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Abstract

When designing business-to-business processes, integrating application systems across
company borders is a crucial success factor. This specific kind of integration requires an
architecture for coupling the involved application systems. Nowadays, numerous platforms
are available to serve as foundation for the development of coupling architectures. The high
complexity of typical couplings requires approaches that go beyond the scope of architecture
and consider modelling and procedural aspects as well. They represent comprehensive
development methodologies. This article presents a framework, which allows to summarise
the basic aspects of such approaches. It describes four approaches with respect to that

framework.
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application system, integration, coupling system, development methodologies, modelling,

process model

Zusammenfassung

Die iiberbetriebliche Integration von Anwendungssystemen ist ein wichtiger Erfolgstaktor zur
Gestaltung tiberbetrieblicher Geschiftsprozesse. Eine solche Integration erfordert eine
entsprechende Kopplungsarchitektur der beteiligten Anwendungssysteme. Als Basis fiir die
Entwicklung dieser Kopplungen sind mittlerweile zahlreiche Plattformen verfligbar. Dariiber
hinaus werden aufgrund der hohen Komplexitit typischer Kopplungen umfassende Ansitze
benoétigt, die auch die Aspekte Modellierung und Vorgehen im Rahmen einer
Entwicklungsmethodik beriicksichtigen. Der vorliegende Artikel stellt ein Raster zur
Erfassung der wesentlichen Aspekte solcher Ansdtze vor. AnschlieBend werden vier

ausgewdhlte Ansdtze unter Verwendung dieses Rasters beschrieben und gegeniibergestellt.

Schlisselworte

Anwendungssystem, Integration, Kopplungssystem, Entwicklungsmethodik, Modellierung,

Vorgehensmodell
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1 Introduction

Business-to-business processes incorporate tasks from several companies, pursuing joint
goals. These processes are common practice in supply chain management or virtual
companies. Successful design of business-to-business processes requires that the integration
of the application systems involved is founded on a coupling architecture. There is a wide
range of products available on the market for realising this kind of couplings, such as
Microsoft® BizTalk™ or IBM® WebSphere® MQ Integrator®. The high complexity of
typical couplings requires comprehensive approaches, which also take into account modelling
techniques as well as procedural aspects of the development of application system coupling.
This article presents a survey of four development methodologies for inter-company coupling
of application systems. To that end, a methodology developed in the OASYS project at the
University of Bamberg is compared to other state-of-the-art approaches. The next chapter of
the article describes the design of business-to-business processes and how coupled application
systems support these processes. Chapter 3 gives an overview of the four approaches under
consideration. In order to describe and categorise these approaches, a unified framework is

introduced. Finally, chapter 4 summarises the final results.

2 Supporting business-to-business processes through

coupled application systems

Business processes within a single company are oriented towards the company’s goals. At the
company’s boundaries, they interact with processes of neighbouring companies. Business
concepts like supply chain management and virtual companies aim at combining interacting
business processes to form a single business-to-business process following joint goals. To tap
the full potential of business-to-business processes, they should be automated by means of
application systems, which, as a consequence, need to be coupled among the companies
involved. This enables e.g. cutting order cycling times, reducing warehouse stock, and more
flexible order processing [Chri98, pp. 31 et seqq.; Pico 01, pp. 9 et seqq.].
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Figure 1: Coupling system (CS)

The inter-company integration of application systems is accomplished using a coupling
system containing all elements relevant for the coupling of application systems. For all
application systems, the system core can be distinguished from the coupling subsystem. The
coupling subsystem contains all elements of the application system that are needed for the
coupling with other application systems. It employs coupling mechanisms providing basic
services and communication protocols. The core of the application system comprises all
elements not involved in coupling including the interfaces to the coupling subsystem. The
coupling system of coupled application systems contains the coupling subsystems and the
interfaces of the cores. Its architecture is specified by means of a specific coupling

architecture.

3 Development methodologies

The following section presents four approaches for the coupling of application systems. The
key element of each of these approaches is their particular development methodology. Four
approaches were chosen to give a representative overview of current development
methodologies for inter-company coupling of application systems. Two approaches result
from cooperation of academia and industry (MOVE, Juric et al.), one approach originates
from a standardisation group (ebXML) and one is the outcome of a research project
(OASYYS).

