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Abstract. The paper summarizes the effort spend by the authors in developing
a model enabling the interoperability of systems for managing the product
traceability along the entire product lifecycle. The research effort adopts an
holonic definition of the traceability problem and, analysing the current most
important standard in product representation, proposes a reference data model.

1 Introduction
Within the actual competitive world, enterprises are ever more stressed and subjected
to high market requests. Customers are becoming more and more pretentious in terms
of products quality and related services. The best product, at the low price, at the right
time and into the right place is the only key success for the modern enterprise. In
order to maintain or gain competitive advantages, modern enterprise has to manage
itself along two main directions:
1. Improve internal and external efficiency, reducing all the not-relevant costs;
2. Improve innovation: innovation of product, process, structure, organization.
According to these needs, enterprises have to focus on their core-competences in
order to improve the gained efficiencies (managing innovation) and to reduce the
inefficiencies. Looking to this research, the product is re-becoming, after the soapbubble new-economy experiences, the real enterprise value creator and the whole
production process is re-discovering its role. By this way, within the globally scaled
scenario, product and production management have been become complex processes
where more problems are overlapping each others. Product development might ever
more take into account improved customers’ tastes and requests in a shorter time-tomarket. The related engineering activities are consequently stressed, while inefficiencies in the production and distribution functions not are ever tolerated.
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This way, the product and production lifecycle and its related management are becoming unavoidable key aspects, creating such a “product centric” or “product-drien”
problem. The integrated management of all the information regarding the “product”
and its production is one of the related questions.
1.2 Product Lifecycle Management
One of the answers to these questions is already on going and could be advocated as a
new emerging paradigm, defined as Product Life Cycle Management (PLM). In fact,
listening to the enterprise questions, several vendors, coming from the diverse worlds
interested into the product and production management, are more and more providing
answers, stabling a growing tagged PLM market. Looking to this market, it is clear as
a variety of “solution-providers” aim to be considered:
1. Vendors coming from the digital engineering world (UGS PLM Solutions,
Tecnomatix, IBM-Dassault), which start from PD (Product Development)
and MSE (Manufacturing System Engineering) processes and are trying to
connect Enterprise Engineering and Management processes;
2. Vendors coming from the ERP world (Baan, SAP, Oracle), which, at the
contrary, start from Enterprise Management processes for turning to connect
PD/MSE tools and platforms;
3. Vendors coming from the ICT world, dealing software with architecture and
platforms, which aim to establish such collaborative environments for PLM
integration (Microsoft, MatrixOne, Agile), basically using web technologies.
It is important to notice that the needed product and production management is intrinsically related to the management of the information, so it is obvious that the related
emerging market is IT characterized. Nevertheless, PLM is not primary an IT problem, but at first, is a strategic business orientation of the enterprise ([1],[2]). From a
strategic organization point of view, the adoption or a product and production centric
approach signifies a (re-)modelling of the all relations established between the resources (people and equipment) involved into the relevant business processes oriented to a “product” lifecycle directions, with all that it concerns in terms of task
allocations and measurement of the obtainable performances. From the ICT point of
view, a centric product and production management is no more than a “database”
problem, which physically enables the previous business process modelling. Information about products and processes are dispersed along a variety of information systems, which - until now - has been executed no more than “isolated islands” (e.g.
PDM (product Data management) and ERP). The trend and issue currently on going
deal with the integration of these “islands” into a larger integrated (even if distributed) repository, in order to provide a wider and more effective use of product and
production information. From a structural point of view, the instantiation of a product
and production centric management approach signifies the product centric design and
management of several elements:
1. An information infrastructure, which concerns with IT network establishment;
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2.

3.

A resource infrastructure, which concerns with the design and the management of all physical elements involved along a product and production lifecycle (e.g. machines, plants, people, suppliers, warehouses…);
A product itself “infrastructure” where the same product has become a resource to be managed directly, traced into its same lifecycle.

1.3 Interoperability dimensions in the Product Lifecycle Management
The main problem of this “PLM world” is the interoperability dimension: interoperability in terms of product data at ICT levels, but also interoperability in terms of persons, resource and systems that might cooperate and be in contact. The dimension of
interoperability with a product-centric point of view becomes the problem of managing the tracing of the product along its lifecycle, or in other words, a problem of
traceability.
This paper aims to discuss the problem of traceability as a problem of interoperability; in particular the paper aims to present the development of a reference metamodel
for product traceability in a PLM wider scenario. The paper shows the preliminary
results of a common effort, conducted by Politecnico di Milano and CRAN (Centre
de Recherche en Automatique de Nancy), for providing an effective and reliable
model to trace product and foster interoperability in the whole product lifecycle.
The paper is organized as follows:
- The second paragraph will present the definition of traceability in the lifecycle
and will introduce an innovative point of view (based on holons) as a solution for
product traceability and PLM interoperability.
- The third paragraph will illustrate the development of the proposed metamodel,
realized on a reference model of product lifecycle considering the requirements
of a potential user of this model, and taking into account the current status of interoperability in PLM, searched in Enterprise Standards.
- The fourth paragraph will will conclude the paper.

