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Kurzfassung der Dissertation

Papierbasierte Prozesse zwischen Unternehmen werden zunehmend
durch automatisierte papierlose Interaktionen abgelöst. Die Durch-
führung von automatischen Interaktionen erfordert üblicherweise bin-
dende Entscheidungen in juristischer und technischer Hinsicht durch
die beteiligten Geschäftspartner. Auf technischer Ebene sind hier-
bei zwei wichtige Vereinbarungen notwendig. Einerseits müssen sich
beide Geschäftspartner auf die einheitliche Abfolge für den inter-
organisationalen Prozess einigen – die sogenannte Prozesschoreogra-
phie. Andererseits muss festgelegt werden, welche exakte Dokumen-
tenstruktur innerhalb dieser Prozesschoreographie ausgetauscht wird.
Der Fokus dieser Dissertation liegt auf der eindeutigen Definition
von Geschäftsdokumenten für inter-organisationale Geschäftsprozes-
se. Dabei werden insbesondere sogenannte top-down und bottom-up
Standards zur Definition von Geschäftsdokumenten untersucht. Des
Weiteren ist die Integration von Geschäftsdokumentmodellen und
Prozesschoreographiemodellen Gegenstand der Untersuchung.

Die Forschungsfrage lautet daher, wie notwendige Methoden für
die eindeutige Definition von Geschäftsdokumenten im interorgani-
sationalen Umfeld bereitgestellt werden können. Ansätze, wie sie
vor allem im intraorganisationalen Umfeld verwendet werden, las-
sen sich nur teilweise auf die interorganisationale Domäne anwen-
den. Dies liegt einerseits an der Vielzahl von unterschiedlichen Sta-
keholdern, welche am Prozess beteiligt sind und deren spezifischen
Anforderungen, und andererseits daran, dass Entscheidungen nicht
von einer einheitlichen, zentralen Instanz getätigt werden. Für die
Definition von interorganisationalen Geschäftsdokumenten setzt der
Ansatz in dieser Arbeit auf top-down und bottom-up Standards auf.
Dabei werden geeignete Methoden für die eindeutige Definition und
das Mapping von Dokumentenstandards sowie für die Ableitung von
XML Schema Artefakten von Geschäftsdokumentenstandards zur Ver-
fügung gestellt. Des Weiteren wird der aktuelle Stand der Forschung
im Bereich von Geschäftsdokumenten für interorganisationale Ge-
schäftsprozesse vorgestellt.

In Kapitel 1 wird der Übergang vom dokumentenzentrierten elek-
tronischen Datenaustausch (EDI) hin zu automatisierten Business-
to-Business (B2B) Geschäftstransaktionen vorgestellt. Dabei wird vor
allem auf die spezifischen Anforderungen für die Definition von Ge-
schäftsdokumenten eingegangen, die sich durch die geänderten Be-
dingungen des B2B ergeben. In weiterer Folge werden der Umfang
dieser Arbeit sowie die einzelnen Problemstellungen und deren Lö-
sungen, welche diese Arbeit liefert, kurz vorgestellt. Die vorliegende
Arbeit ist so angelegt, dass die einzelnen Kapitel auch eigenständig
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gelesen werden können, ohne die gesamte Arbeit zu kennen. Dies
setzt jedoch ein gewisses Maß an Verständnis der behandelten Tech-
nologien voraus. Es wird daher empfohlen die Arbeit Kapitel für Ka-
pitel in aufsteigender Reihenfolge zu lesen. Die einzelnen Kapitel
dieser Arbeit verwenden ein durchgehendes Beispiel aus der Abfall-
transportdomäne, welches in Kapitel 2 vorgestellt wird.

Eine Übersicht über aktuelle Geschäftsdokumentenstandards im
Bereich von B2B wird in Kapital 3 gegeben. Die Core Component
Technologie von UN/CEFACT, die ein elementarer Bestandteil dieser
Arbeit ist, wird in Kapitel 4 erläutert. Core Components sind wieder
verwendbare Bausteine zur eindeutigen Definition von Geschäftsdo-
kumenten, die allerdings nur in einer implementierungsneutralen
Form vorliegen. Dadurch wird zurzeit eine größere Verbreitung des
Standards noch verhindert. In dieser Arbeit stellen wir drei verschie-
dene Repräsentationsmechanismen für Core Components vor: ein
UML Profil für Core Components (Kapitel 5), eine domänenspezifi-
sche Sprache für Core Components (Kapitel 6) und eine OWL (Web
Ontology Language) Repräsentation für Core Components (Kapitel
7).

Die Ableitung von XML Schema Artefakten von Core Component
Modellen wird in Kapitel 8 behandelt. Um eine weitere Verbreitung
der Core Component Technologie zu unterstützen, wurde im Rahmen
dieser Arbeit ein Core Component Registry Meta-Modell entwickelt,
welches in Kapitel 9 vorgestellt wird.

Der zweite Teil dieser Dissertation behandelt bottom-up Stan-
dards. Die Definition von domänenspezifischen Erweiterungen für
bottom-up Standards wird in Kapitel 10 vorgestellt. Ein Mapping
eines XML basierten bottom-up Standards zu einem in UML defi-
nierten top-down Core Component Modell wird in Kapitel 11 vor-
gestellt. Die Integration von UML basierten interorganisationalen
Geschäftsprozess- und Geschäftsdokumentmodellen ist Gegenstand
von Kapitel 12. Bereits bestehende Arbeiten auf dem Gebiet von in-
terorganisationalen Geschäftsdokumenten und eine Abgrenzung zur
vorliegenden Arbeit werden in Kapitel 13 vorgestellt. Abgeschlossen
wird diese Arbeit mit Kapitel 14, wo eine Zusammenfassung der Ar-
beit und eine Auflistung von noch offenen Forschungsfragen erfolgt.

Zusammenfassend liefert die vorliegende Arbeit folgende sieben
Beiträge zum Stand der Forschung im Bereich von interorganisatio-
nalen Geschäftsdokumenten: (1) einen Überblick über aktuelle Ge-
schäftsdokumentenstandards, basierend auf Standard-Clustern; (2)
drei Referenzrepräsentationen für Core Components basierend auf
UML, domänenspezifischen Sprachen und OWL (Web Ontology Lan-
guage); (3) eine eindeutige Ableitung von XML Schema Artefakten
von UML basierten Core Component Modellen; (4) ein Meta-Modell
für eine Core Component Registry; (5) domänenspezifische Erweite-
rungen für einen XML basierten bottom-up Geschäftsdokumenten-
standard; (6) ein Mapping von bottom-up Geschäftsdokumentenstan-
dards zu top-down Geschäftsdokumentenstandards; (7) eine Integra-
tion von UML basierten Core Component Modellen in UML basierte
Prozesschoreographiemodellen.
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Dementsprechend liefert diese Dissertation einen Ansatz, wel-
cher die Definition von interorganisationalen Geschäftsdokumenten
erleichtert und ihre Wiederverwendbarkeit durch geeignete Metho-
den fördert.
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Abstract

Automated business-to-business (B2B) interactions between compa-
nies are constantly superseding old paper-based processes. This au-
tomation of inter-organizational processes requires legal and tech-
nical agreements between the participating business partners. In a
technical sense a twofold agreement is necessary between business
partners. First of all, business partners must agree on a common
process choreography, unambiguously defining the exact exchange
order of business documents in an inter-organizational business pro-
cess. Consequently, business partners must agree on the structure of
the exchanged business information as well. This thesis focuses on
the definition of business documents for inter-organizational busi-
ness processes and on the integration of business document models
into business process choreography models. The two main business
document paradigms, on which we elaborate in this thesis, are top-
down business document standards and bottom-up business docu-
ment standards.

The research question, this thesis aims to solve, is how to provide
appropriate methods for the definition of business documents for in-
ter-organizational business processes. Due to their special charac-
teristics, such as the involvement of various stakeholders from dif-
ferent companies, the definition of business documents for inter-org-
anizational business processes is not as straightforward as the defi-
nition of business documents or data models for intra-organizational
business processes. For the definition of inter-organizational busi-
ness documents we employ two different approaches – a top-down
approach and a bottom-up approach. For both approaches we pro-
vide appropriate methods for the definition of business documents,
the mapping between different business document definitions, and
the derivation of XML-based deployment artifacts from business doc-
ument definitions. Furthermore, we cover state-of-the art in the do-
main of inter-organizational business documents and inter-organiza-
tional business processes.

This thesis starts by giving an introduction to the domain of Elec-
tronic Data Interchange (EDI) and shows the transition of data-centric
EDI solutions to modern B2B systems in Chapter 1. Thereby, the spe-
cific requirements for B2B interactions are elaborated – in particular
in regard to the definition of the exchanged business information.
Furthermore, we present the scope of this thesis and the problems,
to which this thesis contributes to. The Chapters of this thesis are or-
ganized in a self-contained manner. Thus, it is possible to read each
Chapter without knowing the previous Chapters. However, since a
certain knowledge of the domain is generally required, it is recom-
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mended to read Chapter by Chapter in an ascending order. We moti-
vate the findings of this thesis using an accompanying example from
the domain of pan-European waste transport, which is introduced in
Chapter 2.

In Chapter 3 we provide a survey of current state-of-the-art in
business document standards. Chapter 4 provides an introduction
to UN/CEFACT’s Core Components, a top-down business document
standard which is key to this thesis. In a nutshell, core components
are implementation neutral building blocks for assembling business
documents. Although this implementation neutrality is one of the
strengths of core components, it hinders a broad diffusion of the stan-
dard, since no common representation format for core components is
available. To address this issue, this thesis provides three reference
representation formats for core components: (i) a UML Profile for
Core Components (Chapter 5), (ii) a Domain-Specific Language for
Core Components (Chapter 6), (iii) and a Web Ontology Language
representation for Core Components (Chapter 7).

The derivation of XML Schema artifacts from core components,
which may be deployed to IT systems, is covered in Chapter 8. A
successful diffusion of core components may only be achieved if a
broad user community has access to the necessary core component
definitions. Consequently, we provide a registry meta-model for core
components in Chapter 9.

Bottom-up business document standards are subject to discus-
sion in the second part of this thesis. Thereby, domain-specific exten-
sions to bottom-up document standards are introduced in Chapter
10. Consequently, we examine how to map bottom-up standard def-
initions to core component-based top-down standard definitions in
Chapter 11. Finally, we show how to combine business choreography
models and business document models in Chapter 12. An overview
of related work in the domain of inter-organizational business docu-
ments and a comparison to the work presented in this thesis is given
in Chapter 13. Finally, Chapter 14 concludes the contributions of this
thesis.

In summary this thesis provides the following seven contribu-
tions: (1) An overview of business document standards, based on
standard clusters; (2) three reference representation formats for core
components using the Unified Modeling Language, Domain-Specific
Languages, and Web Ontology Language for Core Components; (3)
an unambiguous derivation of XML Schema artifacts from UML-
based core component models; (4) a registry meta-model for a core
component registry; (5) domain-specific extensions for an XML-based
bottom-up business document standard; (6) a mapping of bottom-
up business document standards to top-down business documents
standards; (7) an integration of UML-based core component models
in UML-based business choreography models. In short, the overall
approach facilitates the definition of business documents in an in-
ter-organizational context and fosters reuse of existing business doc-
ument definitions.
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1

1 Introduction

According to a recent study conducted in Germany [152], around six Manual document

processing is one of

the major cost traps

billion invoices are issued between companies every year. In most
cases the issuing company retrieves the necessary data from its IT
system, prints the invoice in paper form, and sends it using regular
postal service. The receiving company manually processes the incom-
ing invoice and stores the relevant data in its IT system for further
processing. According to [152] the average costs of a manually sent
invoice are five to seven Euros and the average costs for a manu-
ally received invoice are ten to twelve Euros. Assuming a worst case
scenario, the manual exchange of invoices causes a total of 114 ∗ 109
Euros in costs.

You might ask yourself, why these companies do not simply in- EDI to the rescue?

troduce electronic data interchange (EDI) solutions, to lower the sig-
nificant costs of manual invoice processing. As we outline in this the-
sis, the introduction of automated interactions between companies is
not as easy as it might appear. Before two companies may engage in
an automated business interaction, a set of agreements between the
participating business partners has to be made. These agreements
have to be achieved on the business and the IT level. In particular on
the IT level, companies will most likely face the following questions
(among others):

o There is a multitude of different business document standards
out there – which one should I choose?

o Which business document standard does my counterpart sup-
port and is it compatible with mine?

o In what exact exchange order do I have to send business docu-
ments to my business partner?

With this thesis we aim to answer these questions and provide ap-
propriate scientific methods for the introduction of automated busi-
ness interactions between companies. Before we further elaborate on
the details of automated business-to-business interactions, we briefly
take a look into the past of electronic data interchange.

1.1 History of Electronic Data Interchange

The first attempts towards electronic data interchange go back to the The beginning of

Electronic Data

Interchange

time of the Berlin Airlift in 1948 [150]. Ed Guilbert, who was respon-
sible for the air support traffic to Berlin, was confronted with numer-
ous paper-based business transactions and sought for an automated
solution. These concepts, however, were not implemented. Later,
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large companies such as Ford started to implement their own pro-
prietary interchange formats to automate their processes. However,
most of these standards weren’t harmonized on an industry level and
as a result several, partly redundant and incompatible interchange
standards were developed.

An important step towards a consolidated EDI standard defini- Consolidation phase

of EDI standardstion for North America was achieved in 1983, when the American
National Standards Institute (ANSI) published the first five ANSI
X12 standards [6]. Previously, several industry branches had devel-
oped their own EDI standards, which were limited to a specific in-
dustry. A similar situation could be observed in Europe, where the
United Nations Economic Commission for Europe (UN/ECE) decided
to develop an internationally valid standard for EDI, based on the
best features of ANSI X12 and other European initiatives. Eventu-
ally, these efforts resulted in the Electronic Data Interchange For Ad-
ministration, Commerce, and Transport (EDIFACT) [163] standard,
which was first released in 1988.

In the early days of EDI, the availability of network connections Value added networks

between enterprises was rather scarce and the Internet as we know
it today did not exist. EDI messages were exchanged between differ-
ent companies via value added networks (VAN). In such VAN envi-
ronments the participating business partners paid a fee for the ex-
change of EDI messages. Furthermore, the operation of IT systems,
capable of parsing and processing EDI messages, was expensive and
only large companies could afford the costs. With the inception of the
Internet and the broad availability of network connections and com-
puting power at low cost, the field of EDI underwent a significant
change.

1.2 From Electronic Data Interchange to

Business-to-Business Electronic

Commerce

Since the advent of the EDIFACT standards around 25+ years ago, Moving beyond pure

data centric

standardization

the challenges for electronic data interchange have changed consid-
erably. In the early days of electronic data interchange, the main
drivers for the implementation of EDI solutions were the optimiza-
tion of inter-organizational document exchanges and the reduction of
errors, occurring during manual processing of business documents.
Errors due to manual processing of business documents mostly occur
in case of media breakages, i.e., the conversion of a paper document
to an electronic representation, usually done by a human. Although
these objectives are still valid today, the scope of EDI has broadened.
Today, we observe a transition from data centric enterprise relations
towards the realization of complex inter-organizational business pro-
cesses. Consequently, the term electronic data interchange (EDI) is
superseded by the term business-to-business (B2B) collaborations or
interactions.

The increased networking of today’s enterprises has led to a new Increased competition

for a business partnerlevel of flexibility in terms of finding potential business partners. An
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enterprise seeking transport services does not contact the next trans-
port service provider in town, but may choose from a multitude of
different service providers by searching the Internet. Furthermore,
business processes tend to be designed in a finer grained manner to
be able to split them up between different roles. Whereas, for in-
stance, in former days the entire sales process was realized in-house
by a dedicated sales department, outsourcing and offshoring policies
may place the responsibilities for the sales process on different sub-
contractors.

Typically, an enterprise will try to get the cheapest suppliers,
sub-contractors, sales agents, etc. as possible to lower costs and in-
crease profit margins. Thereby, an enterprise usually builds on long
running business relationships between suppliers, production com-
panies, and sales forces. However, in recent years a change in the
general attitude on how business is conducted between companies
could be observed. Business relationships are shorter-lived and busi-
ness partners, participating in a business transaction, are replaced
easier and faster.

Generally, business relationships move away from isolated bi- Higher process

�exibilitylateral document exchanges between business partners to a more
networked environment. Tapscott et al. [161] define Business Webs
as a distinct network of suppliers, distributors, commerce service
providers, and customers that link via the Internet and other elec-
tronic media to produce value for end-customers and for one an-
other. According to Van Heck et al. [179] modern business is con-
ducted through a rapidly formed network with anyone, anywhere,
anytime regardless of different computer systems and business pro-
cesses. This scenario is also known as Smart Business Networks.
To cope with the requirements of these networked environments,
an increased level of flexibility is expected from business partners.
Furthermore, the traditionally intra-organizational focus of business
processes must change to an inter-organizational one.

In a nutshell, modern business processes must be designed in Business/IT

alignment with

service oriented

architectures

a flexible manner to support changing business conditions. Accord-
ingly, the IT applications of the different companies must be designed
in a flexible manner too, to be able to quickly adapt to changing
company goals. This paradigm is also known as business/IT align-
ment. Service oriented architectures (SOA) are a promising solution
for solving this business/IT alignment problem. Prior to its use in IT,
the notion of a service has been established in the business adminis-
tration domain, referring to a value exchange as a business economic
activity [195]. In a SOA environment services expose company in-
ternal business functionality through well defined interfaces to other
business partners via a network. Thus, new business processes may
be easily assembled by reusing existing services. In former days,
change requests to the IT resulted in rigorous reengineering tasks of
existing IT implementations. Nowadays, service oriented IT depart-
ments face the challenge of aligning their service interfaces. This
term is also known as service alignment and refers to the reconcile-
ment between business partners to provide complementary services.
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An appropriate interlink between business and IT has to be found to
allow for a better alignment of processes and IT requirements.

In particular in inter-organizational business processes several Abstracting from

complex

implementation

details

stakeholders are involved in the collaborative agreement on a com-
mon structure of the inter-organizational business process and the
structure of the business documents, exchanged in the inter-organiza-
tional process. Often the technical skills of the different stakehold-
ers vary, since for instance not everybody is familiar with XML-based
document or process definitions. In order to overcome knowledge het-
erogeneities among different stakeholders, business requirements are
captured on an implementation neutral level using appropriate mod-
els. Thereby, a model abstracts from technical implementation de-
tails and provides a conceptual view on business documents and busi-
ness processes. In a consecutive step the created models may be used
in a model-driven manner to derive technical deployment artifacts
such as XML Schema definitions. The benefits of such a model-
driven approach are thus twofold. On the one hand, non-technical
experts may also be involved in the decision making process of an
inter-organizational business process. On the other hand, changing
business requirements may be reflected in conceptual models and
the necessary deployment artifacts for IT systems may be conve-
niently derived from these conceptual models. Thus, changing busi-
ness requirements may be integrated in the respective IT systems in
a faster and easier manner. Obviously, electronic data interchange
projects have to go beyond simple data standardization approaches
and have to consider model-driven approaches for inter-organizatio-
nal processes as well.

In the early days of EDI, only a limited set of business document Multitude of di�erent

business document

standards

standards and standardized business message types were available.
Starting in the late 1980ies, more and more interchange standards
were developed and the inception of XML brought an additional boost
to business document standard development. Today, a company seek-
ing to introduce a business document standard is facing a multitude
of different standards to choose from. However, the integration of
a business document standard in an IT system must be carefully
planned, since considerable costs may arise if the wrong standard
is chosen. Typically ERP software (Enterprise Resource Planning) is
responsible for processing instances of a certain business document
standard. Parameters, such as release iterations of a standard or
backward compatibility of a standard, must be carefully taken into
account to avoid expensive customization costs of ERP software in
case of, e.g., a standard update. An IT analyst, responsible for the
inception of a new business document standard format, requires a
profound survey pointing out implementation crucial facts such as
business messaging compatibility, technology features, potential user
groups, and acceptance per standard.

We conclude that a large heterogeneity in regard to the used Moving beyond the

delimiter agebusiness document standards in the industry exists today. Thus, the
original idea of harmonization between different data formats as it
was planned by EDIFACT is undermined. The multitude of available
business document standards, whose original goal was to overcome
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data heterogeneity, is itself causing heterogeneity. As shown in sce-
nario A on the left hand side of Figure 1.1, the number of necessary
mappers between business document standards grows significantly
with the participating business partners (assuming every partner
uses a different standard).

Figure 1.1

Single business

document standard

EDI standards

A A

BE BE St d dBE BE Standard
Format

CD CD

Scenario A Scenario B

2
One solution would be the introduction of a single data format,

upon which all participating business partners agree (scenario B in
Figure 1.1). Originally, this was the idea pursued by the different
EDIFACT standards. However, through extensive sub-setting and
domain-specific message implementation guides (MIG), the original
idea of one single standard was soon abandoned.

Furthermore, the delimiter-based approach of EDIFACT, which EDIFACT still has a

considerable market

share

was innovative and new 25+ years ago, does not comply with current
state-of-the-art B2B requirements. In delimiter-based standards the
different standard elements are separated using a defined set of ASCII
characters. In particular service oriented architectures generally
prefer markup-based standards, where content and document struc-
ture are separated using designated markup-tags, which may be ar-
bitrarily defined. Markup-based standards provide a new level of
flexibility in the definition of new document formats and integrate
well with model-driven approaches. Thus, a new approach for the
definition of a single business document standard is needed, over-
coming limitations of traditional delimiter-based approaches. How-
ever, note that EDIFACT is still a very popular exchange format.
According to a study conducted in Germany and the U.S., 52% of all
enterprises in Germany and 75% of all enterprise in the U.S. use ED-
IFACT technology to transfer structured business data [175].

Today, not only large companies participate in automated bus- EDI for everybody

iness-to-business interactions, but more and more small and medium-
sized enterprises (SME) aim at participating in B2B scenarios as
well. Top-down business document standards, such as EDIFACT,
were developed with the prerequisite to meet as many different re-
quirements as possible. Thus, most of the top-down standard def-
initions are quite complex and contain a multitude of optional ele-
ments to cope with various requirements. If two business partners
want to use, e.g., EDIFACT for the exchange of business documents,
a prior agreement on a subset of the EDIFACT message is neces-
sary, requiring adaptations of the IT systems processing the different
business document types. However, in particular small and medium-
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sized enterprises need business document standards, which may be
used without prior agreements on standard sub-sets.

Unfortunately, small and medium-sized business partners are Need for bottom-up

business document

standards

usually forced by their larger business partner to use the business
document standard and its subset, which the larger business part-
ner is using. However, this presupposes that an SME has an ERP
system which is customizable to import and export the business docu-
ment format, the large business partner dictates. In particular SMEs
often cannot afford such customizable ERP solutions, but rely on con-
figurable commercial-of-the-shelf-software (COTS). These COTS sys-
tems may contain standardized interfaces for the import and export
of a certain standard definition. However, in contrast to top-down
standard definitions such as EDIFACT, these interfaces may only
process standards which do not require prior agreements between
the different business partners. Thus, the increasing participation of
SMEs in automated B2B interactions demands for a new definition
of business document standards, where only the most important re-
quirements of the participating business partners are reflected in an
unambiguous manner, without the necessity to define partner spe-
cific sub-sets prior to an exchange. We refer to such standard defini-
tions as bottom-up business document standards. Even if an agree-
ment on a core bottom-up standard definition has been found, cer-
tain business cases may require partner specific extensions to the
business document standards. These partner specific amendments
must be defined without interfering with compatibility at the core
standard level. The requirements of modern EDI impose additional
challenges on business document standardization.

This thesis provides solutions for the new challenges, dynamic Meeting the

requirements of

today's B2B

B2B interactions impose on an enterprise. In the following Section
we highlight the two main areas of business-to-business interactions,
this thesis contributes to.

1.3 Scope of this thesis

Business-to-business interactions between two business partners Common business

document exchange

format

demand for a twofold agreement. As shown in Figure 1.2, an au-
tomated B2B interaction requires a common agreement on the ex-
changed business documents and a common agreement on the exact
exchange order of the different business documents (= process chore-
ography). In this thesis we concentrate on methods for defining a
common business document exchange format for an inter-organiza-
tional business process. We first give a survey of current state of
the art in business document standards. Consequently, we elabo-
rate on the two main paradigms for business document standard-
ization: top-down business document standardization and bottom-up
business document standardization.

Apart from a common agreement on the structure of the ex- Exact exchange order

of business

documents

changed information, business partners in an inter-organizational
business process must also agree on an exact exchange order of busi-
ness documents. We refer to this exchange order as a global business
process choreography. In this thesis we examine how business chore-
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Figure 1.2

Scope of this thesis
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ography models may be combined with business document models to
unambiguously define an inter-organizational business process. Fur-
thermore, we employ model-driven concepts to derive deployment ar-
tifacts for IT systems from conceptual business process and business
document models.

1.4 Contributions of this thesis

As outlined before, this thesis addresses the domain of B2B interac- Overview of

contributionstions between enterprises. With the increasing cross-linking of busi-
ness processes from different enterprises through the use of service
oriented architectures, seamless interoperability between different
enterprises becomes a crucial success factor. Although several stan-
dardization initiatives were founded over the years, seamless inter-
operability between different business partners is still an unresolved
issue. This thesis tackles several problem areas from the domain of
inter-organizational business document and business process defini-
tions. Figure 1.3 gives an overview of the different contributions of
this thesis.

Figure 1.3

Overview of the

contributions of this

thesis
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Since the beginning of electronic data interchange, several busi- Problem 1: Missing

overview and

classi�cation of

business document

standards

ness document standardization initiatives were founded. Over the
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years several business document standards surveys have been pub-
lished, with the goal to help business document modelers to choose
the right business document standard definition for a particular busi-
ness case. However, most of the different surveys and publications
are either quite generic [43], outdated [91] [143], or focus on entire
e-Business frameworks rather than on single standards [117] [86].
Furthermore, due to the abundance and inherent heterogeneity of
most of the standard definitions, no single survey covering all of the
different standards is currently available. Thus, most of the surveys
cover only a specialized part of the entire business document stan-
dards.

In this thesis we do not provide yet another business document Contribution 1:

Business document

standard survey based

on standard clusters

standard survey. Instead of examining single standard definitions,
we introduce standard clusters aggregating business document stan-
dards of a certain type. Consequently, we base our standard survey
on these standard clusters. Our survey distinguishes between eight
different business document standard clusters namely (i) top-down
approaches, (ii) bottom-up approaches, (iii) hybrid approaches, (iv)
early mark-up adopters, (v) integrated approaches, (vi) transitioned
approaches, (vii) implementation neutral approaches, and (viii) con-
verging approaches. Based on these clusters, we provide an assess-
ment in regard to business messaging compatibility, technology fea-
tures, potential user groups, as well as acceptance. The provided
survey intends to be a guide for a business analyst or technologist,
responsible to chose a certain business document standard.

In this thesis we in particular focus on top-down and bottom-up Thesis focuses on

top-down and

bottom-up standards

business document standards, since they represent the two predom-
inant standard paradigms. Most of the other standard clusters may
to different extends be associated with the findings for top-down and
bottom-up business document standards.

As part of the Electronic Business XML (ebXML) initiative [124] Problem 2: Missing

implementation for

core components

core components were developed. Core components are reusable build-
ing blocks for assembling business documents in an interoperable
manner. This is achieved by defining core components independent
of any business context. If used in a certain business scenario, a
core component becomes a business information entity. In contrast to
core components, business information entities are context specific
and tailored to a certain application domain. Business information
entities are always derived from core components by restriction to
maintain traceability of business information entities back to their
common semantic basis. Although the core component mechanism
provides a powerful approach for the definition of interoperable busi-
ness documents, it has one significant shortcoming: core components
and business information entities are defined in an implementation
neutral manner.

First, the Core Component Technical Specification (CCTS) [170],
which defines the meta-model for core components, is defined in a
non-formal manner using English prose. Second, predefined core
components are provided to business document modelers in a Core
Component Library (CCL) [173]. However, the CCL is currently just
a single spread sheet file.
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We conclude that representation formats for core components must
be provided to allow for a wide-spread adoption of the core component
technology. In this thesis we tackle the problem by providing three
different reference formats for core components: (i) a UML Profile for
Core Components (UPCC) (ii) a Domain-Specific Language (DSL) for
Core Components and (iii) a Web Ontology Language implementa-
tion for Core Components.

Implementation neutral core component concepts are transferred Contribution 2a:

UPCC � UML Pro�le

for Core Components

to a formalized UML representation by providing a UML Profile for
Core Components (UPCC). Using the UML profile mechanism, we
tailor the generic UML meta-model to the specific needs of core com-
ponent based business document modeling. Based on the UML Pro-
file, a business document modeler is able to assemble core compo-
nent models in an easy manner. The UML-based business document
model may then be validated according to the constraints, specified
in the UML Profile for Core Components. The valid core component
model is the basis for further processing such as the derivation of
deployment artifacts for a SOA.

With the concept of Domain-Specific Languages (DSL) for Core Contribution 2b:

Domain-Speci�c

Language for Core

Components

Components we follow a similar approach as with the UML Profile
for Core Components. However, instead of tailoring the generic UML
meta-model to business document modeling specifics, we define our
own meta-model using Domain-Specific Languages. The result is a
streamlined modeling environment, entirely dedicated to core compo-
nent modeling. The benefits for a business document modeler are the
same as with the UML Profile for Core Components – easy validation
of core component models and further processing of core components
models to generate deployment artifacts for a SOA. Furthermore, we
elaborate on the specific advantages of a DSL compared to the Uni-
fied Modeling Language.

We provide a third implementation for core components using Contribution 2c: Web

Ontology Language

for Core Components

the Web Ontology Language (OWL) [183], to leverage benefits of Se-
mantic Web Technologies. First, the essential core component con-
cepts as defined in the Core Component Technical Specification (CCTS)
are represented using OWL. Second, core components and business
information entities are described using OWL to form a common doc-
ument model. This common document model may be used to map
arbitrary business document standards to and from the core compo-
nent representation. Compared to other mapping approaches, the
Web Ontology Language representation for core components allows
the use of semantic technologies such as reasoners and ontological
mappings facilitating the standard mapping process.

As shown on the left hand side of Figure 1.3, core components Problem 3: From

conceptual business

document models to

deployment artifacts

are defined in a top-down manner on a conceptual level. Using the
UML and DSL-based reference implementations provided in this the-
sis, conceptual core component models may be easily communicated
between business document modelers. Furthermore, conceptual core
component models provide a formalized representation of the core
component meta-model, allowing for instance the validation of core
component models. However, for the definition of business service
interfaces in a service oriented environment, XML Schema repre-
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sentations of core component models are needed. The XML Schema
definitions may be imported into Web Service interfaces (e.g., WSDL)
and unambiguously define which type of XML instances a certain in-
terface accepts. Thus, appropriate derivation mechanisms must be
found, allowing the generation of XML Schema artifacts from con-
ceptual core component models.

In this thesis we provide a method for an unambiguous mapping Contribution 3:

Deriving XML

Schema from

conceptual core

component models

between model based core component technology and deployment
artifacts for a SOA. Thereby, a conceptual UML-based core compo-
nent model is taken as the basis for generating XML Schema arti-
facts for a SOA in a model-driven manner. Using the model-driven
approach, we are able to leverage benefits for both – the business
and the IT. Business document modelers may easily communicate
conceptual core component models, representing SOA interfaces, be-
tween different stakeholders. IT departments may use the formal-
ized core component models and derive deployment artifacts such as
XML Schema for the configuration of SOA interfaces.

Currently, core components are harmonized and standardized by Problem 4: Missing

speci�cation for a

core component

registry

UN/CEFACT and released in a Core Component Library (CCL) twice
a year. The core component library represents the common semantic
basis for all business information entities. Unfortunately, the library
is based on a regular spread sheet and therefore automated tool inte-
gration is difficult. To fully leverage the benefits of core components,
a storage and retrieval facility provided by a registry is needed.

In this thesis we provide a meta-model for a core component reg- Contribution 4: A

core component

registry model based

on ebRIM

istry, based on the Electronic Business XML (ebXML) registry speci-
fication [119]. The meta-model is the first step towards a successful
implementation of a registry and defines which metadata and con-
tent may be stored in the registry and how the different artifacts
are related to each other. Furthermore, we exemplarily show how
business information entity artifacts may be mapped to the registry.
Additionally, we introduce a registry federation concept for the core
component registry, enabling interoperability on different levels such
as international, national, and industry specific levels.

Top-down business document standards, such as the core com- Problem 5: Missing

mechanisms for

domain-speci�c

extensions of

bottom-up standard

de�nitions

ponents initiative, aim at the inclusion of as many different stake-
holder requirements as possible. This results in a standard which
essentially is a superset of all requirements of the involved stake-
holders. In contrast, bottom-up standards only include the most
important requirements on which the different stakeholders agree.
The result is a stream-lined core standard definition, which may be
incorporated in software in an easier way than complex top-down
standards. However, the core standard definition may not cope with
domain-specific requirements, some of the involved stakeholders may
demand. Therefore, the core standard must provide a set of well
defined extensions points, allowing domain- or user-specific amend-
ments to the core standard definitions. Extensions must be defined
in such a way that they do not alter the core standard, because this
would violate the principle of guaranteeing interoperability at the
core level at any time. Thus, it is necessary to examine different
extension mechanisms as provided by the XML Schema specification
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and assess their applicability for the definition of bottom-up standard
extensions.

In this thesis we examine extension approaches for the bottom- Contribution 5: Study

on domain-speci�c

extension mechanisms

for bottom-up

standard de�nitions

up business document standard ebInterface, a standard for electronic
invoicing, led by the Austrian Federal Economic Chamber. Based on
the XML definition of ebInterface, we examine the different XML
Schema extension mechanisms and assess their applicability for the
definition of bottom-up extension points according to four criteria:
(i) core schema integrity (ii) core schema compatibility (iii) extension
control and (iv) guarantee of validity of extensions.

The core component standard, which is an integrative part of Problem 6: Missing

link between

bottom-up standards

and top-down

standards

this thesis, may be used in a two-fold manner. In a forward engineer-
ing approach a new conceptual business document model, based on
core components, is created. The resulting conceptual business doc-
ument model may further be used to drive deployment artifacts for
a SOA in a model-driven manner. However, in certain cases exist-
ing bottom-up standards may be mapped to a common core compo-
nent model, serving as the interchange format between two or more
different business document standards. Mapping mechanisms must
ensure that the semantics of the standard which is going to be map-
ped and the semantics of the used core components are preserved
correctly.

For an unambiguous mapping from a bottom-up business doc- Contribution 6:

Mapping heuristics

from bottom-up to

top-down document

standards

ument standard to a core component-based business document defi-
nition, mapping rules are necessary. UN/CEFACT already provides
rules for mapping conceptual core component models to XML Schema
artifacts in their Naming and Design Rules (NDR) [171]. Thus, if
an XML-based bottom-up document standard is to be mapped to a
conceptual core component model, the Naming and Design Rules of
UN/CEFACT may simply be inverted. However, the NDR cover only
a small subset of all elements available in the XML Schema stan-
dard. Thus, in case any arbitrary XML Schema is mapped to a con-
ceptual core component representation, additional mapping rules are
necessary. In this thesis we examine mapping rules and mapping
heuristics for advanced XML Schema concepts.

As already outlined, the successful implementation of inter-org- Problem 7: Providing

an integrative

approach for the

de�nition of a SOA

anizational business processes requires a two-fold agreement: (i) a
common agreement on the exact information being exchanged be-
tween two business partners and (ii) an agreement on the exact ex-
change order of the business information. If the requirements for
both are captured in an unambiguous and conceptual manner, the
resulting business document and business process models may be
used to derive artifacts for a service oriented architecture in a model-
driven manner. Currently, approaches for the definition and deriva-
tion of deployment artifacts from business process and business doc-
ument models exist in an isolated manner. Thus, no integrated ap-
proach covering both, the business process and the business informa-
tion perspective, exists.

In this thesis we use UN/CEFACT’s Modeling Methodology (UMM) Contribution 7:

Service Engineering

with UMM [174] and

UPCC [172]

[174], a UML-based methodology to uniquely capture requirements
of inter-organizational business processes. We show how conceptual
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business document models, based on the UML Profile for Core Com-
ponents and business choreography models, based on UMM, may be
combined. The resulting conceptual model uniquely and unambigu-
ously defines the requirements of the exchanged information and the
information exchange itself. We exemplarily outline how the inte-
grated business document/business process model is used to derive
deployment artifacts for a SOA.

1.5 Methodological approach

In this thesis we employ a conceptual and constructive methodolog-
ical approach for our research. Our objective is to develop methods
and models for the unambiguous definition of inter-organizational
business document requirements. Thereby, we go beyond state-of-
the-art and provide implementations on a prototypical level.

The research question, which this thesis aims to answer is: Research question

How may we unambiguously capture the collaborative space
in B2B interactions in regard to the exchanged information?

Following our central research question we aim to validate the fol-
lowing hypotheses in this thesis.

Hypothesis 1. A comparison of different business document Hypothesis 1

standards must be provided to allow decision makers in the field of
business document modeling to decide upon the most relevant busi-
ness document standard for a certain domain. Thereby, it must be
evaluated whether it is possible to provide a survey based on busi-
ness document clusters instead of single business document stan-
dards.

Hypothesis 2. Since core component concepts are defined in Hypothesis 2

an implementation neutral manner, we must provide pertinent rep-
resentation mechanisms in order to allow for an easy integration
into business document modeling tools. It must be evaluated, wh-
ether core components may be represented using the Unified Mod-
eling Language (UML), Domain-Specific Languages (DSL), and the
Web Ontology Language (OWL).

Hypothesis 3. The current Core Component Library (CCL) is Hypothesis 3

realized using regular spreadsheet files, thus obstructing seamless
integration into core component modeling tools. To overcome this
limitation it must be analyzed, whether we are able to adapt the
electronic business XML (ebXML) registry specification to support
storage and retrieval of core component related artifacts.

Hypothesis 4. Bottom-up business document standards com- Hypothesis 4

prise a minimal subset of the most important requirements of all
involved stakeholders. Domain-specific extensions are realized using
dedicated extension points in the business documents. The different
extension mechanisms of XML Schema must be evaluated and their
applicability for the definition of domain-specific extensions must be
evaluated.

Hypothesis 5. In order to close the gap between top-down busi- Hypothesis 5

ness document standards and bottom-up business document stan-
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dards, a possible mapping of bottom-up business document models
to a core component based top-down business document model shall
be evaluated. It must be verified, whether an unambiguous mapping
without any loss of information is possible.

Hypothesis 6. Finally, it must be evaluated how UN/CEFACT’s Hypothesis 6

Modeling Methodology and UN/CEFACT’s Core Components may be
combined to unambiguously capture the business process and busi-
ness document requirements in an inter-organizational business pro-
cess.

The technical feasibility of the work, presented in this thesis, has Evaluation of this

thesisbeen validated using prototypical implementations. Furthermore,
the conceptual modeling approaches, introduced in this thesis, are
successfully used within UN/CEFACT for the unambiguous repre-
sentation of core component artifacts. The future evaluation of our
research results concentrates on additional real-world case studies.

1.6 Structure of this thesis

This thesis is a result of several years of research in inter-organiza-
tional business document and business process standardization. The
foundations of each of the different chapters of this thesis have been
published at international conferences and in international journals.
In this thesis we provide a consolidated summary of our various
contributions. For a complete reference of all relevant publications
please see the publication list at the end of this thesis. The Chapters
of this thesis are organized in a self-contained manner. Thus, it is
possible to read each Chapter without knowing the previous Chap-
ters. However, since a certain knowledge of the domain is generally
required, it is recommended to read Chapter by Chapter in an as-
cending order.

The contributions, as outlined in the previous Section, all use Chapter 2:

Introducing of the

accompanying

example

the same accompanying example from the domain of European cross-
border waste transport. In Chapter 2 we briefly introduce the basic
concepts of the EUDIN (European Data Interchange for Waste Noti-
fication Systems) project, from which the accompanying example has
been taken.

In Chapter 3 we introduce our business document standard sur- Chapter 3: Business

document standard

survey

vey, which we conducted as part of this thesis. We show the basis
business document standard clusters and explain the specifics of the
different business document standardization approaches such as top-
down, bottom-up, hybrid-standardization, etc. Finally, we give an as-
sessment aiding a business document modeler in choosing the right
business document standard.

Since core components are an integral part of this thesis, the ba- Chapter 4:

Introduction to core

components

sics of the Core Component Technical Specification (CCTS) [170] are
explained in Chapter 4. In particular the complex naming principles
of core components and business information entities are outlined in
detail.

Chapter 5 outlines the UML Profile for Core Components (UPCC) Chapter 5: UML

Pro�le for Core

Components

[172]. We first introduce the theoretical foundations of the UPCC
standard, which was developed as part of this thesis and has been
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submitted to UN/CEFACT for standardization. In a second step we
introduce the different libraries of the UPCC; using an accompanying
example from the waste management domain.

In Chapter 6 we introduce the Domain-Specific Language (DSL) Chapter 6: DSL for

Core Componentsfor Core Components and specifically elaborate on the technical con-
siderations which led to the development of the DSL. Furthermore,
we compare the advantages and disadvantages of Domain-Specific
Languages and the Unified Modeling Language (UML) for core com-
ponent modeling.

A Web Ontology Language representation for Core Components Chapter 7: Web

Ontology Language

for Core Components

is introduced in Chapter 7. We show how to build our global reference
ontology based on the concepts from the Core Components Technical
Specification (CCTS). Based on this global reference ontology, a com-
mon business document model is provided. Consequently, we show
how to map two exemplary business document standards to the com-
mon document model.

Chapter 8 shows how a conceptual core component model, based Chapter 8: Deriving

XML from Core

Components

on UML, may be used to derive XML Schema artifacts for a service
oriented architecture in a model-driven manner. We use the UML
model from Chapter 5 to outline the derivation of XML according to
the Naming and Design Rules (NDR) [171] of UN/CEFACT.

A meta-model for a core component compliant registry is intro- Chapter 9: Registry

for Core Componentsduced in Chapter 9. We first introduce a registry model, based on the
Electronic Business XML (ebXML) registry specification [119] and
consequently show how to map business information entity artifacts
to the registry model. Finally, we discuss how registry federation
concepts may leverage interoperability benefits at different levels.

In Chapter 10 we discuss the necessity to provide extension Chapter 10:

Bottom-up standard

extensions

points to bottom-up standard definitions. We examine different built-
in extension mechanisms of the XML Schema specification and as-
sess their applicability to define domain-specific amendments to a
bottom-up standard definition. We provide an example using the
Austrian e-Invoice standard ebInterface.

If bottom-up standards are mapped to a top-down conceptual Chapter 11: Mapping

bottom-up to

top-down standards

core component model, a set of mapping issues arise. In Chapter
11 we examine basic and advanced mapping mechanisms between
bottom-up and top-down standards. Where no clear mapping may be
provided, we examine mapping heuristics.

In Chapter 12 we introduce UN/CEFACT’s Modeling Methodol- Chapter 12: Business

document models and

business process

models

ogy (UMM), a business process based approach for the unambiguous
definition of inter-organizational process choreographies. We show
how the UML Profile for Core Components (UPCC) and UMM may
be combined to provide an integrated model-driven approach for the
definition of SOA deployment artifacts.

An overview of related work in the domain of inter-organizational Chapter 13: Related

workbusiness documents and a comparison to the work presented in this
thesis is given in Chapter 13. For each contribution of this thesis a
dedicated related work section is provided.

Finally, we conclude the thesis in Chapter 14 by providing con- Chapter 14:

Conclusion and open

issues

cluding remarks and an overview of open research issues, which have
not been targeted by this thesis.
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2 Introduction of the accompanying

example: Waste Transport

The examples, presented in this thesis, are motivated using a real Accompanying waste

management exampleworld example from the waste management domain in the Euro-
pean Union. With the introduction of the European Union (EU), free
movement of persons, goods, and services without restrictive border
controls was established in Europe. However, the free transport of
particular goods is still restricted within the European Union. This
includes hazardous materials such as chemical products, products
from the defense industry, but also everyday materials such as sim-
ple waste. If cross-border waste transports are conducted in the EU,
mandatory transport documents must be exchanged between the par-
ticipating parties, including the export and import authorities of the
respective countries.

Today, the exchange of these transport documents is done in a Moving beyond

manual document

processing

paper-based manner. This results in thousands of different paper
documents being exchanged between the different business partners.
If a business partner receives a paper-based document, it is manually
processed by a human and the information is entered in an IT sys-
tem. Consequently, if a new document is sent to another business
partner, the necessary paper-based form is generated out of the IT
system. Again the recipient of the paper form manually processes
the received information and so on. This media-disruptive process is
error-prone and inefficient. Additionally, efficient monitoring of the
different waste transports by the competent authorities in the export,
transit, and import countries is not possible.

In 2000 Belgium and the Netherlands started a project called UN/CEFACT's Core

Components and

UN/CEFACT's

Modeling

Methodology in

action

EUDIN (European Data Interchange for Waste Notification Systems),
aiming to replace the current paper-based solution with an efficient
EDI solution. In 2001 Germany and Austria joined the project con-
sortium. EUDIN uses two key technologies: UN/CEFACT’s Modeling
Methodology [174] for the definition of the process choreography be-
tween the participating business partners and UN/CEFACT’s Core
Components [170] for the definition of the exchanged business docu-
ments.

2.1 EUDIN at a glance

Currently four of twenty-seven EU-member country states, namely The EUDIN initiative

Belgium, The Netherlands, Germany, and Austria, participate in the
EUDIN initiative. The overall goal is to develop a standardized inter-
face for the exchange of data between European member states meet-
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ing the requirements of the European Waste Shipment Regulation
259/93 EC. Thus, the EUDIN initiative may be seen as a first step
towards the introduction of a standardized European interface for
the transmission of waste and environmental related data between
European countries.

According to the regulation 259/93 EC, a waste transporter who Simpli�ed and

adapted EUDIN

model

plans to ship waste to, from, or through a member country of the Eu-
ropean Union must notify the waste transport to the competent au-
thorities of the export, transit, and import countries. Figure 2.1 gives
an overview of a reference waste transport between two EU member
countries. An exporter announces the waste transport to the export
authority. The export authority announces the transport of waste to
the import authority of the import country, which in turn informs the
importer. In case the waste transport goes through transit countries,
additional intermediary export and import authorities of the respec-
tive transit countries are added to the process. In this thesis we use
a simplified and adapted EUDIN model as accompanying example.
As outlined in Figure 2.1 we limit our discussion to four actors and
two business transactions between the different actors.

Figure 2.1

EUDIN example use
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After the waste transport has been successfully announced and
approved by the different authorities, the actual transport of waste
takes place. As soon as the waste arrives at its target destination,
the information flow goes backward to the exporter, i.e., the arrival
of the transport is announced from the importer back to the exporter
through the import authorities and the export authorities.

The goal of EUDIN is to realize the entire waste transport an-
nouncement process in an electronic manner, as described in Figure
2.1. The exchange of digital notification documents is achieved be-
tween the different participating partners in an automated manner
and through standardized interfaces with as little human interven-
tion as possible. Thereby, the different waste transporters are able to
announce their various transports over the Internet. The competent
authorities, involved in the transport process, are provided with the
opportunity to register the different notifications in their back-office
systems in an automated manner. Thus, waste transports may be
approved or rejected electronically and other authorities as well as
exporter and importer are informed automatically.

Realizing the waste transport process in an electronic manner Necessity for a

common business

information de�nition

requires an agreement on the exchanged information between the
different stakeholders. Before the introduction of an electronic data
interchange, regular paper forms were exchanged among stakehold-
ers. Figure 2.2 gives an overview of a waste transport form as it
is still in use today. The challenge for the EUDIN project was to
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find an equivalent electronic representation for the old fashioned
paper-based form as shown in Figure 2.2. The EUDIN project consor-
tium decided to build the business document specification on UN/CE-
FACT’s Core Components Technical Specification (CCTS) [170].

Figure 2.2

EUDIN paper form

It soon became evident that a pure data-centric standardization Necessity for a

common process

choreography

approach is not sufficient for a successful realization of the EUDIN
project goals. EUDIN requires a process-centric approach, where
apart from the exchanged business document information, the in-
ter-organizational processes between the different partners are un-
ambiguously defined as well. Thus, the EUDIN scenario requires
that all involved business partners agree on a common process chore-
ography. A process choreography describes the exact exchange order
of different business documents in a precise and unambiguous man-
ner, e.g., that a waste transport must first be announced before a
waste transport arrival may be communicated. According to a pro-
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cess choreography, the different interfaces of each business partner
may be configured.

However, if each business partner describes his own process Global vs. local

choreographieschoreography in isolation, the resulting interface definitions are un-
likely to match. Thus, the EUDIN project aims at the definition of
a global business process choreography, where the exact exchange
order of business documents between partners is described from a
global perspective. Using the commonly agreed upon global business
process choreography, each involved business partner may derive his
local business process choreographies to configure the respective IT
systems. Thereby, a local business process choreography comprises
only those processes of a company, which are visible to the outside
world, and abstracts from any company internal details. Since the
local business process choreographies of each business partner are
derived from the commonly agreed global business process choreog-
raphy, it is guaranteed that they are complementary to each other.

The benefits delivered by the EUDIN initiative are manifold and
both, the participating administrations as well as the participating
business partners, benefit from the electronic waste transport an-
nouncements.

The participating administrative entities such as the export au- Streamlined

administration

processes

thorities and the import authorities will benefit from streamlined
and faster administration processes. Since the paper-based notifi-
cation and announcement processes are replaced by automated elec-
tronic processes, several process enhancements will be possible. Apart
from apparent error and cost reductions, additional positive side ef-
fects occur. Since the electronic processes are implemented from the
exporter to the importer along the entire supply chain, a full control
over the process and traceability of waste announcements is possi-
ble. Furthermore, the increased process transparency enables better
fraud control for the authorities.

Similarly, enterprises involved in the waste transport supply Streamlined

inter-organizational

processes

chain also benefit from the newly introduced electronic process. En-
terprises may abandon error prone paper-based processes and inte-
grate the new inter-organizational waste transport announcement
process directly in their back-office IT systems. Thus, waste trans-
port announcements may be communicated to the necessary author-
ities in a faster and more reliable manner. Consequently, the nec-
essary waste transport approvals or waste transport rejections are
issued faster by the respective authorities.

2.2 Waste management example in this

thesis

In this thesis we take the waste management scenario of the EUDIN Simpli�ed waste

management exampleproject as an accompanying example for our investigation of business
document definition approaches in a service oriented environment.
For demonstration purposes we make two facilitating assumptions
(i) we do not consider transit countries for the process choreography
part – thus, export authorities and import authorities communicate
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directly; (ii) our example does not consider the information flow re-
lated to the disposal of waste in the target country.

In regard to the exchanged business document information, we
assume a waste movement form, used to announce a waste transport,
as shown in Figure 2.3. A waste movement form consists of several
waste consignments. For each waste consignment multiple consign-
ment items are defined. Each consignment item has a dispatch and
delivery party as well as shipping marks. Additionally, import, ex-
port, and transit countries are associated with a waste consignment
item. Note that the business document information as shown in Fig-
ure 2.3 has been arbitrarily chosen to better visualize core component
concepts in this thesis and is not used in real world EUDIN processes.

Figure 2.3

EUDIN � example

waste movement form

Waste Movement Form Consignment

Waste Consignment Item

Import Country
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Delivery Party
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Shipping Mark



20

3 An overview of business

document standards

If two business partners want to engage in an automated business Today hundreds of

di�erent business

document standards

exist

interaction, they first agree on a common exchange format. Instead
of choosing a proprietary document format, the business partners
may choose an already standardized business document format for
the exchange of business information. In the last 25+ years a multi-
tude of different business document standards have been developed.
Each of the different standards has its strengths and weaknesses
and is either better or worse suited for a certain application domain
or scenario. Due to the multitude of available standards no general
survey, covering all of the available standards, may be provided. To
overcome this limitation we provide a new approach for a business
document standard survey, based on standard clusters. Thereby, a
standard cluster aggregates different business document standards
of a certain type.

The remainder of this Chapter is structured as follows: Section
3.1 introduces the main drivers behind business document standard-
ization and Section 3.2 introduces the business document standard
clusters, together with a representative example from each cluster.
Section 3.3 provides an evaluation of each standard cluster in re-
gard to technical implementation, business messaging conformance,
as well as target groups and acceptance criteria. Finally, Section 3.4
concludes the Chapter with a final assessment.