In order to enable the approaches to be presented in a structured manner, the following
framework is introduced to serve as a guideline. It considers the design problem, development
methodology, availability of reusable model elements and tool support, when using the

methodology (Figure 2).

The design problem comprises the design subject and the design objective of the
methodology. The design subject is distinguished by whether the methodology covers only
inter-company coupling on a technical level or, additionally, deals with business-to-business
processes. In the same way, the design objective either describes the design of coupling

systems (CS) or additionally the design of the business-to-business processes.
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A development methodology is characterised in terms of supported model levels, the process

model and consideration of special requirements for the coupling system.

A methodology consists of three model levels: (1) the level of the application domain,
containing the functional requirements of the universe of discourse, (2) the level of software
design, specifying the software components for the coupling architecture and their
relationships and (3) the implementation level, realising the specifications within a coupling

system.

Concerning the process model, the framework distinguishes whether an approach supports an
iterative or incremental process. An iferative approach uses a step-by-step procedure based on
a decomposition of the entire design task. Multiple cycles of the steps are possible, but not
mandatory. In contrast, an incremental approach divides the object of the design task into
individual sub-objects. These sub-objects are either treated independently of each other, or

processed in a concerted way.

Particular requirements , which need to be considered during coupling system design, such as
scalability or adaptability, constitute the methodology’s third element. These requirements

can be specified as an unstructured list or as a systematic catalogue of requirements.

It will be further analysed, if the considered approaches support a reuse of model elements at
individual model levels. The framework distinguishes, if such elements exist or if the

approach provides additional support for element selection.

. . B2B processes

=
;ﬁ % Design subject Inter-company CS
29 . L Design B2B processes
n =

3/ Design objective Design CS
o Application domain
2 [Model levels Software design
% Implgmentation
50 Process model lterative
S Incremental

Requirements

Application domain
Software design
Implementation
Application domain
Software design
Implementation
Process model

Applies full Applies partly Doesn‘t apply
pp y pplies p

Figure 2: Classification of the four approaches into the description framework

Availability of reusable
elements

Tool support




bod BAYERISCHER FORSCHUNGSVERBUND
WIRTSCHAFTSINFORMATIK

Finally the framework considers tool support of individual model levels and for the process

model.

To illustrate the four approaches, figures in the respective chapters show the assignment of
process model steps to individual model levels. A step of the process model is associated with
a specific level if it generates models on that level. The edges represent sequence relationships

between steps.

3.1 MOVE

The MOVE project (Modellierung einer verteilten Architektur fiir die Entwicklung
unternehmensiibergreifender Informationssysteme und ihre Validierung im Handelsbereich)
deals with modelling of distributed architectures of inter-company information systems. It is a
joint project of BFK GmbH, a consultancy and software vendor, ICL Retail Systems GmbH, a
manufacturer of trading information systems, the European Trading Institute EHI and the
Department of Business Information Systems 1 at the University of Paderborn, Germany
[Fisc 98].

3.1.1 Design problem

The project’s design subjects are business-to-business processes in the context of supply chain
management and the support that inter-organisational systems (IOS) provide for these
processes. An IOS can be considered as an application system that is able to operate
autonomously with regard to intra-company application systems [Fisc'99, pp. 17 et seq.] and
acts as a coupling system. The project pursues two design objectives. On the one hand, it aims
at analysis and design of business-to-business processes with special emphasis on inter-
company information flows. On the other hand, it addresses the development of IOS based on
an architecture, which was investigated in the MOVE project and which is capable to
exchange business documents [Fisc'98; Fisc'99, p.24]. An adaptation of intra-company

application systems is not intended [Fisc'99, p. 17].

3.1.2 Methodology

The MOVE approach does not distinguish different model levels explicitly [Fisc 99, pp. 10 et
seq.]. However, the application domain level and the implementation level can be identified.