2 Product Traceability
The term “traceability” related to the product or manufacturing has been defined
since the 90ies [3], when a series of industrial needs had been highlighted into the
establishment of ISO 9000 procedures. Generally, product traceability is the ability of
a user (manufacturer, supplier, vendor…) to trace a product through its processing
procedures, in a forward and/or backward direction [4]. Physically, the product traceability deals with maintaining records of all materials and parts along a defined lifecycle (e.g. from raw material purchasing to finished goods selling) using a coding
identification.
Traceability systems are adopted, according to laws, in the food sector, in manufacturing, in the pharmaceutical sector, in distribution, in constructions. Traceability
systems can be useful to increase quality and safety of the product, for brand protection, and can increase efficiency in production and distribution.
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Traceability has different meaning in literature: Internal Traceability, that is the
traceability inside the factory and the production system and External that follows the
product into his relations with customers, maintainers, suppliers, etc. [3]. Another
meaning is between Backward and Forward Traceability [4] (Figure 1). Backward
Traceability records information and data on the past history of the product. Forward
traceability explains what will happen to a certain product, all the processes and output that the product in question went into. These information are written before the
product production begins and aims to give all the information that are needed to the
production. This kind of traceability could be very useful in automated manufactures[5].
Present
condition

Backward

Forward
Time

Figure 1. Backward and Forward traceability.

2.1 Towards a Holonic Traceability
At the present, the product traceability problem concerns with the identification of a
product, even if often is only the type of product, using a coding system (e.g. bar
code, laser code, EPC code [5]). All the information related to the coded “product”
are then stored into one (or more) database. Therefore, a merging activity between the
product and its information is an obligatory step, also in the most advanced issues
(e.g. Auto-Id efforts in [5], or Dialog effort in [7]). This re-merging activity is still
not risk-free; even if it’s could be already conducted in an automated manner (e.g.
[5], [6]), transactions breakdowns could occur [7] in searching for information into
the database. In general, two main problems could be advocated:
1. Accessibility. Database could be off-line or unavailable for a short or long
period.
2. Timing and Costing. Database could become too large and so expensive (or
many database could be needed), moreover reducing efficient reading time.
A solving attitude could be identified in the concept partly illustrated in [8], where a
simple 2D bar-code attached to physical elements had been adopted to translate highdensity information (whole plant drawings) from the plant designer to the contractor.
Taking into account this example, each product could be provided with an advanced
“product information store system” (e.g. RFID based), in order to be (i) from one side
tracked into a system (e.g. a plant) and, from another side, (ii) to be able to provide
itself the needed information. In such a vision, the product itself become the medium
of the data set, instantiating a kind of “intelligent product” ([7], [9]), able to interoperate in the environment, exchanging information (which are into the product itself)
in real-time with different resources (e.g. machines and transporters into a plant scenario, or trucks and inventory database into a warehouse, or with refrigerators and
dishwasher at home…).
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Looking to the literature, the paradigm of “product + information” had been already
developed and it is defined as holonic worldview. The word Holon was introduced by
Koestler in 1967 [10], as a combination of the Greek Holos (whole) with the suffix –
on, which as in proton and neutron suggests a particle or individual part. In the 1993,
the holonic term was applied to the manufacturing world, creating the Holonic Manufacturing Systems (HMS) community. For this community a Holonic Manufacturing
“is an autonomous and co-operative building block of a system fro transforming,
transporting, storing and/or validating information and physical objects. The holon
consists of an information processing part and often a physical processing part. An
holon can be part of another holon.” [11].
A holonic-based product traceability could be a killer application into a PLM context.
Lot of improvement could be gained establishing an intelligent product, sensibly
reducing inefficiency in different processes, from the manufacturing one, to the distribution, to the after sales, to the quality assessment, till product accounting and
selling.

3. Development of a metamodel for product lifecycle traceability
Looking to the Holonic Product Traceability research effort and thinking to the future, in some years a product holon could be inserted in more systems (e.g. a plant, a
supply chain, a warehouse) where it will have to exchange information with different
resource holons ([5], [9]). Hence, the problem of information exchange could easily
arise and further standardization efforts will be needed, so establishing a kind of barriers to the diffusion of the same holonic traceability.
In order to reduce these further barriers, but ever more in order to improve the currently definition and the study of Holonic Product Traceability, a research effort
could be spent since now, looking to the actual situation of enterprise information
systems (where product information are resident) and try to elaborate it in an holonic
view, creating a conceptual HMS product-oriented architecture.
The current situation of the enterprise information systems could be registered in the
analysis of the current accepted standard, which are specifically created fro the integration of IT systems. The analysis of standard is a basic step that could reduce the
research effort, avoiding a long state of the art analysis of enterprise IT systems.
3.1 Product Lifecycle phases
Traceability is an ability needed along the whole product lifecycle. In order to develop a wider reference model, a definition of lifecycle is needed. In literature there
are many different “life cycle” models; trying to merge diverse kind of Product Lifecycle model, it is possible to identify the following Product Lifecycle Model, which
will be considered in the work. This model standardizes a product lifecycle composed
by four different phases:
1
Product Development: it deals the developing phase of the product, starting
from product design and ending, through process and plant design. Each of
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2

3

4

these four product development sub-phases usually starts from the requirements analysis (requested performances, costs, marketing strategies and so
on) and proceeds with a first draft for ending with the detailed design.
Product Production: it comprises both production and distribution activities.
Production phase may be very complex and often includes pre-production
and prototyping, manufacturing, assembling, finishing, testing, packaging,
etc. Distribution, on the other side, is related with product storage and delivery.
Product Use: this is the proper product life phase and represents all activities
which take place during product use: they comprise product usage and consumption, maintenance and support.
Product Dismiss: in this last phase the product is destroyed, or rather disassembled and recycled.