3.1 Introduction

The importance of compatibility has already been recognized long Standards are driven

by di�erent objectivesbefore the advent of computer systems and networks. In physical
networks such as railroads, telephone systems, and electronic dis-
tribution networks compatibility is a critical success factor. Accord-
ing to [71] it was Thomas Edison’s ability to think in terms of whole
systems rather than in terms of single generators, which led to his
success in the electricity business. Similarly, successful electronic
business transactions between arbitrary business partners may only
be established if standardized and interoperable system interfaces
are provided. According to Feng [35] we refer to standardization as
the process by which explicit specifications for the form or function
of a particular technology are created. These specifications, as a re-
sult, are called standards. Feng identifies five different objectives for
the development of standards: (1) uniformity in production, (2) com-
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patibility between technologies, (3) objectivity in measurement, (4)
standards as a means of justice, and (5) as a form of hegemony.

In particular in the field of electronic business the different stan- Compatibility as the

main driver for

business document

standardization

dardization approaches aim at facilitating the electronic interchange
of business data between heterogeneous systems and platforms. Thus,
we identify the compatibility between technologies as the main driver
for the development of business document standards. A multitude of
different business document standards has been developed over time
with the goal to achieve compatibility between technologies. In the
following we give an overview of current state-of-the-art in electronic
business document standards and provide a classification matrix us-
ing predefined standard clusters. The classification matrix helps an
IT analyst to decide upon the applicability of a given business docu-
ment standard in certain application scenarios. We assess each stan-
dard cluster in regard to business messaging compatibility, technol-
ogy features, potential user groups, and acceptance per standard.

3.2 Business document standard clusters

A standard cluster represents a family of related business document Introducing standard

clustersstandards, sharing certain characteristics. As a starting point, Fig-
ure 3.1 gives a non-exhaustive overview of the most important stan-
dard definitions, together with a timescale.

Figure 3.1
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We identify two major groups of business document standards: Delimiter-based vs.

markup-based

business document

standards

delimiter-based standards and markup-based standards. Delimiter-
based approaches use standard ASCII characters to separate dif-
ferent data elements, segments, and messages. The two most im-
portant delimiter-based standard definitions are UN/EDIFACT [163]
and ANSI X12 [6]. Delimiter-based standards were particularly de-
veloped in the eighties and early nineties of the last century, as out-
lined by the cloud of black dots on the left hand side of Figure 3.1.
Currently, several EDIFACT dialects for specific industries exist on
the market, e.g., EDIBUILD [28] for the construction industry or
ODETTE EDI [130] for the automotive industry. A comprehensive
introduction to EDIFACT standards is provided by [12] and [61].

An important development step for the domain of business doc- The introduction of

XML brought several

changes to business

document

standardization

ument standardization was the introduction of IBM’s Generalized
Markup Language (GML) [72], developed in the early 1970s. Later,
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GML was the basis for the development of the Standard General-
ized Markup Language (SGML) [77], which was the foundation for
two other prominent markup languages – Hypertext Markup Lan-
guage (HTML) and eXtensible Markup Language (XML). A markup
language-based document distinguishes between two different infor-
mation sets: markup and content. With the application of simple
syntactic rules, the markup may be distinguished from the actual
content. In particular the development of XML in the late 1990s
revolutionized the way how business document standards were de-
veloped. From this point on, almost all of the known business doc-
ument definitions were based on XML. In Figure 3.1 markup-based
document standards are denoted by white dots. The strong tran-
sition of delimiter-based standards to markup-based standards un-
derlines the significance of XML for business document standardiza-
tion. White dots in the cloud of black dots on the left hand side of
Figure 3.1 are either standards based on general markup languages,
e.g., SGML, or standards which were initially defined in a delimiter-
based manner, but were later transferred to an XML-based syntax,
e.g., HL7 (Health Level Seven) [49] or CIDX (Chemical Industry Data
Exchange Standard) [19].

In the following we abstract from single standard definitions Introducing standard

clustersand use standard clusters. Thereby, each standard cluster aggre-
gates business document standards, sharing certain characteristics.
As shown in Table 3.1, we identify eight standard clusters along with
a representative standard example. Each standard cluster has been
chosen under the prerequisite that (i) it provides a sufficient size, jus-
tifying an examination and (ii) the cluster and its members provide
an adequate distance to the other clusters.

Table 3.1

Identi�ed Standard

clusters

(1) Top-down standard approaches UN/EDIFACT [163]
(2) Bottom-up standard definitions ebInterface [8]
(3) Hybrid approaches Universal Business

Language (UBL) [121]
(4) Early mark-up adopters Open Applications Group

Integration Specification (OAGIS) [131]
(5) Integrated approaches Electronic

Business XML (ebXML) [124]
(6) Transitioned approaches Health Level

Seven (HL7) [49]
(7) Implementation neutral approaches Core Component Technical

Specification (CCTS) [170]
(8) Converging approaches Universal Financial Industry

Message Scheme (UNIFI) [79]

Each of the clusters represents a family of related business doc-
ument standards, categorized according to their technical features.
Note that business document standards, due to their diversity, may
be included in several clusters at the same time. In the following,
the different clusters together with an accompanying example are
outlined. For each cluster we introduce the specific advantages and
disadvantages.

3.2.1 Top-Down standardization approaches

Top-down standardization approaches are mostly driven by a single Inclusion of as many

requirements as

possible
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entity or organization, supervising the standard – we refer to such
an organization as standardization body. Stakeholders of the stan-
dard such as interest groups, businesses, as well as individuals sub-
mit their requirements to the standardization body, which includes
them into the standard definition. The goal of a top-down approach is
to meet as many stakeholder requirements as possible by including
all necessary elements. Figure 3.2 gives an overview of a top-down
standardization approach. Thereby, the standardization body con-
solidates the different requirements and eventually releases a core
standard definition. Mathematically, such a standard definition re-
sults in a union of different requirement sets. Usually, a top-down
standardization approach leads to a rather complex standard defi-
nition, since a lot of different elements are included. Nevertheless,
a top-down approach provides a maximum of flexibility for different
application domains. In most cases the different requirements are
consolidated at meetings, which the standardization bodies organize
on a regular basis. New releases or updates to the standard defini-
tions are typically made available to the public after such meetings.

Figure 3.2
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Since top-down standards represent a union of different require-
ments of all involved stakeholders, businesses may easily find neces-
sary elements in the standard definition. In case a certain element
is missing, standardization organizations provide predefined proce-
dures for the inclusion of new elements. These requests are often
referred to as standard maintenance requests (SMR) or data main-
tenance requests (DMR), and they often differ between standardiza-
tion organizations. One elementary goal of every standardization ef-
fort is to reach a maximum of acceptance in potential user commu-
nities. Due to their generic nature, top-down standardization efforts
are likely to achieve a high acceptance in their respective user com-
munities.

In general, top-down approaches contain a multitude of optional Top-Down standards

are extensive and

complex

elements, making their integration into existing applications diffi-
cult. A recipient of a top-down business document instance is not
required to be able to process all of the specified elements in the busi-
ness document standard. In most scenarios only a small subset of the
provided features of a top-down standard is needed for actual imple-
mentation. Message implementation guides (MIG) have been intro-
duced to overcome the limitation of too complex top-down standards.
A MIG restricts the amount of allowed elements in a standard defi-
nition to a subset of elements, agreed upon by a certain user group.
Figure 3.3 gives on overview of the message implementation guide
concept.

MIGs are introduced on several levels of granularity, such as user
groups or even on a partner-specific basis. Message implementation
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Figure 3.3
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guides may potentially undermine the overall concept of top-down
standards. If too many MIGs are introduced, incompatibilities be-
tween MIG restricted documents may arise. However, every MIG re-
stricted document is compatible to the original document it is based
on. The MIG on the right hand side of Figure 3.3 restricts the top-
down standard the most and thus provides the least level of inter-
operability. Different MIGs on the same level (e.g., MIG Company
in Figure 3.3) are in most cases incompatible. Additionally, require-
ments reflected in top-down standards may change on a regular ba-
sis, since a multitude of different stakeholders is involved. Updates
to the standard, reflecting these changes, have to be released regu-
larly. For a business using a top-down standard, the different stan-
dard versions impose an additional obstacle towards seamless inter-
operability.

Currently, a multitude of different top-down standardization ap- Examples for

top-down standardsproaches exists on the market. Probably the most commonly kn-
own approach is the UN/EDIFACT standard [163], developed and
maintained by the United Nations Centre for Trade Facilitation and
Electronic Business (UN/CEFACT). The standard itself is one of the
oldest in use in different industries, but still has the highest level
of acceptance. New updates for the standard are released twice a
year and referred to as UN/EDIFACT directories. Another well kn-
own top-down implementation is ANSI ASC X12 [6], pre-dominant
mainly on the North American market.

UN/EDIFACT As an example for a top-down standard we intro- UN/EDIFACT is one

of the most

prominent top-down

standards

duce UN/EDIFACT [163]. The United Nations Electronic Data In-
terchange for Administration, Commerce, and Transport (UN/EDI-
FACT) standard is developed by the United Nations and its mem-
ber countries. The standard itself consists of syntax rules, used to
structure data (referred to as EDIFACT), and standard messages,
stored in directories allowing cross-country and cross-industry data
exchanges (referred to as UN/EDIFACT directories). Generally, the
standard itself is referenced by the term UN/EDIFACT. Note that
the syntax rules of EDIFACT are standardized by the ISO standard
9735.

Top-down standards provide a generic concept for the repre- Advantages

sentation of business documents. Thus, a business document mod-
eler may easily find the required business messages and elements in
the standard definition. Furthermore, top-down standards such as
UN/EDIFACT are well accepted and have been tested and evaluated
thoroughly during the last 25+ years of application.

However, top-down definitions are complex and business service Shortcomings
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interfaces, capable of processing top-down business document mes-
sages, are costly to implement. A business service interface is defined
as a piece of software processing incoming business document mes-
sages and passing the required information to the internal software
of a company. A business service interface is typically responsible for
validation of sequence, grammar, and syntax of an incoming business
document. In most cases only big players can afford to establish such
business service interfaces. Small and medium-sized enterprises of-
ten lack the software prerequisites to implement the pertinent inter-
faces and are therefore not able to participate in B2B interactions
using top-down standards.

We conclude that in general all of the different delimiter-based
standard definitions are following a top-down principle (ANSI X12
[6], UN/EDIFACT [163], etc.). The core components approach, which
is central to this thesis and will be introduced in Chapter 4, also
follows a top-down approach.

Although they are very powerful and generic, top-down stan- From top-down to

bottom-up standardsdards may require a considerable effort for the realization of a com-
pliant business service interface. In our study we observed an up-
coming trend in recent years towards the use of bottom-up standard
definitions.

3.2.2 Bottom-up standard approaches

In contrast to a top-down approach, which comprises a superset of Focus on the most

important

requirements

the requirements of all stakeholders, a bottom-up standard focuses
on the definition of a core set of elements. Bottom-up standards are
defined by the inclusion of the most important elements, which may
be used by the involved business partners. Thus, only a few data
elements in a bottom-up standard are defined as being optional. Ad-
ditionally, no agreement on a subset of the bottom-up standard is
needed, prior to an automated business document exchanged. The
recipient of a bottom-up standard message must in any case be able
to understand all elements of the core definition (even the optional
ones). This is a major difference compared to top-down standard def-
initions.

Figure 3.4 gives an overview of the core idea of a bottom-up stan- Focusing on a core

set of requirementsdardization approach. Different stakeholders agree on a core set of
requirements, which are then reflected in a core standard definition.
Mathematically, such a standard definition results in an intersection
of different sets. Bottom-up business document standards are con-
ciser than top-down approaches. However, not all needs of the differ-
ent stakeholders will be met by the bottom-up standard definition,
which only covers a core set of all requirements. Certain industries
might require additional elements, necessary for a successful imple-
mentation of an electronic business transaction. Thereby, extension
mechanisms for the standard definition are used to allow domain-
specific standard extensions. As shown on the right hand side of
Figure 3.4, extensions are plugged into the core standard definition,
thus allowing domain-specific amendments. The idea of an extension
is to add domain-specific amendments to the standard, without alter-
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ing the core definition. We further investigate this issue in Chapter
10 of this thesis.

Figure 3.4

Bottom-up

standardization

Ext‐
ension A

Ext‐
ension B

Industry Industry St d di ti
Core

Standard

Industry
A

Industry
B

Standardization
Body

intersection

A bottom-up approach has several advantages in comparison to Advantages of

bottom-up standardsa top-down approach. The restriction of defining a core set of ele-
ments, reflecting the most important requirements of all participat-
ing parties, results in a lean and precise standard definition. In case
domain-specific requirements have to be reflected in the standard,
extension mechanisms may bridge the gap. Even if both parties are
using different extension mechanisms (e.g., Party A uses a telecom
specific extension and Party B a semi-conductor specific extension),
interoperability on the core level is always given. Note that domain-
specific extensions are maintained by the standardization body as
well, thus avoiding an uncontrolled growth of standard extensions.

One of the major challenges of bottom-up standards is to define What to include in

the standard

de�nition and what to

omit?

what to include in the core standard definition and what to omit. Es-
sentially, finding an agreement on the elements to be included in the
core definition often results in long discussions between the involved
stakeholders. Often no agreement may be found and several stake-
holders and their requirements are left unsatisfied. Even though
additional requirements may be reflected using the extension mech-
anism, the definition of the extensions is a technical challenge yet to
be solved. In general, bottom-up business document standard defini-
tions are not as common as top-down definition approaches.

Among the many different available bottom-up standard defini- Examples for

bottom-up standardstions, we examined the ebInterface standard [8], an unambiguous
e-Invoicing standard for the Austrian market. The goal of ebInter-
face is the definition of a core standard, including the most impor-
tant elements for electronic invoices. An agreement on the standard
was made by twelve COTS (commercial-of-the-shelf-software) ven-
dors under the supervision of the Austrian Federal Economic Cham-
ber. Another example for a bottom-up approach is the electronic pay-
ment standard (EPS) [32] [42], which is used as a simple and secure
payment method. The basis for this standard is formed by the Elec-
tronic Payment Initiator standard (ePI) [33], specified by the Euro-
pean Committee for Banking Standards in 2003. Note that EPS com-
prises only those elements needed for national transactions, and thus
uses a subset of ePI.

ebInterface As an example for a bottom-up standard we introduce Introducing the

Austrian e-Invoice

bottom-up standard

ebInterface

ebInterface, an XML-based standard for electronic invoices. The ebIn-
terface standard resulted out of a joint effort started by AustriaPRO,
which is an association affiliated with the Austrian Federal Economic
Chamber. Several Austrian ERP vendors and other stakeholders
agreed upon a common electronic invoice standard, consisting of com-
monly used invoice elements in Austria.
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As a bottom-up approach ebInterface is less overloaded and am- Advantages

biguous than top-down approaches. Due to the lean design of ebIn-
terface, ERP vendors may implement interfaces for the import and
export of ebInterface compliant messages in their software. Thus,
in particular small and medium-sized enterprises, which heavily de-
pend on COTS solutions, are the major target group of the ebIn-
terface standard. Nevertheless, large enterprises may also employ
bottom-up standard definitions, in particular for business interac-
tions with small and medium-sized companies.

The ebInterface standard covers only a rudimentary set of ele- Shortcomings

ments and thus needs to provide extension mechanisms to support
additional use cases as well. Currently, the standard contains a cus-
tom section, where any user-specific content may be added. Thereby,
it is entirely up to the business document modeler to decide which el-
ements are included in the custom section. The loose extension spec-
ification leads to a multitude of incompatible user-specific amend-
ments. Furthermore, important aspects such as core schema in-
tegrity and compatibility as well as a central control of extensions
may not be ensured. Consequently, current research focuses on the
definition of well defined extensions points to overcome uncontrolled
growth of user-specific standard amendments. In Chapter 10 of this
thesis we evaluate extension mechanism for bottom-up standards us-
ing the ebInterface standard as accompanying example.

Bottom-up standards are in particular useful for smaller compa-
nies, since they require significantly less implementation effort than
top-down approaches. In general, bottom-up approaches are a rather
new concept and thus not so many standards are available at the
moment.

3.2.3 Hybrid standardization approaches

Hybrid standardization approaches have been developed to over- Merging best-of-breed

of both worldscome the limitations of top-down and bottom-up standards and to
unite the advantages of both worlds. On the one hand, a hybrid stan-
dard tries to include as many requirements as possible, thus aiming
at a union of different industry needs. On the other hand, a hybrid
approach provides extension mechanisms to integrate additional ele-
ments, originally not reflected in the standard (cf. extensions on the
right hand side of Figure 3.5). Thus, hybrid approaches combine a
best-of-breed of both worlds.

Figure 3.5
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Due to the inclusion of different requirements, hybrid standards
are generic, thus meeting the needs of a variety of business document
modelers. Even if a required element is not reflected in the standard,
the extension mechanism may be used to include the missing artifact.
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However, simply combining top-down and bottom-up approaches
eventually does not result in a superior standard, but is accompa-
nied by a set of shortcomings as well. Most hybrid approaches do not
have a standardized way to define extension points, such as bottom-
up approaches, but leave it up to the document modeler what to ad-
ditionally include in the document. Such an openness may lead to
numerous, incompatible, and most likely redundant document exten-
sions. Nevertheless, standardized extension mechanisms, as used in
bottom-up standards, may be applied to hybrid standard definitions
as well.

An example for a standard definition, combining top-down and Examples for hybrid

standardsbottom-up standardization elements, is the Universal Business Lan-
guage (UBL) [121], developed by OASIS. Depending on the view-
point, other standard definitions such as Health Level Seven (HL7)
[49] and Human-Resources XML (HR-XML) [60] may also be account-
ed as being part of the hybrid standard family, since they are defined
in a top-down manner, but provide additional extension mechanisms
for domain-specific amendments.

Universal Business Language (UBL) In our survey we introduce Introducing the

Universal Business

Language (UBL)

UBL [121] as an example for a hybrid standard. UBL is a library of
royalty-free standard electronic business documents based on XML.
Currently, UBL consists of 31 different document types, pursuing a
top-down definition approach, i.e., an inclusion of as many different
requirements as possible. As Ken Holman pointed out in a mail to
the UBL developers list [59], the current version of the UBL purchase
order covers 830,338 different elements in context and 2,171,455 at-
tributes when flattening the document structure and taking the com-
binatorial issues of qualified elements into account. Obviously, it is
difficult to successfully implement standard definitions allowing such
a multitude of elements. UBL also has an extension mechanism pro-
vided through an optional container element named UBLExtensions.
Within this optional container any non-UBL data elements may be
included, whereby it is entirely left to the business document modeler
what to include in the optional container.

The UBL standard specification has been based on the data def- Advantages

inition approach from the Electronic Business XML (ebXML) [124]
initiative, which is considered as a major benefit of the entire stan-
dardization initiative. UN/CEFACT (United Nations Center for Trade
Facilitation and Electronic Business), one of the co-founders of the
ebXML initiative, and the UBL technical committee from OASIS
agreed on a common strategy where the UBL standard will even-
tually be integrated into UN/CEFACT’s standard family. Thus, UBL
provides a foundation of predefined elements, based on the UN/CE-
FACT specifications. Additionally, in case user-specific requirements
have to be integrated into a UBL-based message, UBL’s flexible ex-
tension mechanism may be used. Hence, UBL manages to overcome
the often criticized shortcoming of top-down standards: lack of user-
specific extensions.

However, UBL has a set of shortcomings as well. First, the UBL Shortcomings

initiative is very similar to UN/CEFACT’s Core Component initia-
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tive. Thus, redundant work is performed and both initiatives are not
very well aligned. Although UN/CEFACT and OASIS have agreed
upon a cooperation during the UN/CEFACT Forum meeting in 2007,
no significant steps towards an integration of UBL into UN/CEFACT
have been performed by the end of 2009. Additionally, as already
outlined in the introduction, UBL has a quite overloaded structure
similar to top-down standards, thus obstructing integration in par-
ticular for SMEs.

For this standard cluster we conclude that hybrid business docu-
ment standards provide a good compromise if a generic standard is
required, while still allowing domain-specific amendments. Never-
theless, the implementation of interfaces for hybrid standards may
cause considerable implementation effort.

3.2.4 Early mark-up adopters

As shown in Figure 3.1, the 1990ies brought a strong transition from Examining the

bene�ts of early XML

adoption

delimiter-based standards to markup-based standard solutions. Of
particular interest to our survey are early adopters of the mark-up
technology – those who started to use XML for their business docu-
ment standard definitions first. Since the early mark-up adopters
were among the first to employ the newly created XML specifica-
tion, we are going to examine what kind of leverage effect the early
adoption had. As an example for an early mark-up adopter we intro-
duce the Open Applications Group Integration Specification (OAGIS)
[131], which is an effort to provide a canonical business language
for information integration. Another initiative, which used XML
in an early stage, was the XML Common Business Library (xCBL)
[21]. Meanwhile, the initiative has been ceased and the xCBL efforts
have been integrated into the Universal Business Language initia-
tive. Furthermore, the Chemical Industry Data Exchange Standard
(CIDX) [19] and the Health Level Seven (HL7) [49] initiative were
among the first users of XML.

OAGIS OAGIS is developed by the Open Applications Group (OAGi) Introducing OAGIS

and was inaugurated by several major companies, most of them in
the IT sector. It was one of the first approaches using XML for defin-
ing business document standards. The main goal of the approach
was an optimization of the integration of applications, both inside of
a company and between different enterprises. This was achieved by
crafting standards where necessary and by recommending standards
where they already existed.

Conceptually, the OAGIS standard includes five distinctive parts. The pillars of OAGIS

As a reference for potential systems and applications using OAGIS,
an architecture specification of OAGIS is provided. Furthermore,
typical business software components are described. The commu-
nication patterns between different business partners are outlined
using scenario diagrams. Additionally, the standard contains a list
of application programming interfaces (API) of all components and
a common data dictionary. According to the OAGIS standard, all
participating applications communicate by sharing Business Object
Documents (BOD).
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One major advantage of the OAGIS standard is the variety of Advantages

companies that are members of the OAGi. In fact, in some business
sectors OAGIS has reached a high level of adoption. Since OAGIS
was among the first markup language adopters, the standard has
considerable popularity in certain industries. For example, in the
automotive industry OAGIS has become an important business lan-
guage, since it is used and promoted by many leading companies in
this sector in the US.

Although OAGIS is very popular in certain sectors (such as the Shortcomings

automotive industry), it is still not widely accepted in other business
sectors. Thus, in the field of business document standardization an
early appearance on the market does not necessarily lead to a high
rate of adoption. Nevertheless, some benefits may be leveraged as
the example of OAGIS in the automotive sector has shown. In re-
gard to the implementation complexity of OAGIS, the integration of
Business Object Documents (BOD) requires substantial efforts.

We conclude that whether XML has been adopted earlier or later
by a standardization organization does not influence the general ac-
ceptance of a standard. In general, enterprises tend to utilize stan-
dards that best fit their needs and the needs of their business part-
ners. This is done regardless of how long the standard has been on
the market. However, being on the market for a longer time implies
higher standard maturity. Higher maturity of a standard may posi-
tively influence the tendency towards adoption by an enterprise.

3.2.5 Integrated standardization approaches

One of the lessons learned from the EDIFACT initiatives was that Going beyond simple

data-centric

standardization

finding an agreement on the exchanged data only, is not sufficient
to establish automated electronic transactions between enterprises.
Businesses must also agree on a common process choreography, be-
fore they are able to engage in automated business transactions. A
process choreography comprises the exact order in which electronic
business transactions are executed. We refer to standardization ap-
proaches covering both, the business process perspective and the
business document perspective, as integrated approaches. The most
promising approach was released in 2001 and named Electronic Busi-
ness XML (ebXML) [120]. ebXML did not only consider the data per-
spective of an electronic business transaction, but also considered
the process perspective, messaging issues, as well as storage and re-
trieval of process and document definition artifacts.

Several other standardization efforts consider business processes Examples for

integrated approachesas well. The Universal Business Language (UBL) [121] provides con-
ceptual models outlining the potential application scenarios of the
defined business documents. Similarly, the current version of the Fi-
nancial product Markup Language (FpML) [39] contains a dedicated
part for business process architecture. Other comparable efforts in-
clude RosettaNet [146], which is considered to follow a similar ap-
proach as ebXML in terms of its focus on providing an overall B2B in-
frastructure. However, RosettaNet’s field of application is limited to
the domain of computer electronics, electronic components, semicon-
ductor manufacturing, and telecommunications. Furthermore, we al-
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ready mentioned another integrated, but more lightweight approach
– OAGIS. We conclude that the most promising approach remains
the Electronic Business XML (ebXML) [120] standard.

ebXML The ebXML initiative was a joint effort between the two Electronic Business

XML at a glancestandardization organizations UN/CEFACT and OASIS with the goal
to overcome the known problem of traditional EDI standards such as
EDIFACT. The decision was to define an integrated B2B framework,
having a strong business process focus.

Figure 3.6
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As shown in Figure 3.6, the ebXML framework consists of five
complementary components [120]: registry, messaging, collaboration
protocol profiles and agreements, business process specifications, and
core components (CC). The ebXML messaging (ebMS) builds upon
SOAP and other Web Services standards to realize a secure and reli-
able messaging. An ebXML registry (ebRIM/ebRS) [119] is a central
site, supporting the discovery of potential business partners. The
registry is responsible for managing collaboration partner profiles,
business process specifications, and core components. A collaboration
protocol profile (CPP) comprises information about the capabilities
of a certain business partner and references collaborative business
processes that are supported by the given party – in which role and
by which technical infrastructure. A collaboration protocol agree-
ment (CPA) is basically an intersection of two collaboration proto-
col profiles, corresponding to an agreement between two business
partners. In ebXML, the choreography of a collaborative business
process is specified using the business process specification schema
(BPSS). BPSS is an XML-based and machine-understandable format
intended to be processed by message handlers supporting ebXML
messaging. Finally, core components (CC) are used to specify the
business information that is exchanged within a business collabora-
tion. We further detail the concepts of core components in Chapter 4
of this thesis.

In a nutshell, the five pillars of ebXML aim at providing an Advantages

overall B2B infrastructure. Unlike other B2B standards, focusing
on business document types only, the framework also deals with as-
pects like commonly agreed collaborative business process models,
business partner profiles, business partner discovery, messaging in-
frastructure, etc. One the one hand, this may be considered as a
distinctive advantage of the ebXML framework compared to other
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approaches. On the other hand, the broad focus of ebXML requires a
relatively high implementation effort. Thus, it was one of the goals
– and also a critical success factor – of the ebXML initiative to gain
broad support by tool vendors. It was envisioned that tool vendors
provide commercial-of-the-shelf software (COTS) for ebXML, allow-
ing also small and medium companies (SME) to buy affordable e-
business solutions. Unfortunately, this vision has not turned into
reality. Until today, tool support for ebXML remains rather low, re- Shortcomings

sulting in a general low acceptance of ebXML. A detailed overview of
ebXML’s history including a critical evaluation is given in [114].

In general, we conclude that integrated approaches, due to their
complexity and poor tool support, have a rather low acceptance in
the industry. However, if they are realized in a successful man-
ner, their mightiness goes beyond those approaches considering only
business documents. Although extensive integrated approaches, cov-
ering several areas such as registry, messaging, collaboration pro-
files, etc. are still unsuccessful, a clear trend towards the unambigu-
ous definition of business processes between enterprises may be ob-
served. Chapter 12 of this thesis further elaborates on this trend and
introduces UN/CEFACT’s Modeling Methodology, a method to un-
ambiguously capture inter-organizational business process require-
ments and business document requirements together in one UML
model.

3.2.6 Transitioned standardization approaches

The introduction of XML was both, a salvation for the ones and a From delimiter-based

standards to

XML-based standards

plague for the others. Standardization organizations quickly adapted
the new markup language and started to implement their standard
definitions based on XML. Existing delimiter-based standards either
had to provide an XML equivalent for their standard or transition
their entire standard definition to XML, to keep up with the pace of
XML. Although several of the delimiter-based standards are well es-
tablished and still in use today, others successfully transitioned their
standard definitions to XML. We identify that the current architec-
tural style of service oriented architectures (SOA) generally prefers
XML-based standards, since they are easier to integrate in existing
SOA concepts such as BPEL (Business Process Execution Language)
[122]. However, companies which already have delimiter-based in-
terfaces are reluctant to abandon their stable and tested interfaces.
In addition, a service oriented architecture does not mandate how
the payload of a service invocation or answer must be structured.
In principle any business document representation format of choice
may be transferred – including EDIFACT. Several standardization
organizations provide their standard definitions in both formats –
EDIFACT and XML – to support legacy implementations, while also
providing a contemporary standard format. This standard duality
imposes additional challenges on a standardization organization. On
the one hand, they still have to provide updates for the EDIFACT
definitions to support legacy implementations. On the other hand,
new standard amendments have to be integrated in both formats –
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EDIFACT and XML – likewise. Additional maintenance effort is the
result.

An example for a transitioned approach is the Health Level Seven Examples for

transitioned

approaches

(HL7) [49] standard from the health care domain. HL7 is developed
and maintained by a not-for-profit organization named Health Level
Seven. Another prominent example for a transitioned standard is
the Chemical Industry Data Exchange (CIDX) [19] standard. How-
ever, CIDX has already abandoned the delimiter-based syntax and
focuses entirely on XML. We conclude that specialized standards, de-
veloped entirely either on XML or EDIFACT and focusing on certain
industries and application domains, will prevail.

HL7 The first version of the HL7 standard, referred to as version 2, Introducing Health

Level Sevenfollowed the paradigm of a delimiter-based approach to encode health
care information. With the availability of XML it was desirable to
utilize XML as the new format for information exchange. Therefore,
an according XML representation of the delimiter-based HL7 stan-
dard, starting from version 2, was developed. Currently, two differ-
ent formats (delimiter-based and XML-based), representing equiva-
lent information, are available. The core of the new version 3 is the
Reference Information Model (RIM), which serves as the basis from
which all of HL7’s information models for specific clinical situations
are derived from.

Having the RIM of HL7 version at hand, a formal methodology Advantages

is provided, allowing to model elements and messages in a precise
manner. Furthermore, using the RIM as a source for deriving other
information models allows keeping consistency.

One consequence, as a result of the paradigm switch from a Shortcomings

delimiter-based format (version 2) to a common information model
(version 3), is the incompatibility of version 2 and version 3. If both
approaches are to be supported by an application, additional imple-
mentation effort is necessary. With the transition of delimiter-based
concepts to XML often flaws and overloaded structures in the stan-
dard were transformed to the new syntax as well. Oftentimes these
obvious flaws were not omitted to ensure backward compatibility of
standard definitions. Thus, XML-based solutions which started from
scratch are in general conciser and leaner than transitioned appro-
aches.

We conclude that transitioned standardization approaches are Additional

maintenance e�ortfacing additional maintenance effort, since they have to maintain two
separate standard definitions in different representation formats. Wh-
ether a standard may entirely be transitioned to an XML represen-
tation strongly depends on the user community of the standard. Un-
til delimiter-based systems are still around in the IT departments,
legacy support will most likely be provided by the different standard-
ization organizations. In the long-haul, transitioned standardization
approaches will abandon the delimiter-based syntax and focus en-
tirely on XML.
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3.2.7 Implementation neutral standardization

approaches

In principle all business document standard definitions are bound Abstracting from the

implementation

syntax

to a specific implementation syntax. As we have seen, in most cases
this syntax is either some sort of delimiter-based format or involves
markup to separate different elements. Even if the common syntax
is in most cases XML, the underlying XML Schema of each standard
is different and, thus, no standard is like the other. Since no com-
mon base for all of these standards is provided, incompatibilities are
inevitable. In the particular case of business document standardiza-
tion, these incompatibilities occur on the semantic level as well as on
the syntax level.

Implementation neutral standardization approaches aim at spec- Following the

Open-edi through

implementation

neutral de�nitions

ifying a common document definition on a generic and conceptual
level without considering any specific implementation syntax. There-
by, the common document definition provides a semantic basis on
an implementation neutral level. With this approach implementa-
tion neutral definitions follow the concepts of the Open-edi reference
model [78]. According to the Open-edi reference model a business
transaction, where business documents are exchanged between busi-
ness partners, is viewed from a two-fold perspective. The business
operational view (BOV) abstracts from technical implementation de-
tails and focuses on business aspects of a transaction. In contrast,
the functional service view (FSV) considers technical implementa-
tion details such as exchange formats. In a model driven approach
artifacts from the business operational view may be used to derive
artifacts for the functional service view such as XML Schema. We
further detail these concepts in Chapter 8.

The advantages of such a model-driven approach are manifold.
The conceptual model may be used to derive arbitrary implementa-
tion specific artifacts. Since all artifacts are derived from a single
conceptual model, the different artifacts share a common semantic
basis. Based on this semantic basis, mapping mechanisms between
different standard definitions may be implemented in a reusable and
scalable manner.

One of the most important implementation neutral approaches Examples for

implementation

neutral standards

for the standardization of exchanged business document information
is the Core Components approach by UN/CEFACT [170]. Another
implementation neutral standard definition approach is the Context
Inspired Component Architecture (CICA) [7] developed by the Amer-
ican National Standards Institute (ANSI). CICA aims at defining a
collection of reusable components, designed to fulfill cross-domain
and cross-country business document requirements.

CCTS As a representative example for this cluster we introduce Core Components at

a glancethe well known implementation neutral standardization approach
named UN/CEFACT’s Core Components Technical Specification (CC-
TS) [172]. Core components are reusable building blocks for assem-
bling business documents. The standard distinguishes between two
elementary concepts: core components and business information en-
tities. First, a business document is defined on a context neutral



3.2 Business document standard clusters 35

and generic level with reusable building blocks – we refer to such
building blocks as core components. Due to their context neutrality
and generic nature, core components may be used in any given busi-
ness scenario. Before a business document based on core components
is used in a certain business scenario, the business document mod-
eler tailors the different core components to the specific needs of the
application domain. In this step, core components become business
information entities. A business information entity is created from a
core component by leaving out attributes, which are not necessary for
the application domain. Note that no new attributes may be added
to the business information entity. Thus, a business information is
derived from a core component by restriction. Core component defi-
nitions as well as certain business information entity definitions are
stored in a central library. We refer to this library as the Core Com-
ponent Library.

Since all business information entities are derived from prede- Advantages

fined core components, interoperability is guaranteed, as long as the
business information entities are derived from the same core com-
ponent. Nevertheless, the major advantage of the core component
approach is that the concepts are defined on an implementation neu-
tral level. In principle any appropriate representation may be used to
build core component compliant business document models. In this
thesis three exemplary implementation formats for core components
are introduced: A UML Profile (cf. Chapter 5), a Domain-Specific
Language (cf. Chapter 6), and a representation format using Web
Ontology Language (cf. Chapter 7).

The shortcomings of the CCTS do not lie in the specification it- Shortcomings

self, but rather in the library concept which is used for core compo-
nents. Since any business document definition must be based on a
core component, the existence of the appropriate core component in
a global library, maintained by UN/CEFACT, is a prerequisite. If a
necessary core component is not available in the library, a core com-
ponent user may submit a new proposal for inclusion of a core compo-
nent to UN/CEFACT. A dedicated data harmonization group within
UN/CEFACT ensures that no duplicate core component information
is included in the core component library. The harmonization process,
however, takes some time and a business partner might not want to
wait for so long. To overcome this limitation, core component reg-
istries may not only be established on a global level, but on a country
or industry specific level as well. Thus, if adherence to the global core
component library is not desired, a country or industry specific core
component library may be set up. For a detailed discussion on the
necessary concepts of core component libraries see Chapter 9 of this
thesis.

Implementation neutral standard definitions are a promising ap- Core Components as

the most advanced

approach for the

de�nition of business

documents

proach towards achieving a common semantic data model on which
different document definitions are based. Furthermore, the concept
of business information entities helps to overcome the problem of
overloaded top-down definitions. Only those elements are included
in an industry specific message, which are really needed and adher-
ence to the generic core component base is provided. We conclude
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that currently the approach pursued by UN/CEFACT’s Core Compo-
nents initiative is the maturest implementation neutral technology
available.

3.2.8 Converging approaches

In several industry domains such as the financial sector a multi- The multitude of

redundant standard

de�nitions requires a

convergence to a

single solution

tude of different standards have been developed over the years. A lot
of these standards cover the same problem domain and oftentimes
concepts are defined in a redundant manner in different standard
definitions. Thus, several industries started to converge their exist-
ing approaches towards a single standard definition. One obstacle
of converging standards is that standards cannot be converged from
one day to the other. Therefore, a convergence plan must be provided
allowing for the coexistence of the different standards which have to
be converged, at least in the initial phase. Nevertheless, in the long
term all the different standard definitions under consideration in the
given domain have to be converged to the newly introduced stan-
dard definition. We have already introduced a prominent example
for a converging standard. ebXML [124] may be seen as a converg-
ing standardization approach (if not as the converging standardiza-
tion approach), because it aimed at a cross-industry and cross-border
standard consolidation. However, we already outlined that ebXML
has several deficits in regard to its acceptance in the industry. A
more successful example for a converging standardization approach
is the Universal Financial Industry Message Scheme (UNIFI).

UNIFI The objective of the UNIFI [79] standardization commit- Introducing the

Universal Financial

Industry Message

Scheme

tee was to enable communication interoperability among financial
institutions, their market infrastructures as well as end-user com-
munities. Within the financial sector a multitude of different and
often overlapping standards have already been defined, e.g., Mar-
ket Definition Language (MDDL) [155], Vendor Reporting Extensible
Markup Language (VRXML) [116], Extensible Business Reporting
Language (XBRL) [188], and Financial products Markup Language
(FpML) [39], just to name a few.

UNIFI aims at a convergence of these different initiatives into
one standard in the long term. However, in the short term the differ-
ent standards need to coexist due to legacy and regulatory reasons.
Coexistence of different standards with UNIFI is enabled through a
canonical message model, to which the different standard definitions
may be mapped to. The canonical model serves as an intermediate
format for mapping between different standards. Thus, UNIFI aims
at long term convergence while facilitating short term coexistence.

The major advantage of the UNIFI initiative is the reduction of Advantages

redundant business document standard definitions in the financial
domain and the incorporation of distributed concepts into a single
standard definition.

Nevertheless, a converging standard such as UNIFI also has Shortcomings

shortcomings as well. Several industry partners in the domain un-
der consideration might not want to adopt the new single converging
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standard definition due to various reasons. Apart from criteria such
as transition costs it is often stated that a new converged standard
definition is simply not needed, because the old implementation is
sufficient. Whereas this argument may be true for short-term con-
siderations, an adoption of a converging standard provides strategic
advantage in the long-term.

Our survey concludes that converging business document stan-
dardization initiatives are of particular importance, given the cur-
rent abundance of business document standard definitions. Although
convergence on a global level towards one single standard definition
is still a challenge, there is great potential in industry specific con-
vergence.

3.3 A standard comparison

The key results of our business document standard survey are shown Focusing on the �ve

most important

clusters

in Table 3.2. We analyzed the identified standard clusters accord-
ing to (i) business messaging compatibility, (ii) technology features,
(iii) potential user groups, and (iv) acceptance. From the originally
eight clusters we assess only five clusters, namely top-down appro-
aches, bottom-up approaches, hybrid approaches, integrated appro-
aches, and implementation neutral approaches. We do not further
concentrate on early markup adopters, transitioned approaches, and
converging approaches, since the standards in these clusters may be
associated with one of the other clusters as well, e.g., HL7 is a transi-
tioned standardization approach, but also counts as hybrid standard-
ization approach.

Table 3.2

Standard cluster

comparison - (1) -

top-down approach

(2) - bottom-up

approach (3) - hybrid

approach (5) -

integrated approach

(7) - implementation

neutral approach

(1) (2) (3) (5) (7)
Business Messaging Compatibility
Representation + + + + +
Semantics + +/- +/- + +
Business Process - - - + -
Transport - - - + -
Technology features
Used Syntax EDI/XML XML XML XML -
Release iterations > 1 p.a. < 1 p.a. < 1 p.a. < 1 p.a. < 1 p.a.
Implement. complexity + +/- +/- +/- +
Delta between releases +/- - + +/- +
Backward compatibility - + - - +
Extensibility - + + + +
Concept. model avail. + +/- +/- + +
Semantically unambiguous + - - + +
COTS support - + - - -
Standard maturity + +/- + + +
Community size + - + - +
Adoption + +/- + - +
Potential User Groups
Small enterprises - + +/- - -
Medium-sized enterprises - + +/- - +
Large enterprises + + + + +
Acceptance
Industry spec. accept. + + + +/- +
National acceptance + + + +/- +
Global acceptance + - + +/- +

Legend: (+) Fully meets the criteria (+/-) Partly meets the criteria (-) Does not meet the criteria
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In a first step we examined the business messaging compatibility
for each standard cluster using four parameters: representation, se-
mantics, business process support, and specified transport protocol.

A business message must have an unambiguous representation Representation

format, defined by a syntax (built on a grammar) and a vocabulary.
All identified clusters obviously meet this requirement.

Additionally, the semantics of different data elements and mes- Semantics

sages must be precisely defined, i.e., all parties must have the same
interpretation of the exchanged information, expressed by the busi-
ness message representation. In principle all standard clusters fulfill
this criteria. However, in bottom-up standard definitions and hybrid
standard definitions user-specific extensions may be defined. Typi-
cally, the agreement on the common semantics of these user-specific-
extensions is out of reach of a standardization organization. Thus,
bottom-up standards and hybrid standards only partially meet this
requirement.

A business process defines the exact exchange order of business Business processes

documents and ensures that appropriate responses and acknowledg-
ments are sent. However, only integrated approaches such as ebXML
[124], OAGIS [131], or RosettaNet [146] consider an integrative ap-
proach towards business document standardization, where business
processes are considered as well. Thus, we conclude that all other
standard clusters only consider the data definition perspective, but
do not take business processes into account.

Furthermore, the participating parties in an electronic business Transport

transaction must agree on a transport protocol to interconnect their
businesses. In the early days of EDI, Value Added Networks (VAN)
were used to interchange business-to-business messages due to the
absence of the Internet. With the emergence of the Internet the con-
cept of VANs partly vanished and related technologies such as HTTP
(Hypertext Transfer Protocol) and SOAP (Simple Object Access Pro-
tocol) became popular for document exchange. However, some VAN
providers and their networks still exist today, e.g., EDITEL from GS1
Austria for EDIFACT related messaging.

Today, most standards leave it up to the implementer what pro-
tocol to choose for the exchange of a business document. Of all exam-
ined standard clusters only integrated approaches specifically recom-
mend a certain technology, e.g., ebXML messaging is built on SOAP.
Finally, we conclude that only integrated approaches fulfill the en-
tire needs of business messaging functionality. In fact ebXML is the
only representative standard available, covering business messaging
in an integrative manner. However, the acceptance of integrated ap-
proaches such as ebXML is still very low. This is mainly due to the
inherent complexity of these standards and unfortunately also due
to low vendor support for compliant interfaces. In the following we
elaborate on the technological features of each standard cluster.

As already outlined in the introduction, traditional delimiter- Used Syntax

based implementation syntax definitions have been superseded by
XML-based standards. Today, XML represents the current state-of-
the-art in business document standardization. However, top-down
approaches and transitioned approaches still use the EDIFACT syn-
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tax. Naturally, implementation neutral standards do not use a spe-
cific syntax, but are defined on a conceptual model (e.g., using UML
models).

In regard to release iterations we identified that top-down stan- Release iterations

dard definitions are the only ones where more than one standard def-
inition is released per year. In particular delimiter-based standards
provide new standard releases on a regular basis (e.g., UN/EDIFACT
releases new directory versions twice a year). All other standard
clusters have longer release cycles. Whether that is of advantage or
disadvantage depends on the specific application scenario of the stan-
dard. Shorter release cycles enable the inclusion of bug-fixes and new
user requirements, but require adaptations of business service inter-
faces and applications, processing the standard instances. For longer
release cycles the situation is vice versa.

A critical factor, when choosing a business document standard, is Implementation

complexitythe effort in regard to implementation complexity. In particular top-
down and implementation neutral approaches, such as the core com-
ponent initiative, require considerable implementation effort. This is
partly due to the inherent complexity of these standards and partly
due to the short release cycles for standard updates. Thus, addi-
tional maintenance effort is necessary to be compliant with these
updates. For bottom-up, hybrid, and integrated standardization ef-
forts no clear answer in regard to implementation complexity may
be given. If tool vendors would keep their promise and provide in-
terfaces, capable of processing these standards in their commercial-
of-the-shelf-software (COTS), the implementation complexity would
be low. However, the current support in COTS is still very low and
therefore considerable implementation effort for a processing of dif-
ferent standards is necessary. In particular SMEs cannot afford to
implement complex and costly business service interfaces, since they
do not have customizable ERP software available, but rely on COTS.

Of particular importance in regard to the customization of busi- Delta between

releasesness service interfaces is the delta between releases of a certain stan-
dard. The higher the delta, the higher is the effort for a poten-
tial customization of software processing instances of the standard.
Our standard evaluation has shown that the delta is the lowest in
the cluster of bottom-up standard definitions. Since bottom-up stan-
dards are defined as an intersection of requirements, where only the
most important elements are considered in the core standard defini-
tion, only small changes occur between the different releases. In the
cluster of top-down standards the delta is low in regard to delimiter-
based standards. These standard families are well tested and main-
tained and only little changes occur from release to release. However,
other non delimiter-based top-down standard definitions may include
significant changes from release to release. Hybrid approaches and
implementation neutral approaches reflect extensive changes in each
release as our examination of UBL and CCTS has shown. In regard
to integrated approaches no clear answer may be given, since some
parts of, e.g., ebXML remain rather stable (e.g., ebXML messaging)
whereas other parts have undergone significant changes (e.g., core
components).
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Another important factor in regard to the adaptation of busi- Backward

compatibilityness document standards is backward compatibility. If backward
compatibility is provided, little to no adaptations have to be made to
business service interfaces processing instances of a certain business
document type. We conclude that only standards from the bottom-
up and implementation neutral cluster meet the requirement of high
backward compatibility. Since bottom-up standards are specifically
focusing on not changing the core standard definition too much, high
backward compatibility is provided. We examined that implementa-
tion neutral standards such as the Core Components Technical Spec-
ification also try not to alter the basic concepts to foster reuse and
backward compatibility between different versions. Top-down stan-
dards such as EDIFACT, hybrid standards such as UBL, and inte-
grated approaches such as ebXML provide a rather low backward
compatibility.

In regard to extensibility, only standards from the top-down clus- Extensibility

ter do not meet the criteria of user-specific standard extensions. All
other standard clusters provide necessary extension concepts for user-
or domain-specific standard amendments.

In particular for the communication between software architects Availability of

conceptual modelsand programmers a conceptual model representation of a business
document is useful. We found out that currently only the bottom-
up cluster and the hybrid standard cluster are missing a conceptual
representation mechanism. Although the core standard definitions
of bottom-up standards may well be represented using a conceptual
model, currently no appropriate approach for the representation of
the different standard extensions exists. The same applies for the
different extensions as provided by hybrid standard definitions.

As outlined earlier, semantic ambiguity may occur with bottom- Semantically

unambiguousup and hybrid standardization approaches, since their extension mech-
anisms allow any user-specific amendments. As a countermeasure,
a standardization organization may prevent user-specific extensions
and provide well defined and standardized extension sets for certain
domains (e.g., for the telecom industry).

An important part of our survey was to examine, whether a COTS support

given standard cluster is supported by commercial-of-the-shelf soft-
ware (COTS) tools. In particular SMEs cannot afford costly ERP soft-
ware, but rely on COTS. In fact currently only bottom-up standards
are supported by COTS, since all other standard clusters are either
too complex or their included standards are not pertinent for SMEs.
Unfortunately, support for ebXML in COTS is almost zero, although
one of the main goals of ebXML was to support in particular SMEs
through standard interfaces integrated in COTS, as well.

Concerning the maturity of the different standard clusters we Standard maturity

found out, that only bottom-up standards still require consolidation
and maintenance work. Since bottom-up standards are a rather new
concept, several issues are still unresolved. In particular the defini-
tion of extension points for domain-specific amendments is still an
open research issue in bottom-up standard definitions. We further
detail this issue in Chapter 10 of this thesis.

In regard to the user community size of a standard cluster, bottom- Community size
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up and integrated approaches have the lowest community size. For
bottom-up standards this is due to the adolescence of the standard.
Integrated approaches such as ebXML unfortunately have never re-
ached a critical mass of users.

Concerning the adoption rate of a standard cluster, only inte- Adoption

grated approaches suffer from a low acceptance rate. Taking ebXML
as an example, we conclude that although some parts of the standard
are accepted and in use in the industry (e.g., ebXML registry), little to
no applications using the full range of ebXML exist. Bottom-up stan-
dards, due to their adolescence and partially due to their missing ma-
turity, are also lacking adoption by the industry. In such scenarios in-
terest groups play an important role, as the example of the Austrian
Federal Economic Chamber and the bottom-up standard ebInterface
has shown.

Considering potential user groups per standard cluster, we eval- Potential user groups

uated that in particular small and medium-sized enterprises are re-
luctant to adopt top-down or integrated approaches. Our evalua-
tion has shown that acceptance of a standard by SMEs may only
be guaranteed if appropriate tool support for handling document in-
stances is provided. Unfortunately, support by commercial-of-the-
shelf (COTS) software is still very low. However, if COTS support
increases, bottom-up standard definitions as well as to some extend
hybrid standard definitions may be used by SMEs. Naturally, large
enterprises are able to handle any of the presented standard clusters
due to their ability to dynamically adapt their IT systems.

In regard to the acceptance in terms of industry, national, or Acceptance

global level, top-down standards, hybrid approaches, and implemen-
tation neutral approaches are equally accepted. Due to their limited
inclusion of requirements, bottom-up standards are not well accepted
on a global level. Furthermore, standards from the integrated ap-
proach cluster lack acceptance on all levels.

3.4 Final assessment

In this Chapter we presented the results of our business document
standard survey, conducted during our research work on business
document standardization. We have shown how the multitude of dif-
ferent business document standards may be categorized using eight
different clusters. For each cluster we examined a representative
standard in detail and gave examples for other standards in the re-
spective cluster. The essential result of our survey is the compari-
son of the different business document clusters in regard to business
message compatibility, technology features, potential user groups,
and acceptance level of each standard. Based on our survey results,
an IT analyst may assess, whether a given business document stan-
dard meets specific requirements or not.

This survey has given a first overview of current state-of-the- A �rst overview has

been givenart in business document standardization. Future work must con-
centrate on extending the current survey by examining additional
standards. In particular vendor specific exchange format implemen-
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tations as used by tool vendors such as SAP or Oracle should be ex-
amined to gain insight in the used technology.

Currently, the results of the survey are based on our insights ac- Extending the scope

from desk research to

�eld research

quired by working in various standardization organizations such as
UN/CEFACT or the ebInterface consortium. In a follow-up step the
scope must be changed from pure desk-research to a field-research
oriented approach by conducting surveys in industries and applica-
tion domains. This is yet to be done.

Although several standards exist on the market today, interface Standard mappers

still prevailheterogeneity between different enterprise systems is still a major
obstacle towards seamless integration of ERP systems. Instead of fo-
cusing on a single standard solution, enterprises prefer to use map-
pers to transform instances of standard A to instances of standard
B. Thus, interoperability is mostly enabled through mapping middle-
ware such as BizTalk [24] (mapping of HL7, SWIFT, RosettaNet, etc.)
or Mirth [112] for mappings in the health care domain.

Concerning the provision of a single and global business docu- Core components are

a possible solution for

the current

heterogeneity

ment standard, the Core Component initiative founded by UN/CE-
FACT is currently the most promising approach. Unlike other stan-
dardization initiatives, UN/CEFACT’s members also comprise other
standardization organizations such as OAGi and OASIS. Thus, the
core component initiative is not yet another industry initiative focus-
ing on a detached and isolated industry sector, but aims at global
cross-industry interoperability. Whether the initiative will be suc-
cessful or not, depends on the willingness of the different stakehold-
ers to accept the new standard definition.