At the level of the application domain, a value chain is modelled on the basis of an object-
oriented meta model. The meta model consists of the four design elements client, interaction,
object and channel. Clients, e.g. enterprises or public authorities, exchange services, payments
and information in the form of interactions. Interactions are specified by the object, as the

subject of the interaction, and the channel, which is necessary for its implementation. Each

4
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design element can be assigned with attributes, methods and roles [Fisc'99, pp. 11 et seqq.,
p- 159]. Every model element must be derived from a repository that has been accepted by all
participating companies [Fisc'99, p. 162].

The MOVE approach distinguishes three views at the level of the application domain. (1) The
high-level business process model specifies all clients of a particular value chain and their
interactions [Fisc'99, pp. 169 et seq.]. (2) Interaction models describe in detail the
interactions of two interrelated clients. For every interaction, the transferred object and the
used channel are indicated [Fisc'99, p. 171]. (3) Structural models of information objects
describe the attributes and methods of an object transferred during an information interaction
[Fisc 99, pp. 171 et seqq.].

At the implementation level, an 10S is implemented on the basis of a Java™ framework.
Alternatively, implementation may be based on component technologies like DCOM or
CORBA®), but this alternative is not worked out in detail [Fisc'99, p. 16]. Therefore, it is not
addressed in the following.

Presentation

Yy v N
Level of the i L I
Application : Analysis Evaluation }—;—:—P{ Design ’ }
Domain : I I I
|
N EEmenbepEr )\ SEEp LAy )
Level of
Software
Design
[P 2N )
Implementation : Implemen- Intearation I
Level I tation 9 I
I
I I
N Tlayer _____ J

Figure 3: Model levels and phases of the MOVE approach

From the developer’s point of view there is a direct transition from the level of the application
domain to the implementation level. The level of software design is predetermined by the
design of the MOVE Java™ framework. The developer does not create a software design of
an 1OS. He rather generates software artefacts in the form of Java™ classes directly from

models of the application domain and integrates them into the framework [Fisc 99, p. 184].

The MOVE process model for the development of an 10S is organised into the following
steps, which are called phases (Figure 3):
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e During the “Presentation” phase, interested companies become familiar with the use of
the MOVE approach [Fisc"99, pp. 228 et seq.].

e The “Analysis” phase covers the analysis of the business-to-business process and the
identification of potential profits of a MOVE implementation. To that end, the effects on
costs and business volume of such an implementation are qualified using a cost utility

analysis [Fisc'99, pp. 93 et seqq., p. 229].

e By simulating different business process alternatives, the “Evaluation” phase tries to
determine an appropriate design for the business-to-business process [Fisc 99, pp. 121 et

seqq., p- 229].

e During the “Design” phase, the developer creates a model of the selected business-to-
business process alternative. This phase’s outcome is a detailed description of

information objects and their relationships [Fisc'99, p. 153, p. 229].

e  “Implementation” comprehends the generation of Java™ classes from design elements
described in the design phase and their integration into the Java™ framework [Fisc'99,
p- 183, p. 230].

e During the “Integration” phase, the implemented classes are embedded into the IT

infrastructure of the company [Fisc'99, p. 230].

The MOVE approach is structured by three layers: Branch layer, System layer and IT layer.
These layers can be considered as high-level phases for the development of an 10S. The
Branch layer comprises the phases Analysis and Evaluation, the System layer the Design

phase and the IT layer the phases Implementation and Integration.

The MOVE process model permits to return to previous phases and can therefore be
characterised as cyclic and iterative [Fisc'99, p. 19]. Additionally, it allows an incremental
process, where subprojects are identified and dealt with independently, called “Inkblot
approach”. Therefore, it may be necessary to adapt these increments during integration. It is
not specified how this should be achieved [Fisc'99, p. 232].

The MOVE approach does not contain the acquisition of special requirements for the design
of an IOS, because the Java™ framework predetermines the design and the implementation of
an I0S. Thus, in a concrete integration project, it is not possible to consider specific

requirements.