3.2 Analysis of Enterprise Standards
One of basic requirements for the development of a product traceability model was
that of achieving an easy understanding of such a model by people or organizations
of different countries, languages and cultures. This suggests avoiding misunderstanding of concepts, ideas or definitions making use, whenever possible, of shared standards. The authors had conducted a literature survey on standards for manufacturing
control, product design, product support and so on. It is a matter of fact that there are
many standards, each of one focused on a specific area of the product lifecycle, but
none including all the information needed in the whole lifecycle chain, as shown in
the next figure.

Product
Development

Product
Production

Product Use

Product
Dismiss

PLM@XML

ISA-95

MANDATE

STEP

PLCS

Figure. 2. Standards through Life Cycle Phases

Four standards or initiatives seem interesting to be studied because they are complementary in the PLM. They are ANSI/ISA-95 (or the new ISO/IEC 62264 standard
which is derived from it), Mandate (ISO 15531), PLCS (ISO 103003-239), and
PLM@XML. These standards share in common some properties and features, but are
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also distinguished by a lot of remarkable differences. First of all, they were designed
by different organizations, with different scopes and for different targets. STEP,
PLCS and Mandate can at first sight be grouped together, because each of them is an
ISO (International Organization for Standardization) standard; furthermore, PLCS is
an application protocol of STEP. STEP is an industry standard for product data representation and it’s composed of several parts (application protocols) whose aim is to
focus on a specific industrial context. There are application protocols for product
design, for mechanical and electrical engineering, for sheet-metal manufacturing, for
product assembly, for automotive industry and so on. PLM@XML is an open standard developed mainly by EDS (Electronic Data Systems Corporation) and it deals
with the product design phase. ISA-95 is an ANSI (American National Standard
Institution) standard, but its first part, ANSI/ISA-95.00.01, is also an ISO standard
(ISO 62264-1). ANSI/ISA-95 Parts I, II, and III describe the interfaces and activities
between an enterprise’s business systems and its manufacturing control systems: it
focuses, thus, mainly on the area corresponding to our product production phase.
Another interesting initiative is the Physical Markup Language (PML), under development at Auto-ID laboratories [5]. PML is intended to be a general, standard means
for describing the physical world. The objective of PML is a simple, general language
for describing physical objects for use in remote monitoring and control of the physical environment. PLM was thought as a part of a wider structure, built around four
major components: electronic tags, Electronic Product Code (EPC), Physical Markup Language (PML) and Object Naming Service (ONS).
3.3 Definition of the requirements of the model
In order to develop a comprehensive model, the User Requirements and General
Requirements had been developed analyzing the literature; the first are needs explicitly explained in literature by traceability users, the latter are implicit in literature and
are useful for every possible user. The User Requirements are more specific for each
single industrial sector, for example it exists specific requirements for pharmaceutical
industries, others for the distribution etc. These are also specific for each life cycle
phase, as showed in figure 3.
General requirements are needs implicitly written in literature and not clearly declared. Sometimes, in literature, authors are concerned with some matters of product
traceability, especially when referring to a specific context of application. Product
traceability is usually dealt by people with different cultural backgrounds, just because traceability is required – and thus studied – for agricultural uses as well as for
manufacturing industry, for software development as well as for healthcare. This way
it’s possible to look at the problem concentrating only on a little part of it and losing a
wide-spread view.
The defined General requirements are:
1. Product Descriptive Power: The model should be able to describe very different products.
2. Multi-Scenario Descriptive Power: In Literature there are many scenarios
and many mono-scenario models, but a multi-scenario model is missing [12].
The model has not to fit a special scenario, industrial sector, context of appli-
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3.

4.

5.
6.

7.
8.
9.

cation or environment, but shall fit each time any different context without
needs for modifications.
Updatable: The model has to follow the evolution of the product, and keep
track of information describing modifications and operations made on it. It’s
shall include information and data necessary for forward traceability and, at
the same time, guarantee recording of product history (backward traceability).
Lifecycle scalability: The model should describe different phases of lifecycle,
and should describe them in such a way to be useful for both single phase
oriented users and whole chain lifecycle oriented user.
Detail scalability: The model should describe different detail level, comprising product as well as subcomponents.
Being distributable: The information should be stored in different supports
(RF tags, barcodes, and database). Due to technological reasons, for example
the amount of free memory on an RF tag for storing information, it’s sometimes impossible to keep the whole description of product lifecycle together
with the physical product itself; so the information has to be divided part on
the product part on a remote storage.
Shareable: The information should be shared between many users and industries.
Trusted access: To grant information restraint to different kinds of users.
Unambiguously understandable: Many users of different cultures and languages have to access information; the model should avoid misunderstandings. For this purpose we suggest usage of standardized information and
model, taking into account wide spread standards whenever possible.