In regard to existing standard definitions, a market consolida- Market consolidation

may be observedtion may be observed. The eighties and nineties of the last century
and in particular the dot-com boom have brought a multitude of dif-
ferent and competing B2B standards. Today, almost no new stan-
dards are defined any more, but existing definitions are enhanced.
Several standardization organizations have consolidated their work,
e.g., the work of CIDX [19] is now conducted by OAGi and CIDX has
ceased to exist as self-contained standardization organization.

Concerning the adaption of a standard, e.g., in a given supply- The big players

dictatechain in the industry one single fact remains: Usually the larger
company defines the interfaces and used standards and smaller com-
panies have to adapt to these prerequisites.
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4 Top-Down standards: An

introduction to Core Components

In the following Chapter we give an introduction to the basic con- Introducing

UN/CEFACT's Core

Components

cepts of the Core Components Technical Specification (CCTS) [170].
We outline the history of the core components initiative and intro-
duce the main features of CCTS. Thereby, we abstract from the rather
complicated and technical core component standard itself, and intro-
duce the main concepts of the standard, necessary for the further
comprehension of the following Chapters. Thus, this Chapter serves
as the foundation for the next three consecutive Chapters. The re-
mainder of this Chapter is structured as follows: Section 4.1 gives
a short overview of the history of core components. Section 4.2 and
4.3 introduce the basic concepts of core components and business in-
formation entities, respectively. Finally, Section 4.4 introduces the
concept of a Core Component Library and Section 4.5 concludes the
Chapter with a final assessment.

4.1 Introduction and historical background

When the Electronic Business XML (ebXML) [124] initiative started Core Components

started as part of the

ebXML speci�cation

in 1999, one of the architectural cornerstones of the specification was
the unambiguous definition of the information, exchanged in an elec-
tronic business transaction. The idea was to create reusable building
blocks for assembling business documents – core components as part
8 of the ebXML Framework were born. After the final ebXML spec-
ification was released in 2001, UN/CEFACT took over the core com-
ponent development tasks. The first post-ebXML release of the core
component specification was the Core Components Technical Specifi-
cation (CCTS) 2.01 [164], which was released in 2003. Currently, the
succeeding version 3.0 [170] is being developed and close to comple-
tion. All core component concepts presented in this thesis are already
based on the newest version CCTS 3.0.

The main goal of the core component initiative was to overcome Goal: Achieving

semantic

interoperability of

data

limitations of other business document standardization approaches.
Most of the business document standards have been designed for spe-
cific application domains, without considering cross-domain interop-
erability. Furthermore, as already outlined in Chapter 3, the mul-
titude of different standards impose an additional obstacle towards
interoperability. If two arbitrary business partners want to engage in
an automated business-to-business interaction, their business docu-
ment definitions, if defined in isolation by each business partner, will
most likely not match. Thereby, mismatches may for instance occur
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due to different positions of certain elements or due to different se-
mantic meanings of elements, i.e., a waste movement may be referred
to as consignment in standard A, but as shipment in standard B.

The Core Component Technical Specification (CCTS) proposes a
new approach for the definition of interoperable business documents
by defining a common set of semantic building blocks, representing
general types of business data in use today. These semantic building
blocks are referred to as core components. Business partners may
retrieve the predefined core components from a common Core Com-
ponent Library [173] and tailor them to the specific needs of their ap-
plication domain. Note that a business document modeler may only
restrict a given core component, but must never add any attributes
or associations to an existing core component. Thus, it is guaranteed
that business documents, which are created from the same common
core components, share a common semantic basis. Therefore, busi-
ness partners are able to provide interoperability of business docu-
ments, even on a cross-industry level.

A major difference of the core component initiative, compared to Core components are

implementation

neutral

other business document standardization approaches, is its techni-
cal foundation. Core components are defined independent of a spe-
cific implementation format. Thus, in principle any implementation
format of choice may be chosen to implement core component con-
cepts in applications. In the following Sections we elaborate on two
elementary concepts of the core component specification: core compo-
nents and business information entities. Figure 4.1 gives an overview
of the basic concepts of the core component initiative.

Figure 4.1

Core component

architecture

Core Bus iness

Core Data Type ︵CDT ︶

Bas ic  Core Component  ︵BCC ︶

Assoc iat ion Core Component  ︵ASCC ︶

Aggregate Core Component  ︵ACC ︶

Bus iness  Data Type ︵BDT ︶

Bas ic  Bus iness  Informat ion Ent i ty  ︵BBIE ︶

Assoc iat ion Bus iness  Informat ion Ent i ty  ︵ASBIE ︶

Aggregate Bus iness  Informat ion Ent i ty  ︵ABIE ︶

The core component standard distinguishes between a context
free part (core) and a context specific part (business). Generally, we
refer to artifacts from the core part as core components and to ar-
tifacts from the business part as business information entities. Core
components are standardized building blocks for business documents,
independent of a certain business domain. Thus, core components
are generic and may be used in any given business domain such
as chemical industry, tourism industry, etc. If a core component
is used in a certain business scenario, it becomes a business infor-
mation entity. Business information entities are core components,
which are tailored to a specific application domain. For the core part
of the standard, UN/CEFACT distinguishes between the following
artifacts: aggregate core components (ACC), basic core components
(BCC), and association core components (ASCC). Data types are re-
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ferred to as core data types (CDT). For each of the different core ar-
tifacts an equivalent counterpart on the business side exists. The
respective business information artifacts are aggregate business in-
formation entities (ABIE), basic business information entities (BBIE),
and association business information entities (ASBIE). Data types on
the business side are called business data types (BDT). Each artifact
on the business side of the CCTS is based on a respective artifact
on the core side of the standard. This underlines the strong rela-
tionship between context independent core components and context
specific business information entities.

In the following we further examine the basic artifacts from both,
the core components and the business information entity domain.

4.2 Core Components

As already outlined in the introduction, the main goal of core com- Identifying objects

and object propertiesponents is the definition of reusable building blocks. Consequently, a
building block must be generic in nature to meet the requirements of
any given business scenario or application domain. The basic concept
behind defining such a building block is the identification of objects
and object properties. Properties are divided into two sub-groups:
simple object properties (e.g., name, age) and complex object proper-
ties (e.g., references to other objects such as person referencing an
address). Table 4.1 gives an overview of the basic property concepts
of core components.

Table 4.1

Core component

concepts

Property type Core component equivalent
Object type Aggregate Core Component (ACC)
Simple property Basic Core Component (BCC)
Simple property data type Core Data Type (CDT)
Complex property ASsociation Core Component (ASCC)

Objects are represented using aggregate core components (ACC).
An aggregate core component serves as the embracing container for
simple object properties. Simple object properties are referred to as
basic core components (BCC). Each simple property has an assigned
data type known as core data type (CDT), defining the exact value
domain of a given basic core component. Dependencies between dif-
ferent objects are depicted using the concept of association core com-
ponents (ASCC).

Figure 4.2 shows a simple core component example with two ag-
gregate core components consignment item and party. The consign-

ment item has two basic core components, namely identification

and net weight. As indicated by the term and x other attributes a
real core component has many other basic core components. Each ba-
sic core component has an assigned core data type, defining its value
domain. The basic core component identification, for instance, has
the core data type identifier.

Furthermore, consignment item has exactly two association core
components delivery and dispatch, pointing to the aggregate core
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Figure 4.2

Overview of core

component concepts
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Basic Core Component 
l (BCC)ConsignmentItem. Details

Identification : Identifier

NetWeight : Measure

l [ *]

Core Data Type (CDT)

and x other attributes

Party. Details

Identification: Identifier

Delivery [1..*] Dispatch [0..*]

Identification: Identifier

Name : Text

Role : Code [0..1]

and x other attributes

Association Core 
Component (ASCC)

and x other attributes

component party. Thus, it is indicated that a consignment item has
a delivery party, to which the consignment item is delivered and a
dispatch party from which the consignment item is dispatched. Note
that the representation format as shown in Figure 4.2 has been arbi-
trarily chosen by the authors. In principle, any representation format
of choice may be used to depict core components. The representation
as shown in Table 4.2 may equally serve as a representation format
for the core components, introduced in Figure 4.2.

Table 4.2

Text-based

representation of core

components

ConsignmentItem.Details

ConsignmentItem.Identification.Identifier:1

ConsignmentItem.NetWeight.Measure:1

ConsignmentItem.Delivery.Party:1..*

ConsignmentItem.Dispatch.Party:0..*

Party.Details

Party.Identification.Identifier:1

Party.Name.Text:1

Party.Role.Code:0..1

However, applying a notation similar to UML class diagrams with
classes, attributes, and associations helps to communicate core com-
ponent structures. In particular in a service oriented environment,
where business document definitions have to be communicated be-
tween various business partners and other stakeholders, a UML class
diagram-based representation format is superior to a pure text-based
format. This will be of particular importance in Chapter 5, when we
introduce the UML Profile for Core Components. In the following we
briefly elaborate on naming conventions of core components.

4.2.1 Aggregate Core Component (ACC)

As already outlined, an aggregate core component is a collection of Aggregate Core

Componentrelated pieces of information that together convey a distinct mean-
ing. An aggregate core component is defined on a context indepen-
dent level and is identified by its object class term, e.g., the caption
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of the core component consignment item in Figure 4.2 is the object
class term. Additionally, CCTS mandates that an object class term is
followed by a dot, a space character, and the suffix Details. This re-
sults in a dictionary entry name (DEN), which must be unique for the
core component library, the core component is part of. The full dic-
tionary entry name for a consignment item core component is thus:
ConsignmentItem. Details

4.2.2 Basic Core Component (BCC)

A basic core component represents a property of an aggregate core Basic Core

Componentcomponent. Figure 4.3 gives an overview of the naming conventions
for basic core components. It shows the aggregate core component
consignment item and its basic core components, which were intro-
duced in Figure 4.2.

Figure 4.3

Basic core component

naming conventions
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ConsignmentItem. Details

BCC
ConsignmentItem. Identification. Identifier

BCC
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Identification. IdentifierConsignmentItem de t cat o de t e

Property Term Representation Term
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Core Data Type
Identifier. Type

A basic core component consists of a basic core component prop-
erty (BCC property) plus the object class term of the parent aggregate
core component (ACC). A BCC property itself consists of a property
term and a representation term. A representation term represents
the core data type of a basic core component. Note that a basic
core component property is reusable across different object classes
(e.g., Identification. Identifier). However, once it has been given
the object class of a parent ACC, it becomes a basic core compo-
nent that is unique to the object class to which it is assigned (e.g.,
ConsignmentItem. Identification. Identifier). The name of a
basic core component must be unique within all basic core compo-
nents of a given aggregate core component. In data modeling terms,
a basic core component is a UML class attribute. In contrast, a core
data type is realized as a self-contained class. This class is used to
set the type of the class attribute, representing the basic core compo-
nent.

4.2.3 Association Core Component (ASCC)

An association core component (ASCC) defines an association be- Association Core

Componenttween one aggregate core component (the associating ACC) and an-
other aggregate core component (the associated ACC). Similar to a
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basic core component, an association core component consists of an
ASCC property plus the object class term of the parent ACC. Fig-
ure 4.4 gives an overview of the naming conventions for association
core components. The associated object class term represents a com-
plex data type that defines the value domain of the ASCC. Similar to
BCC properties, an ASCC property is reusable across object classes
(e.g., Delivery. Party). However, once it has been assigned to a cer-
tain ACC object class term, it becomes an association core component
(e.g., ConsignmentItem. Delivery. Party). The name of an asso-
ciation core component must be unique within all association core
components of a given aggregate core component. In data modeling
terms, an association core component is equivalent to a UML associ-
ation with aggregation kind = shared.

Figure 4.4
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4.2.4 Core Data Types

We already outlined that core data types are used to set the value Core data types

domain of basic core components (= attributes of an aggregate core
component). Data types in the context of the core component stan-
dard have a different notion as they have in classic programming
languages. The concept of core data types goes beyond simple data
types such as double, float, etc. and provides a mechanism divided
into actual content and additional meta-information. As shown in
Figure 4.5, the core data type identifier has exactly one content
component (CON) and multiple supplementary components (SUP). In
the domain of core data types, a content component holds the actual
information (e.g., AT) and supplementary components provide addi-
tional meta information (e.g., scheme identifier = 3166-1, scheme ver-
sion identifier = 1.0, scheme agency identifier = ISO). This indicates
that the identifier is a ISO 3166-1 country code identifier.

Figure 4.5
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A core data type always has the suffix .Type, to distinguish core
components from core data types. Figure 4.6 gives an overview of the
naming conventions for core data types.

Figure 4.6
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The actual name of a core data type is referred to as data type
term. As already outlined, a core data type has exactly one content
component attribute and zero to many supplementary component at-
tributes. The content component of a core data type consists of a
data type term and a property term. The data type term is the name
of the core data type without the suffix .Type. The property term of
a content component must always be named Content and has an al-
lowed value domain defined using primitive types. UN/CEFACT has
released a finite set of allowed primitive types in the UN/CEFACT
Data Type Catalogue [169], shown in Figure 4.7. A supplementary
component consists of a data type term plus a property term and a
representation term. The value domain of each representation term
is also defined using primitive types.

Figure 4.7
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A business document modeler may further restrict a primitive
type using a code list or an identifier scheme. A code list represents
an enumerated set of values, restricting a certain primitive type. An
example for a code list are currency or country codes, restricting ei-
ther a Token, String or Normalized String primitive type. Thus, code
lists provide a finite set of values, which are allowed for a certain con-
tent or supplementary component. In contrast to a code list, an iden-
tifier scheme prescribes production rules, based on a certain primi-
tive type. An example for an identifier scheme is the European bank
account number identifier scheme, prescribing exactly how certain
characters must be composed to a String value, to comply with the
requirements of a European bank account number. In contrast to a
code list, the values of an identifier scheme are typically not enumer-
ated.

In data modeling terms, a core data type is equivalent to a UML
class. Content components and supplementary components are re-
alized as class attributes. Likewise, primitive types and identifier
schemes are realized as UML classes as well. An enumeration is
defined using the UML built-in type enumeration.
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4.3 Business Information Entities

If core components are used in a certain business context, they be- Putting core

components in a

business context

come business information entities. The key difference between core
components and business information entities is the concept of a
business context. Using a business context, a given core component
may be refined according to requirements of a particular data model
or business circumstance. Consequently, business information enti-
ties are always derived from an underlying core component by re-
striction. This implies that a business information entity must not
contain any attributes or associations, which have not been defined in
the underlying core component. Consequently, the structure of core
components and business information entities is complementary in
many respects.

Similar to the concept of core components, business information
entities distinguish between three different elementary types. Ta-
ble 4.3 gives an overview of the business information entity concepts.
An aggregate business information entity (ABIE) is used to aggregate
simple object properties. Simple object properties are depicted using
the concept of basic business information entities (BBIE). The value
domain for a given basic business information entity is defined using
the concept of business data types (BDT). Dependencies between dif-
ferent business information entities are denoted using the concept of
association business information entities (ASBIE).

Table 4.3

Business information

entity concepts

Property type Business information Entity equivalent
Object type Aggregate Business Information Entity (ABIE)
Simple property Basic Business Information Entity (ABIE)
Simple property data type Business Data Type (BDT)
Complex property ASsociation Business Information Entity (ASBIE)

Figure 4.8 extends the example from Figure 4.2 and shows two
aggregate business information entities waste_ consignment item and
waste_ party. Note that the business information entities in Figure
4.8 restrict the underlying core components to the business context
of the waste management domain. Business context is indicated by
qualifiers. Qualifiers are put in front of the object class term of a
business information entity and are separated by underscore char-
acters. In the example, shown in Figure 4.8, the qualifier waste_ is
used.

The aggregate business information entity waste_ consignment

item has two basic business information entities namely waste_ -

identification and waste_ net weight. Each basic business infor-
mation entity has an assigned business data type, defining its value
domain. The basic business information entity waste_ net weight

has the business data type waste_ measure. Note that there is a sim-
ilar relationship between business data types and core data types, as
there is between business information entities and core components.
Each business data type must be derived from a core data type by
restriction. Thus, a business data type must not contain any content
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or supplementary components, which have not been defined in the
underlying core data type.

Figure 4.8
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Additionally, waste_ consignment item has exactly one associa-
tion business information entity waste_ delivery, pointing to the ag-
gregate business information entity waste_ party. Thus, it is indi-
cated that a waste_ consignment item has a waste_ delivery party,
to which the consignment is delivered. Note that the association core
component dispatch is not considered in the aggregate business in-
formation entity waste_ consignment item.

The strong dependency between business information entities Dependency between

core components and

business information

entities

and their underlying core components is emphasized in Figure 4.8.
Essentially, a business information entity is always a specialization
of a core component and every business information entity may be
traced back to its underlying core component. As indicated by the
based on dependencies, an aggregate business information entity is
based on an aggregate core component. Consequently, all basic busi-
ness information entities, contained in an aggregate business infor-
mation entity, are based on the basic core components, contained in
the aggregate core component, the aggregate business information
entity is based on. It follows that, for instance, a waste_ identifier

is based on an identifier, etc. Also shown in Figure 4.8 is the
based on dependency between association business information enti-
ties and association core components. Implicitly shown in Figure 4.8
is the dependency between core data types and business data types,
i.e., the business data type waste_ identifier is based on the core
data type identifier.

In the following we briefly introduce the naming conventions for
business information entities.

4.3.1 Aggregate Business Information Entity (ABIE)

As already outlined before, an aggregate business information en- Aggregate Business

Information Entitytity is derived from an aggregate core component by restriction. In
contrast to an aggregate core component, the aggregate business in-
formation entity is defined for a specific context. For this reason, an
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aggregate business information entity is identified by a qualifier and
its object class term followed by a dot, a space character, and the suf-
fix Details. Consider Waste_ ConsignmentItem. Details in Figure
4.8. This rule implies that waste_ is the qualifier and consignment

item is the object class term. Note that an ABIE may be qualified on
the object class level and its properties (basic business information
entities and association business information entities) may be quali-
fied at the property term level. In data modeling terms, an aggregate
business information entity is equivalent to a UML class.

4.3.2 Basic Business Information Entity (BBIE)

A basic business information entity represents a basic core compo- Basic Business

Information Entitynent, used in a certain business context. Thereby, a basic business
information entity serves as a property of an aggregate business in-
formation entity. Figure 4.9 gives an overview of the naming conven-
tions for basic business information entities. It shows the aggregate
business information entity waste_ consignment item and its basic
business information entity waste_ identification, which were in-
troduced in Figure 4.8.

Figure 4.9
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A basic business information entity consists of the object class
term of the parent ABIE plus a basic business information entity
property (BBIE property). The property term of the BBIE property
may be qualified using a qualifier. The representation term of the
BBIE property represents the business data type of a basic busi-
ness information entity. Note that like their BCC property coun-
terparts, BBIE properties are reusable across object classes (e.g.,
waste_ identification. waste_ identifier). However, once they
have been given the object class term of a parent ABIE, they become
unique BBIEs (e.g., waste_ consignment item. waste_ identifica-

tion. waste_ identifier). In data modeling terms, a basic busi-
ness information entity is equivalent to a UML attribute.

4.3.3 Association Business Information Entity (ASBIE)

An association business information entity represents a complex prop- Association Business

Information Entity
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erty of an aggregate business information entity (associating ABIE).
Accordingly, the ASBIE represents the structure of another ABIE –
the associated ABIE. An ASBIE is based on an ASCC, but exists in a
certain business context. Figure 4.10 gives an overview of the nam-
ing conventions for association business information entities. Similar
to the concept of an ASCC, an ASBIE consists of the object class term
of the parent ABIE plus an ASBIE property. An ASBIE property
is reusable across different aggregate business information entities
(e.g., waste_ delivery. waste_ party). However, once it has been
assigned to a certain ABIE object class term, it becomes an asso-
ciation business information entity (e.g., waste_ consignment item.

waste_ delivery. waste_ party). Similar to a BBIE property, the
property term of the ASBIE property may be qualified. In data mod-
eling terms, an association core component is equivalent to a UML
association with aggregation kind = composite or aggregation kind =
shared. The distinction between the two different aggregation kind
types is relevant for the generation of XML Schema artifacts from
core component definitions.

Figure 4.10
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It has already been shown that business information entities may
impose several restrictions on their underlying core component coun-
terparts. In the following the allowed restrictions are summarized.

4.3.4 From core components to business information

entities

We outlined that a business information entity is created from a core Deriving business

information entities

from core

components

component by restriction, but never by extension. An aggregate busi-
ness information entity may reflect restrictions on the content model
of an aggregate core component in several ways. In the following
we outline the most important restrictions using the example from
Figure 4.8.

o Basic business information entities and association business in-
formation entities may place restrictions on the cardinality of
BCCs and ASCCs. The cardinality of the association core com-
ponent delivery is [1..*], but the derived association business
information entity waste_ delivery has cardinality 1.

o Aggregate core components may optionally include ASCC prop-
erties and BCC properties. The aggregate core component con-
signment item has two association core component properties
namely delivery and dispatch. However, the derived aggre-
gate business information entity waste_ consignment item only



4.3 Business Information Entities 54

contains one association business information entity property
waste_ delivery. Additionally, the basic core component party
contains multiple basic core component properties. The derived
waste_ party, however, only contains two – waste_ identifica-

tion and waste_ name.
o Business information entities may use optional qualifiers on

their underlying ACCs as well as ASCC properties and BCC
properties. All business information entities are qualified using
the waste_ qualifier. This indicates that the business informa-
tion entities are used in the waste management domain. ASCC
properties and BCC properties may have different qualifiers ap-
plied. This might result in an ABIE having a greater number
of qualified BBIEs than the underlying ACC has unqualified
BCCs. However, this is still considered a restriction, since each
BBIE represents a restriction to the underlying BCC. Addition-
ally, ASCC properties and BCC properties may have multiple
qualifiers applied, resulting in a qualifier hierarchy. Each addi-
tional qualifier reflects a further restriction to its less qualified
BIE property. E.g., the BBIE european_ waste_ identification

would be a further restriction of the BBIE waste_ identifica-

tion.
o Business information entities may impose restrictions on the

content model of an associated ACC for an ASCC. The asso-
ciated aggregate core component for the association core com-
ponent delivery is party. The core component party contains
multiple attributes. In the derived business information en-
tity, however, waste_ party only contains two attributes. Thus,
the content model of the association business information en-
tity waste_ delivery has changed in comparison to the content
model of the underlying association core component delivery.

o Business data types of a basic business information entity (BBIE)
may restrict the core data type of a basic core component (BCC).
All basic business information entities use different data types
than their underlying basic core component counterparts. These
data types are referred to as business data types.

4.3.5 Business Data Types

Business data types are used to set the value domain of basic busi- Business data types

ness information entities. For every core data type, approved in the
UN/CEFACT Core Component Data Type Catalogue [169], an un-
restricted business data type is created. These default business data
types do not have any restrictions on the values of their source CDTs’
content and supplementary components. A business document mod-
eler may use the predefined business data types, imposing no restric-
tions on the underlying core data type, or create his own, restricted
business data types. The relationship between core data types and
business data types is similar to the relationship between core com-
ponents and business information entities. A business data type may
only be derived from a core data type by restriction. Thus, the re-
striction represents a qualification of the BDT similar to the quali-



4.4 Core Component Library 55

fication of business information entities. As shown in Figure 4.11,
the business data type waste_ identifier is based on the core data
type identifier. Note that the business data type does not use all
supplementary components of the underlying core data type.

Figure 4.11
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Similar to core data types, content components and supplemen-
tary components also have value domains. For content components
and supplementary components this value domain may be expressed
using primitive types, code lists, or identifier schemes. The identi-
fier schemes or code lists used for the attributes of a business data
type must be a subset of the identifier schemes or code lists, used for
the attributes of the core data type, the business data type is based
on. E.g., a country code list comprising all country codes in the world
may be defined for the content component of a core data type. A busi-
ness data type, derived from this core component, may now restrict
the country code list to European countries only. The same principle
applies for identifier schemes and primitive type restrictions.

Figure 4.12
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The naming conventions of business data types are very similar
to the naming conventions of core data types. Figure 4.12 gives an
example for the business data type introduced in Figure 4.11. Note
that business data types may be qualified on the data type term level
only. In contrast, supplementary components and content compo-
nents may not be qualified. Furthermore, qualifiers may be applied
to identifier schemes and code lists in order to denote restrictions.

4.4 Core Component Library

Based on the technical foundations, defined in the Core Component Providing a global

core component

resource

Technical Specification (CCTS), UN/CEFACT maintains a Core Com-
ponent Library (CCL) [173]. Based on the core components stored in
the core component library, business document modelers may create
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their own, context specific business information entities. In case a
certain core component is missing in the library, a request for inclu-
sion of a new core component may be submitted to UN/CEFACT. A
dedicated core component harmonization group within UN/CEFACT
examines every core component submission. In case the submission
is valid and does not overlap with existing core components, the new
core component is included in the UN/CEFACT core component li-
brary. Usually UN/CEFACT releases new versions of the core com-
ponent library twice a year. In general, the core component library
serves as the normative reference to every core component modeler,
and each business information entity created for a specific business
context must be based on a respective core component from the li-
brary. A business document modeler may still decide to create his
own core components. However, in this case the compatibility to the
global core component library is lost.

The Core Component Library of UN/CEFACT is based on the cur- Current issues with

the Core Component

Library

rent Core Component Technical Specification 2.01. Since core com-
ponents based on the 2.01 specification are incompatible with core
components based on the 3.0 specification, it follows that all core
components defined in the library are incompatible with the CCTS
3.0 specification. The adaption of the current Core Component Li-
brary to guarantee compatibility to the latest CCTS release is still an
open issue. Additionally, the Core Component Library is maintained
using a regular spread sheet. Thus, efficient tool-based lookup and
maintenance of the Core Component Library is difficult.

4.5 Final assessment

In this Chapter we gave an overview of the essential concepts of the
Core Components Technical Specification (CCTS) 3.0. We outlined
the basic building blocks of the standard, represented by core compo-
nents. Consequently, we elaborated on business information entities,
which are core components used in a certain business context.

We conclude that core components represent one of the most ma- Implementation

neutrality as an

obstacle towards

broad standard

di�usion

ture approaches towards the definition of business document related
data. Since core components are standardized in an implementa-
tion neutral manner, they provide a maximum of flexibility. However,
this implementation neutrality is also the greatest obstacle towards
a broad diffusion of the standard. Only if the core component stan-
dard may be employed in an easy manner in every day business life, a
broad adoption of the standard is possible. In this thesis we have de-
veloped three reference implementations for core components, help-
ing business document modelers to employ core component concepts
in real world application scenarios. Figure 4.13 gives an overview
of the three reference implementations, we provide for core compo-
nents.

As shown in Figure 4.13, we transfer the implementation neutral
core component technology on three different technologies namely (1)
the Unified Modeling Language (UML), (2) a Domain-Specific Lan-
guage (DSL), and (3) Web Ontology Language (OWL). Chapter 5 of
this thesis introduces the UML Profile for Core Components and
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Figure 4.13
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Chapter 6 shows how core components may be used with Domain-
Specific Languages. In Chapter 7 we show how core component con-
cepts may be mapped to Semantic Web concepts, using a Web Ontol-
ogy Language (OWL) reference implementation.

Apart from the implementation neutrality of core components, a Missing Core

Component Library

implementation

missing implementation of an easy to use Core Component Library
is another obstacle towards a broad diffusion of the standard. The
current spread sheet-based library is difficult to integrate in existing
applications. Furthermore, an appropriate versioning of core compo-
nents in the core component library and the maintenance of company
or industry specific subsets of the library are difficult. We further de-
tail these issues and a potential solution in Chapter 9.

Within the business document standardization community the Critical remarks on

the core component

approach

core component approach is subject to some controversy. Generally,
the Core Component Technical Specification (CCTS) provides a sound
agreement on a business document meta-model with a broad and
flexible focus. However, several critics argue that the CCTS is over-
specified and, thus, broad acceptance of the standard may not be ach-
ieved. The main reasons for these arguments are the flexible mech-
anisms in regard to the use of ASCC properties and BCC properties
and their business information entity counterparts ASBIE proper-
ties and BBIE properties. An ASCC property or BCC property may
be used in any ACC, leading to a potentially uncontrolled structure.
The argument of the opponents is to abolish the concept of ASCC and
BCC properties and use only ASCCs and BCCs instead.

Furthermore, the necessity of mandatory ASCC properties on
which ASBIE properties must be based on, is a further issue several
critics complain about. In particular in the Core Component Library
(CCL), ASCCs create quite complex structures. The opponents of AS-
CCs propose to generally abandon the ASCC concept, and allow for
arbitrary associations between different aggregate core components
instead.
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5 A UML Pro�le for Core

Components

In the previous Chapter we have introduced the basic concepts of
the Core Components Technical Specification (CCTS) [170]. We out-
lined that the implementation neutrality of the specification is one
of the greatest obstacles towards a broad diffusion of the standard.
To overcome this obstacle, an easy to use implementation format for
core components has to be found. Furthermore, efficient tool support
is crucial for a broad acceptance of the standard definition.

In this Chapter we introduce the UML Profile for Core Compo- Leveraging UML

modeling bene�ts for

Core Components

nents (UPCC) [172]. The UML Profile maps implementation neutral
core component concepts to a formal UML model. As a result, a busi-
ness document modeler assembles UML-based core component mod-
els with any UML modeling tool of choice, which leverages several
benefits. Generally, UML-based core component models are easier
to communicate between developers, than for instance XML-based
document representations. Additionally, a UML-based business doc-
ument model may also be discussed with non-technical stakeholders.
Finally, a UML-based business document model may serve as the ba-
sis for the derivation of deployment artifacts, such as XML Schema.
The generated XML Schema files are used to configure the business
document interfaces of the business partners’ IT systems, engaged in
a B2B interaction.

The remainder of this Chapter is structured as follows: Section
5.1 explains the motivation for the UML Profile for Core Components.
In Section 5.2 we introduce the conceptual basics of the UML Profile
for Core Components and Section 5.3 shows a real world application
of the UPCC, using the accompanying waste management example.
Section 5.4 concludes the Chapter with a final assessment.

5.1 Introduction

Our business document standard survey in Chapter 3 has shown Implementation

neutrality is an

obstacle towards

broad di�usion of

core components

that among all different business document standardization efforts,
the Core Components Technical Specification (CCTS) is one of the
most promising ones. Currently, core components are standardized
using regular spread sheets, thus obstructing integration into model-
ing tools. To allow for a broad adoption of the standard, we developed
the UML Profile for Core Components (UPCC) and consequently sub-
mitted it to UN/CEFACT for standardization. The first version, UML
Profile for Core Components 1.0 [167], was based on the Core Compo-
nents Technical Specification 2.01 [164]. When UN/CEFACT started
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to develop the Core Components Technical Specification 3.0 [170], we
decided to update the profile definition accordingly. This resulted in
the newest version: UML Profile for Core Components 3.0 [172], on
which this Chapter is based on.

In principle any representation format of choice may be chosen Formalizing Core

Components using a

UML Pro�le

for core component artifacts. We decided to adapt the Unified Model-
ing Language (UML) [129] for conceptual core component modeling,
due to its broad user community and tool support. In contrast to reg-
ular and predefined UML model types, such as class diagrams, activ-
ity diagrams, etc., a UML Profile imposes a set of tighter restrictions
on the UML meta-model. Thereby, a UML Profile tailors the generic
UML meta-model to the specific needs of a certain domain – in our
case the domain of core component based business document model-
ing. Usually, a UML Profile consists of a set of stereotypes, tagged
values, and OCL (Object Constraint Language) constraints. As a re-
sult, a business document modeler may only use a predefined set of
artifacts and associations for modeling – exactly those as defined in
the UML Profile.

Since the conceptual, UML-based core components models shall Ensuring core

component model

validity with the

UPCC

be used for the derivation of XML Schema deployment artifacts, it is
imperative that each model follows strict constraints. The different
stereotypes, tagged values, and OCL constraints as defined in the
UML Profile for Core Components, provide the technical foundation
for a formal core component model. Based on the constraints in the
UML Profile definition, validation routines may be implemented, en-
suring model validity against the core component standard. Thus,
valid models may be provided, which are the basis for the derivation
of deployment artifacts, i.e., XML Schema files. Without the UML
Profile for Core Components, business document modelers would cho-
ose arbitrary representation formats for core components. Even if
these representation formats are based on UML, no unique format
may be provided. Thus, any transformation to a unique XML Schema
representation is very likely to fail. The UML Profile helps to close
this gap by ensuring model validity, and enables transformation to
unique XML Schema representations. Eventually, these XML Schema
representations may be used to configure service interfaces for IT
systems in a SOA context.

Additionally, conceptual business document models are easier Conceptual models

are easier to

communicate between

business partners

to communicate between different business partners. In particular
in the volatile domain of business-to-business electronic commerce,
business partnerships are likely to change. Each new business trans-
action is preceded by a negotiation process, with the goal to agree
upon on a common process choreography and business document for-
mat. In general, the negotiation process is easier using conceptual
models, depicting requirements in a graphical manner.

In particular when creating business information entities from Introducing the

VIENNA Add-Incore components, a business document modeler is confronted with
several repetitive tasks. To relieve a business document modeler
from these tasks, we have implemented an open-source tool called VI-
ENNA Add-In (Visualizing Inter-ENterprise Network Architectures)
[180]. The VIENNA Add-In is an extension of the UML modeling tool
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Enterprise Architect and supports a business document modeler in
creating and validating Core Component models, based on the UML
Profile for Core Components. Furthermore, the Add-In provides sup-
port for UN/CEFACT’s Modeling Methodology (UMM) [174], which
we introduce in Chapter 12. In the following we introduce the basic
concepts of the UML Profile for Core Components using the accompa-
nying waste management example. Furthermore, we outline where
the VIENNA Add-In may be employed to relieve a business document
modeler from repetitive modeling tasks.

5.2 UPCC � A UML Pro�le for Core

Components

As indicated in the introduction, core components are standardized A unique

representation for

core components

independent of any business context or specific syntax, using regular
spread sheets. The Core Components Technical Specification (CCTS)
defines its own MOF-like (Meta-Object Facility [128]) meta-model as
we already outlined in Chapter 4. However, this MOF-like meta-
model is entirely independent of the UML meta-model. To overcome
these limitations, we have developed a unique and easy to use rep-
resentation format for core components, which resulted in the UML
Profile for Core Component (UPCC) 3.0 standard. Figure 5.1 gives
an overview of the different stereotypes used in the UPCC. Since the
full names of the stereotypes are quite long, abbreviations have been
used. Stereotypes representing modeling artifacts are presented us-
ing a black background. In UPCC, modeling artifacts are structured
using the concept of packages. In the UPCC meta-model these pack-
ages are shown with a white background. In the upper right corner
of each stereotype the underlying UML concept is shown, which the
stereotype extends, e.g., an aggregate core component (ACC) extends
Class.

The main goal of the UPCC standard is the precise and unam-
biguous representation of core components in UML. We built the
UML Profile on the naming conventions of the original Core Com-
ponents Technical Specification. Thus, readers may easily find the
necessary associations to the original core component concepts, in-
troduced in Chapter 4.

The very basic stereotype is a primitive type (PRIM). A primitive Primitive types, codes

lists, and identi�er

schemes

type is used to express basic types such as String or Integer. The
primitive type stereotype extends the built-in UML type DataType.
Currently, the UN/CEFACT Data Type Catalogue [169] defines eleven
predefined primitive types. A business document modeler may de-
fine restrictions on a primitive type, such as the maximum length of
a String or the allowed fractional digits of a decimal type, using the
concept of facets. The allowed facets per primitive type are also de-
fined in the Data Type Catalogue and are realized in the UML Profile
using tagged values.

In general the allowed set of values of a primitive type may be
restricted using two different concepts: enumeration types and iden-
tifier scheme types.
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Figure 5.1

UPCC meta-model
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An enumeration (ENUM) is used to restrict a primitive type to a Enumeration type

specific set of allowed values. Hence, the business document modeler
may restrict a primitive type to a specific set of values, e.g., ISO 3166
[76] for valid country codes. In UPCC an enumeration is a special-
ization of a primitive type and is represented using the UML con-
cept of an enumeration. Each enumeration contains one to many
CodeListEntry attributes.

In addition to an enumerated restriction, a business document Identi�er scheme type

modeler may also chose to define an identifier scheme (IDSCHEME)
for a primitive type. An identifier scheme defines a set of production
rules for a given primitive type. E.g., a String value may be restricted
to represent only valid bank account numbers, using a regular ex-
pression. Typically, the values generated by an identifier scheme are
not enumerated. In UPCC an identifier scheme is represented as a
specialization of a primitive type and is based on the built-in UML
type DataType.

In contrast to primitive types, enumerations, and identifier sche- Core Data Types

mes, a core data type (CDT) may express a more meaningful type.
Core data types are modeled using UML classes, consisting of mul-
tiple attributes. Thereof, exactly one attribute is stereotyped as con-
tent component (CON) and multiple attributes may be stereotyped
as supplementary components (SUP). The content component repre-
sents an atomic value and supplementary components are used to
provide meta information about the content component. An example
core data type might for instance be measure. The content compo-
nent contains the decimal number 12.2. The additional supplemen-
tary component unit code identifies the unit of measure, e.g., Cel-
sius, Fahrenheit, etc. UML requires that each attribute of a class
has a certain type. In case of content components and supplemen-
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tary components, the valid types are primitive type (PRIM) and its
specializations enumeration type (ENUM) and identifier scheme type
(IDSCHEME). UN/CEFACT defines a finite set of allowed core data
types in the UN/CEFACT Data Type Catalogue [169]. For each con-
tent component and supplementary component of a CDT, the cata-
logue defines the allowed primitive types.

As already outlined in the introduction to core components, ag- Core Components

gregate core components (ACC) are modeled using UML classes. The
attributes of an aggregate core component are stereotyped as BCC
and are called basic core components. A BCC attribute has a cer-
tain type called core data type (CDT). For a connection of different
aggregate core components it is possible to use the concept of a UML
composition stereotyped as association core component (ASCC). By
definition, every ASCC must have a source and a target, which is of
type ACC.

If a core data type is used in a certain business context, it be- Business Data Types

comes a business data type (BDT). Each business data type must be
based on one of the approved core data types, defined by UN/CE-
FACT. This strong relationship is maintained using a basedOn de-
pendency, leading from a business data type to its underlying core
data type. Analogous to the concept of a core data type (CDT), a
business data type (BDT) consists of exactly one content component
(CON) and multiple supplementary components (SUP), which follow
the same purpose as they do in a core data type. Similar to a core
data type, content components and supplementary components of a
BDT are typified using primitive types (PRIM) and its two special-
izations enumeration (ENUM) and identifier scheme (IDSCHEME).
Note that a PRIM, IDSCHEME, or ENUM of a BDT must be a subset
of the respective PRIM, IDSCHEME, or ENUM used to set the con-
tent component or supplementary component of the underlying CDT.
This is in accordance with the general core component paradigm of
restriction.

Similar to the concept of core components, an aggregate business Business information

entitiesinformation entity (ABIE) is modeled using a UML class. It consists
of several attributes, which are stereotyped as basic business infor-
mation entities (BBIE). Each BBIE has a certain type called business
data type. Different aggregate business information entities may be
assembled to a more complex data representation using UML com-
positions or UML aggregations, stereotyped as association business
information entities (ASBIE). Each ASBIE composition/aggregation
must have exactly one ABIE as source and one ABIE as target.

So far the different modeling artifacts have been explained. The Grouping artifacts in

packagesUML packages, used to group the artifacts, are shown with a white
background in Figure 5.1. Consequently, each package aggregates
a certain type of artifact or is itself aggregated by another package.
Two packages play a particular role: business document library (DO-
CLibrary) and business library (bLibrary). A DOCLibrary, shown on
the lower right hand side of Figure 5.1, is used to aggregate different
message assemblies (MA). A message assembly is used to aggregate
different self-contained aggregate business information entities to a
business document. In order to connect a message assembly to an
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aggregate business information entity, or different message assem-
blies with each other, the concept of an association message assembly
(ASMA) is used. Each DOCLibrary represents exactly one type of
business document and thus exactly one DOCLibrary is created for
each business document.

The different packages of a UPCC model are aggregated in a bLi-
brary. Hence, a business document modeler constructs all necessary
business documents of a given business collaboration in exactly one
business library, which may be integrated in an inter-organizational
business process model. Thereby, the business process model speci-
fies the exact exchange order of the different business documents. We
further detail the integration of inter-organizational business pro-
cess models and business document models in Chapter 12. Having
clarified the basic concepts of the UML Profile for Core Components,
the following Section introduces the accompanying example from the
waste management domain.

5.3 UML Pro�le for Core Components by

example

In Figure 5.2, the example package structure of a business document UPCC example from

the waste

management domain

model using the UML Profile for Core Components (UPCC) is shown.
The presented scenario has been taken from a waste management
scenario, which was introduced in Chapter 2. At the bottom of Figure
5.2, four different business documents are shown, stereotyped as In-
fEnvelope: certificate of waste receipt form, waste movement ac-

cepted form, waste movement rejected form, and waste movement -

form envelope.
In the following we outline how the example business document

waste movement form envelope is created using the UPCC. The model
shown in Figure 5.2 denotes the relevant UPCC packages, already
embedded in a business process choreography model, based on UN/CE-
FACT’s Modeling Methodology (UMM). Note the three central views
business requirements view (bRequirementsV), business choreogra-
phy view (bChoreographyV), and business information view (bInfor-
mationV) on top of Figure 5.2, belonging to the process choreography
perspective. We further elaborate on choreography aspects and the
integration of business document models therein in Chapter 12. In
the following we concentrate on the business document perspective.

We assume that a waste movement form envelope is exchanged
between an exporter, export authorities, import authorities, as well
as the importer. A waste movement form envelope consists of sev-
eral waste movement forms. Waste movement forms contain one to
many consignments, each representing a waste consignment. Thus,
the first task of a business document modeler is to search for an
appropriate core component representation of a consignment in the
Core Component Library, maintained by UN/CEFACT [173]. There
is indeed a core component consignment, and we therefore build our
following example around this core component.

Figure 5.3 shows a simplified version of the core component con- Introducing the

example
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Figure 5.2

UPCC example

package structure

A

B
CC
D
E
F
G

signment with its association core component properties and basic
core component properties as defined in the core component library
of UN/CEFACT. A consignment has zero to many consignment items.
Every consignment item has one or more importation and export

countries, as shown on the right hand side of Figure 5.3. Addition-
ally, zero to many transit countries may be specified by the busi-
ness document modeler. Each consignment item has zero or more
physical shipping marks, identifying the consignment item. A ship-

ping mark may include either a bar code, or a radio frequency iden-

tification (RFID) tag, or both. Furthermore, each consignment item

has zero to many despatch parties and zero to many delivery part-

ies. In the final business document model, core components are ag-
gregated in core component libraries (CCLibrary). Compare mark A
in Figure 5.2 and 5.3 to find the matching package in the business
document model overview.

As shown in Figure 5.3, association core components (ACC) are Core components in

actionrepresented as classes. Basic core component properties (BCC prop-
erties) are represented by class attributes and the type of the class
attribute. Remember that a basic core component property consists
of a property term and a representation term. We take the first at-
tribute from the ACC consignment item in Figure 5.3 as example:
identification = property term, identifier = representation term.
Together the property term and the representation term are the BCC
property. Since the BCC property is part of the ACC consignment

item, it becomes a basic core component (BCC).
Note that due to the nature of a UML class attribute and the BCC properties are

not considered in the

UPCC

lack of support by the multitude of UML tool vendors, it is difficult to
correctly represent BCC properties in a self-contained manner with
the UML Profile for Core Components. In most UML modeling tools
a class attribute cannot exist without its embracing class. Therefore,
a basic core component property often cannot be explicitly modeled.
However, we may use tools to extract the attribute definitions from
aggregate core components to indicate reusable BCC properties. As a
consequence UPCC does not make a distinction between BCC prop-
erties and BCCs, but uses only BCCs.
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Figure 5.3
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Association core component properties (ASCC properties) are rep- ASCC properties are

not considered in the

UPCC

resented by association role names and the name of the class, the
association is pointing to. Because each association core component
property is part of an aggregate core component (ACC), it becomes an
association core component (ASCC). We take the first association of
the ACC consignment item on the upper right hand side of Figure 5.3
as example: importation = property term, country = associated ag-
gregate core component object class term. Together the property term
and the name of the associated aggregate core component are the as-
sociation core component property. Similar to basic core component
properties, we cannot explicitly model association core component
properties due to limitations in UML modeling tools, i.e., an asso-
ciation may only exist if there is a source and a target class. Thus,
the UPCC does not make a distinction between ASCC properties and
ASCCs, but uses only ASCCs. Similar to BCC properties, tools may
be used to extract ASCC property definitions from ASCCs.

We already outlined that the representation term of a basic core Core data types in

actioncomponent is actually the core data type of the basic core component.
Remember that core data types are used to set the value domain of
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a specific basic core component. In the UML Profile for Core Com-
ponents, core data types are assembled in core data type libraries
(CDTLibrary). Figure 5.4 gives an overview of the core data types,
which have been used in the different core components in Figure 5.3.
The core data types in Figure 5.4 comply with the core data types
as defined in the UN/CEFACT Data Type Catalogue [169]. Whereas
the Data Type Catalogue only specifies the different data types using
a regular text document, the UML representation denoted in Figure
5.4 may be easily exported and imported from different UML tools
and reused in different core component models.

Figure 5.4
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As already outlined, each core data type (CDT) contains exactly
one content component (CON) and zero to many supplementary com-
ponents (SUP). The value domains of content and supplementary
components are set, using the concept of primitive types (PRIM), enu-
meration types (ENUM), and identifier schemes (IDSCHEME). In the
following, we examine the representation of the three different arti-
facts using the UPCC.

UN/CEFACT also publishes a set of allowed primitive types as Primitive types in

actionpart of the Data Type Catalogue. Figure 5.5 shows the UML rep-
resentation from the waste management example for the different
primitive types.

Primitive types are denoted using UML data types. The value
domain of a primitive type may be additionally restricted using the
concept of facets such as minimum inclusive, maximum inclusive, etc.
Facets are realized using tagged values and are directly attached to
the stereotype. Figure 5.6 shows a cut-out from the UPCC meta-
model.

A primitive type stereotype is defined as an extension of the UML
build-in type DataType. Note the different tagged values, which are
attached to the primitive type definition. Among the different tagged
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Figure 5.5
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values some are reserved for facet definitions (e.g., maxLength, maxIn-
clusive, etc.). The UML Profile for Core Components enforces the
correct application of the different tagged values to the different prim-
itive types using OCL constraints. E.g., a totalDigits pattern must
not be applied to a String primitive type. The exact definition, which
facet may be applied to which primitive type, is also defined in the
Data Type Catalogue of UN/CEFACT. In a UPCC model, a primitive
type library (PRIMLibrary) covers all primitive types.

Enumerations (ENUM) are used to restrict the allowed values Enumerations in

actionof a primitive type to an enumerated set of values. Typically, enu-
merations represent code lists, defined by different schema agencies.
Using the UML Profile for Core Components, the business document
modeler may either define his own code list or refer to a predefined
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list. Figure 5.7 shows two exemplary enumerations ISO4217A and
UN/CEFACT 63055.

Figure 5.7

Enumeration type

library example
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+ ... = ...

The first enumeration is defined by the business document mod-
eler and represents a list of allowed currency codes. The currency
code definitions are used for the supplementary component currency
code in the core data type amount, shown on the upper left hand side
of Figure 5.4. The decision, whether to use a predefined list of val-
ues or to define a new list, depends of the application domain of the
enumeration type. In case of the ISO currency code, we may assume
a scenario where we would like to have a list of all currency codes,
except for those currencies, used in South America. Since such a list
is not provided by ISO, a business document modeler has to define a
new list as shown by the enumeration ISO42173A in Figure 5.7. An-
other option, a business document modeler may chose, is to restrict
an existing country code list.

In case the business document modeler wants to use a prede- Reusing enumerations

fined list of values, the UML Profile for Core Components offers the
possibility to point to an existing code list. The second enumeration
– UN/CEFACT 63055 in Figure 5.7 – represents a list of allowed agency
identification codes. Note that the enumeration itself does not con-
tain any user-defined values, but instead points to an existing code
list, using the tagged value enumerationURI, shown at the bottom of
Figure 5.7. Additionally, UPCC offers the possibility to combine two
or more code lists to a new union of code lists. For this purpose
UML aggregations are used between different enumeration defini-
tions. Enumerations are defined in enumeration library (ENUMLi-
brary) packages.
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Sometimes the definition of an exact set of restricted values Identi�er schemes in

actionof a primitive type is not desired, but the business document mod-
eler may want primitive types to follow a certain pattern. In such
cases identifier schemes (IDSCHEME) may be used. Each identifier
scheme must be based on one of the predefined primitive types of
UN/CEFACT. Using tagged values, regular expressions may be im-
posed on the primitive type, thus restricting it to a certain scheme.
Identifier schemes are aggregated in enumeration library packages
as well.

The core component consignment, as shown in Figure 5.3, rep- From core

components to

business information

entities

resents the generic concept of a consignment, independent of any
application or business domain. However, not all of the association
core components and basic core components are needed for our waste
management use case. Thus, the generic core component model is
tailored to the specific needs of the waste management domain. We
already outlined in Chapter 4 that by restricting core components to
a certain domain, they become business information entities. In mod-
eling terms, the business document modeler simply takes an existing
core component, copies it, and renames it to the correct business in-
formation entity terms, including all attributes and associations. The
core data types, used to set the value domain of the different basic
core components, are becoming business data types. Consequently,
it must be ensured that the business data type is always a subset of
the underlying core data type. All these tasks may be automatically
conducted using the VIENNA Add-In, relieving a business document
modeler from repetitive modeling tasks.

The automatically derived business information entities are ag-
gregated in business information entity libraries (BIELibrary). Thus,
a BIELibrary contains all necessary building blocks for assembling
the final business document. Figure 5.8 gives an overview of the
business information entities, which have been derived from the core
components in Figure 5.3.

The representation of business information entity concepts is Business information

entities in actionsimilar to the representation of core component concepts. An aggre-
gate business information entity (ABIE) is represented using a UML
class. Basic business information entity properties (BBIE properties)
are represented using UML attributes. Finally, association business
information entity properties (ASBIE properties) are represented us-
ing associations between different ABIEs. In regard to ASBIE prop-
erties and BBIE properties, the UPCC follows the same concept as for
ASCC properties and BCC properties. Since UML tools do not sup-
port attributes without an embracing class, and associations with-
out source and target elements, the UPCC does not consider ASBIE
properties and BBIE properties, but uses ASBIEs and BBIEs only.
However, a business document modeler may still use tools to extract
the attribute definitions from aggregate core components to indicate
reusable BBIE and ASBIE properties.

Note that for all three artifact types the qualifier waste_ has been
used, to indicate the waste management domain. Thereby, busi-
ness information entities restrict their underlying core components
by putting them in the waste management context. We outline the re-
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Figure 5.8
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+ Waste ︳MarkingInstructions:  Waste ︳Text
+ Waste ︳Additional ︳MarkingInstructions:  Waste ︳Code

«ASBIE»

+Waste Despatch 1

«ASBIE»

+Waste Delivery 1

«ASBIE» 1..*

«ASBIE»

«ABIE»
Waste ︳Label

«BBIE»
+ Waste ︳Identification:  Waste ︳Identifier [0..*]
+ Waste ︳SeriesEnd:  Waste ︳Identifier [0..1]
+ Waste ︳SeriesStart:  Waste ︳Identifier [0..1]

«ABIE»
WasteMovement ︳Party

«BBIE»
+ Waste ︳Identification:  Waste ︳Identifier [0..*]
+ Waste ︳Type:  Waste ︳Code [0..*]
+ Waste ︳Name:  Waste ︳Text [0..*]
+ Waste ︳Description:  Waste ︳Text [0..*]
+ Waste ︳AccessRights:  Waste ︳Code [0..*]

Waste ︳Despatch 1 Waste ︳Delivery 1
+Waste ︳RFID 1..*

︳ g ︳ [ ]
+ Waste ︳Classification:  Waste ︳Code [0..*]
+ Waste ︳Role:  Waste ︳Code [0..*]
+ Waste ︳Language:  Waste ︳Code [0..*]
+ Waste ︳ResidenceCountry:  Waste ︳Identifier [0..1]
+ Waste ︳Country:  Waste ︳Identifier [0..*]
+ Waste ︳QualityAssurance:  Waste ︳Indicator [0..1]
+ Waste ︳Branch:  Waste ︳Indicator [0..*]
+ Waste ︳ContractualArrangementExclusion:  Waste ︳Indicator [0..1]
+ Waste ︳EstimatedMarginalTaxBracket:  Waste ︳Percent [0..1]
+ Waste AssignedToRole Waste DateTime [0 1]+ Waste ︳AssignedToRole:  Waste ︳DateTime [0..1]

striction mechanism using the ABIE waste_ consignment item, which
is based on the underlying core component consignment item, shown
in Figure 5.3. From the basic core components of the underlying
ACC, the ABIE waste_ consignment item omits FOB (free on board),
damage remarks and total export exit to import entry charge. An-
other restriction is applied to the number of association core compo-
nents of the ACC shipping marks. The derived aggregate business
information entity waste_ shipping marks has only one association
business information entity waste_ RFID and omits bar code. Note
that all basic business information entities in Figure 5.8 have their
own designated business data type.