3.1.3 Auvailability of reusable model elements

MOVE provides a repository at the level of the application domain. This repository contains
reference classes for the design elements client, object, interaction and channel in the form of

class diagrams. Furthermore it comprises a catalogue of roles for clients and objects as well as

6
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information elements that are used to compose the attributes of information objects [Fisc'99,

p. 162]. The Java™ framework offers reuse at implementation level.

3.1.4 Tool support

A web-based presentation tool is available for the presentation of the project [Fisc'99, pp. 228
et seq.]. The MOVE-NWA tool supports the cost utility analysis, MOVE-SIM the simulation
of business process alternatives [Fisc'99, pp. 19 et seq.]. An object-oriented design tool is
used to create the high-level business process model, the interaction models and the structural
models of information objects [Fisc'99, pp. 176 et seq.]. An administration module supports
maintenance of the reusable model elements at the level of the application domain [Fisc'99,
p. 177]. A software generator creating classes for the Java™ framework facilitates the

transition between the application domain level and the implementation level [Fisc'99,

pp. 188 et seqq.].

3.2 ebXML

The term Electronic Business Extensible Markup Language (ebXML) denotes an international
initiative, which is led by the ,,United Nations Centre for Trade Facilitation and Electronic
Business” (UN/CEFACT) and the “Organization for the Advancement of Structured
Information Standards” (OASIS). The main objective is the realisation of an open, XML-
based framework to create a standardised and consistent basis for the secure exchange of
information in the context of inter-company integration. ebXML is organised modularly in
specifications. To create an ebXML solution, a developer has to implement these
specifications. The ebXML initiative claims to establish an open, international standard to
realise a ,,Single Global Electronic Market* [ebXMOla, p. 7].

3.2.1 Design problem

The design subjects of ebXML are business-to-business processes and coupling systems.
Design objectives are analysis and design of these business processes as well as the
development of a coupling system according to a coupling architecture [BusiOl, pp. 5 et seq.].
An extended SOAP protocol is used as coupling mechanism. Customising existing application

systems is not in the scope of the ebXML framework.

3.2.2 Methodology

The ebXML framework does not distinguish model levels explicitly. However, it is possible
to identify a classification of model levels according to the description framework by using

the Framework Specification Schema (Figure 4).
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Precise scenarios, based on the ebXML Business Process Specification Schema (ebBPSS) as a
meta model, are described at the application domain level. Thereby business processes are
specified in terms of business-to-business interactions. These so-called ebXML Business
Process Specifications (ebBPS) give an in-detail description of roles and activities assigned to
participating trading partners. Interaction takes place in form of transactions, which are
represented by the exchange of Business Documents. ebXML recommends the use of the
UN/CEFACT Modeling Methodology (UMM), which uses the Unified Modeling Language
(UML™) for modelling business processes. The ebBPSS forms a subset of the UMM Meta
Model, which permits an automated transformation of UML™-modelled business processes
to XML-based ebBPSS. UMM supports the use of design patterns, corresponding Production
Rules for XML representations are part of the ebBPSS. The definition of Business Documents
is mainly based on reusable model elements, the ebXML Core Components (ebCC).
Analogically to ebBPSS, the ebCC Meta Model can be interpreted as a subset of the UMM
Meta Model. Production Rules are provided in this case as well [BusiOl, pp. 4 et seqq.].

The Collaboration Protocol Profile and Agreement Specification defines a set of rules for the
application domain level and the software design level. This rule set is used for generating the
Collaboration Protocol Profiles (CPP) and the Collaboration Profile Agreements (CPA). A
CPP represents a company-specific profile, created according to an ebBPS. During the
creation process, companies are assigned to relevant roles and activities. In addition,
functional requirements, specified during the modelling of the business process, are enhanced
with technical parameters, e.g. encryption requirements. Hence, a CPP represents a
company’s concrete functional and technical requirements with regard to an ebBPS in XML
format. The CPA is a machine interpretable run-time specification of an ebBPS, which
describes all the functional and technical requirements that are obligatory for collaboration

between firms. It is derived from matching the CPP of two companies [BusiOl, pp. 9 et seq.].