Product Development
Unique product identification
Quality
Design documentation
Prevent mistakes during
modification
Reuse, rework, recycling
management
Product support information
Requirements traceability

Product Production

Product Use

Unique product identification
Quality
Security
Value-brand protection
Design documentation
Eco-compatibility
Production performance optimization.
Product – Process Linking
Collect information on product
Production
Real time product production status
Bound product and information
Products inventory
Products tracking
Product sub-components traceability
Tracing Costs
Performance traceability
Monitoring suppliers
Customer centered supply chain model

Unique product identification
Security
Transparency of user-addressed information
Value-brand protection
Risk management
Collect information on product life and usage
Readability of information
Achieve Customer Loyalty
Legal and ethical responsibilities
Eco-compatibility
Customer centered supply chain model
Product support information
Recall procedures management
Bound product and information
Product tracking
Good Replenishment
Theft detection
Remote maintenance and service provision
Avoiding incorrect information and product
description

Product Dismiss
Unique product identification
Re-usage management
Legal and ethical responsibilitiesEcocompatibility
Product support information
Bound product and information
Product tracking
Good Replenishment
Reuse, rework and recycling
management

Management of Delivery chain

Figure 3. User Requirements in Life Cycle Phases.

3.4 The Holonic Traceability Model
Taking into account the previously presented requirements and the Holon concept
defined in [13] (figure 4), the model for Holonic Product Traceability is hereafter
defined.
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Figure 4 explains that the Holon results from the linking of a Physical Object and
some information. There are many information related to the product and they are
defined by the ObjectInformation class. If the link between the physical object and its
related information is missing the idea of Holon vanishes and the traceability model
miss its target. The link can be established using many technologies, barcodes and
databases, RF Tags, etc, but this technological implementation is out of the aim of
this work; in fact it is concentrated on the information needed to ensure traceability.

Physical Object

*

0..1

Set of information
objects in life cycle 0..1
phase

1..*

ObjectInformation

0..*

Holon
depends on
1..*

Life cycle phase

Figure 4. Definition of Holon (derived from [13])

The proposed model is mainly focused on defining the Information needed to ensure
traceability (figure 5). ObjectInformation is a group of information that can summarize all the life of the product; it can follow the product during its lifecycle phases,
like, for example, during its production, or use. The ObjectInformation class contains
general information on the product as the identification, class and batch information,
a description of the product, it’s characteristics and the results of possible tests made
on it. The main elements of this class were derived from ISA/ANSI 95 and ISO
10303 AP 239 (PLCS).
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*
0..1

Set of information
objects in lifecycle
phase

Where

ObjectInformation

0..1

0..1

*

1..*

1
1

0..1

ObjectLot

*
*

*

*

0..1

defines
*

0..1

1

*

1

Description
ObjectTestSpecific
ation

ObjectProperties

*

defines

ObjectClass

uses
usesuses

depends on

*

Product Development

1

Product Production

1

is used in

is used in

Product Use

1

Product Dismiss

is used in

{disjoint, complete}
Life cycle phase

Figure 5. The Object Information schema

It also records information about the lifecycle of the product contained into four specialization of the Life Cycle Phase class (figure 6). This class describes a generic
phase of the lifecycle, using the Event, Activity and Resource classes. An Event
causes an Activity that uses Resources. The model can be used both for backward
both for forward traceability; for the backward it’ll use the EventAsOccurs class that
records how and when the event occurs and ActivityAsRealized class that describes
how the activity has been fulfilled. It is also possible to implement a Forward Traceability using the EventAsPlanned class that describes how and when an event has to
occur and the ActivityAsPlanned that explains how to do it. When the event and the
activity really occur they are recorded into the model as backward traceability, exploiting the EventAsOccurs and the ActivityAsRealized classes.
The model has a fractal structure. It is used recursively to describe the components of
the tracked product. All the classes are more detailed; for example ID is composed by
an ObjectId that identifies each istance of the physical product and a ONS (Object
Naming Service) as proposed by Auto-Id [5].
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8 Conclusions
With this work it has been proposed a innovative vision that is the Holonic approach,
for the traceability as well as the management of life cycle data. This innovative approach aims to foster interoperability along the diverse enterprise applications, in
particular at a manufacturing stage. We propose a meta-model supporting the informational part for the traceability of products (or Holons-products), along its life cycle.
This model was established, re-using, at best, existing work around some standards:
PLCS, Mandate, ANSI/ISA-95, PLM/XML and PML-EPC. The model is technology
independent and fits to different application domains. The model can trace the history of the product in details, or can be less detailed, but more compact such a way all
the information can be written on a 2D barcode. The model can also use a combination of barcode and remote databases; on the barcode could be written the most frequently used information; the remote database could record less exploited information. The model could also be implemented on RFID tags that could contain all the
necessary information. The ongoing research particularly relates to the methodological aspects regarding the modeling process of enterprise and manufacturing processes, by taking into account, a priori, the products traceability objectives during the
design stage and the integration phase of the productions systems, or when reengineering the existing ones. Also data management has to be deepened, especially the
security and the privacy which is an mandatory for consumers. Finally, cost estimation on the implementation and the management of traceability systems is needed.
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Figure 6. The Life Cycle Phase class
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Abstract
In business-to-business setting there is a growing need for organizations to be interoperable.
Information systems involved in automating parts of a business process need to be processaware, in order to become an integral part of it. Before automation is achieved, the part of the
business process to be automated needs to be made explicit and then operationalized.
Business process models could be used to make the process explicit. Domain standards could
be used to make it operational. However, there is no approach available to evaluate to what
extent both the chosen modeling technique and standard are able to cover the actual
requirements of the business process.
In this paper, we construct an evaluation framework to identify the fit between business
process requirements, a modeling technique and a standard. To construct the framework, we
first identify some important characteristics of a business process and then link them to the
FRISCO ontology of information systems concepts.
The framework we construct is very general. However, its elements could be further
elaborated to allow for a more detailed level of comparison. We demonstrate with an
example how the framework could be used to identify the fit between business process
requirements, a modeling technique and a standard. Improvement of the framework and indepth elaboration of its concepts will be subject of further research.