We already outlined that business data types are derived from From core data types

to business data typescore data types by restriction. Similar to the relation between a busi-
ness information entity and a core component, a business data type
is based on a core data type. Figure 5.9 shows the business data
types used for the business information entities in Figure 5.8. Note
that business data types are put into a certain context using quali-
fiers. All business data types in Figure 5.9 use the qualifier waste_

to indicate the waste management context. Content components and
supplementary components, however, must not be qualified.
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Figure 5.9

Business data type

library example

C
«BDT» «BDT» «BDT»

«BDT»

«BDT»
Waste ︳Amount

«CON»
+ Content:  Decimal
«SUP»
+ Currency.Code:  ISO42173A [0..1]

«BDT»
Waste ︳Percent

«CON»
+ Content:  Decimal

«BDT»
Waste ︳Tex t

«CON»
+ Content:  String
«SUP»
+ Language.Code:  ISO ︳6392 ︳LanguageCode [0..1]

«BDT» «BDT»
Waste ︳Measure

«CON»
+ Content:  Decimal
«SUP»
+ Unit.Code:  UNCEFACT ︳620086 [0..1]

«BDT»«BDT»

«BDT»
Waste ︳Ident if ier

«CON»
+ Content:  String
«SUP»
+ SchemeAgencyIdentifier:  UNCEFACT ︳63055 [0..1]

«BDT»
Waste ︳DateTime

«CON»
+ Content:  TimePoint
«SUP»
+ Format.Code:  String [0..1]
+ TimeZone.Code:  UNCEFACT ︳62029 [0..1]

«BDT»
Waste ︳Code

«CON»
+ Content:  String
«SUP»
+ List.Identifier:  String [0..1]
+ ListAgency.Identifier:  UNCEFACT ︳63055 [0..1]
+ ListVersion.Identifier:  String [0..1]

«BDT»
Waste ︳Ordinal

«CON»
+ Content:  Integer

«BDT»
Waste ︳Indicator

«CON»
+ Content:  Boolean

The business data type waste_ identifier restricts the under-
lying core data type identifier by omitting two of its supplemen-
tary components. Additionally, a business data type may also re-
strict the value domain of content components and supplementary
components using facets such as MinimumInclusive, MaximumIn-
clusive, etc. Business data types are aggregated in business data
type libraries (BDTLibrary)

After the business document modeler has created all necessary Assembling the �nal

business documentbusiness information entities and business data types, the final busi-
ness document may be assembled. Business documents are assem-
bled in business document libraries (DOCLibrary) (cf. Figure 5.10).
In the final phase of the business document modeling process, a busi-
ness document modeler may encounter one major issue when assem-
bling business information entities to a final business document. It is
not allowed to draw arbitrary association business information enti-
ties between different aggregate business information entities. Recall
that every business information entity must be based on a respec-
tive underlying core component concept. Thus, association business
information entities may only be used if there is an association core
component specified on the core component level. However, even if
the core components defined in the core component library are very
generic and aim at meeting as many requirements as possible, it can-
not be guaranteed that the correct association core component may be
found. Nevertheless, in some use cases the business document mod-
eler may want to assemble existing aggregate business information
entities to a new business document, even if there exists no prede-
fined association between the aggregate business information enti-
ties.

To meet these requirements, the UML Profile for Core Compo-
nents introduces two new stereotypes for the document library: mes-
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sage assembly (MA) and association message assembly (ASMA). A
message assembly is used to aggregate different aggregate business
information entities, without the prerequisite of having a respective
core component construct underneath. Thereby, association message
assemblies are used to associate a message assembly to an aggre-
gate business information entity. Figure 5.10 shows the final waste
movement form business document.

Figure 5.10

Business document

library example

A

«ABIE»
BIELibrary  ︵Bus iness  Informat ion Ent ity  

Library ︶: :Was te ︳Cons ignment

+ Waste ︳Identification:  Waste ︳Identifier [0..*]

«MA»
WasteMovementForm

Defined in a DOCLibrary

Defined in 
BIELibrary+Attached

1..*«ASMA»

«ABIE»
BIELibrary  ︵Bus iness  Informat ion Ent ity  Library ︶: :

Waste ︳Cons ignment Item

«BBIE»
+ Waste ChargeableWeight:  Waste Measure [0..*]

+Waste ︳Included 1..*

«ASBIE»

︳ g g ︳ [ ]
+ Waste ︳DeclaredValueForCarriage:  Waste ︳Amount [0..1]
+ Waste ︳DeclaredValueForCustoms:  Waste ︳Amount [0..1]
+ Waste ︳DeclaredValueForStatistics:  Waste ︳Amount [0..1]
+ Waste ︳DeliveryInstructions:  Waste ︳Text [0..*]
+ Waste ︳GrossVolume:  Waste ︳Measure [0..*]
+ Waste ︳GrossWeight:  Waste ︳Measure [0..*]
+ Waste ︳Identification:  Waste ︳Identifier [0..*]
+ Waste ︳Information:  Waste ︳Text [0..*]
+ Waste ︳InsuranceValue:  Waste ︳Amount [0..1]
+ Waste Invoice: Waste Amount [0 *]

«ABIE»
BIELibrary  ︵Bus iness  Informat ion Ent ity  

Library ︶: :Waste ︳Count ry

«BBIE»
+ Waste ︳Identification:  Waste ︳Identifier [0..*]
+ Waste ︳Name:  Waste ︳Text [0..*]

ASBIE

+Waste ︳Export

1

«ASBIE»

+Waste ︳Importation

1

«ASBIE»

+Waste ︳Transit

0..*

+ Waste ︳Invoice:  Waste ︳Amount [0.. ]
+ Waste ︳NetWeight:  Waste ︳Measure [0..*]
+ Waste ︳Sequence:  Waste ︳Ordinal [0..1]
+ Waste ︳SpecialInstructions:  Waste ︳Text [0..*]
+ Waste ︳TotalCharge:  Waste ︳Amount [0..1]
+ Waste ︳Type:  Waste ︳Code [0..*]
+ Waste ︳TypeExtension:  Waste ︳Code [0..*]

«ABIE»
BIELibrary  ︵Bus iness  Informat ion Ent ity  Library ︶: :

Waste ︳ShippingMarks

«BBIE»
+ Waste ︳Additional ︳MarkingInstructions:  Waste ︳Code
+ Waste ︳Marking:  Waste ︳Text

«ASBIE» 1

«ASBIE»

+Waste ︳Physical

1..*

+ Waste ︳MarkingInstructions:  Waste ︳Text

«ABIE»
BIELibrary  ︵Bus iness  Informat ion Ent ity  Library ︶: :

WasteMovement ︳Party

«BBIE»
+ Waste ︳AccessRights:  Waste ︳Code [0..*]

W t A i dT R l W t D t Ti [0 1]

«ABIE»
BIELibrary  ︵Bus iness  Informat ion Ent ity  

Library ︶: :Waste Label

«ASBIE»
+Waste ︳Dispatch 1

«ASBIE»
+Waste ︳Delivery 1

«ASBIE»

+Waste ︳RFID 1..*

+ Waste ︳AssignedToRole:  Waste ︳DateTime [0..1]
+ Waste ︳Branch:  Waste ︳Indicator [0..*]
+ Waste ︳Classification:  Waste ︳Code [0..*]
+ Waste ︳ContractualArrangementExclusion:  Waste ︳Indicator [0..1]
+ Waste ︳Country:  Waste ︳Identifier [0..*]
+ Waste ︳Description:  Waste ︳Text [0..*]
+ Waste ︳EstimatedMarginalTaxBracket:  Waste ︳Percent [0..1]
+ Waste ︳Identification:  Waste ︳Identifier [0..*]
+ Waste ︳Language:  Waste ︳Code [0..*]
+ Waste ︳Name:  Waste ︳Text [0..*]

Library ︶: :Waste ︳Label

«BBIE»
+ Waste ︳Identification:  Waste ︳Identifier [0..*]
+ Waste ︳SeriesEnd:  Waste ︳Identifier [0..1]
+ Waste ︳SeriesStart:  Waste ︳Identifier [0..1]

+ Waste ︳QualityAssurance:  Waste ︳Indicator [0..1]
+ Waste ︳ResidenceCountry:  Waste ︳Identifier [0..1]
+ Waste ︳Role:  Waste ︳Code [0..*]
+ Waste ︳Type:  Waste ︳Code [0..*]

On the upper left hand side of Figure 5.10 the message assembly
waste movement form is shown. Using an association message assem-
bly, a waste movement form aggregates one to many attached waste_

consignments. Note that a waste movement form message assembly
may aggregate even more aggregate business information entities.
Thus, complex business document definitions may be built, based on
reusable business information entity building blocks. With the fi-
nalization of the business document library artifacts, the conceptual
business document modeling part is completed.

To ensure that the finalized UPCC model is fully compliant to Checking model

validitythe UPCC specification, a business document modeler must carefully
respect all necessary constraints, as defined in the UML Profile for



5.4 Final assessment 73

Core Components. However, even the precisest modeler may forget to
define a mandatory tagged value or accidentally delete a mandatory
basedOn dependency between a core component and a business infor-
mation entity. Both of the mentioned actions would invalidate a core
component model and a further error-free processing of the model
cannot be guaranteed. To relieve a business document modeler from
this burden, the VIENNA Add-In provides a core component valida-
tor module. The core component validator incrementally checks a
UPCC model and validates whether all constraints as defined in the
UPCC specification are fully met. In case an error is detected the
business document modeler is presented with a detailed error mes-
sage, specifying the erroneous element and the violated constraint.

With the final and validated core component model all necessary
business document requirements are captured in an unambiguous
manner. The finalized UML-based core component model may now
serve as input for the generation of further deployment artifacts such
as XML Schema.

5.4 Final assessment

In this Chapter we have introduced the UML Profile for Core Com- Conceptual model for

core componentsponents (UPCC) as a means of applying UN/CEFACT’s Core Compo-
nents Technical Specification (CCTS) to UML. We have shown how
implementation neutral core component concepts may be uniquely
represented using a formal UML representation. Consequently, we
introduced the UML Profile, tailoring the UML meta-model to the
specific needs of business document modeling and guaranteeing an
unambiguous UML representation of core components. Thereby, we
provided the foundation for a two-layered approach for core compo-
nent modeling. In a first step, core component-based business docu-
ments are assembled on a conceptual level, which may be achieved
with the UML Profile for Core Components. In a consecutive second
step, the conceptual core component model serves as input for fur-
ther processing such as the derivation of XML Schema deployment
artifacts.

With the UML Profile for Core Components, the business docu- Enable broad

adoption of the CCTS

using the UPCC

ment modeler is given an easy to use method to create core compo-
nent compliant models. Conceptual business document models help
to facilitate the reconciliation process between different stakehold-
ers in an inter-organizational business process. Thereby, a major
benefit is that non-technical people are also able to read and under-
stand the UML representation of core components. With the open-
source implementation VIENNA Add-In even an inexperienced busi-
ness document modeler may start to build core component models
from scratch. Using the core component validator, which is part of
the VIENNA Add-In, a business document modeler may easily check
the validity of his model at any time. The formal correctness of a
UPCC model is of crucial importance, if the model is the basis for
the derivation of deployment artifacts. We further investigate the
derivation of deployment artifacts in Chapter 8.

Even if the UML Profile for Core Components is a significant Limitations of the

UML
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enhancement in regard to the applicability of implementation neu-
tral core components, several shortcomings remain. A UML profile
aims at tailoring the general purpose language UML to the specific
needs of business document modeling. Due to meta-model restric-
tions of the UML, not all concepts of the CCTS may be fully repre-
sented in UML, without impeding an efficient UML-based modeling
workflow. If we would for instance follow the strict CCTS approach
of distinguishing between BCC properties and BCCs, every attribute
of an ACC would have to be modeled as a self contained class and
be connected to the parent ACC using an association. This would be
necessary, since every BCC property is a self-contained entity in the
CCTS. However, a UML attribute may not exist without its parent
class – thus our current UPCC approach does not meet the require-
ment of self contained BCC properties. If we would follow the BCC
property approach with the UPCC, this would unnecessarily blow up
a UPCC model and thus an efficient modeling would not be possible
any more. However, a business document modeler may still ensure
an ASCC and BCC property mechanism using pertinent tools. We
conclude that the UPCC does not provide a mapping of all CCTS ar-
tifacts, but accepts limitations for the sake of facilitating modeling.

In the following Chapter we examine an alternative approach
for modeling core component compliant artifacts, using a Domain-
Specific Language (DSL) approach. Domain-Specific Languages are
a promising approach for conceptual modeling and are able to over-
come limitations of the UML.
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6 A Domain Speci�c Language for

Core Components

In the previous Section we have introduced the UML Profile for Core Moving beyond the

Uni�ed Modeling

Language

Components (UPCC), mapping implementation neutral core compo-
nent concepts to the Unified Modeling Language (UML). Another so-
lution would be to define a dedicated core component modeling lan-
guage in the first place, without tailoring an existing general purpose
language. A promising approach for such a solution are Domain-
Specific Languages (DSL). Using a Domain-Specific Language, it is
possible to build a dedicated and streamlined modeling language for
any given application scenario and context. Restrictions, as for ex-
ample with UML, typically do not apply to DSLs. The DSL approach
abstracts from irrelevant features, unnecessary for core component
modeling. Thus, a business document modeler is provided with an
easy to use modeling language, which is fully core component compli-
ant. Similar to the approach based on UML, a core component DSL
may be used to define business documents on a conceptual level. In
a consecutive step the conceptual document models may be used to
derive logical level XML artifacts.

The remainder of this Chapter is structured as follows: The basic
concepts of Domain-Specific Languages are introduced in Section 6.1.
In Section 6.2 we elaborate on the concepts of our Domain-Specific
Language for Core Components together with an accompanying ex-
ample. The major advantages of a DSL, compared to UML-based
approaches are outlined in Section 6.4. Finally, Section 6.5 concludes
the Chapter with a final assessment.

6.1 Introduction

A Domain-Specific Language (DSL) is a language tailored to a spe- Overcoming

limitations of the

Uni�ed Modeling

Language

cific domain, for solving a specific set of problems. In general, we dis-
tinguish between textual and graphical DSLs. A textual DSL repre-
sents domain-specific characteristics and relationships between the
different characteristics in a textual manner. Compared to a general
purpose language such as C or Java, addressing problems of a wide
area, a textual DSL focuses on a well defined problem area. Since
textual DSLs are not well suited for graphical modeling, we do not
consider them in our approach. Compared to a textual DSL, a graph-
ical DSL provides an intuitive and error insusceptible approach to
create valid concepts of the domain. A DSL model typically captures
entities of a certain domain and relationships between entities. DSL
models may further be used to derive machine processable artifacts,
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including program code or descriptive definitions for service oriented
architectures, such as Web Service Definition Language (WSDL) or
XML Schema files.

The graphical DSL used in our solution, is based on Microsoft
Visual Studio DSL Tools [22], which have been introduced in ver-
sion 2005 of Microsoft Visual Studio. Visual Studio DSL Tools enable
the graphical definition of a DSL directly in Microsoft Visual Studio.
Figure 6.1 gives an overview of the technical foundations of our DSL
approach for core components.

Figure 6.1

Technical foundations

of the DSL approach

meta‐level conceptual‐level deployment‐level
A B C

DSL definition 
+ custom 
code

Generated
Core Component 

Designer

XML 
Schema

DSL author Business document
modeler

Programmer

Software Factoryy

First, a modeler creates the DSL definition together with custom Building a dedicated

core component

designer

code on the meta level (cf. A in Figure 6.1). In case of our core compo-
nent approach the custom code includes definitions, necessary for the
validation of the core component model. In a second step, the DSL
definition from the meta-level is used to generate a core component
designer (cf. B in Figure 6.1). Since the core component designer
has been generated out of the Domain-Specific Language, it contains
only modeling elements, necessary for the assembly of a business
document model. A business document modeler uses the core compo-
nent designer to model core component compliant business document
models. The built-in template mechanism of the Microsoft DSL is
employed to transform the DSL-based core component model to XML
Schema artifacts for the deployment level (cf. C in Figure 6.1). Thus,
the DSL approach perfectly fits our requirements to define a business
document model on a conceptual level and use the conceptual model
to derive XML Schema artifacts for a service oriented environment.

Furthermore, Software Factories may leverage the use of DSLs, Leveraging DSL

bene�ts together with

Software Factories

whereby a Software Factory provides a guidance for the business doc-
ument modeler during the entire modeling process from creating the
model to generating the artifacts. Software Factories aggregate dif-
ferent DSLs and may also include smart wizards, assisting the busi-
ness document modeler and helping to automate repetitive tasks.
Wizards may for example be used to derive a business information
entity from a core component definition. Additionally, the validation
component allows to check the correctness of a model, making the
approach suitable for inexperienced business document modelers as
well.

In the following we briefly introduce the meta-modeling envi- A meta-modeling

environment for

creating a DSL

ronment for creating a Domain-Specific Language in Visual Studio
(meta-level in Figure 6.1). The conceptual level, where the actual
core component models are assembled using the DSL generated core
component designer, is introduced in Section 6.2. As seen in Fig-
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ure 6.2, the DSL Tool’s meta-modeling canvas consists of two swim-
lanes: classes and relationships and diagram elements. Using a sim-
ple drag-and-drop mechanism, a DSL designer may easily assemble
a new Domain-Specific Language in a graphical manner. The entire
model, shown in Figure 6.2, is referred to as domain model and de-
fines the logical structure of the DSL. A domain model, among other
artifacts, consists of domain classes (round-corned squares) and do-
main relationships (squares).

In a nutshell, domain classes define the classes of elements which De�ning the allowed

elements in a DSLmay occur in an instance of the DSL. Domain classes have attributes,
called domain properties. Domain properties consist of a name and
a data type. Relationships among domain classes are defined using
the concept of domain relationships. A domain relationship may ei-
ther be an embedding relationship (shown as a solid line) or a refer-
ence relationship (shown as a dashed line). Embedding relationships
embed the element of the target domain class into the elements of
the source domain class. Thus, if the source element is deleted, the
embedded target elements are deleted as well. In contrary, reference
relationships do not delete referenced elements, if the source element
is deleted. The domain class CCModel, shown on the upper left hand
side of Figure 6.2, is the root class of the DSL. There may be at most
one root class in a given DSL. In the instance model the root class
will represent the parent element for all other classes and their in-
stances.

On the right hand side of Figure 6.2, different diagram elements De�ning the

appearance of DSL

elements

of the DSL are shown. Diagram elements are used to define the
shape of domain classes and domain relationships in the model in-
stance, which will be generated out of the DSL definition. Thus, any
shape of choice may be assigned to an arbitrary domain class or do-
main relationship. Hence, a DSL-based approach goes beyond clas-
sical modeling approaches such as the Unified Modeling Language
(UML), where the modeler is bound to a confined set of elements and
their assigned shapes.

6.2 The Core Component DSL

The Core Component DSL approach consists of six DSLs for core Six dedicated

Domain-Speci�c

Languages for Core

Component modeling

components (CC), business information entities (BIE), core data types
(CDT), business data types (BDT), primitive types (PRIM), and a
single DSL for enumerations (ENUM) and identifier schemes (ID-
SCHEME) (cf. A in Figure 6.1). All six DSLs are aggregated to a
single Core Component Software Factory, providing a business docu-
ment modeler with all necessary core component modeling concepts.
After examining the meta-model of the Core Component DSL, we
provide an example DSL instance, representing a cut-out from our
accompanying waste movement form example. The required steps
for creating a core component model and deriving a business infor-
mation entity model from it are explained. Furthermore, we elabo-
rate on the technical realization of important features, such as model
transformation, artifact generation, validation, and serialization.
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Figure 6.2

Domain model for

core components
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The Visual Studio DSL Tools provide a graphical interface to con-
veniently assemble a specific DSL. Figure 6.2 shows the DSL meta-
model for core components. The element CCModel represents the De�ning core

component

dependencies

root of the model, including a name property. CCModel may have
any number of aggregate core component (ACC) elements, defined
through the CCModelHasACC domain relationship. Any ACC may ref-
erence other ACCs through association core components (ASCC), de-
fined by a ACCReferencesChild domain relationship. Furthermore, an
ACC element may contain multiple basic core component (BCC) el-
ements, defined through the ACCHasBCC domain relationship. A BCC
element has four distinctive properties: Name, CoreDataType, Name-
AndType, and ReferenceCDT. Name defines the name of the BCC and
CoreDataType is the name of the associated core data type. The Ref-
erenceCDT property of a BCC contains the Globally Unique Iden-
tifier (GUID) of the core data type, setting the value domain of the
BCC. Since the DSL Tools in the current version do not support cross-
model references natively, we decided to use GUIDs to make cross-
model references as described in [22]. The property NameAndType
is for presentation purposes only, and contains the name of the basic
core component together with the name of its associated core data
type.

As shown on the right hand side of Figure 6.2, there are three De�ning the core

component layoutdiagram elements in the core component DSL: ACCConnector, CCView-
Diagram, and ACCCompartmentShape. An ACCConnector is mapped to
the ACCReferencesChild domain relationship. Thereby, the connector
shape associates two ACCCompartmentShapes. The shape prescribes
that the source side of the connector must be represented as a di-
amond, and the target side of the connector is simply represented
as a solid line. Additionally, the target side is annotated with the
name of the association core component (ASCC), represented by the
NameDecorator property in ACCConnector, shown on the upper right
hand side of Figure 6.2. The CCViewDiagram element represents the
diagram, which on the instance level holds the different core compo-
nents and their relationships. Additionally, the ACCCompartmentShape

is mapped to the ACC domain class. An ACCCompartmentShape consists
of two decorators, namely (NameDecorator and ACCDecorator) and one
compartment. The name decorator displays the name of the ACC
and the ACC decorator simply shows the static text <<ACC>>. The
BCC compartment of the ACCCompartmentShape may contain multiple
BCCs. For convenience reasons, the business document modeler may
optionally choose to expand or collapse the BCC compartment to en-
hance readability of the core component model.

In the following we dwell on how to use the developed DSL con- Creating a new

DSL-based core

component model

cepts to model core component compliant documents, by building on
our accompanying example from the waste management domain. We
start with a core component model instance for a consignment, which
is part of the embracing waste movement form. Figure 6.3 shows the
example consignment core component model. Each ACC has at least
one basic core component (BCC). Based on our example, we explain
a typical core component modeling workflow, and how the DSL rep-
resentation helps to overcome repetitive modeling tasks. A business
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document modeler usually retrieves an existing core component def-
inition from the UN/CEFACT Core Component Library. The generic
core component is then tailored to the specific needs of the business
domain. In the rare case that the business document modeler does
not find a pertinent core component in the library, core components
may also be created from scratch. Note that these core components
are not aligned with the core components of UN/CEFACT and thus
no interoperability guarantee of any kind may be given. However,
in certain scenarios user-created core components are useful – e.g.,
if interoperability is only desired in an intra-organizational context.
Thus, we distinguish between two different tasks: creating a core
component definition from scratch and using an existing core compo-
nent definition.

Figure 6.3

Consignment item

core component DSL

instance

Consignment
<<ACC>>

<<BCC>>

Identification : Identifier [0..*]

ConsignmentItem
<<ACC>>

<<BCC>>

ChargeableWeight : Measure [0..*]
DamageRemarks : Text [0..*]
DeclaredValueForCarriage : Amount [0..1]
DeclaredValueForCustoms : Amount [0..1]
DeclaredValueForStatistics : Amount [0..1]
DeliveryInstructions : Text [0..*]
FOB : Amount [0..1]
GrossVolumne : Measure [0..*]
GrossWeight : Amount [0..*]
Identification : Identifier [0..*]
Information : Text [0..*]
InsuranceValue : Amount [0..1]
Invoice : Amount [0..*]
NetWeight : Measure [0..*]
Sequence : Ordinal [0..1]
SpecialInstructions : Text [0..*]
TotalCharge : Amount [0..1]
TotalExportExitToImportEntryCharge : Amount [0..1]
Type : Code [0..*]
TypeExtension : Code [0..*]

Included 0..*

Country
<<ACC>>

<<BCC>>

Identification : Identifier [0..*]
Name : Text [0..*]

Export

1..*

Importation

1..*

Transit

0..*

ShippingMarks
<<ACC>>

<<BCC>>

Marking : Text [0..*]
MarkingInstructions.Code : Code [0..*]

Physical

0..*

Label
<<ACC>>

<<BCC>>

Identification : Identifier [0..*]
SeriesEnd : Identifier [0..1]
SeriesStart : Identifier [0..1]

RFID 0..* Barcode 0..*

Party
<<ACC>>

<<BCC>>

AccessRights : Code [0..*]
AssignedToRole : DateTime [0..1]
Branch : Indicator [0..*]
Classification : Code [0..*]
ContractualArrangementExclusion : Indicator [0..1]
Country : Identifier [0..*]
Description : Text [0..*]
EstimatedMarginalTaxBracket : Percent [0..1]
Identification : Identifier [0..*]
Language : Code [0..*]
Name : Text [0..*]
QualityAssurance : Indicator [0..1]
ResidenceCountry : Identifier [0..1]
Role : Code [0..*]
Type : Code [0..*]

Despatch 0..* Delivery 0..*

To create a new core component definition from scratch, a busi- Creating a core

component from

scratch

ness document modeler may use the Core Component Software Fac-
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tory for core components, which guides towards a valid core compo-
nent definition. Among other components, such as code generators
and wizards, the Software Factory for core components also contains
the business document modeling environment, which has been gen-
erated out of the core component DSL. Using the DSL, a business
document modeler may drag and drop aggregate core components
(ACC) from the toolbox onto the modeling canvas. Additionally, ba-
sic core components (BCC) may be added to ACCs and data types of
basic core components may be set. A business document modeler is
automatically presented with a set of core data types, which he may
assign to a basic core component. By default, all core data types as
defined in the Core Component Data Type Catalogue of UN/CEFACT
are available. In case no pertinent core data type (CDT) is present,
a business document modeler may use the core data type DSL and
create a new CDT definition. Using the concept of a connector, an
existing ACC may be associated with another ACC to represent an
association core component (ASCC).

In case an existing core component definition is present in the Reusing a core

component from the

core component

library

UN/CEFACT registry, a business document modeler may retrieve the
core component definition from the registry. To allow seamless access
to core component definitions in the UN/CEFACT Core Component
Library, two possible scenarios are possible. The first scenarios re-
quires a full implementation of the UN/CEFACT library in terms of a
registry solution, accessible over the Internet. Using a registry inter-
face, a business document modeler may directly search and retrieve
core component definitions out of the DSL-based core component de-
signer. By 2009 such a solution still does not exist. We present the
theoretical foundation for such a registry in Chapter 9. The second
option requires that the spread sheet-based Core Component Library
is transformed to an XML representation of DSL-based core compo-
nents, which may be imported into the DSL core component designer.
In the following we assume the latter scenario.

Utilizing the Get BIE from CC wizard, which is part of the Core From core

components to

business information

entities

Component Software Factory, a business information entity (BIE)
may be derived from an existing core component definition. A busi-
ness document modeler may restrict the existing core component def-
inition and is able to automatically generate a business information
entity from it. The wizard ensures that the created business informa-
tion entity is compliant to the underlying core component. Figure 6.4
shows the resulting business information entity waste_ consignment,
which has been generated out of the core component in Figure 6.3.

Note that the core component DSL is very similar to the repre-
sentation as defined by the UML Profile for Core Components. Since
the UML Profile for Core Components has become a popular mech-
anism to represent core components, a switch in the representation
mechanism would have brought potential confusion to business doc-
ument modelers. However, in principle any representation format of
choice could have been chosen with the DSL approach.

In regard to presentation features, DSL-based solutions offer a
set of interesting options. In particular in the domain of core com-
ponent modeling large scale models are becoming hard to read and
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Figure 6.4

Consignment item

business information

entity DSL instance

Waste_Consignment
<<ABIE>>

<<BBIE>>

Waste_ConsignmentItem
<<ABIE>>

<<BBIE>>

Waste_ChargeableWeight : Waste_Measure [0..*]
Waste_DeclaredValueForCarriage : Waste_Amount [0..1]
Waste_DeclaredValueForCustoms : Waste_Amount [0..1]
Waste_DeclaredValueForStatistics : Waste_Amount [0..1]
Waste_DeliveryInstructions : Waste_Text [0..*]
Waste_GrossVolumne : Waste_Measure [0..*]
Waste_GrossWeight : Waste_Amount [0..*]
Waste_Identification : Waste_Identifier [0..*]
Waste_Information : Waste_Text [0..*]
Waste_InsuranceValue : Waste_Amount [0..1]
Waste_Invoice : Waste_Amount [0..*]
Waste_NetWeight : Waste_Measure [0..*]
Waste_Sequence : Waste_Ordinal [0..1]
Waste_SpecialInstructions : Waste_Text [0..*]
Waste_TotalCharge : Waste_Amount [0..1]
Waste_Type : Waste_Code [0..*]
Waste_TypeExtension : Waste_Code [0..*]

Waste_Country
<<ABIE>>

<<BBIE>>

Waste_Identification : Waste_Identifier [0..*]
Waste_Name : Waste_Text [0..*]

Waste_ShippingMarks
<<ABIE>>

<<BBIE>>

Waste_Marking : Waste_Text
Waste_MarkingInstructions.Code : Waste_Code
Waste_Additional_MarkingInstructions : Waste_Code

Waste_Label
<<ABIE>>

<<BBIE>>

Waste_Identification : Waste_Identifier [0..*]
Waste_SeriesEnd : Waste_Identifier [0..1]
Waste_SeriesStart : Waste_Identifier [0..1]Waste_Party

<<ABIE>>

<<BBIE>>

Waste_AccessRights : Waste_Code [0..*]
Waste_AssignedToRole : Waste_DateTime [0..1]
Waste_Branch : Waste_Indicator [0..*]
Waste_Classification : Waste_Code [0..*]
Waste_ContractualArrangementExclusion : Waste_Indicator [0..1]
Waste_Country : Waste_Identifier [0..*]
Waste_Description : Waste_Text [0..*]
Waste_EstimatedMarginalTaxBracket : Waste_Percent [0..1]
Waste_Identification : Waste_Identifier [0..*]
Waste_Language : Waste_Code [0..*]
Waste_Name : Waste_Text [0..*]
Waste_QualityAssurance : Waste_Indicator [0..1]
Waste_ResidenceCountry : Waste_Identifier [0..1]
Waste_Role : Waste_Code [0..*]
Waste_Type : Waste_Code [0..*]

Waste_Included 1..*

Waste_Export

1..*

Waste_Importation

Waste_Transit

Waste_Physical

1..*

Waste_Despatch 0..* Waste_Delivery 0..*

Waste_RFID 1..*

perceive for business document modelers. A DSL-based solution al-
lows to expand and collapse aggregate business information entities
as well as their attributes and associations. This guarantees a better
overview in particular if models are quite large. Figure 6.5 shows
an example for a document library. The document library contains a
message assembly waste movement form and an association message
assembly pointing to the ABIE waste_ consignment. Note that only
the root aggregate business information entity waste_ consignment

is shown. All other business information entities are collapsed and
are thus not visible.

Figure 6.5

Waste movement

form DSL instance

Waste_Consignment
<<ABIE>><<MA>>

WasteMovementForm
<<ASMA>> Attached

1..*

Using the business information entity DSL, a business document
modeler may assemble different business information entities to rep-
resent a business document. Eventually, the business document model
may be used to generate XML Schema artifacts. These XML Schema
artifacts can be used to represent message definitions in a service
oriented architecture. Having examined the theoretical background
of the DSL, using our waste management example, we now briefly
examine technical considerations of a DSL.
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6.3 Technical considerations of a DSL

The in-memory representation of DSL models in the DSL Tools is Automating core

component modeling

tasks

provided by a store, providing the ability to modify models. Hence,
the developer is able to load DSL models and iterate through them
or search for specific model elements in it. As shown in Listing 6.1,
each modification in the store has to occur in a transaction (line 1).
First, a collection of all aggregate core components is retrieved in line
2. In the next step the collection is iterated, and for every ACC an
appropriate aggregate business information entity (ABIE) is created
and added to a collection (line 8 in Listing 6.1). Outside of the scope
of Listing 6.1, we additionally have to transform BCCs to BBIEs and
ASCCs to ASBIEs. Instead of using the store to generate one model
out of another, it could also be used to automatically generate arti-
facts such as XML Schema out of an model.

Listing 6.1

Model transformation

through store

1 using ( Transaction transaction = store . TransactionManager . BeginTransaction ( " Generate BIEModel" , true ) ) {
2 ReadOnlyCollection<ModelElement> foundaccs = store . ElementDirectory . FindElements (ACC.

DomainClassId ) ;
3 i f ( foundaccs . Count > 0) {
4 curbiev = new BIEModel ( mystore ) ;
5 foreach (ACC acc in foundaccs ) {
6 ABIE abie = new ABIE( mystore ) ;
7 abie .Name = acc .Name;
8 curbiev .ABIE. Add( abie ) ;
9 }

10 }
11 }

Another approach to derive artifacts, is with the help of the Text Using T4 templates

Template Transformation Toolkit (T4), which is a template-based
code generation engine developed by Microsoft. The T4 templates are
defined by processing directives, text blocks, and code blocks. Code
blocks may be written in C# or Visual Basic .NET. Since the busi- Faster than

UML-based

manipulations

ness document modeler may either use the built-in T4 template lan-
guage or native C# for the manipulation of the DSL store, good per-
formance results may be achieved. In particular if larger models are
transformed or analyzed, a DSL-based solution works more efficient
than a UML-based solutions. In most UML tools, third-party add-ons
must be provided through vendor specific APIs, to access modeling
artifacts. Typically, these third-party add-ons never reach the same
performance as direct operations on the DSL store.
An important prerequisite for the successful generation of code ar- Validating DSL-based

core component

models

tifacts from a conceptual model, is the validity of the model. Vali-
dation of a DSL is either done by specifying soft constraints or hard
constraints. Soft constraints are validated at specific tasks, such as
opening a file, saving a file, or starting the validation through a menu
item, and do not constantly provide a correct model throughout the
modeling process. For example, a business document modeler may
assemble an aggregate core component without any basic core com-
ponents or association core components, which violates a constraint
defined in the Core Component Technical Specification. However, if
the business document modeler tries to save the model, a validation
error message arises. On the other hand, hard constraints assure the
correctness of the model at any time. For example, a business docu-
ment modeler is not able to add a string value in a numeric field at
any time.
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DSL tools provide different approaches to enable soft and hard
constraints. Soft constraints may either be assigned by adding val-
idation methods to the model class or to the elements class. Hard
constraints are directly wired into the DSL definition. There are al-
ready some hard constraints embedded within each DSL: maximum
multiplicities, type constraints on role players, and type constraints
on property values. Nevertheless, the developer is also able to add
his own hard constraints. For example, in our core component DSL a
hard constraint is used to validate that a basic core component (BCC)
references a core data type (CDT), which exists in a CDT model.

Of particular importance for our core component DSL is the pos- Persisting DSL-based

core component

de�nitions

sibility to serialize core component definitions, to allow for storage
and retrieval. As outlined at the beginning, a core component li-
brary, holding reusable core component definitions, is the central ba-
sis for all context specific business information entities. DSL Tools
automatically create methods for saving and loading DSLs to/from
files, when compiling the DSL meta-model. XML is used as the stan-
dard file format to save DSL specific model information, whereby a
business document modeler may specify which information is saved,
e.g., whether for each element type a GUID (Globally Unique Identi-
fier) is saved or not. In our solution this is important, since we use
the GUIDs to cross-reference between models. For each saved model
there are two files created. One for the model data itself and the
other one for the appearance of the diagram data. Still an open is-
sue is a core component serializer, allowing to save a core component
in a central core component registry. This is partly due to the still
missing implementation of a central core component registry, where
all core components from the UN/CEFACT Core Component Library
are stored.

Having specified the most important aspects of our DSL-based
approach towards a core component compliant implementation, we
outline the most important advantages a DSL has compared to a
UML-based approach.

6.4 Advantages of the DSL compared to

UML

Since its inception in the mid-nineties of the last century, the Uni-
fied Modeling Language (UML) has gained considerable attention in
particular in the model driven development community. As outlined
in the previous Chapter, we have adopted UML to transfer imple-
mentation independent core component concepts on an easy to use
platform. As a result, the UML Profile for Core Components (UPCC)
specification has been developed and consequently been submitted
to UN/CEFACT for standardization. In particular in regard to core
component modeling a DSL has a set of advantages, compared to a
solution based on UML. Table 6.1 shows the most important differ-
ences between UML and a DSL.

DSLs and UML are both used for modeling, but aim at different Dedicated

problem areas and application domains. UML may in principle be
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Table 6.1

UML vs. DSL

UML DSL
Dedicated +/- +
Extensible +/- +
Restrictable +/- +
Shape adaptable - +
Processable +/- +
Integrative +/- +

Legend: (+) Fully meets the criteria (+/-) Partly meets the criteria (-) Does not meet the criteria

used to depict any problem scenario in regard to application struc-
ture, behavior, architecture, as well as business processes, and data
structures. In contrast, a DSL leaves out unnecessary aspects and
focuses entirely on a specific problem domain, e.g., business docu-
ment modeling. Thus, DSL-based solutions are streamlined and less
complex than their UML equivalent.

The UML is defined on the meta-model layer (M2) according to Extensible

the Meta Object Facility [128]. Consequently, the concepts defined
in the UML meta-model [129] are used to build UML models on the
model layer (M1). In principle anybody may adapt the UML meta-
model using the concept of UML profiles to customize the generic
UML meta-model to a specific application domain. However, UML
profiles are still limited in their expressiveness, because they must
adhere to the UML meta-model specification. Apart from limita-
tions in the UML profile mechanism, many UML modeling tools offer
only a limited functionality in regard to UML Profile definitions. In
contrast, a DSL defines its own meta-model and must not consider
any predefined meta-model restrictions. As a result more powerful
domain-specific solutions are feasible.

As part of its profile mechanism, UML provides the Object Con- Restrictable

straint Language (OCL), allowing to restrict the UML meta-model
in a formalized manner. However, most of the currently available
UML modeling tools cannot interpret OCL. If extension mechanisms
of the UML modeling tool are available, OCL interpreters or valida-
tors, checking the OCL constraints against a UML model, must be
implemented manually. However, such an approach requires consid-
erable coding effort. In contrast, DSL definitions allow to define cus-
tomized code, specifically restricting a DSL. These code fragments,
checking the consistency of a DSL-based model, are relatively easy
to implement. Using the built-in validation feature of the DSL, a
business document modeler is for instance prevented of nesting core
components recursively.

In regard to the graphical representation of a UML model, a Shape adaptable

UML modeler is limited to a well defined set of shapes, represent-
ing classes, packages, etc. Although the UML meta-model would in
principle allow to use different shapes, e.g., for classes, some UML
modeling tools restrict the set of allowed shapes. Although this may
be regarded as a benefit, since all modelers have a common under-
standing of elements by visually recognizing their purpose, domain-
specific amendments are not possible. In contrast a DSL, using the
built-in shape mechanism, allows any visual representation of choice
for classes and for connections between classes. Thus, any domain-



6.5 Final assessment 86

specific realization in regard to visual representation of concepts is
possible.

The overall goal of a model-driven approach is the generation of Processable

code artifacts (e.g., XML Schema) from platform independent mod-
els (e.g., from a conceptual core component model, based on UML).
For a transformation of a UML-based core component model to XML
Schema artifacts, the Naming and Design Rules [170] of UN/CE-
FACT must be reflected. Thereby, XML Schema generators are built
on top of UML tools, which is an expensive and complex task. Some
UML case tools do not even allow direct access to the tool-internal
representation format of the UML model. In contrast, a DSL store
may be easily accessed using a programming language. With the T4
template mechanism an additional powerful transformation feature
is provided by Microsoft.

An integrative model-driven development approach requires a Integrative

set of different features such as transformation mechanism between
different model types (e.g., between platform independent models
and platform specific models). Additionally, the transformation of
model representations to code representations, such as XML Schema,
must be realized. Although all these features are in principle possi-
ble with UML, considerable coding effort and the integration of dif-
ferent tools for the specific tasks is necessary. In a DSL environment
Software Factories may be used, which typically comprise code gener-
ators, different Domain-Specific Languages, as well as wizards, guid-
ing a modeler through transformation tasks. Thus, the modeler is
provided with an integrative solution approach for a domain-specific
problem.

We conclude that in general a DSL helps to overcome limita- Overcoming

limitations of the

UML

tions of UML, which are either inherent to the UML meta-model or
which are caused by a UML modeling tool. E.g., in most UML tools
an attribute may not exist without its parent class – a limitation
which does not exist in a DSL environment. Thus, in principle we
could implement BCC properties, ASCC properties, BBIE properties,
and ASBIE properties in a DSL. Nevertheless, one major goal of our
DSL design was to closely follow the same notation using classes, at-
tributes, and associations as used by the UML Profile for Core Com-
ponents (UPCC). Thus, we do not consider properties in a DSL either,
although it would in principle be possible.

6.5 Final assessment

In this Chapter we introduced a new approach, based on Domain- Providing a dedicated

modeling environmentSpecific Languages (DSL), aiming to overcome limitations of the UML.
Domain-Specific Languages provide the foundation for a dedicated
modeling environment, focusing on a specific application domain. In
the case of the Core Component DSLs and the Core Component Soft-
ware Factory, a business document modeler has all necessary con-
cepts for core component modeling at hand. All other unnecessary
concepts are not reflected in the DSLs. Thus, workarounds as nec-
essary in UML modeling tools are not required. Additionally, the
performance of code generation from a DSL is faster than code gen-
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eration from a UML representation. Validation and serialization for
core components may also be easily implemented on top of a DSL.
In regard to the core component representation format in a DSL, we
closely followed the approach pursued by the UML Profile for Core
Components, since the class diagram-based notation of the UPCC
has become the de facto standard for the representation of core com-
ponents.

The overall goal of the Domain-Specific Language for Core Com- Provide a conceptual

core component

model

ponents is the same as the goal of the UML Profile for Core Compo-
nents. Provide methods and tools for the definition of core compo-
nent models on a conceptual and platform independent level. Con-
sequently, the platform independent representation may be used to
derive XML Schema code artifacts for a Service Oriented Architec-
ture (SOA). Using our model-driven approach for the definition of
SOA interfaces, changing requirements may be reflected in a more
flexible manner.

Although the core component DSL provides a sound foundation Open issues

for the definition of core components, some open issues still remain. A
registry connector, built into the DSL tools, is still missing. Using the
registry connector, core component definitions may easily be searched
and retrieved from a central core component registry. However, the
implementation of a registry connector is still blocked, because no ap-
propriate core component registry implementation exists as of today.
Furthermore, the serialization of core component definitions out of a
DSL-based representation into another, e.g., UML-based representa-
tion is still an open issue. Both, the DSL-based representation and
the UML-based representation, use different serialization formats,
which are not interoperable.

Similar to the UML Profile for Core Components, the Domain- Non-considered

CCTS characteristicsSpecific Language for Core Components does not consider all CCTS
characteristics in order to enable straightforward core component
modeling. The DSL for Core Components does for instance not con-
sider BCC property and ASCC property mechanisms, as well as their
business information entities counterparts. However, BCC proper-
ties and ASCC properties may be reflected using additional custom
code added to the Core Component DSL. This custom code could be
realized using the GUID (Globally Unique Identifier) mechanism of
the Microsoft DSL.
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7 Building a global reference

ontology with OWL and Core

Components

In this Chapter we abstract from a conceptual core component repre-
sentation, based on UML or a DSL, and examine the leverage effects
of Semantic Web Technologies for Core Components.

To allow for a processing of core component concepts with Se- Using semantic

technologies for

representing a

common business

document ontology

mantic Web technologies, we propose a formalized ontological rep-
resentation for core components. Consequently, we introduce a Web
Ontology Language (OWL) [183] representation for core component
concepts. In a first step, the basic core component concepts, as de-
fined in the Core Component Technical Specification, are represented
using OWL. In a second step we show how standardized core compo-
nents from the Core Component Library (CCL) may be transformed
to an OWL representation and serve as a common business document
model. Different business document standard definitions, based on
OWL, may further be mapped to the common business document
model, which serves as the interchange format between business doc-
ument standards.

The remainder of this Chapter is structured as follows: in Section
7.1 be briefly motivate why ontological representations for business
document formats are beneficial. Section 7.2 introduces the basic
concepts of the reference ontology, based on core components. In Sec-
tion 7.3 we elaborate on the specifics of the core component part of
the ontology, and Section 7.4 shows how different OWL representa-
tions of business document standards may be mapped to the refer-
ence ontology. Finally, Section 7.5 concludes the Chapter with a final
assessment.

7.1 Introduction

In the field of business document standardization several different Conquering

heterogeneous

business document

standard de�nitions

approaches and standards have emerged over the past few years (cf.
Chapter 3). Most of these standardization approaches focus on the
definition of a common syntax for business documents and business
information. Thereby, XML Schema has established itself as the de
facto standard for the definition of business documents. However,
even if business document standards are based on the same XML
syntax, they are mostly incompatible, since every standard defines
its own XML Schema. Thus, in case two business partners want to
engage in an automated B2B interaction, they either have to support
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the same business document standard or they have to implement
a costly syntactical mapping mechanism from one standard to the
other standard. Assuming n different business partners, where each
business partner uses a different business document standard xj out
of a set of available business document standards X, whereby X :=

{x1, x2, ..., xn} , leads to a quadratic growth of n(n−1)
2 mappers, as

shown in Figure 7.1.

Figure 7.1
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As an alternative, a single business document standard format
y may be introduced, to which each of the different business docu-
ment formats, defined in X, may be mapped to. As a result, only one
mapper must be implemented for each business document standard
xj , mapping from the single business document standard format y

to the business document standard xj and vice versa. This approach
reduces the amount of necessary mappers to a linear growth of n.

However, the definition of a common standard format y and the Challenges for a

common business

document standard

mapping of a different format xj to it, imposes several challenges:

o Different business document standards do not necessarily have
to follow the same encoding standard. E.g., EDIFACT messages
use a different encoding than XML-based standards.

o Even if both standards use the same encoding such as XML,
elements may be structured in a different way, e.g., there is no
guarantee, that the first element in an address is always street.

o Two elements may be aggregated to one element in standard
A, but may be two separate elements in standard B. E.g., street
and street number – compare:

o <street>Favoritenstrasse 9-11/188</street>
o <street>Favoritenstrasse</street>

<streetnumber>9-11/188</streetnumber>

o The semantic meaning of elements in different standards may
be the same, even if the naming conventions are different. A
consignment may be named consignment in standard A, but
may be referred to as shipment in standard B.

o Even if two elements have the same semantics in standard A
and standard B, they may still use different data types or other
restrictions such as facets.
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o Typically, different business document standards have different
coverage areas. Thus, an element (e.g., consignment) which is
considered in standard A, might not occur in standard B. Thus,
mapping heuristics have to be applied. We further investigate
mapping heuristics in Chapter 11 of this thesis.

o The common document format, to which each business part-
ner maps his business document standard, must be defined in
a globally unique manner. Thus, an international support for
the common business document format must be provided; oth-
erwise a globally accepted common document format is not fea-
sible.

As a consequence, we propose to implement the common standard Leveraging the

bene�ts of Core

Components and

UN/CEFACT

format based on UN/CEFACT’s Core Components. By using core
components for the definition of a common business document on-
tology, a maximum level of international acceptance may be guaran-
teed.

In the field of semantic business document interoperability, we Interoperability

scenariosidentify two important use case scenarios. On the one hand, business
documents are defined in a top-down manner. As shown on the left
hand side of Figure 7.2, a common reference ontology is defined, from
which the local ontologies of business partner A and business partner
B are derived. Thus, any local ontologies, derived from the common
reference ontology, are compatible to each other (via the common ref-
erence ontology) and both business partners have a common under-
standing of what they actually exchange in a business transaction.
This approach is for instance pursued by the core components initia-
tive. UN/CEFACT defines a set of reusable core components in the
Core Component Library. Consequently, business partners may take
the reusable core components, tailor them to their specific needs, and
create context specific business information entities.

Figure 7.2

Top-down vs.

bottom-up

standardization

Common Reference Common Reference

adhere map

Common Reference
Ontology
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A B A B

Local
Ontology
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Local
Ontology

Local
Ontology

Top‐down Bottom‐up

gy gy gy gy

On the other hand, business partners might already have their Mapping existing

document ontologies

to a common

reference ontology

own business document standards and ontology definitions, indepen-
dent of any common ontology. In such a bottom-up scenario, as shown
on the right hand side of Figure 7.2, business partner A and business
partner B map their existing local ontologies to the common reference
ontology. Based on the ontological mapping definitions, which both
business partners define once, any instances of a business document
standard may unambiguously be mapped to the common reference
ontology. As such, the common reference ontology serves as an inter-
change format between different standard definitions.
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Since both business partners have a compliant exchange format,
based on the common reference ontology, an automated business doc-
ument exchange between the two business partners is possible. In a
real world application, bottom-up scenarios occur more often than
top-down scenarios, since most business partners already have their
well established business document standards and ontologies. In
both cases, the provision of a common reference ontology is impor-
tant to achieve a common interoperability basis.

7.2 Reference ontology

Since core components are agreed upon by a broad industry and Building a reference

ontology with OWLother standardization organizations as well as interest groups, they
provide the ideal basis for a reference ontology. However, a formal-
ized representation of core components is needed to allow for core
components to represent a common reference ontology. In this Chap-
ter we formalize the Core Components Technical Specification using
the Web Ontology Language (OWL).

Figure 7.3 gives an overview of the common reference ontology. In
terms of the Meta-Object Facility (MOF) [128], the common reference
ontology is defined on the M2 layer. The top class of the ontology is
owl:Thing, serving as the superclass for all other classes. For a bet-
ter legibility Figure 7.3 has been divided into three compartments,
embracing core component, business information entity, and data
type specific artifacts respectively. As namespace for core component
specific classes, properties, etc. http://www.umm-dev.org/owl/ccts3#
with the prefix cc has been chosen. According to the usual conven-
tions the entire ontology definition may also be retrieved from this
URL by the interested reader.

The upper left compartment of Figure 7.3 represents all core Representing core

component concepts

using an ontology

component specific artifacts of the common reference ontology. The
superclass of every core component artifact is cc:CC, which has seven
owl:AnnotationProperty values, representing specific core component
properties. cc:businessTerm is a term under which the core compo-
nent is commonly known and used in business and cc:definition

is used to store the unique semantic meaning of the core compo-
nent. If core components are stored and retrieved from business reg-
istries, they require a unique name. This name is represented by
cc:dictionaryEntryName. To support multilingualism, cc:language-
Code defines the language used for the core component. cc:usageRule
specifies constraints on the usage of core components in free-form
text. cc:uniqueIdentifier and cc:versionIdentifier are additional
meta-information fields, required for registry storage and retrieval.

cc:CC has two sub-classes namely cc:ACC, representing aggregate
core components, and cc:ACCProperty, which is a newly introduced
superclass for basic core components and association core compo-
nents. Both, association core components and basic core components,
are represented by their respective owl:Classes cc:ASCC and cc:BCC.
The annotation property cc:sequencingKey in cc:ACCProperty is used
to assign an arbitrary order to an cc:ACCProperty.