The ebXML Message Service (ebMS), described by the Message Service Specification, is
located at the implementation level. It includes technical aspects of ebXML-Messaging,
describes the structure of exchanged messages and defines services like routing or packaging.
The implementation of the ebMS realises a coupling subsystem, which includes a Message
Service Interface (MSI) for the interaction with existing applications and a Message Service
Handler (MSH) to encapsulate the main functionality of the ebMS [OASIO2, pp. 8 et seqq.].

An explicit process model for implementing the portrayed specifications is not defined within
the ebXML framework. However, single steps can be identified based upon dependencies
between the specifications [ebXMO1b, p. 8]:

e  “Build ebBPS” models domain-specific business processes by means of the ebBPSS.
Main objective is an ebXML-compliant representation of the ebBPSS in the form of a

machine interpretable XML-document.
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e The “Build CPP” phase creates company-specific, XML-formatted profiles, based upon
an underlying ebBPS.

e “Build CPA” covers the generation of a CPA from the CPP of two companies. The CPA
specifies parameters, which are required for an automated configuration of coupling

subsystems.

o  “Implement ebMS” refers to the configuration of the MSH and the MSI by the CPA-
supplied parameters. Through this, an ebBPS specific realisation of coupling subsystems

is accomplished.

Level of the Y
Application Build N NG A
Domain ebBPS : :
Build Buid | |
; CPP CPA i
Level of : E
Software AN J \ S
Design :\ Collaboration Protocol Profile H
. and Agreement Specification P !
y
Implementation Implement
Level ebMS

Figure 4: Model levels and steps of the ebXML framework

The definition of requirements does not lead to a separate phase within the ebXML
framework. However, functional requirements to specific ebBPS can be considered during
modelling time. Company specific, technical requirements enter the development process
during the CPP creation. A resulting CPA finally contains the requirements for the realisation

of inter-company integration.

The realisation of an ebXML solution is an iterative process. Returns to previous phases are
not described explicitly within the specifications. It must be pointed out though that the
sequence of steps described above is not part of an ebXML-specification. Differing process
models are also feasible as a consequence of the framework’s modular structure and the self-

reliance of the specifications.

3.2.3 Availability of reusable model elements

Reusable model elements are available at the application domain level in the form of ebCC.

These elements comprehend data and data types, which can be utilised to describe Business
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Documents [ebXMO1b, pp. 23f). Furthermore, predefined ebBPS can be reused both in a

domain-specific and a domain-independent way.

3.2.4 Tool support

Concrete tool implementations are not provided in the ebXML framework. However, the
ebXML Registry Service (ebRS) can be considered as a tool to support the reuse of model
elements, even though specified as part of the framework. Beside ebCC, ebRS manages and
deploys ebBPS, CPP or CPA. Further starting-points for the development of tools lie
particularly in the fields of automated generation of CPP from ebBPS or CPA from CPP.
Additional use of third-party tools is basically feasible within the scope of the UML™
modelling at the application domain level. Furthermore, concrete implementations of
individual specifications can be found as components of integration products, which provide a
basis to create an ebXML solution.

3.3 Juric et al.

In [Juri'01], Juric et al. describe how J2EE™ can be used to couple application systems. The

main focus of the publication is on the implementation level.

3.3.1 Design problem

The publication mainly deals with the integration of the application systems of a single
company. The main objective is the development of a composite information system [Juri 01,
pp. 33 et seq., p. 75], which is a new application system that uses existing systems and
integrates them. The existing application systems are wrapped up by so-called virtual
components [Juri 01, pp. 77 et seqq.]. An adaptation of existing application systems is not

intended. The approach does not aim at the design of business processes.

The main topic of the approach is intra-company integration of application systems, but inter-
company integration is also supported. Major parts of the coupling architecture needed for
inter-company integration are covered by the composite information system. Additionally, the
authors describe how the composite information system can be adapted to realise the intended

integration [Juri 01, pp. 102 et seqq., pp. 851 et seqq.].