1. Introduction
In business-to-business settings, there is a growing need for different business organizations to
work together and communicate, in order to achieve the desired business goal. Computer systems
have a great potential to automate parts of the business communication and business processes. In
that respect, the notion of interoperability becomes of great importance. According to the IEEE
definition, interoperability is defined as “The ability of two or more systems or components to
exchange information and to use the information that has been exchanged”. However, it has been
argued that to achieve interoperability between organizations, the implicit notion of a system as a
computer-based information systems, needs to be expanded to organizational system as a sociotechnical system (see Stegwee & Rukanova, 2003).
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Following the ideas from organizational semiotics, it has been argued that in business
communication, information is inter-subjectively defined, and it can be faultlessly interpreted
only if the different parties share the same meanings and intentions (Stamper, 1996). Thus,
information directly depends on the context of communication (Vermeer, 2000). When two or
more information systems are involved in automating parts of a business process, they need to be
process-aware in order to handle complex communication. If we want to use computer systems to
support part of a business process, this requires the disparate information systems to be able to
express, and especially interpret a broader range of meanings. Thus, the applications that support
the business processes, not only have to be able to express what needs to be said, but also to
interpret it, and act upon this interpretation in an intelligent manner. Thus the shared
communication context of the business process needs to be captured and made operational. One
possibility to make this context operational and embed it in the system is by using domain
standards1 (see also Rukanova et al., 2003).
EDI2 standards promised significant advantages in facilitating the exchange between business
partners, reducing errors, increasing speed, cutting cost, and building in competitive advantage
(Kerke & Mukhopadyay, 1992; Mackay, 1993; Wrigly et al., 1994; Jelassi & Figon, 1994, Sokol,
1995; Damsgaardn, 2000). However, the EDI standards failed to capture the shared
communication context, in order to support the complex business communication. They were
more like languages for depositing character strings into a particular place of a remote computer,
than languages for exchange of knowledge. EDI standards were lacking clear and complete
lexicon; did not have fully specified grammar, and had nearly no semantics. Furthermore, the
focus of many IS professionals on EDI was how to provide technical tools, rather than to support
the way people do business (Huang, 1998; Covington, 1997; Kimbrough, 1999).
New standards, which strive to allow for interoperability between disparate systems, are currently
developed. These standards try to capture the communication context of a business process, in
order to allow for meaningful communication (for example, in the healthcare domain two such
standards are HL73 standard for clinical data interchange and DICOM4 for digital images).
Standard development organizations or consortia of companies develop such standards, based on
their specific interpretation of the domain. However, in order to have value for a particular
business process, a standard needs to be linked to a particular situation, which might be different
from what the developers had in mind. Thus, the standard needs to be evaluated (for a specific
business process) whether it can cover the communication context (of the particular business
process), which needs to be embedded in the system. Failure to cover parts of this context can
lead to inter-organizational interoperability problems. The communication context of a business
process might be to a large extent implicit. Thus, before making it operational (by using
standards), it first needs to be made explicit.
Models could be used to capture and to make this communication context explicit. A commonly
accepted way of modeling does not exist (Wand, 1989). However, the modeling power of various
methodologies, their weaknesses and strengths, can be analyzed in terms of ontologically based
common set of constructs (Wand et al, 1989; Söderström et al., 2002).
1

We will refer mainly to three types of standards: standards that define the meaning of the data, standards that describe
what is communicated in a message, and standards that define the intentions of the message.
2
More than thirty years ago the idea was born to eliminate the use of paper documents for exchanging business data,
by linking computer systems together. This concept became known as Electronic Data Interchange (EDI) and later on,
two domain standards emerged: ANSI X.12 and UN/EDIFACT.
3
4

HL7 is a HL7 standard for Clinical data interchange
DICOM: Digital Imaging and Communication in Medicine
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From the description above, a few issues arise. First, how to evaluate whether a modeling
technique has the capability to cover different elements of the communication context of the
business process? Second, how to evaluate to what extent a standard can capture these elements?
If we refer to the elements of the communication context of a business process, which need to be
embedded in the system, as business process requirements, we can rephrase the issues described
above as follows:
How to evaluate the fit between business process requirements, a modeling technique,
and a standard?
In this paper we construct an evaluation framework to identify the fit between business process
requirements, a modeling technique, and a standard. To construct the framework, we follow the
idea of Wand et al. (1989) and Söderström et al. (2002) and try to make the evaluation in terms of
an ontology-based common set of constructs. As we want to make the evaluation specific for a
business process, we first identify some important characteristics of a business process and then
link these characteristics with key concepts, defined in the FRISCO report (Falkenberg et al.,
1998). FRISCO provides the ontology to be used in constructing the framework. The framework
can be applied to identify mismatches at a high level. Each element of the framework could be
further elaborated. This would allow for a more detailed comparison. However, the improvement
of the framework and the thorough elaboration of its elements will be done in further research.
The rest of the paper is structured as follows: In part two, we explain our approach; we describe
some main characteristics of a business process and we introduce FRISCO, which we use for the
construction of the framework. In part three, we demonstrate the process of constructing the
framework and the elaboration of some of its elements. The use of the framework to identify the
fit between business process requirements, a modeling technique and a standard is illustrated in
part four. We end this paper with conclusions and further research.