Similar to the core component concepts, the elements in the com- Mapping business

information entity

concepts to the

ontology

http://www.umm-dev.org/owl/ccts3#
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Figure 7.3

Overview of the

common reference

ontology
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partment on the right hand side of Figure 7.3 represent the business
information entity specific artifacts of the ontology. The superclass of
all business information entities is cc:BIE. Since business informa-
tion entities are based on core components and traceability between
these two artifacts must be guaranteed at any time, a cc:isBasedOn
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object property is defined between cc:CC and cc:BIE. Similar to a core
component, a business information entity also has a set of annotation
properties such as cc:businessTerm, etc. Their meaning is the same
as the meaning of the properties of a cc:CC.

cc:BIE has two sub-classes, namely cc:ABIE, representing an ag-
gregate business information entity, and cc:ABIEProperty, which is
the superclass for basic business information entities and association
business information entities. For both, association business infor-
mation entities and basic business information entities, the respec-
tive owl:Class elements cc:ASBIE and cc:BBIE are defined. Similar
to a cc:ACCProperty, a cc:ABIEProperty has an annotation property
cc:sequencingKey, to specify an arbitrary sequencing order. Note the
different cc:basedOn object properties between artifacts from the core
component and business information entity compartments in Figure
7.3. These object properties help to trace business information en-
tity artifacts back to the core component artifacts, on which they are
based on.

The lower compartment in Figure 7.3 shows the data type spe- Mapping data type

concepts to the

ontology

cific elements of our reference ontology. As outlined before, the value
domain of basic core components is set by core data types (CDT)
and the value domain of basic business information entities is set
by business data types (BDT). Consequently, each business data type
must be based on exactly one core data type. This relationship is
reflected in the ontology as well and a cc:isBasedOn object prop-
erty is defined between a cc:BDT and a cc:CDT. Both, a core data
type and a business data type, always consist of exactly one content
component and zero to many supplementary components. Accord-
ingly, cc:hasSupplementary and cc:hasContent object properties are
defined in the reference ontology. Note that these two properties are
not shown for cc:BDT on the lower hand side of Figure 7.3. Since a
cc:BDT is based on a cc:CDT, these dependency properties are implic-
itly given.

Finally, the concept of a primitive type is reflected by cc:PRIM. As Mapping primitive

typesoutlined on the lower side of Figure 7.3, a primitive type has eleven
data type properties. Each data type property has a predefined data
type, defined as rdfs:range, e.g., cc:isTimeDuration has rdfs:range
xsd:duration.

Specializations of a primitive type are represented by enumera- Mapping

enumerations and

identi�er schemes

tion types (cc:ENUM) and identifier scheme types (cc:IDSCHEME). Enu-
merations consist of code list entries, represented by cc:CodelistEntry.
The different annotation properties of cc:IDSCHEME, cc:ENUM, and cc:-

CodelistEntry are used to provide meta-information about the differ-
ent data types.

In the following, we elaborate on the context free part of the ontol-
ogy – the core component ontology. The business information entity
part of the ontology is constructed analogously, since business infor-
mation entities are based on core components and in principle share
the same concepts (with the exception of context neutrality).
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7.3 Core component ontology

Figure 7.4 shows the core component ontology in detail. The top Core component

concepts in detailcore component class cc:CC is shown on the right hand side of Fig-
ure 7.4. It serves as the superclass for the two direct sub-classes
cc:ACC and cc:ACCProperty. In turn, an cc:ACCProperty is the super-
class of cc:BCC and cc:ASCC, representing basic core components and
association core components, respectively. The dependency between
a cc:ACC and its ACC properties is defined by the two object prop-
erties in the upper left corner of Figure 7.4. The object property
cc:hasACCProperty indicates that an ACC has ACC properties. Addi-
tionally, the cardinality of the object property is set to 1. Thus, there
cannot be an ACC without ACC properties. The allowed values for
the object property are restricted to cc:ACC and cc:ACCProperty using
rdfs:range and rdfs:domain, respectively.

Figure 7.4
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A basic core component has an assigned core data type, which
is reflected by the object property cc:hasCDT in the center of Figure
7.4. Allowed values of cc:hasCDT are restricted to cc:CDT and cc:BCC,
using rdfs:range and rdfs:domain, respectively. A cc:hasACCType ob-
ject property defines that an association core component points to an
aggregate core component. Using the cc:hasACCType, each cc:ASCC

may be assigned with the appropriate cc:ACC. As with all other ob-
ject properties, the allowed domain and range is restricted as well.
An ACC property must be either a cc:BCC or an cc:ASCC. Thus, an
owl:disjointWith property exists between the two classes.

The remaining parts of the reference ontology cover aspects of
business information entities and data types in the same manner as
explained above for the core component part of the ontology. Hav-
ing defined the basic concepts, we further elaborate on how to map
specific document instances to the reference ontology in the following
Chapter.
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7.4 Mapping instances to the core

component ontology

Our common business document reference ontology is the starting Exemplary mapping

from UBL to OAGipoint for integrating heterogeneous business document standards.
As shown in Figure 7.5, we distinguish between three different lev-
els in regard to business document interoperability, according to the
first three Meta-Object-Facility (MOF) layers [128]. For the accompa-
nying mapping example we assume a UBL [121] and an OAGi [131]
business document instance.

Figure 7.5

Overview of ontology

mapping principles
M2

OWL

Common Reference 
Ontology

A B

M2 Ontology

Common Document Model

UBL
Schema

M1 OAGi
Schema

serialize abstract
OWL OWL 

map

Schema Schema

UBL
Instance

OAGi
InstanceM0

abstract

serialize

serialize

abstract

Model A Model B

OWL
I

OWL
I tInstance Instance

abstract serializeInstance Instance

In a typical interoperability scenario, partner A and partner B
exchange business document instances as shown on the M0 level in
Figure 7.5. We first transform platform independent core component
concepts to OWL and define the common reference ontology on the
M2 layer. This common reference ontology has been thoroughly in-
troduced in Figure 7.3. Based on the concepts defined on the M2
level, a common document model may be created on the M1 level.
For this reason, implementation neutral core components as defined
in the core component library [173] are transferred to an OWL model,
according to the definitions specified in the common reference ontol-
ogy. Business document standards, such as UBL or OAGi, are trans-
formed to a OWL representation on the M1 layer as well, resulting
in OWL Model A and OWL Model B in Figure 7.5. This task has to
be realized by the respective standardization organizations. Conse-
quently, the OWL representation of different standards may be map-
ped to the common document model. The mapping of the OWL mod-
els to the common document model must be described using OWL
mappings. Based on these OWL mappings, a set of transformation
rules must be specified in a transformation language, uniquely defin-
ing a transformation process from standard A to standard B and vice
versa. Since the mappings between two standards are now uniquely
described on the M1 layer, transformation rules for the M0 layer may
be derived. The definition of a transformation language and the au-
tomated derivation of mappings on the instance level are still subject
to research.

However, we are already able (i) to abstract business document
standards from their XML representations and represent them in
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OWL and (ii) to align these OWL representations with a common
business document model which is (iii) based on a common reference
ontology, using core component concepts.

Figure 7.6

Simpli�ed core

component example

«ABIE»
Waste ︳Cons ignment Item

«ABIE»
Waste ︳Cons ignment

+ Waste ︳Identification:  Waste ︳Identifier [0..*]

+Waste ︳Included 1..*

«ASBIE»

As accompanying example we map two instances of UBL and Introducing the

mapping exampleOAGi to a common business document model, defined using the com-
mon reference ontology. Figure 7.6 shows a simplified version of the
accompanying waste movement form. For presentation purposes we
reduced the model to exactly two aggregate business information en-
tities (waste_ consignment and waste_ consignment item), one basic
business information entity (waste_ identification), and one asso-
ciation core component (waste_ included). Furthermore, we do not
consider data types in the mapping example.

As an example, Figure 7.7 shows how the common business doc-
ument on the M1 level is based on the common reference ontology on
the M2 level. Implementation neutral core components from the core
component library are defined using OWL on the M1 level. We show
three different core components namely abie:Waste_Included (AS-
BIE), abie:Waste_Identification (BBIE), and abie:Waste_Consign-

ment (ABIE) as an example. Note the dependency between the differ-
ent artifacts on the M1 and the M2 layer, guaranteeing the unique
semantic meaning of each artifact on the M1 layer. The OWL repre-
sentation of the OAGi and UBL artifacts are mapped to the common
business document model on the M1 layer, e.g., oagi:ShipmentUnitItem
and ubl:ConsignmentItem both map to the ASBIE abie:Waste_Includ-

ed. The different namespaces of all OAGi and UBL artifacts indicate
that the respective elements belong to a different ontology defined in
a different namespace. Finally, OAGi and UBL instances on the M0
layer are aligned to their conceptual definitions on the M1 layer.

In the example described above, the common business document
model on the M1 layer serves as the interchange format between dif-
ferent business document standards. Since we base our mappings on
the Web Ontology Language, we may leverage benefits from semantic
technologies.

7.5 Final assessment

In this Chapter we introduced a two-fold approach for the transfor- Provide an

implementation

format for core

components

mation of implementation neutral core component concepts to a Web
Ontology Language (OWL) representation. First, the basic core com-
ponent concepts are represented using OWL, resulting in a common
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Figure 7.7
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reference ontology. Based on the basic concepts of the common ref-
erence ontology, implementation neutral core components from the
core component library are transformed to an OWL representation.
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This results in a common business document model, to which any
arbitrary business document standard may be mapped to.

The approach, present in this Chapter, is in particular useful if Di�erence to UML

and DSL-based

solutions

two or more existing business document definitions are to be mapped
to a common core component basis. In principle two business doc-
ument standards could be mapped on a syntactical level only, using
regular XSLT mappings. However, the mapping of two business docu-
ment standards to a common core component model guarantees that
both standards have the same semantic mapping basis and thus no
semantic heterogeneities occur during the mapping. In contrast, the
UML and DSL-based solutions presented in the previous Chapters
follow a top-down approach, where a common core component model
is created and respective deployment artifacts such as XML Schema
are derived from the common business document model. We conclude
that it depends entirely on the application scenario, whether a UML,
DSL, or OWL-based solution should be chosen.

Since we base our common business document model on the Web Leverage the

advantage of

Semantic Web

technologies

Ontology Language, Semantic Web technologies may be leveraged
for the mapping of different business document standards. In par-
ticular in regard to the development of a transformation language
– transforming instances of two different business document stan-
dards, based on the defined mappings on the schema level – semantic
technologies such as reasoners may be used.

The definition of transformation rules, allowing for an automated Open issues

mapping of instances on the M0 layer, based on mapping definitions
on the M1 layer, is still an open research issue. Thereby, the auto-
mated derivation of a transformation rules, based on the formalized
ontology mappings, remains the main research issue.
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8 Deriving XML Schema artifacts

from Core Components

In the previous Chapters we have introduced three representation
formats for implementation neutral core components: the UML Pro-
file for Core Components, the Core Component DSL, and an OWL
representation for Core Components. With the first two approaches,
a business document modeler may easily assemble core component
compliant business document definitions on a conceptual level. In
particular in environments, where a multitude of different stake-
holders work on a common business document definition, a concep-
tual document representation provides several benefits. In contrary,
an OWL-based solution is useful if two or more business document
standards are to be mapped to a common core component model. In
the following we concentrate on the derivation of XML Schema ar-
tifacts from conceptual UML or DSL-based core component models.
Note that in principle even an OWL representation of core compo-
nents may serve as the input for XML Schema generation purposes.
As an example we use the UML-based core component representa-
tion, although all concepts introduced in this Chapter may also be
applied to a DSL or OWL-based representation.

For a technical implementation in IT systems, however, con- From conceptual

business document

models to XML

Schema

ceptual models cannot be directly used. In particular in a service
oriented environment, XML document representation are currently
state of the art. Business service interface definitions on each busi-
ness partner’s side are defined using XML Schema, unambiguously
prescribing which XML instance documents are accepted for a spe-
cific service invocation. Thus, a solution is needed where the ad-
vantages of both worlds, conceptual business document definitions
and XML Schema representations, may be used. In this Chapter we
propose a solution based on the Naming and Design Rules [171] of
UN/CEFACT. In this Chapter we present the theoretical foundations
for the derivation of XML Schema artifacts from core component
models, defined with the UML Profile for Core Components (UPCC)
and the Core Component DSL. Thus, this Chapter is closely related
to Chapter 5 and 6 and reuses the introduced UPCC examples, to
show the basic concepts of the Naming and Design Rules.

The remainder of this Chapter is structured as follows: Section
8.1 explains the theoretical foundations of the transformation mecha-
nism, based on the Open-edi reference model. Section 8.2 introduces
the transformation concepts of the XML derivation from core compo-
nents, using the accompanying waste management example. Finally
Section 8.3 concludes the Chapter with a final assessment.



8.1 Introduction 100

8.1 Introduction

Since XML was introduced in 1996 [184], its popularity has con- From conceptual

models to deployment

artifacts

stantly increased due to its versatility, flexibility, and easy appli-
cability. An additional boost has been brought by the introduction
of Web Services and their related technologies such as Web Service
Definition Language (WSDL) [187], Simple Object Access Protocol
(SOAP) [186], and Universal Description Discovery and Integration
(UDDI) [118]. In particular in the context of Web Services, the clear
and precise definition of a business document is important. Usually,
interfaces defined by WSDL import the appropriate XML Schema,
defining the type of business document the interface accepts.

With the implementation of the UML Profile for Core Compo- Introducing the

Open-edi reference

model

nents (UPCC) and the Domain-Specific Language for Core Compo-
nents, we follow the idea of the Open-edi reference model [78]. Figure
8.1 gives an overview of the basic concepts of the Open-edi reference
model.

Figure 8.1
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In the context of the Open-edi, a business transaction is viewed Business Operational

Viewfrom a two-fold perspective: from a Business Operational View per-
spective (BOV) and from a Functional Service View perspective (FSV).
The Business Operational View of a business transaction abstracts
from technical implementation details and focuses on business as-
pects, such as business information, business conventions, agree-
ments, and rules among organizations. Thus, non-technical people
may also be involved in the definition of BOV related artifacts. In
core component terms, artifacts created by the UML Profile for Core
Components and the Domain-Specific Language for Core Components
belong to the BOV.

In a consecutive step, the created artifacts from the Business Op- Functional Service

Viewerational View are transformed to artifacts for the Functional Service
View (FSV). In contrast to the Business Operational View, these ar-
tifacts are technical ones, and may be used for deployment in IT sys-
tems. In terms of core component modeling, XML Schema artifacts
are derived from the conceptual core component models, created in
the business operational view. To allow for a unique transformation
of BOV artifacts to FSV artifacts, specific rules and guidelines are
needed. We further elaborate on the basic transformation concepts
in the following Section.
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8.2 Transformation concepts

This Section outlines, how a conceptual core component model may
be used to derive XML Schema artifacts. XML artifacts form the
logical level business document model, to which every document in-
stance, exchanged between two B2B systems, must comply to. UN/CE-
FACT suggests the use of Naming and Design Rules (NDR) [171],
defining a unique representation of core components in XML. Along
with each new release of the Core Components Technical Specifica-
tion and its UML Profile, UN/CEFACT delivers pertaining Naming
and Design Rules. An overview of the basic NDR concepts is given in
Figure 8.2.

Figure 8.2
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Thereby, Figure 8.2 describes rules for the transformation of Transformation rules

guarantee

unambiguous XML

documents

business information entity concepts, including business data types
(BDT), basic business information entities (BBIE), aggregate busi-
ness information entities (ABIE), as well as association business in-
formation entities (ASBIE). The concept of a BDT is represented
through the XML Schema construct simpleType or complexType. In
case a BDT contains only a content component, it is represented by a
simpleType. Otherwise, if it contains supplementary components as
well, it is represented using a complexType. An ABIE is represented
by the XML Schema construct complexType. Within the complex type
definition for an ABIE, local element declarations are defined, repre-
senting the BBIEs of the particular ABIE. BBIEs are either typified
by a simpleType or a complexType, representing a particular BDT. In
addition to the complex type definition, a global element declaration
is created for each ABIE. For representing ASBIEs, which are used
for defining associations between ABIEs, either local or global ele-
ment declarations are used. In case the association is of type shared,
a global element is defined for the ASBIE. The globally declared el-
ement is then referenced from within the complex type definition of
the ABIE. Otherwise, in case the association is of type composite, the
ASBIE is declared as a local element within the complex type defini-
tion of the ABIE.

Another aspect of generating XML Schemas from conceptual Structure of the

generated schemasmodels is the structure of the resulting XML Schemas. Core com-
ponent artifacts are, as introduced earlier, organized in different li-
braries. The libraries relevant in respect of BDTs, ABIEs, BBIEs, AS-
BIEs, as well as business document definitions, are the packages na-
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med BDTLibrary, BIELibrary, and DOCLibrary. According to the pack-
age structure and following the Naming and Design Rules (NDR),
the generated XML Schema representations are organized into three
separate XML Schema files. An overview of the generated deploy-
ment artifacts is provided in Figure 8.3, showing that a separate
XML Schema file is generated for each library.

Figure 8.3
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Since business documents are defined using business information
entities, the different rules defined in the Naming and Design rules
apply to business information entity artifacts only. However, an im-
portant aspect when generating deployment artifacts for business in-
formation entities, is maintaining the basedOn dependency between a
business information entity and the underlying core component. To
perpetuate these dependencies, the NDRs specify that the names of
the business information entities must contain the name of the core
component, from which they are derived from. Therefore, when gen-
erating an XML Schema for business information entities, all gener-
ated artifacts contain the name of the core component that they are
based on. Through this name matching, the conceptual basedOn de-
pendency between a business information entity and the underlying
core component is maintained on the XML Schema level as well.

To allow for an efficient transformation workflow of conceptual Employing generation

toolsbusiness document models to their XML Schema equivalents, trans-
formation routines must be implemented. We have already intro-
duced our open-source tool VIENNA Add-In (Visualizing Inter EN-
terprise Network Architectures) [180] in Chapter 5. The VIENNA
Add-In does not only help a business document modeler in creating
valid UML-based core component models, but also provides an XML
generator, which fully conforms to the Naming and Design Rules of
UN/CEFACT.

As already outlined, a core component model is defined using dif- Creating a root

schema for the

business document

ferent packages, following a rigid structure. Using the XML genera-
tor, the business document modeler simply clicks on a package and
initiates the transformation of core components to the appropriate
XML Schema representation. The XML Schema generator automat-
ically detects dependencies in the core component model and gener-
ates additional XML Schema files, containing data type definitions,
code list definitions, etc. The XML Schema in Listing 8.1 shows the
root schema, generated from the business document library (cf. Fig-
ure 5.10 in Chapter 5). The root schema serves as a container for all
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the other defined schemas and their elements and represents exactly
one business document. First, the necessary namespaces are defined
in line 12 of Listing 8.1. Consequently, other schema definitions, re-
quired by the root schema, are imported (lines 13-15). In line 14
the business data type scheme is imported and line 15 imports the
schema with the business information entity definitions, generated
from the BIELibrary.

The schema contains exactly one root element for the message
assembly (MA) artifact waste movement form, shown in line 16. For
each message assembly (MA) a dedicated complexType is created as
shown in line 18. The complexType waste movement form type con-
sists of a sequence (shown in line 31), containing exactly one ele-
ment attached waste_ consignment. This element represents the as-
sociation message assembly (ASMA), connecting the message assem-
bly waste movement form and the aggregate core component waste_

consignment. Since an association message assembly is always of
type shared, the resulting element is first declared globally (line 17)
and then referenced from within the complexType definition (line 32).

Note the different annotations for each complexType (line 19-30 Using prede�ned

annotation schemesand line 33-48 in Listing 8.1). The annotation structure is predefined
by UN/CEFACT’s Naming and Design rules and imported into the
root schema (line 13). The content of the annotations is taken from
the model artifacts in the conceptual core component model and au-
tomatically transferred into the correct XML annotation by the XML
Schema generator.

Listing 8.1

Waste movement

form XML Schema

12 <xsd:schema xmlns:edn=" http : / /www. eudin . org / doc " xmlns:ccts="
urn:un:unece:uncefact:documentation:standard:XMLNDRDocumentation:3 " xmlns:bdt=" http : / /www. eudin .
org / doc " xmlns:bie=" http : / /www. eudin . org / doc " xmlns:xsd=" http : / /www.w3. org /2001/XMLSchema"
targetNamespace=" http : / /www. eudin . org / doc " elementFormDefault=" qua l i f i ed " attributeFormDefault="
unquali f ied " version=" 1.0 ">

13 <xsd:import namespace=" urn:un:unece:uncefact:documentation:standard:XMLNDRDocumentation:3 "
schemaLocation=" documentation / standard / XMLNDR_Documentation_3p0 . xsd " / >

14 <xsd: include schemaLocation=" BusinessDataType_1 . 0 . xsd " / >
15 <xsd: include schemaLocation=" BusinessInformationEntity_1 . 0 . xsd " / >
16 <xsd:element name="WasteMovementForm" type="edn:WasteMovementFormType" / >
17 <xsd:element name=" AttachedWaste_Consignment " type=" bie:Waste_ConsignmentType ">
18 <xsd:complexType name="WasteMovementFormType">
19 <xsd:annotation>
20 <xsd:documentation xml:lang="en">
21 <ccts:UniqueID>9B3530F2−9721−11DE−BDC8−0E7455D89593< / ccts:UniqueID>
22 <ccts:VersionID>1.0< / ccts :VersionID>
23 <ccts:ObjectClassQualifierName>WasteMovementForm< / ccts:ObjectClassQualifierName>
24 <ccts:ObjectClassTermName>WasteMovementForm< / ccts:ObjectClassTermName>
25 <ccts:DictionaryEntryName>WasteMovementForm . Detai ls< / ccts:DictionaryEntryName>
26 < c c t s : D e f i n i t i o n >Waste Movement Form< / c c t s : D e f i n i t i o n >
27 <ccts:BusinessTermName>Representing an accompanying document for a waste transport< /

ccts:BusinessTermName>
28 <ccts:AcronymCode>ABIE< / ccts:AcronymCode>
29 < / xsd:documentation>
30 < / xsd:annotation>
31 <xsd:sequence>
32 <xsd:element re f=" edn:AttachedWaste_Consignment ">
33 <xsd:annotation>
34 <xsd:documentation xml:lang="en">
35 <ccts:UniqueID>B1A885B4−9721−11DE−ABE8−977455D89593< / ccts:UniqueID>
36 <ccts:VersionID>1.0< / ccts :VersionID>
37 <cc ts :Card ina l i ty>1. .∗< / cc t s :Card ina l i ty>
38 <ccts:SequencingKey>1< / ccts:SequencingKey>
39 <ccts:DictionaryEntryName>WasteMovementForm . Attached . Waste_Consignment< / ccts:DictionaryEntryName>
40 < c c t s : D e f i n i t i o n >The consignment of the waste movement form< / c c t s : D e f i n i t i o n >
41 <ccts:BusinessTermName>Representing a consignment< / ccts:BusinessTermName>
42 <ccts :Associat ionType>Composite< / ccts :Associat ionType>
43 <ccts:PropertyTermName>Waste_Attached< / ccts:PropertyTermName>
44 <ccts:PropertyQualifierName>Waste< / ccts:PropertyQualifierName>
45 <ccts:AssociatedObjectClassTermName>Waste_Consignment< / ccts:AssociatedObjectClassTermName>
46 <ccts:AcronymCode>ASBIE< / ccts:AcronymCode>
47 < / xsd:documentation>
48 < / xsd:annotation>
49 < / xsd:element>
50 < / xsd:sequence>
51 < / xsd:complexType>
52 < / xsd:schema>

For each business information entity library (BIELibrary), a dedi- Creating a schema for

business information

entities

cated XML Schema file is created. We already outlined that busi-
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ness information entities are used to assemble business documents.
In XML Schema terms, the necessary business information entity
schemas are imported in the final root schema (line 15 in Listing
8.1).

Listing 8.2 shows a cutout from the XML Schema, created for
the BIELibrary of the waste movement form example (cf. Figure 5.8
in Chapter 5). Line 53 defines necessary namespaces and in line
54 the business data type schema, used to set the value domains of
basic business information entities, is imported. In line 55 the com-
plex type for the business information entity waste_ consignment is
shown. Note that this complex type is used in the root schema (List-
ing 8.1, line 17), to set the type of the association message assembly
attached waste_ consignment. The complex type waste_ consignment

defines a sequence of exactly one basic business information entity
(BBIE) and one association business information entity (ASBIE). Line
69 of Listing 8.2 shows the BBIE and line 85 the ASBIE.

Listing 8.2

Business Information

Entity XML Schema

53 <xsd:schema xmlns:edn=" http : / /www. eudin . org / doc " xmlns:ccts="
urn:un:unece:uncefact:documentation:standard:XMLNDRDocumentation:3 " xmlns:bdt=" http : / /www. eudin .
org / doc " xmlns:tns=" http : / /www. eudin . org / doc " xmlns:xsd=" http : / /www.w3. org /2001/XMLSchema"
targetNamespace=" http : / /www. eudin . org / doc " elementFormDefault=" qua l i f i ed " attributeFormDefault="
unquali f ied " version=" 1.0 ">

54 <xsd: include schemaLocation=" BusinessDataType_1 . 0 . xsd " / >
55 <xsd:complexType name=" Waste_ConsignmentType ">
56 <xsd:annotation>
57 <xsd:documentation xml:lang="en">
58 <ccts:UniqueID / >
59 <ccts :VersionID / >
60 <ccts:ObjectClassQualifierName>Waste< / ccts:ObjectClassQualifierName>
61 <ccts:ObjectClassTermName>Consignment< / ccts:ObjectClassTermName>
62 <ccts:DictionaryEntryName>Waste_Consignment . Detai ls< / ccts:DictionaryEntryName>
63 < c c t s : D e f i n i t i o n / >
64 <ccts:BusinessTermName / >
65 <ccts:AcronymCode>ABIE< / ccts:AcronymCode>
66 < / xsd:documentation>
67 < / xsd:annotation>
68 <xsd:sequence>
69 <xsd:element name=" Waste_Identi f icat ionWaste_Identi f ier " type=" bdt:Waste_Identif ierStringType "

minOccurs="0" maxOccurs="unbounded">
70 <xsd:annotation>
71 <xsd:documentation xml:lang="en">
72 <ccts:UniqueID / >
73 <ccts :VersionID / >
74 <cc ts :Card ina l i ty>0. .∗< / cc t s :Card ina l i ty>
75 <ccts:SequencingKey / >
76 <ccts:DictionaryEntryName / >
77 < c c t s : D e f i n i t i o n / >
78 <ccts:BusinessTermName / >
79 <ccts:PropertyTermName>Waste_Identi f icat ion< / ccts:PropertyTermName>
80 <ccts:RepresentationTermName>Waste_Identif ier< / ccts:RepresentationTermName>
81 <ccts:AcronymCode>BBIE< / ccts:AcronymCode>
82 < / xsd:documentation>
83 < / xsd:annotation>
84 < / xsd:element>
85 <xsd:element name=" Waste_IncludedWaste_ConsignmentItem " type=" tns:Waste_ConsignmentItemType ">
86 <xsd:annotation>
87 <xsd:documentation xml:lang="en">
88 <ccts:UniqueID / >
89 <ccts :VersionID / >
90 <cc ts :Card ina l i ty>1. .∗< / cc t s :Card ina l i ty>
91 <ccts:SequencingKey / >
92 <ccts:DictionaryEntryName / >
93 < c c t s : D e f i n i t i o n / >
94 <ccts:BusinessTermName / >
95 <ccts :Associat ionType>Composite< / ccts :Associat ionType>
96 <ccts:PropertyTermName>Waste_Included< / ccts:PropertyTermName>
97 <ccts:PropertyQualifierName / >
98 <ccts:AssociatedObjectClassTermName>Waste_ConsignmentItem< / ccts:AssociatedObjectClassTermName>
99 <ccts:AcronymCode>ASBIE< / ccts:AcronymCode>

100 < / xsd:documentation>
101 < / xsd:annotation>
102 < / xsd:element>
103 < / xsd:sequence>
104 < / xsd:complexType>
105 . . .
106 < / xsd:schema>

The value domain of each basic business information entity (BBIE) Creating a schema for

business data typesis set, using the concept of business data types (BDT). Both, the root
schema and every business information entity schema include the
necessary business data type schemas to set the type of the respec-
tive BBIE elements. The root schema of the waste movement form,
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shown in Listing 8.1, includes the business data type schema in line
14. The business information entity schema, shown in Listing 8.2,
imports the necessary data types in line 54. Recall, that each busi-
ness data type consists of exactly one content component and mul-
tiple optional supplementary components. Listing 8.3 shows a cut-
out of the XML Schema created for the business data type library
of the waste movement form example (cf. Figure 5.9 in Chapter 5).
The XML equivalent for the business data type waste_ identifier is
shown in line 110. The content component of a waste_ identifier

is of type string. In XML this is denoted by a simpleContent, with
the data type of the content component as the extension base (line
123 and 124 in Listing 8.3). For each supplementary component of
a business data type an attribute is created. The business data type
waste_ identifier has exactly one supplementary component shown
in line 125 of Listing 8.3.

Listing 8.3

Business Data Type

XML Schema

107 <xsd:schema xmlns:edn=" http : / /www. eudin . org / doc " xmlns:ccts="
urn:un:unece:uncefact:documentation:standard:XMLNDRDocumentation:3 " xmlns:xsd=" http : / /www.w3. org
/2001/XMLSchema" xmlns:clm63055=" urn:un:unece:uncefact :codel ist :standard:6:3055:D05A "
targetNamespace=" http : / /www. eudin . org / doc " version=" 1.0 ">

108 <xsd:import namespace=" urn:un:unece:uncefact :codel ist :standard:6:3055:D05A " schemaLocation=" c o d e l i s t /
standard / UNECE_AgencyIdentificationCode_D05A . xsd " / >

109 . . .
110 <xsd:complexType name=" Waste_IdentifierStringType ">
111 <xsd:annotation>
112 <xsd:documentation xml:lang="en">
113 <ccts:UniqueID>9bece510−ea80−11dd−ba2f−0800200c9a66< / ccts:UniqueID>
114 <ccts :VersionID>CCL08A< / ccts :VersionID>
115 <ccts:DictionaryEntryName> I d e n t i f i e r . Type< / ccts:DictionaryEntryName>
116 < c c t s : D e f i n i t i o n > I d e n t i f i e r i s a character str ing used to ident i f y and dist inguish uniquely , one

instance of an ob jec t in an i d e n t i f i c a t i o n scheme from a l l other ob jec ts within the same
scheme . < / c c t s : D e f i n i t i o n >

117 <ccts:BusinessTermName> I d e n t i f i e r for things . < / ccts:BusinessTermName>
118 <ccts:PropertyTermName>Waste_Identif ier< / ccts:PropertyTermName>
119 <ccts:LanguageCode>en−GB< / ccts:LanguageCode>
120 <ccts:AcronymCode>BDT< / ccts:AcronymCode>
121 < / xsd:documentation>
122 < / xsd:annotation>
123 <xsd:simpleContent>
124 <xsd:extension base=" xsd :s tr ing ">
125 <xsd :at tr ibute name="SchemeAgencyIdentifierUNCEFACT_63055" type="

enum1:AgencyIdentificationCodeContentType ">
126 <xsd:annotation>
127 <xsd:documentation xml:lang="en">
128 <ccts:PropertyTermName>SchemeAgencyIdentifier< / ccts:PropertyTermName>
129 <ccts:RepresentationTermName>UNCEFACT_63055< / ccts:RepresentationTermName>
130 <ccts:PrimitiveTypeName>UNCEFACT_63055< / ccts:PrimitiveTypeName>
131 <ccts:DataTypeName>Waste_Identif ier< / ccts:DataTypeName>
132 <ccts:DictionaryEntryName>Waste_Identif ier . SchemeAgencyIdentifier . UNCEFACT_63055< /

ccts:DictionaryEntryName>
133 <ccts :Modi f icat ionAl lowedIndicator>true< / ccts :Modi f icat ionAl lowedIndicator>
134 <ccts:AcronymCode>SUP< / ccts:AcronymCode>
135 < / xsd:documentation>
136 < / xsd:annotation>
137 < / xsd :at tr ibute>
138 < / xsd:extension>
139 < / xsd:simpleContent>
140 < / xsd:complexType>
141 . . .
142 < / xsd:schema>

Note that the supplementary component is of type agency identifi- Setting the value

domain of a

supplementary

component

cation code content type (line 125 in Listing 8.3), a predefined code
list named agency identification code from UN/CEFACT. The code
list is a common code list, universally defined for all contexts and im-
ported into the target business data type XML Schema, as shown in
line 108 of Listing 8.3. Listing 8.4 shows a cut-out of the correspond-
ing code list XML Schema, which is imported in line 108 of Listing
8.3.

Generally, we distinguish between two different types of code Code list schemas

lists: common code lists and business code lists. On a conceptual
level, code lists are referred to as enumerations and the distinction
between common code lists and business code lists is enforced by the
business document modeler. We already mentioned that common
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code lists are standardized independent of a certain business context.
Business code lists are always created from a common code list by re-
striction. However, the XML representation of a common code list
and a business code list is the same. The example shown in Listing
8.4 shows a cut-out for the enumeration UN/CEFACT 63055 (cf. Figure
5.7 in Chapter 5). The enumeration represents a predefined common
code list, defined by UN/CEFACT.

Listing 8.4

Common code list

143 <xsd:schema xmlns:xsd=" http : / /www.w3. org /2001/XMLSchema" xmlns:clm63055="
urn:un:unece:uncefact :codel ist :standard:6:3055:D05A " xmlns:ccts="
urn:un:unece:uncefact:documentation:standard:CoreComponentsTechnicalSpecification:2 "
targetNamespace=" urn:un:unece:uncefact :codel ist :standard:6:3055:D05A " elementFormDefault="
qua l i f i ed " attributeFormDefault=" unquali f ied " version=" 2.0 ">

144 . . .
145 <xsd:simpleType name=" AgencyIdentificationCodeContentType ">
146 < x s d : r e s t r i c t i o n base=" xsd:token ">
147 <xsd:minLength value="1" / >
148 <xsd:maxLength value="3" / >
149 <xsd:enumeration value="1">
150 <xsd:annotation>
151 <xsd:documentation>
152 <ccts:Name>CCC ( Customs Co−operation Council )< / ccts:Name>
153 < c c t s : D e f i n i t i o n >Customs Co−operation Council (now World CustomsOrganization ) . < / c c t s : D e f i n i t i o n >
154 < / xsd:documentation>
155 < / xsd:annotation>
156 < / xsd:enumeration>
157 <xsd:enumeration value="2">
158 <xsd:annotation>
159 <xsd:documentation>
160 <ccts:Name>CEC ( Commission of the European Communities )< / ccts:Name>
161 < c c t s : D e f i n i t i o n >Generic: see also 140 , 141 , 142 , 162.< / c c t s : D e f i n i t i o n >
162 < / xsd:documentation>
163 < / xsd:annotation>
164 < / xsd:enumeration>
165 . . .
166 < / x s d : r e s t r i c t i o n >
167 < / xsd:simpleType>
168 < / xsd:schema>

In addition to code lists, UN/CEFACT also supports the concept Identi�er schemes

of identifier schemes. Identifier schemes are different to code lists in
regard to their concept and purpose. A code list is an enumerated set
of values, based on a certain primitive type. In contrast, an identi-
fier scheme defines a certain pattern, based on a primitive type. The
pattern unambiguously defines, how different values of the primitive
type may be constructed. Thus, an identifier scheme may be thought
of as some sort of production rule for a certain primitive type. Values,
generated according to an identifier scheme, are typically not enu-
merated, e.g., bank account numbers. Similar to common code lists
and business code lists, we distinguish between common identifier
schemes and business identifier schemes. An example for a common
identifier scheme is shown in Listing 8.5. The simpleType in line 171
of Listing 8.5 defines a pattern for a UN/CEFACT Data Type iden-
tifier. On an XML level no distinction between a business identifier
and a common identifier is made and both follow the same pattern as
shown in Listing 8.5.

Listing 8.5

Common identi�er

scheme

169 <xsd:schema xmlns:ism6ccts5=" urn:un:unece:uncefact: identif icationscheme:standard:6:CCTS5:08B " xmlns:ccts=
" urn:un:unece:uncefact:documentation:standard:CoreComponentsTechnicalSpecification:2 " xmlns:xsd="
http : / /www.w3. org /2001/XMLSchema" targetNamespace="
urn:un:unece:uncefact: identif icationscheme:standard:6:CCTS5:08B " elementFormDefault=" qua l i f i ed "
attributeFormDefault=" unquali f ied " version=" 3.0 ">

170 <xsd:element name=" DataTypeUniqueIdentificationScheme " type="
ism6ccts5:DataTypeUniqueIdentificationSchemeContentType " / >

171 <xsd:simpleType name=" DataTypeUniqueIdentificationSchemeContentType ">
172 < x s d : r e s t r i c t i o n base=" xsd:token ">
173 <xsd:pattern value="UNDT[0−9]{6}\−[0−9]{3} " / >
174 < / x s d : r e s t r i c t i o n >
175 < / xsd:simpleType>
176 < / xsd:schema>

For the definition of primitive types, the built-in data types of Primitive types

the XML Schema specification are used. For each primitive type a
named xsd:simpleType is created. Note that the facets defined by the
primitive type directly map to the facets of the XSD built-in type.
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8.3 Final assessment

In this Chapter we outlined a model-driven approach for the defini- Model-driven

approach for XML

Schema de�nitions

tion of XML Schema artifacts. Based on the principles of the Open-
edi reference model, business document models are first defined on
a conceptual basis, using either the UML Profile for Core Compo-
nents, the Domain-Specific Language for Core Components, or the
Web Ontology Language (OWL) for Core Components. In a consecu-
tive step and using the Naming and Design Rules (NDR) of UN/CE-
FACT, core component models may unambiguously be transformed
to an XML Schema representation. Thereby, the Naming and De-
sign Rules of UN/CEFACT represent the link between the Business
Operational View and the Functional Service View of the Open-edi
reference model.

Note that in principle any representation of choice may be chosen
for the Business Operational View, since the NDRs do not mandate a
specific input format for a transformation, but describe the necessary
mapping rules from a neutral perspective. Furthermore, we outlined
how tool supported transformation mechanisms may help a business
document modeler to quickly generate XML Schema artifacts from
conceptual document models.

In particular in a service oriented context, the flexibility to ex- Flexibility to changing

requirementschange one business partner with another business partner, or to add
a new business partner without the need to rigorously redesign the
entire system, is one of the key qualities. IT systems are reconfigured
using declarative XML-based business process and business docu-
ment definitions instead of being re-implemented using considerable
coding effort. However, negotiations in regard to process choreogra-
phies and exchanged business documents must be conducted in an
efficient manner to allow for a quick reconfiguration of the respec-
tive IT system. Using the model-driven core component approach for
the definition of business documents, the necessary level of flexibility
required by a modern SOA environment, is provided.

In this Chapter we have introduced the Naming and Design Open issues

Rules of UN/CEFACT based on a UML model according to the UML
Profile for Core Components (UPCC). However, the Naming and De-
sign Rules of UN/CEFACT are not bound to a specific core component
implementation format and, thus, may also be applied to a DSL or
OWL-based representation of core components.
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9 A registry for Core Components

In regard to every day use of core components, a major shortcoming
still remains. To make existing core component definitions, as de-
fined in the Core Component Library (CCL) [173] of UN/CEFACT,
available to a large user community, an easy to use implementation
of a common core component registry is necessary. Since core compo-
nent models are used to define business documents schemas, which
in turn define the type of document a service interface accepts, they
must be available to any interested business partner in an easy man-
ner.

In this Chapter we introduce an approach for the definition of a Introducing a core

component registry

model

common core component registry, based on the ebXML Registry In-
formation Model (ebRIM) [119]. We outline how the registry serves
as the storage, search, and retrieval point for both, conceptual ser-
vice interface definitions based on UML and XML Schema artifacts,
respectively. We also stress the importance of a registry federation
concept, to allow for different levels of core component interoperabil-
ity. Note that the concepts introduced in this Chapter may also be
applied to a DSL-based or OWL-based representation of core compo-
nents.

The remainder of this Chapter is structured as follows: Section
9.1 motivates the necessity of a common core component registry and
Section 9.2 introduces the basic concepts of the ebXML registry spec-
ification. Based on the ebXML Registry Information Model, we intro-
duce the core component registry model in Section 9.3 and exemplar-
ily show how to map conceptual and logical level business document
definitions to the registry model. Finally, Section 9.4 introduces the
concept of a federated registry for core components and Section 9.5
concludes the Chapter with a final assessment.

9.1 Introduction

In most SOA based scenarios, XML Schemas are used to define the
interface of each business partner. Thus, it are the business docu-
ment definitions, represented using XML Schema, which essentially
define what type of XML instances a service interface accepts. We
already introduced a promising approach for the collaborative def-
inition of service interfaces, using the core components technology
and its three reference implementations using the Unified Modeling
Language (cf. Chapter 5), Domain-Specific Languages (cf. Chapter
6), and Web Ontology Language (cf. Chapter 7).

However, what is still missing is an access point, where business Missing core

component registrypartners may easily retrieve predefined core component and business
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information entity definitions from a registry. In a nutshell, business
partners should be able to store their existing business document
definitions for a service interface in a publicly accessible registry to
share them with other business partners. Since in our scenario each
business document is assembled using business information entities,
their underlying core components must be available using a registry
as well. We conclude that for a seamless interoperability scenario,
using the core component technology, a publicly available registry for
core component and business information entity artifacts must be
provided. Figure 9.1 gives an overview of our motivating business
scenario.

Figure 9.1

Motivating business

scenario for a registry

Core Component 
Registry 

<XML/> 

A 

B 

Conceptual UML 
Business Document 

transform 

Business 
Partner A 

define  Business 
Partner B 

Business 
Partner C 

store/ 
retrieve 

Service Interface 
Definition 

C 
B A 

Core Components 

use 1 

3 

4 

5 

6 

UN/CEFACT 
Core 

Component 
Library 

(MS Excel file) 

defined 
in 

2 

Business partner A uses predefined core components (1) to as- Providing document

models to potential

business partners

semble a conceptual business document definition (3). These core
components are standardized by the United Nations Center for Trade
Facilitation and Electronic Business (UN/CEFACT) and may be re-
trieved from the Core Component Library (CCL) [173] (2). Using
the core component concepts, business documents are built in a se-
mantically unambiguous manner, following a globally defined stan-
dard. However, core components are standardized in an implemen-
tation neutral manner, making integration into modeling tools and
machine processing difficult. Thus, we introduced the UML Profile
for Core Components (UPCC) [172] and consequently submitted it to
UN/CEFACT for standardization (cf. Chapter 5). The UML Profile
may be used to assemble business document definitions on a con-
ceptual, UML-based level (3). Based on the UML Profile for Core
Components, implementation neutral core components as defined in
the Core Component Library may also be transformed to a UML rep-
resentation. Thus, our introduced registry approach serves for core
components and business information entities and all other related
artifacts such as data types, likewise.

A conceptual UML-based business document definition is easy to Leveraging bene�ts

from UML and XML

Schema-based

business document

de�nitions

communicate between different developers and IT architects. How-
ever, service interfaces are defined using XML Schema artifacts. Con-
ceptual service interface definitions ease the communication between
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developers and IT architects, but cannot be used directly for interface
definitions in IT systems. XML-based service interface definitions
are difficult to communicate between different developers, but may
be directly used in IT systems. Thus, we argue that it is necessary
to store both – the conceptual and the XML-based representation of
a service interface in a registry (5). Other business partners may
search the registry for pertinent service interface definitions and re-
trieve both, the UML-based and XML-based business document def-
initions (6).

A core component registry, which is able to store UML-based and
XML-based core component definitions, is still missing. In the follow-
ing we outline the basic technical foundations of the ebXML registry
specification on which we built our registry information model.

9.2 Introduction to the ebXML registry

speci�cation

In terms of a registry we distinguish between two elementary con- Registry vs.

repositorycepts: a registry and a repository. In general, a repository is respon-
sible for storing the actual artifacts such as XML files, media files,
etc. An efficient search and retrieval requires that the different ar-
tifacts are annotated with metadata. Thus, for artifacts stored in
a repository a meta-model is needed, unambiguously defining which
metadata definition belongs to which artifact type. Furthermore, the
different artifact types in a registry may be related to each other,
forming some sort of taxonomy or ontology. These interdependencies
must also be specified in a meta-model. Thus, in addition to a reposi-
tory a registry is defined, storing the different metadata about repos-
itory artifacts. If a business document modeler wants to retrieve an
artifact from the repository, he first queries the registry. Based on
the metadata in the registry the business document modeler is able
to find the given artifact and retrieve it from the repository.

The ebXML registry specification is also based on these two pil- ebXML registry

lars and provides an integrated registry/repository [119]. An ebXML
registry may be thought of as a service oriented architecture registry
as well as repository and comprises the following functions:

o Providing a classification template mechanism of any type of
information.

o Managing the relationships between the different artifacts us-
ing taxonomies and ontologies.

o Providing an environment for hosting, browsing, and validation
of the stored artifacts.

o Providing a file and folder organization principle for informa-
tion.

The ebXML registry specification comprises two main parts, namely
the ebXML Registry Information Model (ebRIM), defining what meta-
data and content may be stored in the registry, and the ebXML Reg-
istry Services and Protocols, defining the services and service inter-
faces provided by the registry.
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In the following Section we provide an extension to the ebXML Extending the ebRIM

registry information model, allowing for a seamless integration of
core component concepts in the ebXML registry specification. We
do not further elaborate on technical implementation details as pro-
vided in the ebXML Registry Services and Protocols standard.

9.3 The Core Component Registry Model

In the following we discuss how both, conceptual core component ar- Introducing the core

component registry

model

tifacts based on UML and core component artifacts, based on XML
Schema, are managed in a registry. For this purpose we provide a
registry meta-model, based on the ebXML registry information model
[119], which supports the specifics of the conceptual and logical layer.
The registry meta-model has the purpose to define which artifacts
are maintained in the registry and how the different artifacts are re-
lated to each other. An ebXML registry stores artifacts as extrinsic
objects, which are XMI (XML Metadata Interchange) and XML arti-
facts in our case, but may in principle be any data format of choice.
Note that the content of an extrinsic object is encapsulated – this
means a query to the registry does not access the content of an ex-
trinsic object directly. It follows, that an extrinsic object must be
annotated with pertinent metadata, to allow for an effective search.
Additionally, the different artifacts and their metadata have depen-
dencies on each other. Our registry meta-model defines the required
links between the extrinsic objects of the different artifacts and also
between their metadata if required.

We built our registry meta-model for core components based on
the foundations of the UML Profile for Core Components (UPCC).
Figure 9.2 summarizes the basic concepts of the UPCC (cf. Chapter
5).

Recall, that each of the artifacts shown with a white background Preserving UPCC

dependenciesin Figure 9.2 are packages, where artifacts of a certain type are ag-
gregated. Artifacts shown with a black background are elements
and attributes, used to assemble core components, business informa-
tion entities, and data types, respectively. The registry meta-model
must ensure that all necessary dependencies as defined by the UPCC
are preserved in the registry as well. Additionally, each package
as shown in Figure 9.2 results in exactly one XML Schema artifact,
e.g., a CCLibrary on the conceptual UML-based level becomes exactly
one XML Schema file, when transformed to an XML representation.
Thus, these dependencies must be preserved in the registry as well.

Figure 9.3 shows the resulting meta-model of our core component Introducing the

registry meta-modelregistry. We do not show the entire meta-model, but limit our discus-
sion to the business information entity part of the meta-model. Other
meta-model parts, covering core component and data types specific
artifacts, are to be read accordingly. Extrinsic objects are denoted
with a thick border. Classes, referring to logical level artifacts, are
denoted with a gray background. Each class of our core component
registry is based on an existing meta-class of the ebRIM. The meta-
class is denoted in the upper-right corner of each class.
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Figure 9.2
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As shown in Figure 9.3, our meta-model cut-out contains four ex-
trinsic objects for the conceptual layer, namely ABIE (aggregate busi-
ness information entity), BBIE (basic business information entity),
ASBIE (association business information entity), and BDT (business
data type). Each of the mentioned extrinsic objects has several as-
sociated slots and classifications. The concept of slots and classifi-
cations is used to annotate an extrinsic object with metadata infor-
mation, to allow for search and retrieval of the artifact. To keep it
short, we only show the slots and classifications for the extrinsic ob-
ject ABIE in detail, which however also apply to BBIE, ASBIE, and BDT

artifacts. For the logical level layer we define exactly two extrinsic
objects, namely BIESchema and BDTSchema. The extrinsic objects ABIE



9.3 The Core Component Registry Model 113

and BDT are associated with the classification artifacts BIELibrary

and BDTLibrary, respectively. Classification scheme and classifica-
tion node are concepts built into the ebRIM and are used for defining
taxonomies of metadata.

Having defined the registry meta-model, we may implement the
core component extension of the ebRIM. Consequently, conceptual
and logical level core component artifacts may be stored in the repos-
itory with the appropriate metadata being maintained in the registry.

9.3.1 Registering conceptual core component models

As outlined before, business document modelers prefer to use the
UML Profile for Core Components, the Domain-Specific Language
for Core Components, or the Web Ontology Language for Core Com-
ponents to integrate the implementation neutral core component con-
cepts in their modeling environments. In our proposed scenario, in-
troduced in this Chapter, a conceptual core component model based
on the UML syntax is used. The graphical UML syntax may also be
represented in XMI (XML Metadata Interchange), which we use to
store a core component model as an extrinsic object in the registry.

The mapping of conceptual and logical level core component ar- Introducing the

accompanying

example

tifacts to our registry meta-model is illustrated using our accom-
panying waste movement form example. Figure 9.4 shows a sim-
plified version of the waste movement form example, consisting of
two aggregate business information entities waste_ consignment and
waste_ consignment item. For simplification purposes not all asso-
ciation business information entities and basic business information
entities are used.

Figure 9.4

Sample business

information entity

model

«ABIE»
Wa ste ︳Co n si g n m e n t I te m

«BBIE»
+ Waste ︳ChargeableWeight:  Waste ︳Measure [0..*]
+ Waste ︳DeclaredValueForCarriage:  Waste ︳Amount [0..1]
+ Waste ︳DeclaredValueForCustoms:  Waste ︳Amount [0..1]
+ Waste ︳DeclaredValueForStatistics:  Waste ︳Amount [0..1]

«ABIE»
Wa ste ︳Co n si g n m e n t

+ Waste ︳Identification:  Waste ︳Identifier [0..*]

+Waste ︳Included 1..*

«ASBIE»

Figure 9.5 gives an overview of how the business information Storing core

component artifactsentity artifacts, shown in Figure 9.4, are stored in the core com-
ponent registry. We denote classification and slot artifacts using
a dark background to foster distinction from extrinsic objects. In
most use cases a business document modeler may want to retrieve or
store a single business information entity artifact from the registry.
In case an aggregate business information entity, such as waste_

consignment, is stored in the registry, its XMI representation is stored
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in the extrinsic object ABIE. The basic business information entity
waste_ identification is stored in the respective extrinsic object BBIE.
The same applies for the association business information entity waste_

included, which is stored in the extrinsic object ASBIE. Business data
types, defining the value domain of basic business information enti-
ties are stored in their respective extrinsic object BDT. The classifica-
tion of BIELibrary and BDTLibrary is used to indicate, to which library
a given aggregate business information entity or business data type
belongs.

Note that the different slots such as UniqueIdentifier or Version- Storing metadata for

extrinsic objectsIdentifier are only shown for the extrinsic object ABIE due to space
limitations. However, in a real world example the different slots also
apply to all other extrinsic objects, i.e., BBIE, ASBIE and BDT artifacts
also have a UniqueIdentifier, VersionIdentifier, etc. In case an en-
tire business information entity model is stored in the registry, the
same steps as for storing a single business information entity are ap-
plied. However, the registry has to check whether a given business
information entity already exists in the registry, before inserting a
new definition. For this purpose the unique identifier slot is used.

The same principles, as shown for business information entities
in Figure 9.5, are also applied if core components are stored in the
registry. Of particular importance is the establishment of the correct
dependencies between core components and business information en-
tities in the registry. Business information entity must, for example,
not be inserted into the registry if no connection to an underlying
core component definition exists, since that would violate the princi-
ples as specified by the Core Components Technical Specification.