Juric et al. distinguish four layers of integration. (1) Data level integration supports the shared
use of data by several application systems directly accessing the databases [Juri 01, pp. 80 et
seqq.]. (2) Application interface level integration deals with the common use of functions and
data by several application systems. This is achieved by application programming interfaces
(API) of the application systems [Juri+01, pp. 85 et seqq.]. (3) The same goal is pursued by

business method level integration [Juri+01, pp.91 et seqq.]. In contrast to application

10
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interface level integration, where the virtual components provide merely a technical
abstraction of the application systems, a domain-related abstraction is achieved in this case.
The virtual components are defined according to the requirements of the composite
information system. (4) Presentation level integration offers the users an integrated interface

to the functions and the data of several application systems [Juri+01, pp. 97 et seqq.].

3.3.2 Methodology

The approach does not distinguish model levels explicitly. However, the employed models
can be assigned to the model levels introduced in Figure 2. The approach mainly uses UML™

diagrams to represent the models [OMGO1].

At the application domain level, UML™ use case diagrams play a central role [Juri+01,
pp. 167 et seqq.]. Domain-related class diagrams and sequence diagrams are used in addition

for the business method level integration [Juri+01, pp. 402 et seqq.].

At the level of software design, two kinds of models are created: models capturing the
relevant properties of the existing application systems and models, which are used to describe
how the stated requirements can be realised by a coupling system. Component diagrams,
deployment diagrams and sequence diagrams offered by UML™ are mainly used for those
tasks [Juri+01, pp. 415 et seqq.]. Components serve as representation for existing application
systems and describe the virtual components that have to be developed. In the context of data
level integration several methods for data modelling are being proposed depending on the
database model [Juri+01, pp. 215 et seqq.], e.g. Entity-Relationship modelling.
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Figure 5: Model levels, phases and activities of the approach of Juric et al.

11



bod BAYERISCHER FORSCHUNGSVERBUND
WIRTSCHAFTSINFORMATIK

Due to the fact that the approach concentrates on J2EE™, the implementation level uses
mainly the Java™ programming language elements and mechanisms offered by J2EE™, e.g.

Java Database Connectivity (JDBC™), Java Message Service (JMS), Java Connector
Architecture (JCA).

As shown in Figure 5, the process for the development of a composite information system
consists of four integration phases corresponding to the four layers of integration. The
sequence of those phases is chosen in a way that allows building on top of the results of the

previous phases.

Within the integration phases several activities have to be conducted [Juri+01, pp. 155 et
seqq.]:

e, Requirements gathering“ aims at determination of the requirements for the composite

information system.

o The activity ,,Analysis of existing applications“ records the relevant properties of the
existing application systems.

e The activity ,, Selection of integration infrastructure‘* deals with the selection of coupling

mechanisms.

¢

e The activity ,, Problem domain analysis‘ creates several domain-related models of the

coupling system.

e The corresponding technical models of the coupling system are developed in the
., Design“ activity.

e The process concludes with the activities ,, Implementation*, ,, Test and ,, Deployment “,

in which the coupling system is implemented, tested and installed.

The approach complies with the Rational Unified Process® [Kruc00]. It supports a cyclic,
iterative and partially coordinated process [Juri+O1, p. 154]. The increments are defined

according to the use cases identified during the “Requirements gathering” activity.

Juric et al. consider special requirements for the coupling system in several sections.

However, a systematic treatment cannot be found.

3.3.3 Availability of reusable model elements

Major sections of [Juri+01] describe how a coupling architecture can be implemented using
J2EE™ code. These examples can be used as basic templates when implementing a coupling

architecture.

Juric et al. describe several patterns that can be used in software design. A central role plays

the architectural pattern, which describes the structure of a composite information system
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[Juri+01, pp. 74 et seqq., p. 96, p. 100]. The composite information system is based on a
multi-tier architecture comprising a user interface tier, a business logic tier and a data
persistence tier [Juri+O1, p.76]. Existing application systems are included in the data
persistence tier. The business logic tier is composed of virtual components that communicate
via an integration broker. The user interface tier consists of user interfaces developed during

presentation level integration.

A web service tier enhances the architecture outlined above when an inter-company coupling
system should be implemented. This tier contains web services that use the virtual

components in the business logic tier [Juri+01, pp. 102 et seqq.].