2. Setting the basis
2.1. Approach
In order to evaluate the fit between business process requirements, a modeling technique and a
standard, we will follow the idea of Wand (1989) and Söderström et al. (2002) and try to make
the evaluation in terms of ontologically based common set of constructs.
We take the FRISCO report as a starting point, because we try to make the comparison at a level,
at which we can also consider the appropriateness of a standard to make the business process
requirements operational (that is, to embed them in the computer system). The goal of FRISCO is
to help solving the problem of miscommunication between parties, coming from different
domains, by providing a commonly accepted conceptual reference and terminology. However, the
concepts in FRISCO are generally defined and do not directly refer to a business process. In order
to facilitate the evaluation of the fit between business process requirements, a modeling technique
and a standard, we need to be able to capture abstract elements related to business processes and
link them to concepts from the information systems domain. Thus, we construct a framework for
evaluating the fit between business process requirements, modeling technique, and standard by
linking business process concepts to FRISCO concepts.
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To construct the framework, we first identify some key concepts, characterizing a business
process. We then try to link them with key FRISCO concepts. At the end we use some additional
literature to complete the framework.
In the next section we identify some key concepts related to business processes.
2.2. Key elements of a business process
Business processes are widely discussed in literature. In order to understand the main
characteristics of a business process, we will look at how a business process is defined. In this
paper we do not aim to conduct a full analysis of business process concepts. Rather, we will try to
come to a first operationalization, so that we can illustrate the idea of how a comparison between
business process concepts, a modeling technique and a standard can be done.
Davenport (1993, p. 5) describes a business process as “a chain of activities whose final aim is
the production of a specific output for a particular customer or market”. According to Ågerfalk
(1999), a business process consists of activities ordered in a structured way with the purpose to
provide valuable results to the customer. And further, according to Stock and Lambert (2001), a
business process can be viewed as a structure of activities designed for action with focus on the
end customer and the dynamic management of flows involving products, information, cash,
knowledge and ideas. Fernandes (2001) refers to a business processes from a more organizational
perspective. According to him, in an organization with business process thinking, the emphasis is
on the process, as opposed to hierarchy. The vision in business process oriented companies is
derived from customer requirements. And according to McCormack (1999), a business process
view captures the process from beginning to end.
Table 1 below is a summary of these ideas. The table is organized in terms of authors and
business process related concepts.
Authors

Davenport

Ågerfalk

Stock
and
Lambert

a chain of
activities

activities
ordered in a
structured way
Purpose

structure
activities

Concepts
Activity
Structured order
of activities
Aim
Result
(Value)
Customer

final aim
production
specific
output
particular
customer or
market

valuable
results
customer.

Fernandes

McCormack

of

End customer

customer
requirements

Beginning to end

beginning
end

to

Table 1: Some key business process concepts

The list of elements, describing a business process is not complete and is based on a limited
literature review (this list will be enriched in our further research). However we can use it to
illustrate how business process concepts can be linked to ontology of information systems
concepts.
2.3. FRISCO
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In the FRISCO report (Falkenberg et al., 1998), a number of assumptions are made, and
different definitions are introduced. Some of the concepts are fundamental concepts, for example
“thing” and “relationship”. Composite concepts, such as “action” and “actor”, are defined using
predefined concepts. Some of the characteristics of the predefined concepts are inherited by the
composite concepts. For instance, in the definition of the composite concept “action”, the concept
“transition” is used. That means that “action” inherits characteristics of a “transition”. When we
construct the framework, we use composite concepts. Each of them however could be further
elaborated.
Why do we need FRICO? As we said in the beginning of this paper (See part 1), when two or
more information systems are involved in automating parts of a business process, they need to be
process-aware, in order to handle complex communication. Thus we need to find a way to link
abstract business concepts to information system concepts, so that we are able to capture and
make operational the shared communication context of the business process. The concepts
defined in FRISCO can help us establish this link.
In this section we do not define the FRISCO concepts. A complete definition of these concepts is
easily accessible via the Internet.

3. Constructing the framework
3.1. Construction of the high-level framework
In this section we construct a framework to allow for identification of fit between business
process requirements, modeling techniques, and standards, using business process concepts and
FRISCO concepts. This is a high-level framework and each of its elements could be a subject of
further elaboration.
Activity is a key concept defining a business process. Activity within a business process could be
presented as “action” in terms of FRISCO. From the definition of “action”5 we can see that an
action has a “pre-state” and a “post-state.” In its “pre-state” it consists of non-empty set of
“actors” and other things (“actands”), and an empty or not empty set of “actors” and “actands” in
its “post-state”. This means that an activity in a business process can be represented in terms of
FRISCO as shown in Figure 1.
In Figure 1, the squares represent
different states; the oval represents an
action; the arrow pointing from the prestate to the post state and crossing the
action indicates that an action is a
transition.