9.3.2 Registering logical level core component artifacts

In the previous Section we showed how conceptual core component Linking conceptual

models and XML

Schema artifacts

artifacts are stored in the registry. Consequently, we outline how
to map deployment XML Schema artifacts to the core component
registry model and link them to business information entity arti-
facts. In general, a business document modeler defines a core compo-
nent model using the UML Profile for Core Components by retriev-
ing ready-to-use core component artifacts from the core component
registry and tailoring them to the specific needs of a certain busi-
ness context. Thereby, context free core components become context
specific business information entities. Alternatively, a business doc-
ument modeler may also retrieve predefined business information
entities from the registry. In a consecutive step transformers such as
our freely available VIENNA Add-In [180] are used to derive XML
Schema definitions from the UML-based business information entity
models.

However, in certain cases a business document modeler may Storing XML Schema

artifactswant to avoid the creation of XML Schema artifacts from business in-
formation entity models, but uses predefined and ready-to-use XML
Schema artifacts instead. We already outlined that a single library
of business information entities results in exactly one XML Schema
file. Consequently, the business data types, used for the business in-
formation entities, also result in a single XML Schema file. Thus, in
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Figure 9.5
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case a business document modeler submits an entire business infor-
mation entity library to the registry, the accompanying XML Schema
files may be stored together with the conceptual definitions. In case
a business information entity library is stored in the registry, it is
recommended to submit the underlying XML Schema files as well.
This guarantees that a business document modeler may retrieve the
necessary XML Schema definitions for a given business information
entity library at any time. As shown in Figure 9.5, we use the two ex-
trinsic objects BIESchema and BDTSchema to store business information
entity schema files and business data type schema files, respectively.
Both extrinsic objects are associated with the business information
entity artifacts and business data type artifacts they belong to.

In case the business document modeler submits a single concep- Dealing with existing

XML Schema

de�nitions

tual business entity definition, the association with an XML Schema
file is not as straightforward. If no existing XML Schema file with the
definition of the business information entity exists in the registry, the
file is simply stored and associated as it would be done when submit-
ting an entire business information entity library. However, in case
an XML Schema already exists in the library, either an association
to the existing XML Schema file is made or a new XML Schema file
is stored, as described in the former case. In either case, the registry
must ensure that both artifacts are aligned in regard to version, in-
cluded basic business information entities, association business in-
formation entities, etc.

Since business document modelers are able to store XML Schema Retrieving XML

Schema de�nitionsfiles together with the conceptual definition, an easy search and re-
trieval of XML Schema artifacts using the definitions on the con-
ceptual level such as the slots UniqueIdentifier, Definition, etc. is
possible. However, business document modelers may also search for
business information entities by retrieving all business information
entities from a certain business information entity library using the
classification BIELibrary. In either case, the business document mod-
eler is able to retrieve the right business information entities from
the registry together with their XML Schema equivalent.

Even if the core component registry provides several benefits to
a business document modeler, our presented approach might raise
issues due to its centralized nature. In the following we introduce
strategies on how to align multiple core component registries in a
decentralized and federated manner.

9.4 Registry Federation

The provision of a single global core component registry has a set Shortcomings of a

single global core

component registry

of shortcomings. The core component definitions in the global core
component registry are quite generic, since they aim at global inter-
operability. However, in certain cases an enterprise does not require
such complex core components, but may be satisfied with a sub-set
of the global core components, tailored to a specific industry domain.
Furthermore, certain industry domains may define their own core
component definitions, which are exclusively used in the respective
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industry domain and are not aligned with the core component defini-
tions of UN/CEFACT.

In this thesis we propose a federated registry approach, to over- Introducing federation

conceptscome these shortcomings. Figure 9.6 gives an overview of our ap-
proach. Core components are standardized and harmonized by UN/CE-
FACT, serving as the single entity shown on top of Figure 9.6. Dif-
ferent interest groups such as SWIFT (Society for Worldwide Inter-
bank Financial Telecommunication) [160] or CIDX (Chemical Indus-
try Data Exchange Standard) [19] and entire industry sectors (Auto-
motive industry) represent the needs of their involved companies and
stakeholders. Each interest group maintains its own core component
library, which is aligned to the UN/CEFACT library. Companies such
as Shell or BP retrieve their core component definitions directly from
their interest group registry (CIDX), instead of the generic UN/CE-
FACT library. Additionally, industry sector specific libraries such as
for the automotive industry are created. This ensures core compo-
nent compatibility for sub-groups of the industry domain such as
AIAG (North American car industry) [3] and ODETTE (European
car industry) [130].

Figure 9.6

Federated registry

approach
UN/CEFACT

CIDX Automotive SWIFT

Swiss
Bank

Austrian
Bank�

ODETTEAIAGShell BP

Assocation Assocation

The advantages of such a federated approach are apparent. Com-
panies do not need to use generic and overloaded core component def-
initions, but may use core component definitions which are already
tailored to their specific industry domain. If industry groups such as
CIDX align their industry specific registries to the generic UN/CE-
FACT core component library, business document definitions may
easily be mapped between different industries, e.g., between SWIFT
and CIDX as shown in Figure 9.6. However, an alignment of industry
specific libraries towards the generic UN/CEFACT library is not im-
perative. In certain scenarios industries may choose to create their
own core components. An automotive industry representation such
as AIAG may choose to create its own core component for the auto-
motive supply chain, because alignment of these core components to
the financial industry may be considered unnecessary. However, in
such a case interoperability of core components at a cross-industry
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level is not feasible any more. Nevertheless, core components from
the upper level (UN/CEFACT) may still be used if interoperability to
other industries is required.

Finally, each enterprise may choose to implement its own core
component definitions in a dedicated enterprise-wide registry. As
shown at the bottom of Figure 9.6, Shell may for instance choose
to implement its own core component definitions, which are valid for
the whole enterprise. Such a step ensures interoperability between
different company departments and sub-groups, e.g., between Shell
Asia and Shell Europe.

9.5 Final assessment

As outlined in this Chapter, the availability of a federated registry Registry

implementation is

crucial for broad

acceptance of the

registry

for storage and retrieval of core component artifacts is crucial for a
broad acceptance of the core component standard. The introduced
registry model serves a two-fold purpose. First, it may be used to
make core components, predefined by UN/CEFACT and standardized
in the Core Component Library, available to a broad user community.
Benefits of a registry, such as tool-based access through well defined
interfaces, may be used to find and retrieve core components. Sec-
ond, the registry may be used to make already contextualized busi-
ness information entities available to other interested business doc-
ument modelers and stakeholders. Based on our approach, core com-
ponent definitions and business information entity definitions are
made available to a broad user community through a central registry.
The theoretical foundations provided in this Chapter may serve as a
guideline for the implementation of a core component registry.

A real-world core component registry must provide different con- Implementation of

multiple connectors

and registry clients

nectors, allowing to retrieve core component definitions in different
formats. Since for instance not all UML modeling tools support the
same XMI format, the registry must be able to provide core compo-
nent and business information entity definitions in different XMI di-
alects (e.g., for Enterprise Architect, Magic Draw, etc.). In addition,
the registry must be able to provide core component definitions in
other formats than UML, such as Domain-Specific Language for Core
Components (cf. Chapter 6) or Web Ontology Language (cf. Chapter
7). We conclude that a broad adoption of the registry may only be
ensured if appropriate clients, based on the different core component
tools are provided. Apart from the technical foundations, the net-
work effect is crucial for a broad registry acceptance, i.e., the more
companies are using core components, the higher is the value of core
component to each companies.
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10 An extension approach for

bottom-up standard approaches

In the previous Chapters we have thoroughly examined a promis- Introducing

bottom-up standard

de�nitions

ing top-down business document standardization approach – UN/CE-
FACT’s Core Components. Top-down approaches represent a super-
set of all requirements of the involved stakeholders and are thus of-
ten extensive and complex. In particular, small-and-medium sized
enterprise and even some large enterprises often do not require fine
grained business document standards, including a multitude of dif-
ferent elements and attributes. In contrast, bottom-up standard def-
initions tackle the interoperability issue of business document stan-
dards from a different perspective. Instead of meeting all require-
ments of the involved stakeholders, a bottom-up standard aims at the
definition of a sub-set of the most important requirements of all in-
volved stakeholders. This results in a core standard definition, focus-
ing on the most important requirements. However, in certain cases
domain-specific extensions of a standard are still needed. Thus, ap-
propriate extensions mechanisms must be found to support domain-
specific amendments for a standard without altering the core stan-
dard definition.

In this Chapter we examine extension mechanisms for XML-based
bottom-up standard definitions, using the Austrian e-Invoice stan-
dard ebInterface as an accompanying example. The remainder of this
Chapter is structured as follows: Section 10.1 introduces the core
idea for bottom-up extensions and Section 10.2 explains the main
concepts of the ebInterface standard. In Section 10.3 we introduce
the different extension mechanisms for bottom-up standards and Sec-
tion 10.4 concludes with a final assessment.

10.1 Introduction

Most of the business document standards, developed over the last 30 Top-down standards

are still predominantyears, follow a top-down approach (cf. Chapter 3). Typically, large en-
terprises are able to implement their own software or at least to cus-
tomize their existing software to handle these kind of business doc-
ument standards. However, most of the SMEs do not have this flex-
ibility, but rely on low cost commercial-of-the-shelf-software (COTS).
In order for SMEs to participate in B2B scenarios, the COTS sys-
tems should also allow the seamless import and export of business
documents. Therefore, vendors of COTS have to provide appropriate
import/export interfaces. However, they cannot foresee and imple-
ment partner specific requirements. Thus, they require a business



10.2 ebInterface � the core 120

document standard, covering only those elements that are common
to all industries. If numerous COTS vendors provide interfaces for
such a core business document standard, the operators of COTS sys-
tems may exchange business documents on the fly. However, the core
standard cannot consider specific elements, required by a certain in-
dustry. To overcome this restriction, a flexible extension mechanism
for controlled domain-specific amendments is required. Depending
on the target customer base, a COTS vendor may choose to imple-
ment certain domain-specific extensions, but not necessarily all.

We followed the idea of defining a core business document stan- Providing extensions

for the ebInterface

standard

dard plus domain-specific extensions, when starting the ebInterface
initiative [8] for the Austrian Chamber of Commerce. The goal of
ebInterface is to define an unambiguous e-Invoicing standard for the
Austrian market. In the current status an agreement between twelve
COTS vendors on the core elements has been established. However,
an extension mechanism for domain-specific amendments (e.g., tele-
com industry) is still missing. In this Chapter we introduce different
XML extension mechanisms for defining domain-specific extensions
in a bottom-up business document standard. The goal is to define
a plug-in based solution to add industry and partner specific exten-
sions, without altering the core of a bottom-up standard. Thus, in-
teroperability of the core specification is provided at any time with
any given partner. We specifically focus on the strengths and weak-
nesses of each extension mechanism and evaluate the applicability
of each extension approach using the ebInterface standard. Thereby,
we evaluate every approach in regard to four criteria: i) core schema
integrity ii) core schema compatibility iii) extension control, and iv)
guarantee of validity. A successful bottom-up standard extension ap-
proach must meet all of the four criteria.

10.2 ebInterface � the core

In the following we introduce the XML-based standard ebInterface
and provide an accompanying example from the telecom industry. We
use the example throughout the article to evaluate the applicability
of the introduced XML Schema extension mechanisms.

Figure 10.1 illustrates the main structure specified by the ebIn-
terface standard, including elements such as InvoiceDate, Biller,
and Details. A more detailed view of the element Details is given
in Figure 10.2. The element Details may be used to represent items
typically listed in an invoice – hence it is designed to contain one
or more elements named LineItem. Each LineItem contains further
elements such as PositionNumber and UnitPrice. An excerpt of the
ebInterface XML Schema, representing an element LineItem, which
is the target of extensions in the following Sections, is provided in
Listing 10.1. All other elements of the standard are not discussed
any further, but may be found in the ebInterface specification [8].

The ebInterface standard is illustrated using the following ex-
ample, based on invoices for telephone customers. Consequently, we
examine how domain-specific extensions for the telecom domain may
be defined for the ebInterface standard.
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Figure 10.1

A cut-out of the

ebInterface standard
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Listing 10.1

Line Item XML

syntax

177 <xs:complexType name=" LineItemType ">
178 <xs:sequence>
179 <xs:element re f=" PositionNumber " minOccurs="0" / >
180 <xs:element re f=" Description " maxOccurs="unbounded" / >
181 <xs:element re f=" Quantity " / >
182 <xs:element re f=" UnitPrice " / >
183 <xs:element re f="TaxRate " / >
184 <xs:element re f="LineItemAmount" / >
185 < / xs:sequence>
186 < / xs:complexType>

Figures 10.3 and 10.4 illustrate excerpts from a real world telephone
bill.

The first excerpt illustrated in Figure 10.3, shows different line
items such as "A1 - A1" and "Festnetz". The line item "Festnetz", for
instance, represents a summary of all calls made to land line phones.
In the ebInterface standard, line items are typically represented us-
ing the element LineItem (cf. Figure 10.2 or Listing 10.1). However,
the elements of LineItem are not sufficient to fully represent all in-
formation of a line item in the telephone bill. In fact, the number
of calls, calling time, and data volume (cf. Figure 10.3) cannot be
represented using the element LineItem.
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Figure 10.3

Excerpt from example

invoice

IHRE VERBINDUNGSENTGELTE

von 08.01.2009 bis 07.02.2009 Österreich - mobilkom

A1 - A1 9 00:16:00  0,6620

A1 MOBILBOX 1 00:01:00  0,0420

Festnetz 5 00:05:00  0,2020

andere Mobilnetze 23 01:24:00  3,4820

Anrufe ins Ausland Zone 1 2 00:08:30  3,0420

Anrufe ins Ausland Zone 2 1 00:00:30  0,2220

SMS gesendet 14   2,3320

BlackBerry Datenvolumen Frei   14  5,00 MB 0,00

BlackBerry Datenvolumen 20  2,00 MB 0,8320

von 26.01.2009 bis 28.01.2009 Deutschland - Vodafone

National & Österreich 3 00:03:00  2,2220

ankommend 2 00:02:30  1,0220

SMS gesendet 1   0,2020

von 17.01.2009 bis 25.01.2009 Neuseeland - Vodafone

ankommend 2 00:02:30  3,9520

SMS gesendet 1   0,3320

18,52Summe Verbindungsentgelte

NumberOfCalls

CallingTime

DataVolume

Figure 10.4

Excerpt from itemized

bill

Österreich - mobilkom: Telefonie, SMS

Datum Beginn Service Dauer  Zone/Typ Zielrufnummer Netto in €

08.01.09 10:25:43 TEL 00:00:35 Anrufe ins Ausland Zone 1 00393299866XXX 0,3583

09.01.09 10:05:27 TEL 00:01:16 A1 - A1 00436648182XXX 0,0625

10.01.09 11:42:33 TEL 00:00:20 Festnetz 0043140XXX 0,0416

The second excerpt, illustrated in Figure 10.4, shows a detailed
view of the call charges, listing every single call made, including cer-
tain details such as the date or duration of the call. The detailed
view is from now on referred to as itemized phone bill. Representing
the itemized phone bill, using the ebInterface standard is currently
not possible, since the standard neither provides suitable elements
nor any mechanism to extend the standard itself. In the following
we elaborate on different strategies for an extension of a bottom-up
standard.

10.3 Alternative strategies for a bottom-up

approach

In the following we evaluate how different extension mechanisms
may be used in a real-world environment, to extend an existing busi-
ness document definition. We demonstrate the different extension
mechanisms by means of the ebInterface standard. However, it should
be noted that the proposed extensions are valid in any given bottom-
up business document standard approach.

10.3.1 Custom section

The first approach to meet the requirements of different stakehold-
ers, i.e., storing customized information, is achieved by introducing a
so-called custom section in the ebInterface XML Schema. The defini-
tion of the custom section is shown in Listing 10.2. The XML Schema
element xs:any, used for the definition of the custom section, is dis-
cussed in the following.

Listing 10.2

Custom section

187 <xs:group name="Custom">
188 <xs:sequence>
189 <xs:any namespace="##other " processContents=" s t r i c t " / >
190 < / xs:sequence>
191 < / xs:group>
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192 . . .
193 <xs:complexType name=" InvoiceType ">
194 <xs:sequence>
195 . . .
196 <xs:group re f="Custom" minOccurs="0" / >
197 < / xs:sequence>
198 < / xs:complexType>

The wildcard xs:any may be used in an XML Schema for defining
placeholders, enabling stakeholders to store additional, custom infor-
mation in the actual XML document instances. The xs:any element
contains two attributes, namely namespace and processContents.

The attribute namespace is used for specifying the namespace that
the content in the instance document must comply with. Allowed val-
ues of the attribute include ##any, ##local, ##other, ##targetName-
space, and a particular namespace. Assigning the attribute namespace

the value ##any determines that the content may be any well-formed
XML from any namespace. Using ##local defines that the content
may be any well-formed and unqualified XML. ##other specifies that
the content may be any well-formed XML from any namespace, other
than the current target namespace. ##targetNamespace defines that
the content may be any well-formed XML as long as it belongs to the
##targetNamespace. The fifth option is to list one or more namespaces
such as http://www.ebinterface.at/ext/telecom in the attribute name-

spaces. Listing one or more namespaces restricts the placeholder the
strongest, and defines that the content may be any well-formed XML
and that it must belong to any of the namespaces listed.

The attribute processContents provides instructions, regarding Validity of the custom

sectionthe validation of the custom section in the instance document and
may have one out of the three following values: strict, lax, and
skip. The attribute value strict specifies that content stored in the
custom section must be qualified through a namespace. Second, the
value lax expresses that content in the custom section may be vali-
dated in case the backing XML Schema is available. Otherwise, in
case the backing XML Schema is not present, the validation of the
instance document is skipped and validation succeeds. The third at-
tribute value skip specifies that content in the custom section in the
instance document is not validated at all. Depending on the values
used for the attributes namespace and processContents, the resulting
namespace design may be heterogeneous namespace design, homo-
geneous namespace design, or chameleon namespace design. In the
following, three different approaches for defining single and multiple
custom sections are explained.

xs:any and any namespace

Listing 10.2 illustrates the definition of the custom section, used to xs:any and any

namespaceextend the ebInterface standard. As shown in line 189 of Listing 10.2,
the content of the custom section must be well-formed XML, defined
in a namespace other than the current target namespace. Further-
more, the value of the attribute processContents, also illustrated in
line 189 of Listing 10.2, is set to strict, specifying that any content
stored in the custom section must be backed by an XML Schema.

Adding custom information requires to define a custom XML Sche-
ma, specifying the content of the custom section. The XML Schema,
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used in this example, is illustrated in Listing 10.3. The schema de-
scribes an itemized phone bill, containing a detailed list of all calls
made and a summary of the duration and cost of all calls made (cf.
Figure 10.4).

Listing 10.3

Domain-speci�c

extension: XML

Schema

199 <xs:schema xmlns:xs=" http : / /www.w3. org /2001/XMLSchema" xmlns=" http : / /www. ebinter face . at / ext / telecom "
targetNamespace=" http : / /www. ebinter face . at / ext / telecom " elementFormDefault=" qua l i f i ed "
attributeFormDefault=" unquali f ied ">

200 <xs:complexType name=" ItemTelephonyType ">
201 <xs:sequence>
202 <xs:element name=" Date " type=" xs:date " / >
203 <xs:element name=" Begin " type=" xs:time " / >
204 <xs:element name=" Service " type=" xs : s t r ing " / >
205 <xs:element name=" Duration " type=" xs:time " / >
206 <xs:element name="Type" type=" xs : s t r ing " / >
207 <xs:element name="NumberCalled " type=" xs : s t r ing " / >
208 <xs:element name="Amount" type=" xs:decimal " / >
209 < / xs:sequence>
210 < / xs:complexType>
211 <xs:complexType name="SummaryTelephonyType">
212 <xs:sequence>
213 <xs:element name=" TotalDuration " type=" xs:time " / >
214 <xs:element name=" TotalAmount " type=" xs:decimal " / >
215 < / xs:sequence>
216 < / xs:complexType>
217 <xs:element name=" ItemizedBillTelephony ">
218 <xs:complexType>
219 <xs:sequence>
220 <xs:element name=" ItemTelephony " type=" ItemTelephonyType " maxOccurs="unbounded" / >
221 <xs:element name="SummaryTelephony" type="SummaryTelephonyType" / >
222 < / xs:sequence>
223 < / xs:complexType>
224 < / xs:element>
225 < / xs:schema>

Listing 10.4 illustrates an excerpt of an XML document instance, rep-
resenting the custom section of the updated ebInterface XML Schema
in combination with the XML Schema defined in Listing 10.3.

Listing 10.4

Domain-speci�c

extension: XML

instance

226 <eb:Invoice xmlns:eb=" http : / /www. ebinter face . at / schema /3 p0 / " xmlns:tco=" http : / /www. ebinter face . at / ext /
telecom " xmlns:xsi=" http : / /www.w3. org /2001/XMLSchema−instance " xsi:schemaLocation=" http : / /www.
ebinter face . at / schema /3 p0 / Invoice . xsd http : / /www. ebinter face . at / ext / telecom Telecom . xsd ">

227 . . .
228 < / eb:PresentationDetai ls>
229
230 <tco:ItemizedBil lTelephony>
231 <tco:ItemTelephony>
232 <tco:Date>2009−01−01< / tco:Date>
233 <tco:Begin>10 :25:43< / tco:Begin>
234 <tco :Serv i ce>TEL< / t co :Serv i ce>
235 <tco:Duration>00 :00:35< / tco:Duration>
236 <tco:Type>Anrufe ins Ausland Zone 1< / tco:Type>
237 <tco:NumberCalled>002337774335< / tco:NumberCalled>
238 <tco:Amount>0.3583< / tco:Amount>
239 < / tco:ItemTelephony>
240
241 <tco:ItemTelephony>
242 <tco:Date>2008−12−31< / tco:Date>
243 <tco:Begin>22 :31:03< / tco:Begin>
244 <tco :Serv i ce>SMS< / t co :Serv i ce>
245 <tco:Duration>00 :00:00< / tco:Duration>
246 <tco:Type>SMS gesendet< / tco:Type>
247 <tco:NumberCalled>01235681295< / tco:NumberCalled>
248 <tco:Amount>0.1666< / tco:Amount>
249 < / tco:ItemTelephony>
250
251 <tco:SummaryTelephony>
252 <tco:TotalDuration>00 :00:35< / tco:TotalDuration>
253 <tco:TotalAmount>0.5249< / tco:TotalAmount>
254 < / tco:SummaryTelephony>
255 < / tco:ItemizedBil lTelephony>
256 < / eb : Invoice>

Extending the standard through adding a custom section adds great
flexibility to the ebInterface standard. Furthermore, the implementer
is forced to define an XML Schema, describing the structure of the
information, stored in the custom section. The latter is achieved
through the attribute processContents. The attribute’s value is set
to strict, instructing any parser performing validation of an ebInter-
face XML document that, in case a custom section is present, a corre-
sponding XML Schema must exist. Alternatively, the processContents

attribute’s value could be set to lax. If set to lax, an XML Schema
which is present will be used for validation. However, the presence
of an XML Schema is then optional.



10.3 Alternative strategies for a bottom-up approach 125

The great flexibility also implies that the standards body creating
the standard may not be able to control the content, stored in custom
sections. Theoretically, implementers of the standard may store in-
formation completely disconnected from the context of an electronic
invoice. Moreover, it is necessary to modify the original ebInterface
XML Schema. Thus, the approach is not desirable for defining a core
schema with domain-specific extensions.

xs:any and de�ned set of namespaces

As outlined in Section 10.3.1, the attribute namespace of the element xs:any and de�ned set

of namespacesxs:any allows to define a set of namespaces containing one or more
namespaces. If namespaces are defined, it is required that the con-
tent, stored in the instance document, must be backed by an XML
Schema whose namespace is listed in the namespace attribute. There-
fore, it is necessary to modify the definition of the custom section (cf.
Listing 10.2) and specify a set of allowed namespaces. In the current
example, the namespace http://www.ebinterface.at/ext/telecom is
specified, as illustrated in Listing 10.5. Note that the namespace
refers to the XML Schema, defined in Listing 10.3.

Listing 10.5

Single custom section

XML syntax

257 <xs:group name="Custom">
258 <xs:sequence>
259 <xs:any namespace=" http : / /www. ebinter face . at / ext / telecom " processContents=" s t r i c t " / >
260 < / xs:sequence>
261 < / xs:group>
262 . . .
263 <xs:complexType name=" InvoiceType ">
264 <xs:sequence>
265 . . .
266 <xs:group re f="Custom" minOccurs="0" / >
267 < / xs:sequence>
268 < / xs:complexType>

Thus, the elements in the custom section must correspond to the
structure, defined in the domain-specific extension XML Schema,
identified through the namespace http://www.ebinterface.at/ext/

telecom (cf. Listing 10.3). One of the major advantages, resulting
from utilizing the xs:any attribute namespaces, is the ability to re-
strict the content of the custom section through listing a set of names-
paces. On the contrary, to list a set of namespaces it is also required
to modify the original ebInterface XML Schema. Hence, using xs:any

is not a desired extension mechanism.

Multiple custom sections

Another possibility for utilizing the custom section is the use of refer- Using multiple

custom sectionsences. Recall, that the example used throughout the article assumes
that the ebInterface instance document represents a telephone bill of
a single telephone customer. The element LineItem, specified by the
element LineItemType, is used to represent the different call charges.
In addition, an itemized phone bill was represented in the custom
section of the ebInterface XML document instance (cf. Listing 10.4).

The example is further extended by assuming that the telephone
bill represents the bill for two customers (e.g., in case of a partner tar-
iff). Following the idea for a single customer, the element LineItem

may be used to represent call charges (cf. Figure 10.3) for both cus-
tomers and the custom section may be used to store the itemized
phone bill (cf. Figure 10.4) for both customers as well. However, it is

http://www.ebinterface.at/ext/telecom
http://www.ebinterface.at/ext/telecom
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not possible anymore to determine which itemized phone bill belongs
to a particular call charge summary. Thus, it is desirable to create ap-
propriate references between call charges and itemized phone bills.
One option to create references is to modify the element LineItemType
and add an additional element, containing a unique identifier. Also,
each section stored within the custom section must provide an ele-
ment for storing references, used in the call charge summaries. By
utilizing the reference mechanism it would be possible to assign each
call charge summary particular itemized phone bills.

As shown by the example it is a quite sophisticated process to Extensive use of

referencesuse references to properly represent information. If it is desired to
use references, it is also necessary to modify the LineItemType of the
ebInterface schema, which again is not a desired method to extend
the ebInterface standard. An alternative approach to using refer-
ences may be achieved by introducing more than one custom section
in the ebInterface XML Schema. The definition of a custom section
would still be the same as shown in Listing 10.5.

A resulting advantage would be that the quite complex use of
references may be avoided. Instead, custom sections may be added
where appropriate. On the other hand, through a number of cus-
tom sections within an XML Schema, implementers may store cus-
tomized information in any of the custom sections available. Hence,
it is not possible to distinguish which customized section is used to
store which kind of information.

10.3.2 Rede�ne

A redefine element has a dual functionality. First, it implicitly in- Applying rede�ne

elementscludes the referenced schema file and enables access to all of the el-
ements of the referenced schema. Second, it enables the business
document modeler to redefine zero or more of the components of the
referenced schema. Using a redefine statement, the business doc-
ument modeler may extend or restrict an existing component. The
redefine mechanism may only be applied if both schemas have the
same target namespace or the included (redefined) schema has no
target namespace.

Listing 10.6

Rede�ne XML

Schema

269 <xs:schema xmlns=" http : / /www. ebinter face . at / schema /3 p0 / " xmlns:xs=" http : / /www.w3. org /2001/XMLSchema"
targetNamespace=" http : / /www. ebinter face . at / schema /3 p0 / " elementFormDefault=" qua l i f i ed "
attributeFormDefault=" unquali f ied ">

270 <xs : rede f ine schemaLocation=" Invoice . xsd ">
271 <xs:complexType name=" LineItemType ">
272 <xs:complexContent>
273 <xs:extension base=" LineItemType ">
274 <xs:sequence>
275 <xs:element name=" NumberOfCalls " type=" xs : integer " minOccurs="0" / >
276 <xs:element name=" CallingTime " type=" xs : integer " minOccurs="0" / >
277 <xs:element name="DataVolume" type=" xs:decimal " minOccurs="0" / >
278 < / xs:sequence>
279 < / xs :extension>
280 < / xs:complexContent>
281 < / xs:complexType>
282 < / xs : rede f ine>
283 < / xs:schema>

As shown in line 270 of Listing 10.6, the redefine statement includes
the main ebInterface schema and redefines the complex type LineItem-

Type (line 271 to 281). The redefined LineItemType extends the orig-
inal sequence and adds three elements: NumberOfCalls, CallingTime,
and DataVolume. Note that the namespace of the redefined schema is
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the same as the namespace of the original ebInterface schema (line
269).

In the instance document, shown in Listing 10.7, all elements of
the LineItem element have the same namespace, since the redefined
schema does not apply a different namespace, but uses the original
ebInterface namespace http://www.ebinterface.at/schema/3p0/. A
different namespace prefix tco has been used to underline, that al-
though the namespace http://www.ebinterface.at/schema/3po is still
the same, the elements have telecom industry specific extensions.
Using the redefine approach a new invoice definition is created for
every domain-specific extension. The included elements from the
original schema may be used, as if they have been defined in the
same schema. Furthermore, multiple namespaces are avoided, since
all elements share the same targetNamespace.

Listing 10.7

Rede�ne XML

instance document

284 <t co :De ta i l s>
285 <tco:LineItem>
286 <tco:PositionNumber>1< / tco:PositionNumber>
287 <tco :Descr ipt ion>Calls to other providers< / t co :Descr ipt ion>
288 <tco:Quantity tco :Unit=" Units ">60.00< / tco:Quantity>
289 <tco :UnitPrice>0.1< / tco :UnitPrice>
290 <tco:TaxRate>20.00< / tco:TaxRate>
291 <tco:LineItemAmount>6.00< / tco:LineItemAmount>
292 <tco:NumberOfCalls>43< / tco:NumberOfCalls>
293 <tco:CallingTime>1800< / tco:CallingTime>
294 < / tco:LineItem>
295 < / t co :De ta i l s>

Although easy to implement, the redefine approach has a set of draw-
backs. The redefined schema overwrites the element definitions of
the original schema, thus making backward compatibility to the orig-
inal ebInterface schema impossible. This means for example, that a
system being capable of processing ebInterface schema X is not able
to process schema X’, which is a redefined version of X. Furthermore,
the possibility to redefine arbitrary X’ schemas with domain-specific
extensions leads to a multitude of different and incompatible busi-
ness documents definitions.

10.3.3 Substitution group

The concept of substitution groups allows the substitution of an ex- Using substitution

groupsisting element (called head element) using another element from a
defined group of elements (substitution group). First, the business
document modeler declares a head element and then defines which
elements may be used to substitute the head element (substitutable
elements). The head element and the substitutable elements must
be declared globally. The substitutable elements must have the same
type as the head element or must have an extended or restricted type
of the head element’s type. This rule ensures, that the substituted el-
ements make sense, if used in place of the head element. Note that
the existence of a substitution group does not imply that the use of
the elements in the substitution group is mandatory nor does a sub-
stitution group prevent the use of the head element. It simply pro-
vides a mechanism for allowing elements to be used instead of the
head element. Furthermore, the substitution group mechanism is
based on element names, since substitutable elements are differen-
tiated from their head element by their name and not by their type,
which is always the same.

http://www.ebinterface.at/schema/3p0/
http://www.ebinterface.at/schema/3po
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XML Schema also provides a mechanism to prevent substitution Prevent the usage of

substitution groupsgroups from being used on particular types or elements. A business
document modeler may prevent the substitution of a type or element
by using the block attribute on xs:complexType or xs:element. The
allowed values for the block attribute are extension, restriction,
substitution, and #all. If the block attribute is set to extension or
restriction, all instances of extended/restricted types are prohibited
from being substituted. Setting it to substitution generally prevents
replacing an element or complex type with one from its substitution
group. #all subsumes the first three characteristics.

As shown in Listing 10.8, a new schema is created for the tele-
com application domain. In line 297 the original ebInterface schema
is imported and assigned with its original targetNamespace. Conse-
quently, line 298 defines a new LineItem element which may serve as
a substitutable element for the original ebInterface element eb:Line-
Item. The new LineItem element is defined in the target namespace
http://www.ebinterface.at/ext/telecom and adds the three elements
NumberOfCalls, CallingTime, and DataVolume to the original sequence.

Listing 10.8

SubstitutionGroup

XML Schema

296 <xs:schema xmlns:xs=" http : / /www.w3. org /2001/XMLSchema" xmlns:eb=" http : / /www. ebinter face . at / schema /3 p0 / "
xmlns:tco=" http : / /www. ebinter face . at / ext / telecom " targetNamespace=" http : / /www. ebinter face . at / ext /
telecom " elementFormDefault=" qua l i f i ed " attributeFormDefault=" unquali f ied ">

297 <xs:import namespace=" http : / /www. ebinter face . at / schema /3 p0 / " schemaLocation=" Invoice . xsd " / >
298 <xs:element name=" LineItem " substitutionGroup=" eb:LineItem ">
299 <xs:complexType>
300 <xs:complexContent>
301 <xs:extension base=" eb:LineItemType ">
302 <xs:sequence>
303 <xs:element name=" NumberOfCalls " type=" xs : integer " minOccurs="0" / >
304 <xs:element name=" CallingTime " type=" xs : integer " minOccurs="0" / >
305 <xs:element name="DataVolume" type=" xs:decimal " minOccurs="0" / >
306 < / xs:sequence>
307 < / xs :extension>
308 < / xs:complexContent>
309 < / xs:complexType>
310 < / xs:element>
311 < / xs:schema>

Listing 10.9 shows how the concept of a substitution group is re-
flected in an instance document. The namespace prefix tco in line
313 refers to the namespace http://www.ebinterface.at/ext/telecom

and thus, it becomes apparent that the redefined LineItem from the
telecom domain is used in this instance and not the original LineItem
from the ebInterface schema. The two elements in line 320 and 321
also have the telecom specific namespace. All other elements are
in the original ebInterface namespace http://www.ebinterface.at/

schema/3p0/, indicated by the prefix eb.

Listing 10.9

SubstitutionGroup

XML instance

document

312 <eb:Detai ls>
313 <tco:LineItem>
314 <eb:PositionNumber>1< / eb:PositionNumber>
315 <eb:Descript ion>Calls to other providers< / eb:Descript ion>
316 <eb:Quantity eb:Unit=" Units ">60.00< / eb:Quantity>
317 <eb:UnitPrice>0.1< / eb:UnitPrice>
318 <eb:TaxRate>20.00< / eb:TaxRate>
319 <eb:LineItemAmount>6.00< / eb:LineItemAmount>
320 <tco:NumberOfCalls>43< / tco:NumberOfCalls>
321 <tco:CallingTime>1800< / tco:CallingTime>
322 < / tco:LineItem>
323 < / eb :Detai ls>

An advantage of the substitution group approach is that the orig-
inal ebInterface schema remains unchanged. All extensions or re-
strictions on existing types are defined in a separate schema. Thus,
a flexible and module-based extension approach is enabled. In the
instance document the new elements induced by the substitution
group are labeled by their specific namespace prefix, e.g., tco, which
equals namespace http://www.ebinterface.at/ext/telecom in List-

 http://www.ebinterface.at/ext/telecom
http://www.ebinterface.at/ext/telecom
http://www.ebinterface.at/schema/3p0/
http://www.ebinterface.at/schema/3p0/
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ing 10.9. Therefore, the domain-specific extensions may be easily
distinguished from the original ebInterface elements.

A major shortcoming of the substitution group approach is that a
refined element is placed in its own namespace. In Listing 10.9 the
substituted LineItem element is assigned its own namespace tco (cf.
line 313). Thus, an application which is only capable of processing
original ebInterface compliant instances cannot process the instance
with the telecom specific extensions, since it does not know what,
e.g., the element <tco:LineItem> is. This undermines the idea of a
modular approach, where all applications should be able to process
the core schema.

10.3.4 xsi:type overloading

An approach similar to substitution groups is introduced with the Introducing type

hierarchiesconcept of xsi:type. xsi:type uses the concept of type hierarchies,
where a sub-type inherits features from a super type by extension.
First, a super type is created, followed by multiple specialized sub-
types, meeting different requirements. Similar to the concept of poly-
morphism in object-oriented technologies, a derived type may be used
wherever a base type is expected. A type of an element may be explic-
itly specified using xsi:type. Through this mechanism it is possible
to specify a certain type of an element, although the specified type is
not defined in the actual schema, but defined in another schema. The
XML parser validates that the type, which is specified in the xsi:type

attribute, is derived from the originally expected base type. Thus, the
concept of xsi:type fits very well for extending a core schema with
domain-specific amendments.

In the XML Schema community the xsi:type construct is debated
controversially – some even state that it is evil [27]. Although the
extensive use of xsi:type constructs can make an XML Schema quite
complex, it fits very well for extending a core schema with domain-
specific amendments.

Before we may apply an xsi:type we have to extend a given base
type. As shown in Listing 10.10, we define a new complex type
called tco:LineItemType (cf. line 326) by extending the base type
eb:LineItemType (cf. line 328). Before the complex type is refined,
the necessary type definitions are made available by importing the
original ebInterface schema in line 325. Note that the new complex
type is defined in the target namespace http://www.ebinterface.at/

ext/telecom, specific to the telecom application domain. In the actual
XML instance document the xsi:type attribute in a given element is
used to indicate of which type the given element is.

Listing 10.10

xsi:Type XML

Schema

324 <xs:schema xmlns:xs=" http : / /www.w3. org /2001/XMLSchema" xmlns:eb=" http : / /www. ebinter face . at / schema /3 p0 / "
xmlns=" http : / /www. ebinter face . at / ext / telecom " targetNamespace=" http : / /www. ebinter face . at / ext /
telecom " elementFormDefault=" qua l i f i ed " attributeFormDefault=" unquali f ied ">

325 <xs:import namespace=" http : / /www. ebinter face . at / schema /3 p0 / " schemaLocation=" Invoice . xsd " / >
326 <xs:complexType name=" LineItemType ">
327 <xs:complexContent>
328 <xs:extension base=" eb:LineItemType ">
329 <xs:sequence>
330 <xs:element name=" NumberOfCalls " type=" xs : integer " minOccurs="0" / >
331 <xs:element name=" CallingTime " type=" xs : integer " minOccurs="0" / >
332 <xs:element name="DataVolume" type=" xs:decimal " minOccurs="0" / >
333 < / xs:sequence>
334 < / xs :extension>
335 < / xs:complexContent>
336 < / xs:complexType>
337 < / xs:schema>

http://www.ebinterface.at/ext/telecom
http://www.ebinterface.at/ext/telecom


10.4 Final assessment 130

Listing 10.11 shows an XML document instance, using an xsi:type

construct. The xsi:type attribute in line 339 indicates that LineItem
is of type tco:LineItemType. The two additionally used elements, de-
fined in tco:LineItemType, are defined in the telecom specific name-
space http://www.ebinterface.at/ext/telecom as indicated by the
prefix tco (cf. 346 line and 347).

Listing 10.11

xsi:Type XML

instance document

338 <eb:Detai ls>
339 <eb:LineItem xs i : type=" tco:LineItemType ">
340 <eb:PositionNumber>1< / eb:PositionNumber>
341 <eb:Descript ion>Calls to other providers< / eb:Descript ion>
342 <eb:Quantity eb:Unit=" Units ">60.00< / eb:Quantity>
343 <eb:UnitPrice>0.01< / eb:UnitPrice>
344 <eb:TaxRate>20.00< / eb:TaxRate>
345 <eb:LineItemAmount>6.00< / eb:LineItemAmount>
346 <tco:NumberOfCalls>43< / tco:NumberOfCalls>
347 <tco:CallingTime>1800< / tco:CallingTime>
348 < / eb:LineItem>
349 < / eb :Detai ls>

By comparing Listing 10.8 and 10.10, the similarities between the Comparing

substitutionGroup

and xsi:type

substitution group and xsi:type extension approach become appar-
ent, except that substitution group is based on element names and
xsi:type is based on type names.

By using the xsi:type approach, a clear distinction between the Advantages

core elements and the extension elements of the ebInterface schema
is made. The extension elements are indicated, using the tco name-
space (line 346 to 347), but the extended element LineItem remains
in the original namespace. The only indication that LineItem is a
specialized type is given by the xsi:type attribute in line 339. In re-
gard to schema modularity, this approach is superior to all the other
introduced approaches. If a software application has been designed
to process only the core ebInterface standard, it is still able to receive
a document including extensions, but it processes only the core and
ignores the extensions.

The xsi:type extension mechanism has a set of minor shortcom- Minor shortcomings

of xsi:typeings as well. First of all, it assumes that the receiver has the XML
Schema for the instance document. In case the receiver uses alterna-
tive XML instance validation mechanisms such as RELAX NG [123],
the xsi:type mechanism does not work. However, since the ebInter-
face standard relies on a well defined XML Schema and every recip-
ient of an instance document is supposed to have the relevant ebIn-
terface schema definition, including any necessary extension element
definitions, this argument does not hold. Second, some experts criti-
cally argue that the inclusion of the abstract type (i.e., the xsi:type)
into the XML instance violates the paradigm of the separation of
data (XML instance document) and data definition (XML Schema).
Although this argument might hold for XML purists, the superiority
of the xsi:type approach in regard to XML Schema extension is evi-
dent. The last and probably major criticism of the xsi:type approach
is in terms of processability of such schema constructs by tools, be-
cause not all XML parsers support xsi:type.

10.4 Final assessment

In this Chapter we have analyzed four different approaches to ex- Evaluation criteria

tend the existing ebInterface standard with domain-specific exten-
sions. Thereby, we evaluated every extension approach in regard to

http://www.ebinterface.at/ext/telecom
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four key criteria: i) core schema integrity ii) core schema compatibil-
ity iii) extension control, and iv) guarantee of validity. Core schema
integrity refers to the fact, whether an extension alters the original
core schema definition. If an instance document with domain-specific
extensions is still compatible with the core schema definition it meets
the criteria of core schema compatibility. Extension control refers to
the fact, whether the extension mechanism allows for a governance
of different extensions by a standardization body. If the core schema
together with the domain-specific extensions may still be validated,
it meets the criteria of guaranteed validity.

The results of our study are aggregated in Table 10.1. The first
three examined extension mechanisms used the concept of custom
sections (A1-A3).

Table 10.1

Comparison matrix

A1 - xs:any and any

namespace; A2 -

xs:any and de�ned

namespaces; A3 -

multiple custom

sections; B -

Rede�ne; C -

Substitution Group;

D - xsi:type

A1 A2 A3 B C D
Core schema integrity - - - + + +
Core schema compatibility - - - - - +
Extension control - + - + + +
Guarantee of validity +/- +/- +/- + + +

As clearly shown in Table 10.1, neither A1 (xs:any and any name-
space), nor A2 (xs:any and defined namespaces), nor A3 (multiple
custom sections) preserve the integrity of the core schema or ensure
backward compatibility to the original schema. Extension control,
that is the ability of a standardization organization to prescribe what
XML elements to use in an extension, is only possible if using A2.
Whether the overall validity of the core schema plus the extension
may be guaranteed, depends on how the processContents attribute
is set. If it is set to strict, validity may be ensured. Thus, neither
of the three approaches (A1-A3) using the concept of custom sections
meets the requirements for an appropriate extension mechanism of
a bottom-up schema.

Using redefine (B), it is possible to guarantee extension control
and validity of the overall schema. Since a redefine statement im-
ports the original schema and alters its elements in a new file, the
original schema remains untouched. However, a redefine statement
may alter any of the elements of the original schema, thus, obstruct-
ing backward compatibility to the core standard schema.

The same problem occurs if using the concept of substitution xsi:type remains the

most promising

approach

groups (C) for the extension of a core bottom-up schema. Although
integrity of the original schema as well as extension control and va-
lidity is ensured, backward compatibility is violated. Eventually, the
only remaining extension mechanism, meeting all four requirements
for the successful extension of a bottom-up business document stan-
dard, is xsi:type.
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11 Mapping bottom-up standards to

top-down standard de�nitions �

an exemplary approach

In the previous Sections we have examined two business document Examining the

mapping to core

components

standard examples: UN/CEFACT’s Core Components as a represen-
tative example for a top-down standardization approach and ebInter-
face as a representative example for a bottom-up standard. In partic-
ular the core component standard may be used in a two-fold manner
namely in a forward engineering and a backward engineering ap-
proach. In a forward-engineering approach, new business document
definitions are created from scratch from an existing CCTS compliant
model. Such a scenario may be applied for new solutions and exam-
ples have been given in this thesis (cf. Chapter 5 and 8). In case
existing business document definitions already exist, they must be
mapped to the CCTS compliant model. We refer to such an approach
as backward engineering. In this Chapter we examine a backward
engineering example, where a bottom-up standard definition is map-
ped to top-down core components.

The remainder of this Chapter is structured as follows: Section
11.1 gives an overview of the basic idea behind the mapping of bottom-
up standard definitions to top-down core components. In Section 11.2
the basic mapping mechanisms for core components are examined
and Section 11.3 examines advanced mapping concepts. Finally, Sec-
tion 11.5 concludes the Chapter with a final assessment.

11.1 Introduction

In a backward engineering approach, existing business document Backward engineering

of core componentsdefinitions are aligned to a common document format. In contrast
to forward engineering, backward engineering approaches impose a
set of challenges on the business document modeler. In our case the
common document format is represented by a core component com-
pliant model. Consequently, a set of predefined rules is necessary, to
allow for a seamless mapping of existing business document defini-
tions to a common conceptual core component model. Such mapping
mechanisms are still missing and not provided by UN/CEFACT. In
this Chapter we are addressing this gap, by analyzing potential map-
pings from existing document definitions to conceptual core compo-
nent models. For a detailed discussion on mapping of schemas see for
example Legler and Naumann [89]. They present a classification of
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correspondences that may arise, as well as proper tooling, available
in this research area.

We motivate our mappings using the accompanying example Using EUDIN to show

mapping principlesfrom the waste management domain. We already outlined that the
EU-sponsored project EUDIN uses the Core Components Technical
Specification (CCTS) concepts to model the exchanged information
in a cross-border waste transport scenario. Even if a central data
model is created with the use of core components, the different lo-
cal authorities and involved companies still have their own, internal
data structure for the different transport documents. In the follow-
ing Sections we examine different strategies on how to map existing
business document definitions to a core component-based model. We
use a simple core component scenario of a consignment item with dif-
ferent delivery and despatch parties, as it would be used in a cross-
border waste transport process. First, we start with basic mapping
principles and consequently elaborate on more sophisticated appro-
aches.

11.2 Basic Mapping

The Core Component Technical Specification (CCTS) defines the ba- UN/CEFACT Naming

and Design Rules

specify basic mapping

mechanisms

sic concepts for specifying business document models on an imple-
mentation neutral level. UN/CEFACT releases Naming and Design
Rules (NDR) [171], allowing for a unique mapping of core component-
based business document models to an XML Schema representation.
Figure 11.1 illustrates the mapping spaces, relevant for CCTS-based
model integration.

Figure 11.1
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In this Chapter we do not elaborate on the instance layer and
the accompanying task of instance mapping and instance transfor-
mation. The mapping between CCTS and XML Schema is specified
by UN/CEFACT’s Naming and Design rules [171] and happens on
the meta-model layer as depicted in Figure 11.1. This mapping spec-
ification ensures that all conforming models may be imported and
exported by tools building upon the CCTS. The basic mappings as
specified by the Naming and Design Rules (NDR) [171] are summa-
rized in Figure 11.2. One may easily see by looking at the concepts
involved in column XML Schema that this is only a minimal set of
all XML Schema concepts which are available. Therefore, we provide
additional mapping definitions apart from the Naming and Design
Rules for CCTS in the following Chapter.

Note that the Naming and Design Rules define mappings for Naming and Design

Rules consider

business information

entities only

business information entities only. The underlying core component
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Figure 11.2

Mapping of CCTS to

XML Schema

components

BIE Concept mapsTo XML Schema Comment

Business Data Type 
(BDT) <->

simpleType  
or
complexType

Basic Business 
Information Entity 
(BBIE)

<-> element local
declaration

Aggregate Business 
Information Entity 
(ABIE)

<-> complexType 
and element

global
declaration

Association Business 
Information Entity 
(ASBIE)

<-> element
global and 
local
declaration

concepts are not participating in the serialization process, except as
optional annotations. For the generation of an XML Schema, corre-
sponding core components may be neglected. But for the use of these
schemas or the import in a tool, one needs to know the corresponding
dependencies to retrieve the semantics of the given business informa-
tion entities. Without this knowledge we maintain meaningless data
capsules, loosing every advantage of the general top-down approach
of CCTS. The very basic method for retrieving the underlying core
component definition of a business information entity is to decompose
the name of a business information entity into single terms. Recall,
that a business information entity’s name must contain the name
of the underlying core component as well. Thus, traceability between
core components and business information entities is also ensured on
the XML Schema level. By simple name matching we may then get
an understanding of the contextualized core components, by looking
at the defined semantics in the core component library.

The second mapping space (cf. Figure 11.1 modeling-based) we Model mapping

are interested in, is concerned with the models themselves, which
constitutes the actual mapping task carried out manually by users.
By mapping two models, one of which is CCTS in our case, we have to
ensure that model structures and semantics are preserved. Heuris-
tics for model mapping are presented in Section 11.3.2.

Another problem occurs when it comes to identifying associa- ASBIE/BBIE

distinctiontion business information entities (ASBIE) in XML Schema, because
both basic business information entities (BBIE) and ASBIEs local
declarations map to the schema concept element (see Figure 11.3,
mark 1). Generally, this problem may not be resolved very elegantly
because the Naming and Design Rules promote the use of a homo-
geneous namespace design approach with a single target namespace
(see Figure 11.3, mark 2). Nevertheless, we solve the problem via the
namespace prefix of the type property of the two Schema elements for
the corresponding BBIEs and ASBIEs, respectively (see Figure 11.3,
mark 3). So far we elaborated on the CCTS driven mapping method,
but more interesting is the mapping from arbitrary XML Schema-
based document models to CCTS.

11.3 Advanced Mapping

In the previous Section we introduced different approaches, involved Advanced mapping

concepts
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Figure 11.3

Distinguishing BBIEs

from ASBIEs

Figure 1: Distinguish BBIEs from ASBIEs

<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema"
xmlns:tns="http://foo.bar/doc"
xmlns:bdt="http://foo.bar/doc"
targetNamespace="http://foo.bar/doc"
... >

<xsd:include schemaLocation="BusinessDataType_1.xsd"/>

<xsd:complexType name="Waste_ConsignmentItemType">
<xsd:sequence>
<xsd:element name="Waste_Identification"

type="bdt:Waste_IdentifierStringType" />
...
...
<xsd:element name="Waste_DeliveryWaste_Party"

type="tns:Waste_PartyType" />
</xsd:sequence>

</xsd:complexType>

<xsd:element name="Waste_ConsignmentItem" 
type="Waste_ConsignmentItemType"/>

<xsd:complexType name="Waste_PartyType">
<xsd:sequence>
<xsd:element name="Waste_Name"

type="bdt:Waste_TextStringType" />
...

</xsd:sequence>
</xsd:complexType>

<xsd:element name="Waste_Party"
type="tns:Waste_PartyType"/>

</xsd:schema>

1

2

3

in CCTS driven mapping. However, the Naming and Design Rules
(NDR) do not provide sufficient definitions on how to handle arbi-
trary business document standards, based on XML Schema. There-
fore, we examine how different XML Schema concepts may be map-
ped to CCTS and evaluate how to preserve semantics of model ele-
ments during the mapping of two schemas. For explanatory purposes
the different mappings are outlined using the UML Profile for Core
Components (UPCC).

11.3.1 Meta-model Layer Mapping

To illustrate the shortcomings of the NDR we identify a number Examining

meta-model layer

mappings

of XML Schema concepts and evaluate their applicability in regard
to being mapped to core components. Furthermore, we introduce a
set of rules to map XML Schema concepts to core components. In
the following we elaborate on the XML Schema concept of complex
types. In particular the mappings of complex types’ content defini-
tions, complex type extensions, as well as complex type restrictions
are discussed in more detail in the following.

