example in book trade domain to
illustrate the overall framework of XML/EDI that
covers both B2B and B2C services. Therefore, the
EDI applications based upon the Internet platform
can be more flexible and agility.

EDI systems are not only technical devices used
on the operational level on business transactions,
but they imply considerable organizational as well
as strategic challenges and chances that have to be
taken into account by management in order to ex-
ploit the potential benefits[10]. The future of elec-
tronic business will undoubtedly deploy the afore-
mentioned technologies as starting blocks and evolve

to more advanced technologies as part of the on-
going digital revolution. Some further research is-
sues might include the constructing of reusable com-
mon business objects, building the semantic data
element directory to provide for multilingual exten-
sion and the basis for a standardized XML “tagging”
methodology.
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