Selection of model elements is partially supported by the description of consequences that

result when one of the offered elements is included into a model.

3.3.4 Tool support

Because the approach uses mainly UML™ diagrams at the application domain and software
design level, it is possible to choose from a large variety of UML™ tools. Same is true for
implementation, since many tools are available for J2EE™ covering the implementation, the

code generation und the management of reusable model elements.

3.4 OASYS

The research project ,,Open Application Systems Architectures in inter-company value
chains* (OASYS), conducted at the University of Bamberg, Germany, is part of the ,,Bavarian
Information Systems Research Network® (FORWIN). The objective of the project is the
development and testing of coupling systems for the integration of heterogeneous application
systems belonging to different companies. The main focus is particularly on methodologies

and tools to support the integration process.

3.4.1 Design problem

Design subjects of the OASYS approach are business-to-business processes in inter-company
value chains and the associated coupling systems. Objectives are the design of business-to-
business processes and the development of coupling systems for inter-company integration. In
this approach, modification of existing application systems’ cores is necessary only with

respect to the interfaces between the cores and the coupling systems.

OASYS differentiates three kinds of coupling architectures, varying in their specific
objectives [Mant 02; Schi'02b]. (1) Event-oriented coupling architectures transfer events and

related data between loosely coupled application systems through message passing [FeSiOl,
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p. 225]. (2) Data-oriented coupling architectures enable the manipulation of shared data by
tightly coupled functions operating on these data [FeSiOl, p.225]. (3) Function-oriented
coupling architectures enable different application systems to share functions and, where

required, related data.

3.4.2 Methodology

The OASYS approach is structured into the following four model levels: the business-to-
business process level, the application system level, the coupling architecture level and the
implementation level [Mant 02, p. 4]. Figure 6 assigns these levels to the levels introduced in

the description framework.

The business-to-business process level describes processes using the approach of the
Semantic Object Model (SOM) [FeSiOl, pp. 179 et seqq.]. A business process is modelled as
a distributed system consisting of autonomous and loosely coupled business objects. These
business objects coordinate themselves using transactions [FeSiO1, pp. 181 et seq.]. The SOM
approach provides two different views on a business process. The first view is called the
interaction schema and specifies the static structure of a business process. It contains objects
as well as transactions. The second view is called the task-event schema and presents the
dynamic behaviour of a business process. It consists of tasks, events, and transactions in their
roles as events. The approach supports domain-related as well as domain-independent patterns
[FeSi01, pp. 189 et seqq.; Fers'98]. Categorised task integration patterns (TIP) define
partitions of the business process, which have to be integrated separately.

The application system level describes the application systems from an outside view. An

application system serves as an actor for the automated tasks of a business process.

The coupling architecture level describes the coupling of application systems in the form of
coupling architectures. It describes the static structure consisting of coupling subsystems and
communication relationships between these subsystems. In addition it is intended to represent
the dynamic behaviour in the form of a specification of the protocols between the coupling
subsystems. Furthermore this level includes a description of relevant properties of the
application systems, e.g. interfaces of the cores of the application systems or available
coupling mechanisms. Patterns describe alternative coupling architectures on the basis of a
standardised schema [Schi"02a, p. 7].

At the implementation level, the coupling system is realised based on the developed coupling
architecture. Integration tools like Microsoft® BizTalk™ or IBM® Web Sphere® MQ
Integrator® can be employed here. Alternatively a self-developed JAVA™ framework will be

available.

The process model of the approach comprises eight steps (Figure 6):
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The step “Definition of functional requirements” defines functional requirements for the

design of the business-to-business process.

Analysis and design of the business-to-business process using the SOM approach is
purpose of the second step called “Design of the business-to-business process”. At that

stage, the functional requirements from the previous step have to be taken into account.

The “Mapping of the application systems” specifies the degree of automation of tasks

and transactions and assigns application systems to the tasks they support.

“Identification of TIP” means defining partitions of the business process that are relevant

for the integration in the form of TIP.

“Specification of technical requirements on the application system integration with

respect to the TIP” aims at the acquisition of technical requirements for each TIP.