Reusable Groups

Reusable groups are used for defining a group of reusable elements
or attributes. An example is the use of a model group to define a
sequence of elements, which in turn may be used to define the content
of a complex type. In general, there are three different kinds of model
groups including sequence, choice, and all. Each listed model group
is elaborated in more detail in the following.

sequence. The model group sequence is used for defining ele- xsd:sequence

ments in a certain order, such as the order of elements within a com-
plex type definition. An example, illustrating the use of the model
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group sequence within a complex type definition, is illustrated in Fig-
ure 11.4, mark A.

Figure 11.4

Reusable group

sequence

Figure 2: Reusable Group sequence

<xsd:complexType name="Waste_ConsignmentItemType">
<xsd:sequence>
<xsd:element name="Waste_Identification"

type="bdt:Waste_IdentifierStringType" />
<xsd:element name="Waste_NetWeight"

type="bdt:Waste_MeasureStringType" />
</xsd:sequence>

</xsd:complexType>

<xsd>

</xsd>

A

A

<<ABIE>>
Waste_ConsignmentItem

<<BBIE>
+ Waste_Identification: Waste_Identifier
+ Waste_NetWeight: Waste_Measure

1

The approach of creating an adequate model representation is
straightforward, since all elements of the model group may be map-
ped to BBIEs (see Figure 11.4, mark 1). Therefore, the resulting
model representation of the illustrated example equals an ABIE na-
med waste_ consignment item containing the BBIEs waste_ identi-

fication and waste_ netweight.
choice. The model group choice allows the grouping of ele- xsd:choice

ments, whereas only one of the defined elements may occur. Again,
the model group may be used for defining the content of a complex
type. An example, utilizing the model group, is illustrated in Figure
11.5, mark A.

Figure 11.5

Reusable group

choice (alternative 1)

Figure 3: Reusable Group choice (Alternative 1)

<xsd:complexType name="Waste_InstructionsType">
<xsd:choice>
<xsd:element name="Waste_DeliveryInstructions"

type="bdt:Waste_TextStringType" />
<xsd:element name="Waste_SpecialInstructions"

type="bdt:Waste_TextStringType" />
</xsd:choice>

</xsd:complexType>

<xsd>

</xsd>

A

A

<<ABIE>>
Waste_Instructions

<<BBIE>
+ Waste_DeliveryInstructions: Waste_Text
+ Waste_SpecialInstructions: Waste_Text

1

tags
modelGroup = choice2

However, creating an adequate model representation is not fea- Lack of support for

xsd:choice in CCTSsible, without the loss of semantic meaning regarding the charac-
teristics of the model group choice. Although the model represen-
tation allows specifying minimum and maximum cardinalities, the
concept of an exclusive-OR is currently not supported in CCTS and
consequently it is not supported in the UML Profile for Core Compo-
nents (UPCC) either. We may overcome this limitation by extending
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UPCC to allow that both elements within the model group are rep-
resented as BBIEs (see Figure 11.5, mark 1). We introduce an ad-
ditional tagged value named modelGroup in ABIEs, indicating that
the BBIEs within the ABIE are exclusive (see Figure 11.5, mark 2).

Another common use case of the model group choice is to define
element groupings, enabling all elements to appear in any desired
order as well as in an unlimited number of occurrences. The key
to define such a model group is setting the model group’s maximum
number of occurrences to unbounded. An according example is illus-
trated in Figure 11.6, mark A.

Figure 11.6

Reusable group

choice (alternative 2)

Figure 4: Reusable Group choice (Alternative 2)

<xsd:complexType name="Waste_InstructionsType">
<xsd:choice minOccurs="0"

maxOccurs="unbounded">
<xsd:element name="Waste_DeliveryInstructions"

type="bdt:Waste_TextStringType" />
<xsd:element name="Waste_SpecialInstructions"

type="bdt:Waste_TextStringType" />
</xsd:choice>

</xsd:complexType>

<xsd>

</xsd>

A

A

1

<<ABIE>>
Waste_Instructions

<<BBIE>
+ Waste_DeliveryInstructions: Waste_Text [0..*]
+ Waste_SpecialInstructions: Waste_Text [0..*]

tags
modelGroup = choice2

3

The approach to create an adequate model representation is sim-
ilar to the approach, introduced for the model group sequence. All
element declarations may be mapped directly to BBIEs (see Figure
11.6, mark 1). The definition of the maximum number of occurrences
for the model group itself may be reflected through the cardinalities
of BBIEs. Therefore, each BBIE has a minimum cardinality of zero
as well as an unlimited maximum cardinality (see Figure 11.6, mark
3).

However, one drawback of the proposed solution is that when se-
rializing the model representation to an XML Schema, not all seman-
tics are preserved. According to the Naming and Design Rules an
ABIE is serialized into a complex type definition, utilizing the model
group sequence with according minimum and maximum occurrences
for each BBIE. Hence, the resulting XML Schema is not the same
as the schema used to create the model representation. However, us-
ing our introduced tagged value modelGroup, as illustrated in Figure
11.6, mark 2, the correct semantics are preserved.

all. The third kind of model group, named all, allows to define xsd:all

that all element declarations within the model group may appear in
any order, but each element may occur only once. An example is
shown in Figure 11.7, mark A.

The process for creating an adequate model representation of the
model group is proposed the following way. First of all, each ele-
ment declaration within the model group may be mapped directly to
a BBIE (see Figure 11.7, mark 1). Furthermore, the minimum occur-
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Figure 11.7

Reusable group all

Figure 5: Reusable Group all

<xsd>

</xsd>

A

A

1
<<ABIE>>

Waste_ConsignmentItem

<<BBIE>
+ Waste_Identification: Waste_Identifier
+ Waste_NetWeight: Waste_Measure [0..1]

2

<xsd:complexType name="Waste_ConsignmentItemType">
<xsd:all>
<xsd:element name="Waste_Identification"

type="bdt:Waste_IdentifierStringType" />
<xsd:element name="Waste_NetWeight"

type="bdt:Waste_MeasureStringType"
minOccurs="0" />

</xsd:all>
</xsd:complexType>

rences and maximum occurrences of the element declarations may
be reflected through the cardinalities of the BBIEs (see Figure 11.7,
mark 2). Applied to the example in Figure 11.7, this would mean
that the element waste_ identification is represented through a
BBIE with a minimum cardinality of one and the element waste_ net

weight is represented through a BBIE as well whereas the minimum
cardinality of the BBIE waste_ net weight equals zero.

Extensions and Restrictions

redefine. The redefine mechanism may be applied to types and xsd:rede�ne

groups and is used to alter existing types and groups. The types
include simple types as well as complex types, whereas redefine must
extend or restrict the type. Groups include attribute and model groups.
Applied to groups, a redefine must subset or superset the original
group. An example, utilizing the redefine mechanism, is illustrated
in Figure 11.8, mark A. In addition to the complex type definition,
Figure 11.8, mark B, shows the redefinition of the complex type.

The complex type definition of waste_ consignment item type con-
sists of the original type definition as well as the type redefinition.
For the creation of a correct and complete model representation of
the complex type, it is necessary to process both, the original type
definition as well as the type redefinition. The suggested approach is
to first process the complex type definition (see Figure 11.8, mark 1)
and second adapt the complex type definition, according to the redef-
inition (see Figure 11.8, mark 2). The cumulated complex type may
then be mapped to an ABIE, whereas each element of the complex
type is simply mapped to a BBIE of the ABIE (see Figure 11.8, mark
3).

substitution group. The purpose of substitution groups is to substitutionGroup

add flexibility to content models, which are for example used in com-
plex type definitions. A substitution group consists of a head ele-
ment as well as one or more member elements, which together form
a hierarchy. One constraint these hierarchies must fulfill is, that all
member elements are derived from the head element either by re-
striction or extension. A well defined substitution group then allows
to substitute every head element, used in a content model, by one of
the defined member elements. An example, illustrating a head el-
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Figure 11.8

rede�ne mechanism
Figure 6: Mechanism redefine

A <xsd:complexType name="Waste_ConsignmentItemType">
<xsd:sequence>
<xsd:element name="Waste_Identification"

type="bdt:Waste_IdentifierStringType" />
<xsd:element name="Waste_NetWeight"

type="bdt:Waste_MeasureStringType" />
</xsd:sequence>

</xsd:complexType>

B <xsd:redefine schemaLocation="consignmentitem.xsd">
<xsd:complexType name="Waste_ConsignmentItemType">
<xsd:complexContent>
<xsd:extension base="Waste_ConsignmentItemType">
<xsd:sequence>
<xsd:element name="ToxicDescription"

type="bdt:Waste_TextStringType" />
</xsd:sequence>

</xsd:complexContent>
</xsd:complexType>

</xsd:redefine>

<xsd>

</xsd>

A

<xsd>

</xsd>

B

1

2

3

<<ABIE>>
Waste_ConsignmentItem

<<BBIE>
+ Waste_Identification: Waste_Identifier
+ Waste_NetWeight: Waste_Measure
+ Waste_ToxicDescription: Waste_Text

ement and substitutable member elements, is illustrated in Figure
11.9, marks A and B. In addition, substitution groups also allow the
use of abstract head elements. Compared to non-abstract head ele-
ments described above, the use of an abstract head element enforces
that the head element is replaced by one of the member elements.
An example for an abstract head element definition is illustrated in
Figure 11.9, mark C.

First, we detail a substitution group, defined using an abstract Using an abstract

head elementhead element. To represent the relationship between the abstract
head element and its derived member elements, the following ap-
proach is suggested. The head element is mapped to an ACC (see Fig-
ure 11.10, mark 1) and all member elements are mapped to ABIEs,
which are based on the particular ACC (see Figure 11.10, mark 2).

Careful readers might notice that the approach suggested is not
valid since UPCC supports derivation by restriction only, whereas
the member elements are derived from the head element by restric-
tion or extension. Another encountered problem is the issue of repre-
senting hierarchies, consisting of multiple levels. An example is that
a member element is at the same time the head element for another
member element. These hierarchies are also not supported in UPCC,
hence they cannot be represented at all.

On the contrary, substitution groups may be defined using a non- Using a non-abstract

head elementabstract head element. In this case, the suggested approach is that
the head element as well as the member elements are represented
as ABIEs in the model representation. However, also the second ap-
proach is not entirely suitable, since hierarchy information is lost.
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Figure 11.9

Substitution group

mechanism (1/3)

Figure 7: Mechanism
Substitution Group (1/3)

A <xsd:element name="Waste_Consignment" 
type="Waste_ConsignmentType" />

<xsd:complexType name="Waste_ConsignmentType">
<xsd:sequence>
<xsd:element ref="Waste_ConsignmentItem" />

</xsd:sequence>
</xsd:complexType>

<xsd:element name="Waste_ConsignmentItem" 
type="Waste_ConsignmentItemType" />

<xsd:complexType name="Waste_ConsignmentItemType">
<xsd:sequence>

<xsd:element name="Waste_Identification"
type="bdt:Waste_IdentifierStringType" />

<xsd:element name="Waste_NetWeight"
type="bdt:Waste_MeasureStringType" />

</xsd:sequence>
</xsd:complexType>

B <xsd:element name="Waste_ExportConsignmentItem"
type="Waste_ExportConsignmentItemType"
substitutionGroup="Waste_ConsignmentItemType" />

<xsd:redefine schemaLocation="consignmentitem.xsd">
<xsd:complexType name="Waste_ExportConsignmentItemType">
<xsd:complexContent>
<xsd:extension base="Waste_ConsignmentItemType">
<xsd:sequence>
<xsd:element name="ImportCountry"

type="bdt:Waste_TextStringType" />
</xsd:sequence>

</xsd:complexContent>
</xsd:complexType>

</xsd:redefine>

<xsd:element name="Waste_ImportConsignmentItem"
type="Waste_ImportConsignmentItemType"
substitutionGroup="Waste_ConsignmentItemType" />

<xsd:redefine schemaLocation="consignmentitem.xsd">
<xsd:complexType name="Waste_ImportConsignmentItemType">
<xsd:complexContent>
<xsd:extension base="Waste_ConsignmentItemType">
<xsd:sequence>
<xsd:element name="ExportCountry"

type="bdt:Waste_TextStringType" />
</xsd:sequence>

</xsd:complexContent>
</xsd:complexType>

</xsd:redefine>

C <xsd:element name="Waste_ConsignmentItem"    
type="Waste_ConsignmentItemType" 
abstract="true" />

Figure 11.10
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<<ABIE>>
Waste_ConsignmentItem

<<BBIE>
+ Waste_Identification: Waste_Identifier
+ Waste_NetWeight: Waste_Measure

<<ABIE>>
Waste_ExportConsignmentItem

<<BBIE>
+ Import_Country: Waste_Text

<<ABIE>>
Waste_ImportConsignmentItem

<<BBIE>
+ Export_Country: Waste_Text

based on based on

<xsd>

</xsd>
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<xsd>

</xsd>
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Figure 7: Mechanism Substitution Group (3/3)

<<ABIE>>
Waste_ConsignmentItem

<<BBIE>
+ Waste_Identification: Waste_Identifier
+ Waste_NetWeight: Waste_Measure

<<ABIE>>
Waste_ExportConsignmentItem

<<BBIE>
+ Import_Country: Waste_Text

<<ABIE>>
Waste_ImportConsignmentItem

<<BBIE>
+ Export_Country: Waste_Text

<xsd>

</xsd>

A

<xsd>

</xsd>

B
2

1

tags
super = Waste_ConsignmentItem

tags
super = Waste_ConsignmentItem3

An alternative approach to allow the extension and restriction
of member elements as well as to preserve the hierarchies within
a substitution group, is introduced in the following. The suggested
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approach introduces an additional tagged value for ABIEs named
super. At first, the head element as well as the member elements
are mapped to ABIEs in the model representation (see Figure 11.11,
marks 1 and 2). Second, a tagged value named super is used to main-
tain the hierarchy information by storing a reference from each mem-
ber element to its head element in the tagged value (see Figure 11.11,
mark 3). In the following, we further concentrate on model layer
mappings.

11.3.2 Model Layer Mappings

In the previous Section we described how XML Schema constructs, Introducing heuristics

for concrete model

element mappings

which do not explicitly occur in UPCC, may be dealt with. Addition-
ally, we now focus on concrete model elements and how their seman-
tics may be preserved during the mapping of two schemas, i.e., some
XML Schema-based document model and UPCC. The following prob-
lem statements may not only be seen as mapping heuristics, but also
to a certain extend as modeling guidelines for UPCC. For now, there
do not exist modeling guidelines for UPCC, raising also issues for fu-
ture work in this area. The aim of this Section is to show how XML
Schema-based document parts may be mapped to the existing Core
Components Library (CCL) and how extensions to the CCL may be
incorporated by some lightweight extension mechanisms. The gen-
eral mapping heuristic for mapping arbitrary XML Schema models,
core components and business information entities, defined in the
CCL, comprises the following steps:

1. Find an ACC, which includes most of the concepts modeled within
a complex type.

2. Create a corresponding ABIE, which restricts on those BBIEs
needed.

3. In case 1. and 2. cannot be fully applied, the following specific
heuristics and problems may be considered:

ACC Combination Mappings. The mapping from one XML Combination of

di�erent ACCsSchema complex type to only one corresponding ACC may sometimes
not be sufficient. Instead, we may have to map one XML Schema
complex type to more than one ACC. Thus, the mapping on the CCL
side involves a combination of predefined building blocks. In prac-
tice this will most likely entail mappings from element declarations
to BBIEs (cf. Figure 11.12, mark 1 for a generic visualization). For
example, the information for a complex type called ConsignmentItem

may be contained in an ACC Consignment and ACC Item from the
CCL. This combination information must be stored within a map-
ping model for later use in XML Schema generation, to produce well
defined schema documents. Otherwise, more than one complex type
would be generated in the schema.

Generic Content Containers. The CCL provides some generic Using generic core

componentsACCs such as Note with BCCs for content, subject, identification, and
others. Wrapped in a business context of a BIE library, these com-
ponents may be mapped to XML Schema elements (see Figure 11.12,
mark 2). However, one has to be careful with data types of such
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Figure 11.12

Conceptual

illustration of model

mappings
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BCCs as they might not match the ones used in the XML Schema.
This may lead to type conversion problems. Also, generic core com-
ponents have to be used with care and should not lead to constructs
whose meaning is no longer clear or ambiguous.

Semi-Semantic Loss. Some BCCs in the CCL are so generic Dealing with

semi-semantic lossthat they may be used for more than one contextualized BBIE. Mul-
tiple identifiers of some sort in an invoice document are a good ex-
ample, where the reuse of a BCC makes sense. The distinction of the
BBIEs, based on just one BCC, is achieved through qualifiers, stat-
ing the specific business context. By using this BCC overloading we
are able to map two different elements on one BCC that evolves into
two BBIEs on the business information entity layer. Thus, the basic
semantic of each BBIE is defined through the based on dependency
to the underlying core component, but the semantic of the specifics
of that element is not defined. Hence, it is lost during the mapping
and modeling task. An example in the waste management context is
given in Figure 11.12, mark 3.

Negative Mapping. In some cases concepts defined within a Applying negative

mapping conceptsschema may not be mapped to any of the reusable building blocks,
provided by the CCL. In such cases we propose to allow the creation
of completely new business information entities, which are not based
on any existing ACCs. The meaning of the newly created and mapped
ABIEs is not specified. This extension mechanism should be used
wisely or interoperability issues may arise.

XML Schema Nesting. Both XML and XML Schema docu- Dealing with

extensive element

nesting in a schema

�le

ments often show deeply nested structures. Especially XML Schema
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documents may contain complex types, which contain elements with
complex types, which may again contain complex types, and so on.
The same applies to sequences and choices, which further compli-
cates the mapping to UPCC concepts. The problem is basically the
inverse of the problem statement ACC Combination Mappings. The
mapping task is to find suitable core components for each of the com-
plex types if possible, to reproduce the structure of the XML Schema.
The nesting of the mentioned XML Schema elements equals the use
of aggregation and composition associations in the UPCC model (cf.
Figure 11.12, mark 4). If some mappings cannot be established, the
structure will be flattened on the UPCC side, resulting in less ACCs.
Again, this information has to be stored in a suitable mapping model,
capturing the individual structure of an XML Schema-based docu-
ment model.

Easing UPCC restrictions. Assume we encounter some com-
posite structures in XML Schema, which are differently nested and
composed through the aggregation relationship of ACCs in the CCL.
Strictly following the UPCC approach, it would not be possible to per-
tain these relationships because ASBIEs need to be based on some
ASCC. However, in practice we may relax this restriction of the UPCC
standard. For the composition of document parts on the business in-
formation entities layer, ASBIEs without corresponding ASCCs may
be created.

11.4 Implementation and Case Study

This mapping approach is currently the basis for implementation in Evaluation of our

mapping rulesour business document engineering tool VIENNA Add-In (Visualiz-
ing Inter ENterprise Network Architectures) [180]. Our work is ac-
companied by a broader case study involving the Austrian e-Billing
standard ebInterface [8] for small to medium-sized companies and
public services.

11.5 Final assessment

In this Chapter we addressed the gap between existing business doc- Closing the gap

between existing

document standards

and Core Components

ument definitions and core components by introducing a well defined
heuristic for the mapping of arbitrary document models, based on
XML Schema, to the UPCC-based and thus core component conform-
ing document models. The results of our evaluation are illustrated in
Table 11.1. In particular all the XML Schema constructs are listed,
for which we provided a mapping strategy. Accordingly, the Table
illustrates the core component concept that the XML Schema con-
struct has been mapped to, as well as if necessary, an extension en-
abling successful mapping. Furthermore, the usability of the differ-
ent mapping strategies is illustrated.

We conclude that in general no easy straightforward 1:1 mapping
between arbitrary XML Schema and core component artifacts is pos-
sible. Recall, that XML Schema is a meta-language for the definition
of new XML formats. Thus, its expressiveness goes far beyond the re-
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Table 11.1

Overview on the

Usability of the

di�erent Mapping

Strategies

XSD Concept CCTS Concept Tagged Value Usability
xs:all BCC/BBIE modelgroup = all +
xs:any ABIE/BBIE - -
xs:choice BCC/BBIE modelgroup = choice +
xs:group BCC/BBIE modelgroup = custom +
xs:redefine BCC/BBIE - o
xs:sequence BCC/BBIE - ++
xs:substitutionGroup ACC/ABIE super -
xsi:type - - - -

stricted core component concepts. However, we have shown how map-
ping rules and mapping heuristics may be used to map XML Schema
constructs to predefined core components, defined in the Core Com-
ponent Library (CCL). The only XML Schema construct that cannot
be mapped to core components is the xsi:type construct. Successful
mapping of the construct is inhibited due to various reasons includ-
ing the following. First of all, the xsi:type meta construct is used
in actual XML document instances. Furthermore, the xsi:type con-
struct cannot be comprehended unless having the ebInterface speci-
fication at hand. Also, the construct has an inherent derivation-by-
extension mechanism, which is not supported by core components.

We conclude that the Core Component Technical Specification Shortcomings of the

Core Component

Library

provides a sound foundation for the mapping of arbitrary XML-based
business document standards. However, the imperative compliance
of core component artifacts to the Core Component Library imposes
several restrictions in regard to mappings. In particular finding a
pertinent core component in the Core Component Library is a diffi-
cult task, since only a limited amount of predefined core component
definitions is available at the moment. UN/CEFACT is currently
working on the inclusion of additional core components in the Core
Component Library.
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12 Process choreographies and

business document de�nitions

In the previous Chapters we outlined the importance of an agree- Common agreement

on process

choreography and

business document

de�nition

ment on a common business document definition. However, as al-
ready mentioned in the introduction of this thesis, a two-fold agree-
ment is necessary before two business partners may engage in an
automated business interaction. First, an agreement on the business
document structure has to be negotiated. Second, the exact exchange
order of the business documents must be agreed upon. We refer to
the order, in which documents are exchanged in an inter-organizatio-
nal business process, as business process choreography.

In this Chapter we introduce a well accepted method for captur- Introducing

UN/CEFACT's

Modeling

Methodology

ing requirements of an inter-organizational business process chore-
ography, namely UN/CEFACT’s Modeling Methodology (UMM) [174].
We introduce the basics of UMM using our accompanying example
from the waste management domain. Finally we show how both, a
business process choreography, based on UMM and a business doc-
ument specification, based on the UML Profile for Core Components
(UPCC) [172], may be used to provide a requirements engineering
methodology for inter-organizational processes.

The remainder of this Chapter is structured as follows: Section
12.1 provides an introduction to UN/CEFACT’s Modeling Methodol-
ogy and consequently examines its different sub-views. Sub-section
12.1.3 shows how UMM and UPCC models may be combined on a
conceptual level. Finally, Section 12.2 shows how UMM models in
combination with UPCC models may be used in a model-driven man-
ner, to generate deployment artifacts for service oriented environ-
ments. Section 12.3 concludes the Chapter with a final assessment.

12.1 Introduction to UN/CEFACT's

Modeling Methodology

As already outlined in the introduction of this thesis, the field of EDI A requirements

engineering approach

for SOA

has undergone significant changes in recent years. A pure document
centric approach for the definition of EDI requirements is not suffi-
cient any more, since inter-organizational business processes must
also be taken into account, in order to allow for seamless B2B in-
teractions. In the context of service-oriented architectures (SOA),
services are used for the realization of inter-organizational business
processes. Zeithaml et al. define services as economic activities, of-
fered to other business partners to achieve a certain benefit [195].
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Realizing the services portfolio in a technical sense results in B2B
information systems according to the concept of a SOA.

Web Services are currently the state-of-the-art technology for im- Capturing the

collaborative space

between companies

plementing a SOA. Evidently, a successful B2B integration does not
start with manually creating Web Services artifacts, such as WSDL
or BPEL code. According to Papazoglou et al. [133], the successful
implementation of a SOA requires an evolutionary development pro-
cess, which is similar to object-oriented and component-based soft-
ware development processes and which considers business process
modeling as a driving factor.

For analyzing and designing inter-organizational systems, UN/CE-
FACT has started to work on a development process called UN/CE-
FACT’s modeling methodology (UMM). During the course of time this
development process has changed considerably. However, the main
goal of UMM [174] was always to capture the collaborative space be-
tween organizations. UMM has been developed according to the busi-
ness operational view of the Open-edi reference model [78], which
covers the business aspects such as business information, business
conventions, agreements, and rules among organizations.

When UN/CEFACT and OASIS started the ebXML initiative in UMM as part of the

ebXML speci�cation1999, UMM concepts have significantly influenced the ebXML busi-
ness process specification [120]. Also UMM changed during this time
by adopting concepts from ebXML members, such as SWIFT, TM Fo-
rum, GS1 (EAN*UCC), and RosettaNet. In 2000 the copyrights of
the company EDIFECS on their Business Collaboration Framework
(BCF), used by RosettaNet, were transferred to UN/CEFACT and the
BCF was merged into UMM.

However, at this time UMM just provided guidelines for using A UML Pro�le for

UMMthe general purpose modeling language UML [129] and missed a for-
mal customization of the UML meta-model. Furthermore, we rec-
ognized a step towards service orientation. Being part of the UMM
project team, we addressed these challenges by developing a UML
profile which integrates service-oriented concepts. A UML profile
specifies a set of stereotypes, tagged values, and constraints for cus-
tomizing UML. This means that the general-purpose language UML
is customized for the specific purpose of inter-organizational systems.
Thereby, UMM puts UML in a very strict corset. Each artifact is re-
stricted to a number of precisely defined modeling elements (stereo-
types) and the relationships among them is also fixed. As a conse-
quence, it is easier for software engineers to act upon the resulting
artifacts to bind their local systems to the public process, defined by
UMM. We have been the editing team of the resulting specification
’UMM foundation module 1.0’ [166] [55], which was finalized in 2006.
Furthermore, we have provided an extensive user guide for UMM 1.0
[192].

However, first experiences in applying the UMM in real world Shortcomings of

UMM 1.0projects have shown some shortcomings: First, the current UMM
provides rather vague means for modeling business documents – a
gap which is closed by this thesis. Second, there is a lack of alterna-
tive responses in a business transaction. Third, results of a business
transaction currently do not propagate changes of business entity
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states. Fourth, current UMM business choreographies used guards
in natural language and, thus, lack information to be machine-process-
able. Fifth, UMM does not allow to interlink activities of two differ-
ent business collaborations. Finally stakeholders have argued against
the complex package structure of a UMM 1.0 model.

Consequently, we propose new concepts to be adapted by UMM From UMM 1.0 to

UMM 2.0to overcome the limitations mentioned above. We submitted these
concepts to UN/CEFACT to move the UMM foundation module to-
wards version 2. In this Chapter we demonstrate the adapted UMM
2.0 development process, which overcomes the limitations of UMM
1.0. Thereby, we specifically focus on the problem of how to capture
business process and business document information in a single con-
ceptual model. We go step by step through the development process
of the UMM using our accompanying example from the waste man-
agement domain. Note that for explanatory purposes we present a
simplified version of the waste management example.

In the following Sections we examine the three main views of
UMM 2.0: business requirements view (bRequirementsV), business
choreography view (bChoreographyV), and business information view
(bInformationV).

Figure 12.1

Overview of the

Business

Requirements View

A

B
C

D

12.1.1 Business Requirements View

The business requirements view is the first view to be constructed
during the elaboration of a UMM model. Figure 12.1 shows the pack-
age structure of the business requirements view and its three sub-
views business domain view (bDomainV), business entity view (bEnti-
tyV), and business partner view (bPartnerV). The alphabetically num-
bered dots associate the example diagrams with the respective pack-
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ages they belong to, e.g., Figure 12.3 shows the detailed view of A in
Figure 12.1.

Business Domain View

At the beginning of the UMM development process, the business Task 1: Capture the

domain knowledgeanalyst gathers domain knowledge and existing process knowledge
of the business domain under consideration. The analyst has to cap-
ture the justification of the project and has to determine its scope. He
interviews business experts and other stakeholders to get an under-
standing of the existing business processes in the domain. This task
if often accompanied by the use of worksheets. Worksheets are struc-
tured forms for the elicitation of specific requirements and a popular
mechanism to guide the interview and to capture business know-how.
For a detailed discussion of worksheets see [69]. It is important that
the analyst does not influence the business expert. The interview has
to take place in the language of the business domain expert; technical
and modeling terms should be avoided. The interviews ensure that
all involved parties share a common understanding of the business
domain. In this step, the analyst discovers intra- and inter-organiza-
tional business processes. A simplified example for the output of an
interview, kept in a worksheet, is depicted in Figure 12.2.

Figure 12.2

Business Process

Worksheet

Form: BusinessProcess 
General 
Business Process Name Manage End-to-End Waste Transport 
Definition A waste transport taking place between an export authority and an import 

authority. 
Description Subject of the business process is the waste transport between different 

countries. The export authority of the export country pre-informs the import 
authority of the import country about a waste transport. Upon successful 
receipt of the waste transport the import authority informs the export 
authority. 

Participants ImportAuthority, ExportAuthority 
Stakeholder Tax Agency 
Reference Waste Management 
Start/End Characteristics 
Pre-condition The waste is ready for transport. 
Post-condition - The waste has been moved from the export country to the import country. 

- No waste transport took place. 
Begins When Export authority receives the order to initiate the waste transport. 
Ends When The export authority receives the transport arrival receipt from the import 

authority. 
Actions - Pre-inform on waste transport 

- Inform on waste receipt 
Exceptions - 
Relationships 
Included Business Processes none 
Affected Business Entities WasteTransport 
 

The results of the interviews are transformed into a UML no- Task 2: Transform

free-form text

descriptions into

UML models

tation. Each worksheet, describing a business process, results in
a business process uses cases (bProcessUC). Business processes are
classified according to UN/CEFACT’s Catalog of Common Business
Processes (CBPC) [165], the Supply Chain Reference Model (SCOR)
[158], or Porter’s Value Chain (PVC) [141]. Classifying business pro-
cesses facilitates the understanding of the business domain, as well
as its scope. A hierarchical composition of business areas and process
areas is used to represent the classification, as shown in Figure 12.1.
In this example we only show the business area logistics, including
the process area actualization. In reality, a business domain view
comprises additional business and process areas.
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The business process use case manage end-to-end waste trans-

port is assigned to the process area actualization within the busi-
ness area logistics (A in Figure 12.1). The corresponding use case
diagram is shown in Figure 12.3. In general, business partners par-
ticipating in the business process and stakeholders who have an in-
terest in the process, are associated to the business process use case.
In our example, the business partners exporter, export authority,
import authority, and importer participate in manage end-to-end -

waste transport, whereas the stakeholder customs authority has
an interest in the inter-organizational process.

Figure 12.3

Business Process Use

Case with Business

Partners

A

« b P ro ce ssUC»
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E xp o rte rIm p o rte r
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Cu sto m s A u th o ri t y

︵f W t M t ︶

p

︵from Waste Management ︶
p

︵from Waste Management ︶

︵from Waste Management ︶

Once all business processes are discovered, a review cycle is initi- Task 3: Identify

relevant processes for

a collaboration

ated to identify those which in fact have a relevance for the business
collaboration to be developed. These business processes are further
detailed by an activity diagram, according to the requirements spec-
ified in the respective worksheet. The activity diagram becomes a
child of the business process use case. In our example, we show the
activity diagram for manage end-to-end waste transport in Figure
12.4. According to Figure 12.1, this activity diagram (B) is a child of
the corresponding business process use case (A).

The following business semantics are kept in the activity dia-
gram: An exporter informs the export authority about a waste trans-
port. The export authority in turn informs the import authority

about the incoming waste transport. Consequently, the import auth-

ority informs the importer. The flow of accepting or rejecting the
waste transport is going into the reverse direction. In case the waste
transport announcement has been accepted, the waste transport starts.
Upon arrival of the waste in the import country, the flow of inform-
ing partners on its receipt is also going the reverse direction. We
only show the activities between the export authority and the import
authority in detail, whereas the other activities are only sketched.

The exchange of information must always lead to a synchroniza-
tion of changed business entity states at each partner’s side. Thus, the
object flow between activities is denoted by a shared business entity
state, which is further discussed in the subsection on the business
entity view. The concept of shared business entity states denotes the
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need for communication between business partners. Thus, shared
business entity states are a strong indicator for requiring information
exchange in later designed business collaborations.

Figure 12.4

Business Process

Activity Model

B

:Importer:Exporter :ImportAuthority:ExportAuthority

«SharedBusinessEntityState»
:WasteTransport

[ d]

«BusinessProcessActivity»
Pre-inform on waste transport
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«SharedBusinessEntityState»
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rejection
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«BusinessProcessActivity»
Inform on waste transport 

acceptance

«BusinessProcessActivity»
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[arrived]

«BusinessProcessActivity»
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«BusinessProcessActivity»
Inform on waste receipt

Business Entity View

A business entity is a real-world thing having business significance Task 4: Identify

relevant business

entities

that is shared between two or more business partners in a collabora-
tive business process (e.g., order, account, etc.). In our example, the
information exchanged is about the business entity waste transport.

A business entity lifecycle is described by a UML state diagram
as part of the business entity view (cf. C in Figure 12.1). It depicts
the states, a business entity may obtain, as well as the flow between
them. The lifecycle is designed in accordance with the activity dia-
grams in the business domain view. The object flow in the activity
diagrams is based on shared business entity states (cf. Figure 12.4).
Each shared business entity state reflects a business entity state in the
business entity lifecycle (cf. Figure 12.6). Thus, the order of changing
business entity states in the activity diagrams must be kept in the
business entity lifecycle.

The business entity lifecycle depicted in Figure 12.6 represents
the states of the business entity waste transport. The business en-
tity is created with state announced. The pending state announced is
either set to approved or rejected. After the approved transport has
occurred, the business entity is set to arrived. These four business
entity states are referenced by the four shared business entity states
of the activity diagram in Figure 12.4.

Figure 12.5 depicts a worksheet, capturing the requirements for
a business entity’s lifecycle, gathered during an interview between
the business domain expert and the business analyst. First, defini-
tion and description of a lifecycle as well as pre- and post-conditions
and begin/end characteristics are captured. Then, each state of the
lifecycle is captured with its definition, description, and preceding
states. Finally, the flow of the lifecycle is constructed by analyzing
business entity states, together with their predecessors.

Business partners identified in the business requirements view Task 5: Identify

business partnersare modeled in diagrams that belong to the business domain view.
However, for the sake of an easier re-use, business partners and
stakeholders are kept in a dedicated container – the business part-
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Figure 12.5

Business Entity

Worksheet

 
Form: BusinessEntity 

General 
Business Entity Name WasteTransport 
Definition The waste transport business entity is the list of states a waste transport can 

have. 
Description A waste transport is taking place between an export and an import authority. 
BusinessEntityLifecycle 
Pre-condition A waste transport exists. 
Post-condition  The waste transport has been arrived or rejected. 
Begins When A waste transport is initiated. 
Ends When The waste transport has successfully arrived or has been rejected by the 

notifiee. 
Exceptions - 
BusinessEntityState #1 
Name  announced 
Definition A waste transport is in state "announced" if the notifiee has been informed 

about it. 
Description Before the notifiee reports back to the notifier whether the waste transport is 

accepted or rejected, the waste transport is in state "announced". 
Predecessing State - 
BusinessEntityState #2 
Name accepted 
Definition A waste transport is in state "accepted" if the notifiee positively responds to the 

waste transport announcement of the notifier. 
Description Before the notifier is informed by the notifiee about the successful execution of 

the waste transport, the waste transport is in state "accepted". 
Predecessing State announced 
BusinessEntityState #3 
Name rejected 
Definition A waste transport is in state "rejected" if the notifiee negatively responds to the 

waste transport announcement of the notifier. 
Description If the waste transport announcement is declined, the waste transport is in state 

"rejected". 
Predecessing State announced 
BusinessEntityState #4 
Name arrived 
Definition A waste transport is in state "arrived" if the waste transport was successfully 

executed and the waste arrived in the target country. 
Description If the waste transport has been accepted by the notifiee and the transport was 

executed successfully, the waste transport is in state "arrived". 
Predecessing State accepted 
 

ner view (D in Figure 12.1). The business partner view may also be
used to analyze relationships between the business partners and/or
stakeholders in optional role models, which are not further elabo-
rated here.

Figure 12.6
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12.1.2 Business Choreography View

In the business choreography view the analyst builds upon the previ-
ously created artifacts to develop models, describing a global choreog-
raphy. According to Figure 12.7, it consists of three sub-views: busi-
ness transaction view (bTransactionV), business collaboration view
(bCollaborationV), and business realization view (bRealizationV). The
business transaction view models the basic-building blocks of a chore-
ography, corresponding to a single business document exchange and
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returning an optional business document as a response. The busi-
ness collaboration view models a global choreography built by these
basic building blocks. A business realization view is used if the same
choreography is realized between different set of business partners.

Figure 12.7

Overview of the
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Business Transaction View

The basic building blocks of a UMM choreography are business trans- Task 6: Formalize

requirements using

UMM business

transactions

actions. The goal of a business transaction is synchronizing the busi-
ness entity states between two parties. Synchronization of states
is either required in an uni-directional or in a bi-directional way.
In the former case, the initiator of the business transaction informs
the other party about an already irreversible state change the other
party has to accept – e.g., the notification that the waste has arrived.
It follows that responding in such a scenario is neither required nor
reasonable. In the latter case, the initiating party sets a business
entity to an interim state and the responding party decides about its
final state – consider a request for a waste transport that the respon-
der might either accept or refuse.

The synchronization of business entity states takes place by ex- Business transactions

synchronize business

entity states

changing business information. According to the definitions above,
an exchange takes always place between exactly two parties. It is ei-
ther a uni-directional exchange or a bi-directional exchange, includ-
ing a response. The activity diagrams, created in the business do-
main view (cf. Figure 12.4), already indicate the need for exchanging
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business information to synchronize business entities by the concept
of shared business entity states. However, these activity diagrams
are not necessarily consolidated between the various parties and are
just used for requirements elicitation. The business transaction has
to present a consolidated and formal view on the basic information
exchanges between business partners. Thus, it has to identify the
commonly agreed shared business entity states and, possibly, aggre-
gate two of them in a bi-directional business information exchange.

This identification and consolidation process leads to a number
of business transaction use cases and the two authorized roles par-
ticipating in the use case. According to Figure 12.7, each business
transaction use case (E) and the two participating authorized roles
are placed in their own business transaction view. Figure 12.8 depicts
the business transaction use case announce waste transport, involv-
ing the participating authorized roles notifier and notifiee. Note
that we use the abstract concepts of authorized roles instead of busi-
ness partners, because business transactions and their use cases may
be realized between different sets of business partners.

Figure 12.8
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«bTransactionUC»
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The requirements of a business transaction are further elabo-
rated using the concept of activity diagrams. For each business trans-
action use case an activity diagram is created and placed as a child
underneath the respective use case, e.g., in Figure 12.7 the business
transaction use case announce waste transport (E) is refined using
the activity diagram (F).

The main purpose of a business transaction activity diagram is to
formally describe a UMM business transaction. Note that a business
transaction always follows the same pattern. Thereby, the business
transaction pattern defines the type of a legally binding interaction
between two decision making applications as defined in Open-edi
[78] reference model. We distinguish between two one-way (infor-
mation distribution, notification) and four two-way (query/response,
request/response, request/confirm, commercial transaction) types of
business transactions. The patterns differ in the default values of
the tagged values characterizing a requesting/responding business
action.

The basic building blocks of a business transaction are activity
partitions, which are used to denote the authorized roles, participat-
ing in the transaction. Furthermore, a business transaction contains
exactly two actions – a requesting action and a responding action –
one on each business partner’s side. Between the different actions,
the business information exchange is denoted using the concepts of
object flows and action pins. There is always exactly one object flow
from the requesting action to the responding action. In a one-way
business transaction there is no flow in the reverse direction. In case
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of a two-way business transaction, there are one or more object flows
in the reverse direction. In case of two or more object flows, they are
considered as alternatives. The type of the action pins in the busi- Action pins are the

linchpin between the

business process and

the business

information

perspective

ness transaction is set using business documents from the business
information view. Thus, the action pins of a business transaction are
the linchpins between the business process and the business infor-
mation perspective of an inter-organizational process.

Figure 12.9 shows the business transaction announce waste trans-

port. On the left hand side the business transaction partition (bT-
Partition) of the requesting role is shown and on the right hand side
the one of the responding role. The type of a business transaction
partition is determined by the authorized roles, participating in the
business transaction use case, which the business transaction refines.
In Figure 12.9 the type of the requesting partition is set by the au-
thorized role notifier and the type of the responding partition is set
by the authorized role notifiee.

Figure 12.9
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The requesting partition contains a requesting action (ReqAction)
and the responding partition a responding action (ResAction). In
the example shown in Figure 12.9, the notifier starts the business
transaction by sending a waste movement form to the notifiee. Since
the transaction is bi-directional, the business entity waste transport

is set to an interim state. Depending on the response of the notifiee,
the business entity is set to its final state. After the notifiee has pro-
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cessed the request from the notifier, he either replies with a waste

movement accepted form or with a waste movement rejected form. In
the notifier’s partition two shared business entity states waste trans-

port are shown, together with guard conditions leading to the shared
business entity states. Depending on the reply of the notifiee, the
shared business entity state waste transport is either set to the final
state accepted or to rejected. In case a control failure occurs during
the transaction the business transaction results in a control failure
as shown on the left hand side of Figure 12.9.

At the lower side of Figure 12.9, the tagged values containing
the different business signal information of the requesting and the
responding action are shown, e.g., time to acknowledge receipt in-
dicates the maximum time within the responding party has to con-
firm a successful/unsuccessful syntax, grammar, and sequence vali-
dation. Further tagged values are: is authorization required, is
non-repudiation required, time to perform, time to acknowledge-

receipt, time to acknowledge acceptance, is non-repudiation of-

receipt required, and retry count. These tagged values are ex-
plained in detail in the UMM 1.0 specification [166]. As shown in
Figure 12.7, the waste management example consist of exactly two
business transactions: announce waste transport (Figure 12.9) and
announce transport arrival. The latter is a one-way transaction and
is not explained in detail here.

Business Collaboration View

After the identification of the different business transactions the Task 7: De�ne

business

collaborations

representing global

process

choreographies

modeler continues with creating business collaborations. A business
collaboration choreographs the execution order of different business
transactions and business collaborations (since business collabora-
tions may be nested recursively).

Each business collaboration view contains exactly one business
collaboration use case and two authorized roles participating in the
use case (G in Figure 12.7). By definition a business collaboration
consists of different business transactions and/or business collabo-
rations. Included business transactions/collaborations are denoted
using the concept of include dependencies. Each included business
transaction is defined in its own business transaction view and each
included business collaboration is defined in its own business collab-
oration view.

As shown in Figure 12.10, the business collaboration use case
manage waste transport includes two business transactions, namely
announce waste transport and announce transport arrival. Again
the abstract concept of authorized roles is used instead of business
partners, because business collaborations may be realized between
different sets of business partners.

Similar to the concept of a business transaction use case, a busi-
ness collaboration use case is further elaborated using the concept of
a business collaboration protocol. For each business collaboration use
case a business collaboration protocol is created and placed as a child
under the respective use case, e.g., in Figure 12.7 the business col-
laboration use case manage waste transport (G) is refined using the
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Figure 12.10
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business collaboration protocol (H). Consequently, a business collab-
oration use case is always the parent of exactly one business collabo-
ration protocol.

The main goal of a business collaboration protocol is to describe Business collaboration

protocols formalize a

global process

choreography

a business collaboration on a formal basis. A business collaboration
protocol is built using business transaction calls and business collab-
oration calls. A business transaction call invokes a business transac-
tion and a business collaboration call invokes a business collabora-
tion. To depict the authorized roles, participating in a business col-
laboration, a business collaboration protocol uses the concept of par-
titions. For each authorized role exactly one partition is created. In
some cases an authorized role, during the course of a business collab-
oration, might internally execute another business collaboration. In
this case the concept of nested business collaboration is used. Nested
business collaborations are defined in another business collaboration
view. To denote the execution order of different business transaction
calls and business collaboration calls the concept of initFlows and re-
Flows is used. Thereby, an initFlow may either lead to a partition or
– in case a nested collaboration is used – to a nested business collab-
oration. The same applies to reFlows. Guard conditions, attached to
the different object flows within the business collaboration protocol,
determine the exact execution sequence.

Figure 12.11
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The business collaboration protocol in Figure 12.11 defines the
exact choreography of the manage waste transport collaboration. Us-
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ing the concept of two business collaboration partitions (bCPartition),
the two authorized roles outbound role and inbound role participat-
ing in the business collaboration are shown. The business collab-
oration management waste transport starts with the business trans-
action announce waste transport. The initFlow dependency between
the outbound role and the business transaction call announce waste

transport in Figure 12.11 indicates that the outbound role initiates
the business transaction. Since there is a reFlow dependency from
the nested business collaboration within the partition of the inbound

role to the business transaction call and the outbound role, the busi-
ness transaction is a two-way transaction. The inbound role informs
the customs authority about the waste transport announcement of
the outbound role. If the customs authority rejects the waste trans-
port, the inbound role rejects the waste transport as well and sends
a waste movement rejected form to the outbound role.

If the business transaction announce waste transport fails, be-
cause the inbound role or the customs authority has rejected the
transport, the business collaboration manage waste transport also
fails. In Figure 12.11 this is indicated by the control flow with the
guard condition WasteTransport.rejected leading from the business
transaction call to the final state Failure. Note that the guard condi-
tions of the control flows directly match to the shared business entity
states of the underlying business transaction (see Figure 12.9).

In case the business transaction announce waste transport was
successful, the guard condition WasteTransport.accepted evaluates
true and the business transaction announce transport arrival starts.
Note that now the inbound role is the initiator of the business trans-
action. The inbound role has received the waste from the outbound

role and now informs the business partner about this irreversible
state. As shown in Figure 12.11, this is indicated by the initFlow
dependency between the inbound role and the business transaction
call announce transport arrival. The business collaboration finally
ends with the business entity waste transport being in state arrived.

Business Realization View

We have seen so far that business transactions and business col- Task 8: Indicating

optional reuse of

business

collaborations

laborations are executed between authorized roles instead of specific
business partners. By using the concept of authorized roles, the same
business collaboration/transaction may be re-used between different
sets of specific business partners. This enables the standardization
of business collaboration models and fosters re-use.

Binding a business collaboration (and implicitly the business trans-
actions it consists of) to a set of business partners is achieved through
business realizations. Figure 12.12 shows a possible business realiza-
tion for the business collaboration manage waste transport.

At the bottom of Figure 12.12, the business collaboration manage

waste transport is shown between the two authorized roles outbound
role and inbound role. A business realization is connected to a spe-
cific business collaboration use case using a realize connection. In Fig-
ure 12.12 the business realization manage waste transport ExA-ImA

realizes the business collaboration use case manage waste transport.
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Figure 12.12
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The business realization again has two authorized roles outbound

role and inbound role. Finally, business partners identified in the
business partner view are bound to authorized roles by connecting
them via mapsTo dependencies.

The benefit of this concept is easily demonstrated by our example.
The business collaboration between export authority and import-

authority is identical to the one performed between exporter and
export authority as well as to the one between import authority

and importer. This issue is modeled by introducing two additional
business realizations, which both realize the business collaboration
use case manage waste transport. One of them is performed between
the exporter and the export authority and the other one between
the import authority and the importer. Thus, the concept of business
realizations evidently contributes to the re-use of modeling artifacts.

With the completion of the business realization view the modeler
has finished the business process perspective of the UMM. In the
following Section we introduce the business information view (bIn-
formationV) of UMM and show how core component concepts may be
used for modeling the business information, exchanged in business
transactions. Thereby, we use the UML Profile for Core Components,
which we have introduced in Chapter 5.

12.1.3 Business Information View � Combining UMM

and UPCC models

The final view of UMM is the business information view. Within Task 9: De�ne the

exchanged business

information artifacts

the business information view the business documents, which are ex-
changed in the different business transactions of UMM, are defined.
UMM does not mandate to use a specific business document modeling
technique in this view, but leaves it up to the modeler which technol-
ogy to use. However, it is strongly suggested to use UN/CEFACT’s
Core Components [164] for the modeling of the exchanged business
documents. Since both, UMM and Core Components, are developed
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by UN/CEFACT and represent complementary technologies, a seam-
less integration of the process perspective and the data perspective
is possible. In the following we use the UML Profile for Core Compo-
nents to model the business documents being exchanged in the man-
age waste-transport example. Figure 12.13 shows the structure of
the business information view, consisting of a business library (bLi-
brary) called waste management data model denoted by (J). Within a
business library the modeler aggregates the different elements of the
UML Profile for Core Components (UPCC).

Figure 12.13

Overview of the

Business Information

View

J

At the bottom of Figure 12.13 four different information envelopes
(InfEnvelope), used in the manage waste transport collaboration, are
shown. Above the information envelopes several packages are shown,
which belong to the UPCC standard. Exemplarily the information
envelope waste movement form is examined in detail.

As shown on the upper left hand side of Figure 12.14, the in-
formation envelope waste movement form envelope serves as the root
element. Attached to the information envelope are the message as-
semblies and business information entities, representing the waste
management data model for a waste movement form. Note that the
waste movement form also contains a standard business document
header, serving for identification purposes of technical sender and
receiver, document type, etc. Standard business document headers
are defined according to the Standard Business Document Header
Specification of UN/CEFACT. As of 2009 the standard is currently
under development.

The remaining artifacts of the data model shown in Figure 12.14,
have already been thoroughly explained in Chapter 5 of this thesis.
Finally, the different information envelopes, defined in the business
information view, are used to set the type of the outgoing action
pins of a requesting and responding action in a business transaction.
(compare J in Figure 12.13 with Figure 12.9).

The benefits of combining a core component model and a UMM Leveraging bene�ts

from UMM and

UPCC
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Figure 12.14

Business Information

View Example

model are twofold. First, the business analyst is given a single model,
describing the entire requirements of the inter-organizational pro-
cess, i.e., the inter-organizational process model and the business
document information, exchanged in the inter-organizational pro-
cess. Second, the comprehensive model may serve as the basis for
the derivation of deployment artifacts, which may be deployed to a
service oriented architecture. In the following Section we outline
a deployment artifact generation of a UMM model together with a
UPCC model. Consequently, we show how the core component model
and its XML representation may be inter-weaved with the XML rep-
resentation of a UMM model.
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12.2 Deriving code artifacts from UMM

So far, we concentrated on capturing the business requirements by Task 10: Derive

deployment artifacts

for a SOA from the

UMM/UPCC model

means of worksheets and using the information in the worksheets for
generating modeling artifacts. This helps for a better alignment of
modeling artifacts and business requirements and speeds up the de-
velopment process. In addition, the UMM and UPCC models should
be transformed to software artifacts, which may be used to config-
ure B2B software. This allows a straight-through development ap-
proach, starting from business requirements to code generation. We
have already shown how UPCC helps to capture business document
requirements and how XML Schema artifacts may be derived from
UPCC models in Chapter 8.

Accordingly, a UMM model provides the foundation for deriv-
ing software artifacts, realizing the implementation of a partner’s
business service interface. In the following, we outline a mapping
of our example UMM business process to the relevant standards of
the Web Services stack – i.e., the Web Service Definition Language
(WSDL) [187] and the Business Process Execution Language (WS-
BPEL) [122]. Since UMM artifacts (e.g., a business transaction) fol-
low always the same pattern, the transformation rules for code gener-
ation are generic and hence applicable to any UMM model. However,
we prefer demonstrating the code generation by means of our waste
management example, because showing the resulting code instead of
formal transformation rules facilitates understanding.

Generating code starts with the identification of the services Identify services each

party must o�ereach participating party must offer: Each business partner must
provide service operations for receiving business documents. In a
one-way business transaction, there is only a single information flow
from the initiator of the transaction to the responder. Thus, only the
responder has to provide a service for receiving the business infor-
mation. In a two-way transaction, business information is returned
from the responder to the initiator. Thus, the initiator has to offer
a service for picking up the response message. This means a two-
way business transaction is realized by two asynchronous message
exchanges for business documents, instead of a single synchronous
call. This is the preferred solution to avoid blocking in long-running
business transactions.

Again, we demonstrate the approach by our example business Example derivation

for announce waste

transport business

transaction

transaction announce waste transport, conducted between the out-
bound role (in the following: export authority) and the inbound role
(in the following: import authority). The service interface of the
import authority must be able to receive the waste movement form,
defined in Figure 12.14. Similarly, the export authority has to offer
services for receiving a waste movement accepted form and a waste

movement rejected form. We limit our discussion to the waste move-

ment form and do not show any details for the waste movement accept-

ed and waste movement rejected form.
In addition to the flow of business messages, business signals are

used in UMM to acknowledge the successful receipt and/or process-
ing of a prior received business message. The exchange of exceptions
for error reports on the same topic is required as well, but not de-
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tailed any further. For a complete reference of deployment artifact
generation from UMM models see [101] for UMM 1.0 and [191] for
UMM 2.0.