Pre-sate
Actors (R)
Actands (R)

Post-state

Action

Actors (O)
Actands (O)

Figure 1. Business process activity in terms of FRISCO

5

An action is a transition involving a non-empty set of actors in its pre-state, and, if not "destroyed" or "consumed" by the action, in
its post-state as well, and involving a non-empty or empty set of other things (actands) as part of its pre–state, and having a non-empty
or empty set of other things (actands) in its post–state. (FRISCO, p.100)
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In the pre- state of an action there is a non-empty set of actors and actands ((R) stands for
required or non- empty). In the post-state the set of actors and actands might be empty or not
empty ((O) stands for optional).6
We can continue with the construction of the framework, now including the concept of a business
process itself. A business process consists of activities ordered in a structured way and it has a
beginning and an end (See Table 1). A similar concept in FRISCO is the “composite action,”
which is defined as a structure of actions, with a unique “pre-state” and a unique “post-state.”
Thus the business process itself could be presented as a composite action (see Figure 2), which
contains actions. In Figure 2 the fact that we have a number of actions is represented by “Action
1..N,” and each action has the characteristics described in Figure 1. The actions (1..N) form the
composite action (this is represented by the double-lined shape that originates from the composite
action).
The “time” concept could help expressing the business process concept “activities ordered in a
structured way”. It will govern the order of the occurrence of the different actions within the
composite action. Also, in FRISCO, the allowed states and transitions are specified by the “rule.”
Thus, the “time” and “rule” concepts are added in the framework, to both composite action and
actions. They are depicted with shaded rectangles. The strait lines link “time” and “rule” to the
concepts, to which they apply.
Customer is another important concept of a business process. To illustrate that a customer is an
external party of the business process, we use the FRISCO concept of “system”. As the concepts
that we use to construct the framework are “things”, in terms of FRISCO, and the concept of
domain applies to all “things,” we included it in Figure 2 as well. To make the picture complete,
we added also the concept of “domain environment” (system, domain and domain environment
are represented with dotted rectangles).

6
Figure 1 has commonalties with Petri nets, where the states (the pre-state and the post-state) could be seen as places (an input place
and an output place) in Petri nets, and the Action corresponds to transition. However, we aim to achieve detailed elaboration of each
of these concepts in order to be able to better capture the communication context of a business process.
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Domain Environment
Domain

System

Rule

Time

Substantive aspect
Communicative aspect
Control aspect

Pre-sate

Post-state

Composite action
(Business process)

Actors (R)
Actands (R)

Time

Pre-sate 1..N
Actors (R)
Actands (R)

Action
1..N

Actors (O)
Actands (O)

Substantive
Communicative
Control

Post-state 1..N
Actors (O)
Actands (O)

Rule

Figure 2: High-level evaluation Framework

Up till now we managed to cover most of the business process related concepts, described in
Table 1. However, we need to take into account that a business process could be viewed from
different aspects. In literature there is often the distinction between substantive actions and
communicative actions (Stamper, 1988; Goldkuhl, 2001). Stamper (1988) refers also to a third
type: control. The substantive aspect focuses on activities that take place in order to achieve the
goal. The communicative aspect refers to the messages necessary in order to have the substantial
activities in place effectively. The control aspect comes to assure that the necessary activities are
being performed. Minzberg (1983) and Galbraith (1977) elaborate on the concept of coordination,
which includes both the control and communicative aspects. We can then say that a composite
action (business process) consists of substantive, communicative, and control aspect (on figure 2
this is presented with brackets, where the dotted line expresses that a composite action can be
decomposed to these three aspects). The same is true for action.
3.2. Elaboration of concepts of the framework
What we did up till now was to try to link some important business process related concepts to
Information systems concepts, defined mainly in FRISCO. Each element in the framework is a
composite concept that can be further elaborated. This could allow to identify the fit between
business process requirements, a modeling technique and a standard at a more detailed level.
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Below we demonstrate the elaboration of some concepts. A complete elaboration, however, will
be a subject of a further research.
An important characteristic of a business process is that it has a purpose (aim). This could be
represented through the concept of “goal”. In FRISCO “the goal of an action is a special input
actand of that action, pursued by the actors of that action and stating the desired output state
intentionally.” When we relate the goal concept to the business process, two types of goals can be
identified: the goal of the composite action (as one type of input actand of the composite action)
and the goal of the individual actions (as a type of an input actand of the constituent actions). The
goal of the composite action is a high-level goal, which relates to the aim of the business process.
Each of the constituent actions has its own goal, which is governed by the goal of the composite
action. In Figure 3B, the main goal of the business process is presented as elaboration of the
concept “actand” in the pre-state of the composite action (the elaboration of the concepts is
presented as a dotted rectangle linked with dashed lines to the main concept. A number of
concepts in the dotted rectangle can link to one main concept). The symbol (G) next to Goal
indicates that this is a main goal. The lower level goals of the actions contained in the composite
action are presented as elaboration of the concept “actand” of the pre-states (1..N) of the
constituent actions. We call them goal 1..N (G) to represent that each action has its own goal,
which is governed by the goal of the composite action (see Figure 3B).
Pre-state 1..N
(action)