During the step “Description of the application systems” the developer identifies the
necessary information about the technical properties of the application systems.

The “Design of the coupling architecture” comprehends the development of a concrete
coupling architecture based on the specified requirements and the properties of the

application systems.

The “Implementation” of the coupling system is realised by customising existing

integration tools respectively the JAVA™ framework. This step is automated as far as

possible.
\
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Figure 6: Model levels and steps of the OASYS approach
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The OASYS approach uses a cyclic and iterative process. The steps are executed sequentially.
Returns to previous steps are allowed. For each TIP an incremental process with coordinated

development of the partial coupling systems is intended.

The OASYS approach explicitly supports acquisition and examination of technical
requirements for the coupling of application systems. These are acquired by using a structured
catalogue of requirements, divided into the four categories correctness, real-time behaviour,
integration and flexibility [Fers92, p. 11]. The requirements associated with these categories
are partly based on ISO standard 9126-1, e.g. the features availability and security [ISOO1].

Further plans include establishing a concept describing the relationships between
requirements and different alternatives of coupling architectures. Thus it will be possible to

derive design alternatives from specified requirements.

3.4.3 Availability of reusable model elements

At the business-to-business level, the OASYS approach provides reference models e.g. for
Vendor Managed Inventory. Additionally, domain-related as well as domain-independent
patterns, developed for the SOM approach, can be applied. Examples for such patterns are
leasing patterns, the negotiation principle and the feedback control principle [Fers 98; FeSi01,
pp- 189 et seqq.]. At the coupling architecture level the approach provides alternative
coupling architectures. The selection of alternatives will be supported by the concept
mentioned above. At the implementation level, reusability is enabled through the JAVA™
framework respectively elements for customising available integration tools. Current research

activities concentrate on reusability enhancements.

3.4.4 Tool support

One objective of the OASYS project is the development of an integrated tool, covering all
model levels of the development methodology as well as the process model. The tool’s
current functionality supports the application domain level and the level of software design.
The tool allows the developer to specify requirements and to select alternatives of coupling
architectures. Therefore it provides a catalogue of questions, concerning the design of the
coupling architecture. The tool immediately visualises the impact of given answers. Tool
support will be enhanced in future by including the concept to derive coupling architectures

from specified requirements mentioned above and by covering different integration tools.

4 Summary

The article describes four approaches to design inter-company coupling systems using a

uniform framework, without evaluating the approaches. MOVE, ebXML and OASYS support
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the design of business-to-business processes, in addition to the design of coupling systems.
All four approaches offer a methodology, reusable model elements and tools. They differ in
the emphasis placed on specific model levels of the description framework and in the degree

of specialisation at these model levels.

Using the MOVE approach, the developer focuses primarily on the level of the application
domain and only secondarily deals with the level of software design and the implementation
level. Hence, he needs no particular technical knowledge. This process is due to the restriction
of the coupling system to the exchange of business documents. MOVE supports
implementation through automated generation of Java™ classes. These classes are integrated

into the given framework.

ebXML is also characterised by the specialisation in the exchange of business documents. In
contrast to MOVE, ebXML supports a more comprehensive adaptation of the coupling system
to the concrete technical requirements, such as scalability. To specify these adaptations, a
developer operates not only at the level of the application domain, but also at the level of
software design. At the implementation level, ebXML aims for an automated configuration of

the coupling subsystems according to the Message Service Specification.

The approach by Juric et al. focuses on intra-company integration, but makes also a
substantial contribution to inter-company integration. The approach emphasises all three
model levels similarly. There is no specialisation on one of the model levels. Therefore, the
covered scope of application exceeds that of MOVE and ebXML. However, the developer
needs comprehensive technical knowledge, especially implementation knowledge, to apply

this approach.

Like Juric et al., the OASYS approach tries to achieve a broad coverage at all three model
levels. The developer concentrates on the level of the application domain and the level of
software design, though. Implementation of the coupling architectures should be
accomplished through a widely automated adaptation of integration tools respectively a self-

designed Java™ framework.
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