Acknowledgments are specified for each message exchange in a
UMM business transaction using the quality of service parameters
time to acknowledge receipt and time to acknowledge processing (cf.
Figure 12.9). The former is sent, after a received business document
has passed the validation of its schema, its grammar, and its se-
quence in the context of the process. The latter is sent, after the busi-
ness document has passed checks against additional business rules
and is handed over to the business application for further processing.
Consequently, each party must provide two operations for receiving
business signals: one for acknowledgments of receipt and one for ac-
knowledgments of processing.

Listings 12.1 and 12.2 show stubs of WSDL port types for the
service interfaces of the import authority and the export authority

in the announce waste transport business transaction.

Listing 12.1

WSDL port type for

the import authority

350 <portType name="ImA−PT">
351 <operation name=" receiveWasteMovementForm ">
352 <input message=" tns:WasteMovementForm" / >
353 < / operation>
354 <operation name=" receiveAckReceipt ">
355 <input message=" tns:receiveAckReceipt " / >
356 < / operation>
357 <operation name=" receiveAckProcessing ">
358 <input message=" tns:receiveAckProcessing " / >
359 < / operation>
360 < / portType>

Each of the stubs defines the operations, which each business part-
ner has to offer and what type of business document the interface
accepts. Thereby, the message type definitions are derived from the
business information view of the UMM model. In our example the
business information, exchanged in the UMM model, has been de-
fined using the UML Profile for Core Components. Consequently, the
reference in line 352 of Listing 12.1 refers to the XML representation
of the core component model shown in Figure 12.14.

Listing 12.2

WSDL port type for

the export authority

361 <portType name="ExA−PT">
362 <operation name=" receiveWasteMovementAcceptedForm ">
363 <input message=" tns:WasteMovementAcceptedForm " / >
364 < / operation>
365 <operation name=" receiveWasteMovementRejectedForm ">
366 <input message=" tns:WasteMovementRejectedForm " / >
367 < / operation>
368 <operation name=" receiveAckReceipt ">
369 <input message=" tns:receiveAckReceipt " / >
370 < / operation>
371 <operation name=" receiveAckProcessing ">
372 <input message=" tns:receiveAckProcessing " / >
373 < / operation>
374 < / portType>

For the description of message exchanges of a UMM business Deriving local

choreographies from

global choreographies

transaction we use the Web Services Business Process Execution Lan-
guage (WS-BPEL), which is the standard language for describing
choreographies in a Web Services environment. Thus, we have to
transform UMM business transactions to BPEL. UMM describes a
global choreography, capturing inter-organizational requirements from
an observer’s perspective. Thus, is represents the single version of
truth on which the business partners agreed to interact with each
other. In contrary, BPEL describes a local choreography. It defines a
partner-specific perspective of a business process. Hence, in our ex-
ample the BPEL process of the export authority is not the same as
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the one of the import authority. However, the local choreographies
must be complementary to each other. In other words, whenever one
sends something the other one must receive something. By deriving
the local BPEL choreographies from the same global UMM choreog-
raphy, we ensure that resulting local choreographies are complemen-
tary. Consequently, the local choreographies serve as blueprints to
check the local implementations for compliance with the agreed flow.

BPEL describes a business process as a flow of Web Service inter-
actions. The relationship between two interacting services is cap-
tured by the concept of a partner link type. It describes the two
interacting services by their roles in the business process and the
port types they have to provide. Considering our example, the part-
ner link type shown in Listing 12.3 binds the services of the export

authority and the import authority. Accordingly, the party that acts
as the export authority has to provide the services described in List-
ing 12.2. Consequently, the services specified in Listing 12.1 corre-
spond to the interface of the import authority.

Listing 12.3

Partner link type

binding together the

port types of export

and import authority

375 <partnerLinkType name="ImA−ExA−PLT">
376 <ro le name=" ExportAuthority " portType="ExA−PT" / >
377 <ro le name=" ImportAuthority " portType="ImA−PT" / >
378 < / partnerLinkType>

In the remainder of this subsection, we elaborate on the mapping
of a UMM business transaction to BPEL. We illustrate the mapping
by means of the BPEL code for the import authority of our announce

waste transport example transaction (see Figure 12.9). The result-
ing code is shown in Listing 12.4. Note that we simplified the code by
removing namespaces, attribute names for activities, etc. for the pur-
pose of enhancing its readability. The derived BPEL code describes
the local choreography of the export authority – i.e., it captures the
observable and required behavior of the export authority for inter-
acting in the business transaction. It does not reveal internal imple-
mentation details how the export authority binds its private pro-
cesses for participating in the collaborative process.

At the beginning of our example code, the partner link defines
the role of the owner of the BPEL process and the role of the col-
laborating partner (starting with line 380). As said before, we show
the responder’s side of the business transaction. Thus, the owner of
the process is the import authority (ImA) and the partner role is the
export authority (ExA).

The partner link definition is followed by the variables section. Combining UMM and

UPCC derived

deployment artifacts

Each business document as well as each business signal occurring
in the UMM business transaction is mapped to a variable in BPEL.
Lines 386 and 387 exemplify the definitions of the business document
waste movement form and of an acknowledgment of receipt business
signal. We omit to list all the other variable definitions. Of particular
importance is the definition in line 386 as it refers to the XML repre-
sentation which has been derived from the core component model in
Figure 12.14.

The code fragment describing the control flow of the import auth-

ority’s local choreography starts with line 391. According to our
example in Figure 12.9, the first action of the import authority is
receiving the waste movement form. This is denoted by the corre-
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sponding receive activity in line 392. The receipt of the waste move-
ment request is confirmed by sending an acknowledgment of receipt

(line 395). The requirement of this acknowledgment is defined in
the corresponding tagged value of our UMM transaction (c.f. Fig-
ure 12.9). Similarly, the invoke activity in line 395, confirms that the
business document is processable by transmitting an acknowledgment

of processing.
The if block, starting with line 399, indicates that the import

authority may in this step either accept or reject the waste move-
ment – either by sending a waste movement accepted form (line 401)
or a waste movement rejected form (line 405). The decision about
which document to send is internal to the import authority. The
condition isWasteMovementAccepted() (line 400) is an opaque func-
tion, accessing the internal decision.

In a next step, the import authority expects the export authority

to confirm the receipt of the response. The import authority waits a
certain duration for the acknowledgment as specified by the tagged
value time to acknowledge receipt of the responding business activity.
In BPEL a pick construct (line 410) is used to indicate that the docu-
ment is expected within a certain time frame. Within the onMessage
element, we specify the acknowledgment of receipt message the im-
port authority is waiting for. The onAlarm element holds the maxi-
mum time the import authority is waiting for the acknowledgment
until an error is actuated. According to our example, this time frame
is 14 hours. Upon receipt of the acknowledgment within the agreed
time frame, no additional action is required in this step of the local
choreography and we move on to the next message exchange. If it is
not received, an exception handling is required. This exception han-
dling triggers the sending of a time-out exception and requires the
transaction to re-start. The code for the exception handling is not
presented in Listing 12.4.

Listing 12.4

The import

authority's local

BPEL choreography

379 <process>
380 <partnerLinks>
381 <partnerLink name="ImA−ExA" partnerLinkType="ImA−ExA−PLT"
382 myRole="ImA" partnerRole="ExA" / >
383 < / partnerLinks>
384
385 <variables>
386 <variable name="WasteMovementForm" . . . / >
387 <variable name=" AckReceipt " . . . / >
388 . . .
389 < / variables>
390
391 <sequence>
392 <receive partnerLink="ImA−ExA" portType="ImA−PT"
393 operation=" receiveWasteMovementForm "
394 variable="WasteMovementForm" / >
395 <invoke partnerLink="ImA−ExA" portType="ExA−PT"
396 operation=" receiveAckReceipt " variable=" AckReceipt " / >
397 <invoke partnerLink="ImA−ExA" portType="ExA−PT"
398 operation=" receiveAckProcessing " variable=" AckProcessing " / >
399 < i f >
400 <condit ion>isWasteMovementAccepted ( ) < / condit ion>
401 <invoke partnerLink="ImA−ExA" portType="ExA−PT"
402 operation=" receiveWasteMovementAcceptedForm "
403 inputVariable="WasteMovementAcceptedForm" / >
404 <else>
405 <invoke partnerLink="ImA−ExA" portType="ExA−PT"
406 operation=" receiveWasteMovementRejectedForm "
407 inputVariable="WasteMovementRejectedForm" / >
408 < / e lse>
409 < / i f >
410 <pick>
411 <onMessage partnerLink="ImA−ExA" portType="ImA−PT"
412 operation=" receiveAckReceipt "
413 variable=" ReceivedAckReceipt ">
414 <empty / >
415 < / onMessage>
416 <onAlarm>
417 <for>PT14H< / for>
418 < !−− throw except ion −−>
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419 < / onAlarm>
420 < / pick>
421 <pick>
422 <onMessage partnerLink="ImA−ExA" portType="ImA−PT"
423 operation=" receiveAckProcessing "
424 variable=" ReceivedAckProcessing ">
425 <empty / >
426 < / onMessage>
427 <onAlarm>
428 <for>PT24H< / for>
429 < !−− throw except ion −−>
430 < / onAlarm>
431 < / pick>
432 < / sequence>
433 < / process>

We already know that the import authority waits for an acknowledg-

ment of processing after picking up the acknowledgment of receipt

message. The receipt of both types of acknowledgments is handled
in a similar way. Thus, we use an analogue pick construct for mod-
eling the receipt of the acknowledgment of processing (line 421). In
this case the agreed time frame corresponds to 24 hours (see time
to acknowledge processing in Figure 12.9). After the receipt of the
acknowledgment of processing, the choreography of our example busi-
ness transaction ends successfully.

We outlined that a complex UMM business collaboration is com-
posed of a flow of several business transactions. It follows that the
BPEL representation of a UMM business collaboration corresponds
to a combination of the BPEL mappings of the composed business
transactions. This example briefly introduced the potential of a UMM
model together with a UPCC model to derive artifacts for a service
oriented architecture. For further readings we would like to direct to
[53] and [74] where we proposed a mapping of UMM to ebXML BPSS
and to [52] and [56] where we outlined mappings to BPEL. Further-
more, a mapping of UMM to Windows Workflow Foundation has been
proposed in [190].

12.3 Final assessment

Before two business partners may engage in an automated B2B in- Combining process

choreography and

business information

models

teraction, an agreement on the inter-organizational business process
(i.e., global process choreography) and on the exchanged business
document information is needed. In this Chapter we have intro-
duced UN/CEFACT’s Modeling Methodology (UMM) as a means of
capturing requirements of a global process choreography. We have
demonstrated the different views and artifacts of UMM, using the
accompanying example from the waste management domain. One of
the shortcomings of the UMM specification is its limited expressive-
ness in regard to the exchanged business information. UMM does not
mandate a specific technology for the description of business infor-
mation, but allows in principle any representation method of choice.
In this Chapter we have provided a complementary solution for the
definition of business documents in the business information view of
UMM, based on the UML Profile for Core Components (UPCC).

We have shown how artifacts from the UPCC may be used to Deriving deployment

artifacts from

conceptual models

model the information, being exchanged in UMM business trans-
actions. Thereby, UPCC artifacts seamlessly integrate in the busi-
ness information view of UMM. Finally, we have shown how the final
model capturing both, the business process and business document
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requirements, may be used to derive deployment artifacts for service
oriented architectures.

Given our comprehensive solution, a model-driven approach for Meeting Open-edi

requirementsartifact generation for a service-oriented architecture is provided.
We fulfill the requirements of the Open-edi reference model [78] and
capture requirements on an implementation neutral level. Conse-
quently, we use the technology independent model to derive deploy-
ment artifacts such as XML Schema, WSDL, and WS-BPEL.

In this Chapter we have exemplarily used UML and its two pro- Future directions

files UMM and UPCC for the definition of inter-organizational pro-
cess requirements. Future work will concentrate on how to use other
technologies such as Domain-Specific Languages (DSL) to unambigu-
ously capture inter-organizational process and business document re-
quirements. Consequently, it must be examined how the DSL-based
conceptual models may be employed in order to derive deployment
artifacts.

In regard to UMM itself, the integration of value-based require-
ments engineering into the business requirements view is currently
investigated. In value-based requirements engineering the focus is
laid on business models – being well distinguished from business pro-
cess models – to survey the economic justification for e-business sys-
tems. Prominent approaches for analyzing business models are the
e3-Value methodology [44], the Resource-Event-Agent (REA) theory
[41], or the business model ontology (BMO) [132].
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13 Related Work

In this Chapter we discuss related work, according to the different
contribution areas of this thesis.

13.1 Business Document Standard Overview

A general introduction into the domain of document engineering is Related work of

Chapter 3given by [43]. Glushko and McGrath provide a thorough overview
about current approaches for business document modeling, document
model interoperability, and integration into business processes.

Several surveys have already been conducted, focusing on busi- Survey on EDI

impactsness document models and frameworks. Probably one of the first
surveys on electronic data interchange has been conducted by Rama-
murthy et al. [143] in 1995. The study examines the role of key inno-
vation and organizational factors in influencing the extend, to which
EDI is diffused within organizations. The study provides valuable
insights into EDI specific aspects, but naturally does not consider
markup-based standards since it was conducted in the pre-XML era.

A survey on business-to-business e-commerce has been conducted
by Shim et al. [153] in 2000. The authors identify the heterogeneity
of different technical standards as the main obstacle towards seam-
less B2B integration. Nevertheless, the authors do not provide a
technical solution, but provide a comparison of different standards,
aiding decision makers in choosing the right standard for their busi-
ness domain.

Nurmilaakso et al. [117] compare several XML-based e-business E-business framework

comparisonframeworks and analyze them, according to seven distinct variables.
Three of the frameworks are assessed regarding their properties and
features and four in regard to standardization. The outcome has
been measured in the form of commonalities, differences, and reg-
ularities. Built upon this work, the PhD thesis of Kotinurmi [86]
identifies the relationship between e-Business Frameworks and B2B
integration. The author argues that the simple availability of XML
or EDI standards is not sufficient for successful B2B integration, but
an e-Business Framework is needed. RosettaNet [146] is used as an
accompanying example.

In [82] Kim et al. study four major B2B e-service platforms, i.e.,
RosettaNet, eCo, BizTalk and E-Speak, and give a brief overview of
these platforms. They identify eight relevant criteria and evaluate
each of the four environments. A very similar survey has been con-
ducted by Dogac and Cingil [25] who concentrate on five XML-based
B2B frameworks and analyze them by seven characteristics.
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In our survey, provided in Chapter 3 of this thesis, we overcome
limitations of previous approaches which focused only on a specific
set of business document standards. In our approach we identify
clusters of related business document standards instead of evaluat-
ing single standard definitions. Thus, an business document mod-
eler is given an overview of potential standard categories, helping to
chose the right business document standard family, based on criteria
such as acceptance, business messaging compatibility, etc. Further-
more, our research has shown that several of the available business
document standard surveys are outdated and do not provide up-to-
date information.

13.2 Core component concepts

Between the core component concepts, introduced in Chapter 4, and Related work of

Chapter 4the ISO/IEC 11179 Metadata registry [80] model exists a strong in-
terdependency. Similar to core components, the ISO initiative aims
at the semantically unambiguous definition of data. Thereby, the
ISO 11179 standard consists of six different parts: framework, clas-
sification, registry meta-model and basic attributes, formulation of
data definition, naming and identification principles, and registra-
tion. Figure 13.1 gives an overview of the basic structure of an ISO
11179 data element, which may be compared to a core component or
a business information entity.

Figure 13.1
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The ISO standard distinguishes between an object class, a prop-
erty of an object class, and the representation of the property term.
The UML class diagram equivalents of the different concepts are
shown on the left hand side of Figure 13.1. The property and the
representation term together form the concept of a generic data el-
ement. This generic data element is equivalent to the concept of a
basic core component property (BCC property) and the concept of a
basic business information entity property (BBIE property) in the core
component standard. In addition to the ISO model, the core compo-
nent standard introduces the concepts of association core component
properties (ASCC property) and association business information en-
tity properties (ABIE property).

In the ISO 11179 standard an object class and a property term to-
gether constitute a conceptual data element. These conceptual data
elements do not have a specific value domain and are reusable by ap-
plying different representations. Thus, conceptually similar, but dis-
tinct data elements are created. This concept is currently not directly
supported by the core component standard. However, it is up to an
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implementer to preserve the structure of a conceptual data element,
when implementing the core component technical specification.

As shown on the right hand side of Figure 13.1, the ISO 11179
object class, property term and representation term together form
a data element. In UN/CEFACT core component terms, these data
elements are equivalent to basic core components (BCC), association
core components (ASCC), basic business information entities (BBIE),
and association business information entities (ASBIE).

13.3 Conceptual business document

modeling with UML

The conceptual modeling of data has existed for a while, and forms Related work of

Chapter 5an integral part of data engineering. One of the most important
methodologies for data modeling is the entity relationship model [18],
used to design a relational database model. The entity relationship
model (ER) provides its own modeling methodology, consisting of en-
tities, attributes belonging to entities, and relationships between the
different entities. A database modeler uses the entity relationship
model to derive the appropriate data definition language (DDL) arti-
facts for creating the database model. The main goal of a database is
to reliably store information and to enable information retrieval from
it. If a hierarchical business document is stored in a database, it is
first broken up into the relational model and then stored in the ap-
propriate database tables. Retrieving the document means querying
the database for the relevant information parts, and reassembling
the business document. The relational database model has therefore
less context than the business document model, because its main goal
is to store and retrieve pure information, while avoiding inconsisten-
cies and redundancy.

Both, the business document model and the relational database Business document

modeling compared

to relational data

modeling

model [18] serve their own purpose. On the one hand, the relational
model focuses on a multitude of business documents and not on a
single instance, since its goal is the consistent storage of normalized
data in the large scale. On the other hand, a business document is
assembled using a set of reusable components, forming a hierarchical
model. The avoidance of data redundancy is an integral part of the
relational model. However, in some cases business document models
must deliberately allow data redundancy, due to the requirements of
a given business case. As an example an invoice bundle is taken,
grouping invoices of the same enterprise. The left hand side of Fig-
ure 13.2 shows an invoice bundle, containing multiple instances of
invoices numbered 1, 2 and 3. Each instance of the invoice contains
the same tax number (3), although all invoices are of the same enter-
prise and hence the tax number is the same for each invoice. Since
the invoice itself has to be a self contained document, the tax number

cannot be stored in the embracing invoice bundle, but must be part
of the invoice.

In comparison, the right hand side of Figure 13.2 shows the rela-
tional model for the same scenario. An invoice bundle groups mul-
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Figure 13.2
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tiple invoices of the same enterprise. Since the data is stored in a
normalized and redundancy free manner, the tax number is part of
the invoice bundle and not of the invoice. It follows that the rela-
tional model is not the best method for business document modeling.

With the inception of the eXtensible Markup Language (XML)
[184], a new and powerful mechanism for the definition of business
documents was provided. However, the efficient representation of
XML documents on a conceptual and graphical level is still a major
challenge. A survey of different conceptual modeling approaches for
XML is given by Nečaský [115]. Related work in the field of concep-
tual XML Schema modeling concentrates on two main fields. On the
one hand, research is conducted in the area of forward engineering,
i.e., deriving XML Schema artifacts from conceptual models such as
UML. On the other hand, a lot of effort is invested in the reverse en-
gineering approach, i.e., generating conceptual models such as UML
class diagrams from XML Schema artifacts.

An overview of research on the reverse engineering of XML sche- Reverse engineering

of XML Schema

documents

mes to conceptual models such as UML class diagrams is given by
Yu and Steele [189]. The authors examine reverse engineering ap-
proaches and assess their applicability to UML diagrams. Although
several techniques for a forward engineering from conceptual models
to XML representations exist today, only a few solutions are avail-
able for transformations in the opposite direction. The generation of
UML models out of XML Schema data proves to be difficult, since not
all of the features of an XML Schema may be represented in a UML
diagram by default. UML does for instance not support the concept of
inheritance by restriction, as XML Schema does. Another open issue
is the ordering of attributes, which is important in an XML Schema,
but not supported by UML class diagrams by default. A thorough
solution for a reverse engineering approach is presented by Salim et
al. [149]. Using a set of transformation rules for the corresponding
XML Schema elements, the authors present appropriate representa-
tion solutions in UML. However, the authors do not address the rep-
resentation of <xs:restriction>, which cannot be depicted in UML.

In contrast to the reverse engineering of conceptual UML mod- Forward engineering

of XML Schema

documents

els from XML Schema, several approaches exist for the forward en-
gineering approach. Combi et al. [20] introduce the UXS model
(UML & XML Schema), based on UML. UXS is a methodology for
designing XML documents, using a set of graphical elements, corre-
sponding to the appropriate XML Schema components. Furthermore,
a translation mechanism is introduced, allowing the generation of
XML Schema artifacts according to the three well known patterns
Russian Doll, Salami Slice, and Venetian Blind [107].
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Although several approaches for the conceptual modeling of XML Semantic data

modeling aspectsSchema exist, only a few consider semantic data modeling aspects. A
mutation analysis model, used to verify the general semantic correct-
ness of an XML Schema, is introduced by Li and Miller [92]. Using
their approach, the authors compare different XML Schema valida-
tors in regard to their effectiveness in finding semantic errors within
XML Schemas. A formalization for a data modeling approach is in-
troduced by Mani et al. [108], also taking the semantic dependencies
between the different elements within an XML Schema into account.
The introduced methodology, called XGrammar, allows for a precise
definition of necessary features for data modeling such as n-ary re-
lationships, generalizations, etc. The application of the Active XML
Schema approach for the semantic enrichment of XML Schema doc-
uments is discussed by Bernauer et al. [13]. The authors examine
the trade-off between the semantic enrichment of an XML Schema
using the Active XML Schema approach and the loss of XML Schema
interoperability caused by such an enrichment.

In regard to domain-specific business standards, several initia- Other data modeling

approachestives have been started in recent years. RosettaNet Implementation
Framework [146] is an initiative of the electronic components and
telecommunications industry. In the insurance domain the ACORD
[2] standard plays a significant role, and CIDX [19] is pursing doc-
ument standardization for the chemical industry. Other initiatives
include SWIFT [160] from the finance industry, HL7 [49] from the
health care industry, Papinet [73] from the forest and paper indus-
try, and PIDX [5] from the oil and gas industry. However, none of
these initiatives provide a formalized conceptual representation as
introduced with the UML Profile for Core Components (UPCC) [172]
or the Domain-Specific Language for Core Components [97].

As outlined, there exists several approaches for the conceptual
modeling of XML and the forward and reverse engineering thereof.
Although applicable to the general purpose of XML modeling, the dif-
ferent approaches do not consider the business semantics and busi-
ness requirements, necessary for business document modeling. Even
if dedicated business document standards with clear semantics and
business requirements are provided, they do not offer a conceptual
representation for the business document format. The Core Compo-
nent Technical Specification (CCTS), introduced in this thesis, helps
to overcome these limitations by providing a sound technical foun-
dation and a conceptual representation format based on the Unified
Modeling Language and Domain-Specific Languages.

13.4 Domain-Speci�c Language Approaches

Domain-Specific Languages (DSL) have been used for one of our Related work of

Chapter 6three exemplary implementations of the Core Components Techni-
cal Specification [170]. The concept of domain-specific development
is not new, but has already been introduced in 1976 by Parnas [134]
through the concept of program families. The approach included the
definition of a program generator, which is able to produce program
family members. Thus, the general idea of Parnas is comparable to
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Software Factories as used today. In 1985, Bentley [11] discussed Early views related to

the concept of a DSLthe possibility of viewing the work of programmers as the constant
invention of little languages. His article concluded that essentially
these little languages are designed to solve problems of a particular
kind. Thus, Bentley had an early idea of Domain-Specific Languages,
long before they were actually invented.

Gamma, Helm, Johnson, and Vlissides, who are also known as
the gang of four, discussed the use of the interpreter pattern in their
well known book on design patterns [40]. According to the authors,
the intent of the interpreter pattern is:

"Given a language, define a representation of its grammar
along with an interpreter that uses the representation to in-
terpret sentences in the language".

Essentially, the grammar representation may be defined by a DSL
definition and the interpreter, using the representation is defined by
the DSL generated model designer.

The concept of domain-specific development is also closely re- Model-driven

developmentlated to model-driven development (MDD). In a MDD approach, a
model is first built using a graphical language such as the Unified
Modeling Language (UML) [129]. The models, together with a code
generator, are used to transform the conceptual static as well as dy-
namic system representation into executable code artifacts. One of
the most important initiatives in this field is the Model Driven Ar-
chitecture (MDA) initiative [126], founded by the Object Manage-
ment Group (OMG). Nevertheless, a UML-based approach has sev-
eral shortcomings compared to a DSL-based approach, as we outlined
in Chapter 6 of this thesis.

Model driven approaches, based on Domain-Specific Languages,
have gained considerable popularity in recent years. Several appro-
aches aim at streamlining the DSL definitions to provide modelers
with an easy to use DSL. Mikkonen et al. [139] present a lightweight
model-driven approach using Domain-Specific Languages, where a
lightweight DSL is used to bootstrap a more heavyweight DSL. An-
other incremental approach towards defining a DSL is presented by
Bierhoff et al. [15].

In particular in a service oriented context, model driven appro- DSL approaches for

service oriented

architectures

aches may help to overcome changing requirements. A study on dif-
ferent DSL-based approaches for service oriented architectures has
been conducted by Oberortner et al. [125]. The authors provide
a thorough overview of different DSL approaches and evaluate the
identified DSLs using prototyping experiments. Another approach to
model services, based on a Domain-Specific Language, is presented
by Achilleos et al. [1]. The authors realize service creation through
the phases of Domain-Specific Language definition, model definition
and validation, model-to-model transformation, and model-to-code
generation. However, their proposed solution does not consider the
definition of the exchanged data in a service oriented environment.

We conclude that most of the work currently being pursued in the
area of Domain-Specific Languages does not consider business docu-
ment definitions. In this thesis we successfully addressed this gap by
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providing a Domain-Specific Language for the definition of business
documents, based on the Core Components Technical Specification.

13.5 Semantic approaches

An early approach to abstract from the pure syntactical definition Related work of

Chapter 7of EDI messages and implement an ontology on top of EDI, has been
presented by Foxvog et al. [38] using ANSI X12 [6] as an example. In
their proposed solution the authors first aim to define an ontology for
the EDI syntax, i.e., specify the meaning of data elements, segments,
etc. In a next step, the authors address the issue of defining an ontol-
ogy for EDI itself, i.e., define the meaning of EDI messages. In regard
to our proposed approach of defining a common conceptual business
document model based on OWL, the ontology for EDI messages may
be used as the basis for mappings to the common business document
model.

A document ontology, based on UN/CEFACT’s Modeling Method- Selected ontologies

for document

standards

ology (UMM) [174] and its business information view, has been pre-
sented by Hofreiter [51]. In her approach, Hofreiter proposes to bind
business documents to a business document ontology based on RDFS
[182]. This middle layer would later serve as the intermediate rep-
resentation format for mappings to other document specification for-
mats. Since the used ontology is based on RDFS, the author encoun-
ters several limitations for which they provide work-arounds. E.g.,
it is not possible to state that each core data type has exactly one
content component and may have one to many supplementary com-
ponents using only an RDFS representation.

Another approach for dynamic data mediation has been presented
by Bouras et al. [17], called Enterprise Interoperability Ontology.
The authors propose a mediation approach, based on ontologies for
heterogeneous data representation formats of enterprise applications.
Eventually, the enterprise interoperability ontology allows for a me-
diation of different formats between different business partners. An
architecture, adopting a mediator-wrapper approach based on OWL,
is also proposed by Suwanmanee et al. [159].

During the project Harmonise, funded by the European Union,
an ontology-based mediation was developed by Fodor and Werthner
[36]. The goal of the mediation approach was to allow tourism or-
ganizations with different data standards to exchange information
seamlessly, without having to change their proprietary data schemas.
Thus, Fodor and Werthner pursue a similar approach to the one pre-
sented in this thesis, although they do not take core components into
account.

Due to the multitude of different ontologies which are currently
available, the aforementioned ontologies are just the tip of the ontol-
ogy iceberg. However, we conclude that most of the proposed ontolo-
gies are isolated solutions without an alignment to a globally defined
common ontology. In our approach we address this limitation by (i)
using a well accepted common ontology, based on the Core Compo-
nent Technical Specification (CCTS) and (ii) using pre-defined and
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generic building blocks for assembling business documents, based on
the Core Component Library (CCL).

Apart from business document centric standardization efforts, Other related

standardization

approaches

other approaches have sought a harmonization of business related
data as well. Product data catalog ontologies have gained consider-
able attention in the semantic community in the last few years. In
short, the goal of product data ontologies is the reuse of product data
across enterprise boundaries. Using a unified view on commerce re-
lated data on the web allows for complex semantic search queries,
which go beyond traditional approaches. A quantitative analysis of
different product categorization standards has been conducted by
Hepp et al. [50]. In their analysis the authors examine different
categorization standards namely, eCl@ss, United Nations Standard
Product and Services Code (UN/SPSC), Electronic Open Technical
Directory (eOTD), and the RosettaNet Technical Directory.

Another promising approach towards the definition of a common GoodRelations

Ontologyproduct ontology is the Good Relations Ontology [110]. The ontol-
ogy aims at the definition of a universal and free Web vocabulary for
product related data. The vision is to provide a single schema for a
consolidated view on electronic commerce data. Currently, a success-
ful implementation of the Good Relations Ontology is provided for
Yahoo! SearchMonkey.

13.6 From conceptual models to XML

Schema artifacts

A related approach to UN/CEFACT’s Core Components is pursued Related work of

Chapter 8by the Universal Business Language (UBL) [121]. The UN/CEFACT
and UBL standardization committees based their standardization
work on the core component specification part of the ebXML frame-
work [124]. Due to this common basis, UBL and the core component
technology share many characteristics, but are not entirely the same.
UBL focuses exclusively on the development of business information
entities and their realization in XML. Thus, the UBL meta-model
only defines business information entity specific concepts. UBL also
releases UBL Naming and Design Rules, unambiguously defining
guidelines for the representation of UBL concepts using XML Schema
artifacts. However, due to the meta-model differences of UBL and
core components, the two Naming and Design Rules are not the same
and produce XML Schema artifacts which are related to each other,
but are still incompatible. A merger of the UBL initiative with the
core components initiative of UN/CEFACT has been agreed upon dur-
ing the UN/CEFACT forum meeting 2007 in Stockholm, with the goal
to eliminate redundancies in standardization and leverage collabora-
tion synergies.

13.7 B2B registry approaches

The requirement of defining a registry specification for storage and Related work of

Chapter 9retrieval of artifacts has been addressed by several research initia-
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tives. Thereby, two main registry initiatives have evolved: UDDI
(Universal Description, Discovery, and Integration) [118] and ebXML
registry (Electronic Business XML registry) [119]. Based on the two
specifications, several approaches for the definition of a B2B capable
registry have been developed.

Most of the ebXML-based approaches use the ebXML registry in- ebXML-based

approachesformation model (ebRIM) and extend it with domain-specific amend-
ments to meet user-defined requirements. A multi-layer registry
approach has been introduced by Huemer et al. [68], covering the
business, business process, and deployment artifact perspective of
an electronic business interaction between business partners in a
service oriented context. For the business process layer artifacts,
the authors use a dedicated business collaboration registry model,
introduced by Hofreiter [58]. However, the registry model does not
consider the business document information, being exchanged in an
electronic business interaction.

In the field of registry research, several other initiatives have Semantic extensions

to ebXMLbuilt their solutions on top of the ebRIM. One of the first attempts to
map ebXML classification hierarchies and semantic technologies has
been presented by Dogac et al. [26]. A similar ontology based registry
classification model is presented by Liu et al. [106]. Both authors ab-
stract from the original ebXML classification approach and present a
Web Ontology Language (OWL) based registry classification model.
Another approach towards the integration of semantic technologies
and the ebRIM is provided by Roh et al. [144]. The authors show
how to embed OWL semantics in an ebXML registry by providing a
new registry information model, called semantic information model
(SIM). Zeng et al. [196] introduce a reference ontology for registries,
aiming at ontology-based semantic interoperability between different
registry models. Thus, most of the related semantic registry publica-
tions aim at interoperability of registry models by providing appro-
priate semantic representation mechanisms. However, none of the
semantically enriched registries specifically reflects the storage and
retrieval of information related artifacts for the definition of service
interfaces.

In the field of Universal Description, Discovery, and Integration UDDI-based

approaches(UDDI) registries, an extension for user-defined attributes has been
proposed by [4]. Shaikh et al. introduce the UDDIe standard, extend-
ing the currently three page (white, yellow, green) UDDI standard by
a fourth page, called blue page. Using the blue page, user-defined
attributes such as lease timestamps, indicating how long a service
definition is valid, may be attached without altering backward com-
patibility to the original UDDI standard definition. However, we con-
clude that the UDDI initiative in general failed to provide a central
registry on a global level due to several reasons such as fake entries
in the registry and a too strong focus on Web Service definitions.

Currently, the Information Content Management Group (ICG) Dedicated core

component registriesof UN/CEFACT develops a dedicated UN/CEFACT Core Component
registry implementation specification [168], which is largely based
on the ebRIM specification. However, for the time being no imple-
mentation of this registry exists yet.
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13.8 Bottom-up standard extensions

The development of business document standards has been widely Related work of

Chapter 10influenced by the introduction of XML [91], [162]. A literature review
shows that in particular XML Schema has been subject to much con-
troversy in regard to its expressiveness and complexity [109]. Nev-
ertheless, it has become the de facto standard for defining data ex-
change formats in particular in the context of Web Services [181].
Pasley [135] examines the potential risks, if wildcard extension mech-
anisms such as xs:any are used in XML Schema definitions. The
author provides a set of best practices to XML Schema design, help-
ing to cope with changing schema requirements and schema exten-
sions. However, most of the recommendations aim at changing the
core schema and thus they are not applicable to the bottom-up exten-
sion scenario presented in this thesis, where the core schema must
remain unchanged.

Another important field, in particular in regard to business doc-
ument standardization, is the research area of XML evolution [157],
[46], [45]. The developed methods aim at automatically adapting
XML instance documents, in case the associated XML Schema is ex-
tended or restricted by additional elements. Although several aca-
demic approaches for XML evolution exist, their integration level
in B2B tools remains rather low. Generally, if schemas evolve and
several versions of a schema are developed, a set of problems, e.g.,
revalidation issues occur [142], [10], [9].

Our presented approach aims at circumventing error-prone and
time-consuming re-validation tasks of multiple schema versions by
providing a single, but flexible business document solution. In our so-
lution, interoperability on the core standard level is provided at any
time. Interoperability at the level of domain-specific amendments is
provided, if both partners support the domain-specific extension.

13.9 Mapping business document model to

core components

Mapping and interoperability issues are not new and a considerable Related work of

Chapter 11amount of work has already been done in this field. Concerning our
work, presented in this thesis, we identify three different areas of
related work, i.e, schema mapping and ontology alignment, metadata
standards and interoperability frameworks.

Schema mapping has its roots in database integration and the Schema mappings

and ontology

alignment

need to map heterogeneous data. A formal foundation for relational
schema mapping is for example presented in [84], [34], and [14]. A
more general perspective of schema mappings is captured by Blouin
et al. [16], who define schema mappings upon some sort of formal-
ism, which may be a relational schema or a UML model, and present
a practical mapping language fostering the generation of transfor-
mation models. Another practical approach has been implemented
by Popa et al. [140], [47] within their tool Clio, which is able to map
relational schemas and XML Schema to generate transformations
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based on several technologies for concrete data. When dealing with
ontologies, mappings are often not the basis for transformations and
created manually, but computed automatically based on similarities
– see [29]. Here, the mapping task results more or less in a match-
ing task. All this work is closely related to ours in the sense that
semantic equivalent elements are to be precisely mapped. However,
we focus on preserving the structure of the mapped schemas to sup-
port round-trip engineering. Because of the very different structures
of the incorporated schemas, we apply heuristics upon the mappings,
to transform instances of the schemas.

In regard to metadata standards, there exist several technologies Metadata standards

and frameworks for the support of metadata and metadata registries
[48]. Most related to the UN/CEFACT’s CCTS is the ISO 11179 [80]
standard for metadata registries, which we have already outlined be-
fore. Another popular metadata framework in Model Driven Devel-
opment to support modeling and registry tasks, is the Eclipse Mod-
eling Framework with its meta-modeling language Ecore [156]. The
framework is closely related to the Meta Object Facility (MOF) [128],
another metadata standard, managed by the OMG.

In the ontology domain, there also exist approaches to manage
metadata. See for example the W3C recommendation SAWSDL [185]
or the Dublin Core Metadata Initiative [75]. However, these tech-
nologies do not provide a standardized library of reusable, on a con-
ceptual level defined, elements.

Interoperability issues arise, because of the use of different tech- Interoperability

Frameworksnologies and data models. Therefore, lots of research to solve these
issues has been undertaken. Saekow et al. [148] present an inter-
operability framework, which shall close the gap between conceptual
and practical interoperability approaches. In [23] the authors de-
scribe how the ISO 11179 standard may be interpreted and extended
to overcome certain restrictions of this standard, and maintain mul-
tiple views on the same data elements.

13.10 Capturing inter-organizational process

requirements

Over the last couple of years, several methodologies for modeling in- Related work of

Chapter 12ter-organizational business processes have been developed. Surveys
comparing different types of business process modeling languages
are provided in [103], [85], and [154]. Some of these approaches
are based on special notations, i.e., Architecture of Integrated In-
formation Systems (ARIS) [151], Integrated DEFinition for Process
Description Method (IDEF3) [111], Business Process Modeling Nota-
tion (BPMN) [127], and Petri-Nets [178]. Others customize the Uni-
fied Modeling Language (UML) [129] for business process modeling
needs [105]. Most of these UML approaches are based on activity dia-
grams [147] and they either provide just guidelines on using activity
diagrams for this special purpose or they specify a UML profile.

Traditionally, business process modeling focuses on modeling Traditionally process

modeling focused on

internal processes

business processes internal to an organization, fulfilling customer
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needs [137]. More recent approaches also take inter-organizational
business processes into account [83] [87]. Due to the growing impor-
tance of XML and Web Services, several XML-based notations, de-
scribing the orchestration and choreography of executable business
processes, have been developed. For a detailed discussion on choreog-
raphy and orchestration of Web Services see [136]. The most popular
languages in this area are the Business Process Execution Language
for Web Services (WS-BPEL) [122] [81] and the Business Process
Specification Schema (BPSS) [120]. Solutions for a straight-forward
transformation of UMM business transaction models already exists
for WS-BPEL [56] [52] [53], BPSS [74], and Windows Workflow Foun-
dation [190].

The complexity of designing collaborative business processes is Inter-organizational

processes are

complexer than their

internal counterparts

higher than designing business processes internal to a company. The
reasons are manifold – for example the resulting specification needs
to be accepted and understood among participating business part-
ners. Furthermore, a consistent and platform-independent imple-
mentation of derived B2B software artifacts is required [145]. Code
transformations are necessary to ensure a straight-forward approach
from business process models to executable software artifacts. Model-
driven concepts, such as Model Driven Architecture (MDA) [126],
provide a persistent, interoperable, and semi-automated transforma-
tion of business process models. However, as stated by Folmer et al.
[37], current state-of-the-art business process modeling methodolo-
gies do not or not fully provide such a integrated development pro-
cess. According to the comparison, UN/CEFACT’s Modeling Method-
ology (UMM) [174] is currently the only approach which deals with
all required modeling and domain aspects to design collaborative
business processes. Furthermore, Folmer et al. concludes that UMM
may be easily integrated into a model-driven design process as stated
in [37].

A more formal and mathematical approach to business process Petri-Nets

modeling is provided by Petri-Nets [113]. Petri-Nets are used to
model both, business processes [178] as well as workflow systems
[176]. Several approaches are using Petri-Nets for the modeling of
inter-organizational processes. Lee [88] has contributed an imple-
mentation of the choreography aspects of ISO’s Open-edi reference
model [78]. Several other approaches by different authors use Petri-
Nets for inter-organizational modeling [90] [104] [177]. One major
problem a modeler using Petri Nets is facing, is the increasing com-
plexity of a net if complex business processes are modeled. Hence, its
applicability in the field of inter-organizational business processes
is rather limited, since the resulting net becomes illegible for non-
technicians.

A more recent approach is the Business Process Modeling No- Business Process

Modeling Notation

(BPMN)

tation (BPMN) [127], which is developed by the Object Management
Group. One major goal of the BPMN initiative is to create a single
graphical modeling notation understandable by as many stakehold-
ers as possible – from the business analyst to the application devel-
oper. Thereby, BPMN incorporates several concepts from existing
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modeling notations such as UML activity diagram [129], RosettaNet
[146], ebXML BPSS [120], and IDEF [111].

All of the aforementioned approaches do not, or only to a limited
extend, consider the exchanged business information. In this the-
sis we address this limitation by providing a combination of UN/CE-
FACT’s Modeling Methodology (UMM) and the UML Profile for Core
Components (UPCC).
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14 Conclusion and open research

issues

In this thesis we addressed shortcomings in the domain of B2B in-
teractions between enterprises. Conventional approaches as known
from the field of electronic data interchange (EDI) are not sufficient
to cope with the requirements of today’s inter-organizational busi-
ness processes. Business-to-business interactions require an inte-
grated view on inter-organizational business processes capturing both,
the information and the process perspective. With this thesis we
have addressed several gaps in current research which we summa-
rize in the following.

Since the inception of EDIFACT [163], a multitude of different Contemporary

overview of business

document standards

business document standards have been developed. Today, a busi-
ness document expert may choose from hundreds of different doc-
ument definitions, each dedicated to a certain application area or
industry domain. Although several surveys on business document
standards have been provided over the years, most of them focus on
a certain subset of available standards. Due to the fast development
of business document standards, caused by the introduction of XML,
several of the surveys are simply outdated and do not provide ac-
tual information. In this thesis we abstracted from specific business
document standards and provided a survey, based on business doc-
ument clusters. Each cluster represents certain business document
standards, sharing the same characteristics. Based on our survey re-
sults, a business document expert may assess a certain standard in
regard to its business messaging compatibility, technology features,
potential user groups, as well as acceptance on an industry, national,
and international level.

One of the most promising efforts in the field of business doc- Insight into

UN/CEFACT's Core

Components

ument standardization in recent years is UN/CEFACT’s Core Com-
ponent Technical Specification (CCTS) [163]. Using the core compo-
nent technology, a business document modeler may assemble a busi-
ness document, based on reusable buildings blocks to which we refer
as core components. Core components are standardized by UN/CE-
FACT and represent the common semantic foundation of all business
documents which have been constructed based on core components.
In this thesis we abstracted from the rather complicated Core Com-
ponent Technical Specification standard and provided a concise and
clear introduction into the basic concepts of the CCTS.

One of the strengths of core components is the implementation Overcoming

implementation

neutrality of core

components

neutral manner in which they are defined. Thus, it is up to an im-
plementer to provide an appropriate representation format for core
components, to allow for an integration of the concepts into tools. Un-
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fortunately, such a formalized representation format is still missing.
In this thesis we provided three reference representation formats for
core components: (i) a UML Profile for Core Components (UPCC) [95]
(ii) a Domain-Specific Language (DSL) for Core Components [97] and
(iii) a Web Ontology Language representation for Core Components
[96].

The UML Profile for Core Components (UPCC) transfers imple- UML Pro�le for Core

Components is now a

UN/CEFACT

standard

mentation neutral core component concepts to the Unified Modeling
Language (UML). Using a UML profile mechanism, the generic UML
meta model is tailored to the specific needs of core component model-
ing. Thus, core components may be assembled on a conceptual level
and UML-based core component models may easily be communicated
between different stakeholders. This is of particular importance for
inter-organizational processes, where usually several stakeholders
are involved. Consequently, the conceptual core component model
provides the basis for further processing of core components such as
the derivation of deployment artifacts for IT systems. The result-
ing UML Profile for Core Components (UPCC) has been submitted to
UN/CEFACT for standardization.

The second reference implementation for core components has Domain-Speci�c

Language for Core

Components

been realized using a Domain-Specific Language (DSL). In contrast
to a UML Profile, which tailors the generic UML meta-model to the
specific needs of core component modeling, a Domain-Specific Lan-
guage defines a dedicated meta-model for core components. Thus,
several shortcomings of a UML Profile may be circumvented and a
business document modeler is provided with a specialized core com-
ponent modeling environment. The DSL representation for core com-
ponents provides similar benefits like the UML-based core compo-
nent representation. A business document modeler is able to assem-
ble a core component model on a conceptual level. Consequently, the
core component model may be used to derive XML deployment arti-
facts for the configuration of IT systems.

The third reference implementation we provided in this thesis Web Ontology

Language for Core

Components

is a Web Ontology Language (OWL) for Core Components. Thereby,
the meta-model concepts as defined in the Core Component Technical
Specification (CCTS) are transferred to OWL. We refer to this OWL
representation as the global reference ontology. Using the ontology,
standardized core components of UN/CEFACT may be depicted us-
ing OWL – we refer to this ontological representation as the common
business document model. OWL representations of other business
document standards may then be mapped to the common business
document model, which serves as the intermediate format for map-
pings. The main advantage of the OWL mapping, in contrast to regu-
lar, e.g., XML-based mappings, is the use of Semantic Web Technolo-
gies such as reasoners and ontology mapping concepts, facilitating
the mapping process.

With the UML Profile for Core Components (UPCC) and the Con�guring IT

systems using core

components

Domain-Specific Language for Core Components a business docu-
ment modeler is able to define core components on a conceptual level.
However, conceptual models may not be used for the configuration of
IT interfaces, e.g., in a service oriented architecture. Thus, appro-
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priate mechanisms for the derivation of deployment artifacts from
conceptual core component models must be provided. In this thesis
we showed how conceptual core component models, based on UML
may be used to derive XML Schema deployment artifacts.

The main principle behind the core component approach is the A registry for core

componentsreuse of existing building blocks for business documents. Thus, the
general availability of core components is an important prerequisite
for core component compliant modeling. A library of reusable core
components is provided by UN/CEFACT with the Core Component
Library (CCL) [173]. Currently, a new core component library, based
on a regular spread sheet, is released twice a year. Unfortunately, the
spread sheet based representation of core components is a major ob-
stacle towards the seamless integration of core components into con-
ceptual modeling tools. To successfully integrate core components,
e.g., in UML or DSL-based modeling environments, a single access
point for core components must be established using a registry. The
core component registry must allow for the easy search and retrieval
of core component information. Furthermore, standardization orga-
nizations such as UN/CEFACT may use the registry to maintain ex-
isting core component information or to add new core components to
the library. Unfortunately, such a registry does not exist. In this the-
sis we introduced a registry information model for core components.
The information model unambiguously defines the relationships be-
tween the different artifacts and their metadata in the registry. A
core component registry may be implemented based on the registry
information model.

The second major business document standardization paradigm, Adding �exibility to

bottom-up standardnext to top-down definitions such as the core component approach,
are bottom-up standard definitions. Instead of finding a superset of
all requirements of the involved stakeholders, as it is the case with
top-down standards, a bottom-up standard aims at finding a subset of
the most important requirements. In contrast to top-down standards,
a bottom-up standard does not require an agreement on a subset of
the standard prior to an automated business document exchange, as
it is usually the case with top-down standards. Thus, bottom-up stan-
dards are easy to implement into commercial-of-the-shelf-software
(COTS), providing interfaces for the import and export of standard-
ized business documents. Nevertheless, in certain cases extensions
of a bottom-up standard are still required to allow for partner-specific
or domain-specific amendments of the standard. Several of the busi-
ness document standards available on the market provide extensions
points. However, these extension points leave it up to the business
document modeler what to include in the extension and, thus, no con-
trol of the different extensions is possible. In this thesis we provided
an evaluation of different XML Schema extension mechanisms and
assessed their applicability for the definition of bottom-up standard
extensions in regard to (i) core schema integrity (ii) core schema com-
patibility (iii) extension control and (iv) guarantee of validity.

Core component models are typically used in a forward engi- Closing the gap

between top-down

and bottom-up

standards

neering manner, where a new core component model is created from
scratch and XML Schema artifacts are derived from it with a model-
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driven technique. However, in certain cases existing business doc-
ument formats are mapped to a core component model, serving as
the intermediate format for the mapping to another standard format.
Mapping bottom-up standard definitions to an existing top-down core
component model requires well defined mapping rules. Until now,
such mapping rules have not been available. In this thesis we ex-
amined the mapping of an XML Schema, designed in a bottom-up
manner, to a core component model. Thereby, we introduced basic
mapping mechanisms and advanced mapping mechanisms. Where
no clear mappings between existing XML Schema constructs and
core components were possible, we provided mapping heuristics.

Furthermore, this thesis provided an integrative approach for Providing an

integrative approach

for

inter-organizational

business processes

the unambiguous definition of inter-organizational business processes.
Although several approaches for the definition of inter-organizatio-
nal business process and business documents exist, most of the so-
lutions focus either on the information perspective or on the pro-
cess perspective. In this thesis we bridged this gap by providing an
integrated approach for the definition of inter-organizational busi-
ness processes based on UN/CEFACT’s Modeling Methodology and
UN/CEFACT’s Core Components. We provided a model-driven ap-
proach, where business documents and business processes are de-
fined on a conceptual level. Consequently, the conceptual representa-
tion may be used to derive deployment artifacts for the configuration
of IT systems.

Open research issues

This thesis provides contributions to the field of business document
definitions for inter-organizational business processes. However, some
open research issues still remain and are subject to further research.

In this thesis we provided a survey on business document stan- Validation of the

survey based on �eld

research

dards using standard clusters. The results of this survey are based
on our experiences gathered in the last four years of active standard-
ization work in the field of business documents and inter-organiza-
tional business processes. Furthermore, we have reviewed current
state-of-the-art literature for the survey. In a consecutive step, a
field-research study must be conducted, evaluating and proving the
results of the desk research study. The field research study is yet to
be done.

In this thesis we outlined that the integrated view on an in- Integration of

information and

process models based

on DSL

ter-organizational business process covering both, the information
and the process perspective, is of crucial importance to allow for
seamless B2B interactions. As a main contribution of this thesis we
have shown how inter-organizational business process models and
business document models may be combined on an conceptual level
to unambiguously capture the requirements of inter-organizational
business processes. As an example we have used the UML Profile for
Core Components and UN/CEFACT’s Modeling Methodology. The
second reference implementation format for core components, we in-
troduced in this thesis, is the Domain-Specific Language (DSL) for
Core Components. Consequently, future research must examine how
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DSL models for the information and the process perspective may be
combined to capture inter-organizational requirements on a concep-
tual level. In a next step the model-driven generation of other arti-
facts than Business Process Execution Language (BPEL) [173] and
XML Schema should be examined – e.g., how to combine core compo-
nent based XML Schema with UMM-based Windows Workflow Foun-
dation [190] concepts.

As a main contribution for a core component registry, this thesis Model versioning for

the core component

registry

has provided a core component registry model. One of the key ap-
plication scenarios, we envision for a core component registry, is the
maintenance of core component artifacts. As soon as UN/CEFACT re-
leases an updated core component definition or a new core component
definition, the changes must be reflected in the registry. Addition-
ally, business information entity definitions may be retrieved from
the registry from two different business partners at the same time.
If both business partners alter the same business information entity
and try to store it back to the registry, versioning conflicts will occur.
For such scenarios appropriate versioning and conflict management
mechanisms must be provided, which is still an open research issue.

In this thesis we have provided several innovations and im- Tool availability as

the key to successprovements to the domain of inter-organizational business processes
and business documents in detail. However, we conclude that al-
though the core component concepts provide a powerful mechanism
for the definition of business documents, one significant shortcoming
remains: tool support. Only if tool vendors adapt the core component
technology in their applications, a broad adoption of the standard
may be guaranteed. Furthermore, we identify the provision of an
electronic core component registry as crucial for the success of the
entire core component approach. Generally, these issues may be sub-
sumed by a so called network effect. The more companies are using
the core component standard, the stronger is the value created by the
standard for all companies.
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