Pre-state
(Composite
action)

Actand (R)

Goal (G)

Actand (R)

Goal 1..N (G)

Figure 3A: Elaboration of actand: goal as a special

Figure 3B: Elaboration of actand: goal as a special

type of actand in the pre-state of the composite

type of actand in the pre-states of the actions 1..N.

action

The purpose of a business process is to provide a valuable result. Thus defining a separate
concept concerning the result is important for the framework. Although a “result” concept is not
explicitly specified in FRISCO, by using the analogy with goal, we will include the result as a
part of the post-states of the composite action and actions respectively (See Figure 4A and Figure
4B).
Post-state

Post-state

(Composite
action)

(Action 1..N)

Actand

Result

Actand

Figure 4A: Elaboration of actand: result as a special
type of actand in the post-state of the composite
action

Result (1..N)

Figure 4B: Elaboration of actand: result as a special
type of actand in the post-state of the actions 1..N

Customer is another important concept of a business process. In terms of FRISCO the “goal
pursuing actor” of the composite action could capture this concept. As the customer is external to
the system, we will call him an external goal-pursuing actor. We will call the actors, pursuing the
goals of the individual actions internal goal-pursuing actors (See figure 5A and 5B).
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Pre-state
(Composite

Pre-state
(Action 1..N)

action)

Actor (R)

Goal-pursuing actor

Actor (R)

(External)

Figure 5A: Elaboration of actor: the external goalpursuing actor as a special type of actor in the prestate of the composite action

Goal-pursuing actor
(Internal)

Figure 5B: Elaboration of actor: the internal goalpursuing actor as a special type of actor in the prestate of the actions 1..N.

In this paper we will go no further in improving the framework and elaborating the concepts. This
will be a subject of future research.

4. Usage
In the introduction we stated that information systems need to be process-aware, in order to
become an integral part of the business process. We also pointed out that different modeling
techniques could capture the requirements of a business process. Standards can be used to embed
these requirements into the information system. The main concern was how to identify the fit
between business process requirements, a modeling technique and a standard. In section 3.1., we
constructed a general framework to help in identification of this fit. The framework links some
business process concepts with information system concepts. In section 3.2., we illustrated how
concepts of the general framework could be further elaborated. This elaboration could allow for
identification of the fit on a more detailed level. Although neither the framework nor the
elaboration of the concepts is complete, below we illustrate the use of such an approach with a
simple example.
We take as an example a business process from the Healthcare industry. For one requirement of
the business process, we evaluate to what extent it could be covered by a certain modeling
technique and a standard. The modeling technique that we analyze is “process charting” and the
standard is the HL7 v3.0 standard.
Brief description of the business process
Let us look at a situation, where a doctor requests a laboratory to do a blood test. To do the test,
the laboratory needs to perform several activities. First, it needs to obtain a blood sample from the
patient. After that, the sample has to be transported to a specified location for analysis. Once the
sample is analyzed, the results are interpreted, before being sent to the interested parties.
Using the framework to specify business requirements.
Let us have a situation, where parts of the business process described above (e.g. ordering of a
blood test and receiving of observation results) need to be supported by disparate applications.
We have to identify which elements of the business process need to be captured and embedded
into the computer systems.
Walking through the elements of the framework (See Figure 2) and brainstorming with parties
involved in the business process, we might identify, that knowledge about actors needs to be
embedded in the systems. For example, it might be important to know who orders a specific
blood test; who collects the samples; who interprets the results. Thus, one important business
requirement is to be able to capture the concept of actor. For the purpose of this example we
focus only on this requirement. Below, we analyze whether the chosen modeling technique and
the chosen standard could cover this requirement.
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The modeling technique
For the purpose of this example we evaluate a modeling technique used in practice called
“Process charting” (McSheffrey, 2001). With the process charting, it is possible to model a
business event, a business result, elementary processes, mandatory sequences and optional paths
(See Figure 6).

Business
event

Business
result

Process

Mandatory
sequence

Optional
path

Figure6: Notation of elements, used in process charting.

Let us try to analyze, which elements of the framework does the process charting cover. The
business event refers to the pre-state of the composite action (an example of a business event
could be the order of a blood test) and the business result refers to the post-state of the composite
action (an example could be the receipt of the observation result). This business event indicates
the desired outcome of the business process, so we can link it to the goal of the composite action.
The business result refers to the result of the composite action. (See Figure 3A and Figure 4A).
Processes corresponds to actions within a composite action; the time concept of the framework
can be covered by concepts of mandatory sequence (mandatory sequence can capture the relative
time). The allowed set of business events, business results, processes, mandatory sequences and
optional paths is governed by rule.
In summary we can say that the “process charting” covers the following elements of the
framework7: the goal and the results of the composite action, the actions within the composite
action, the time and the rule concepts.
In the previous section, for our blood test example, we identified the need to capture the
knowledge about actors. In this section, we analyzed the process charting as a modeling
technique. However, from the description above it is clear, that with the process charting the
concept of “actor” cannot be modeled8.

The standard
For the purpose of this example we look at the HL7 v.3.0. standard, which is a leading standard in
the Healthcare industry. For simplicity reasons we only check whether the concept of actor can be
covered using this standard.
The HL7 v.3.0. standard is developed based on the HL7 Reference Information Model (RIM).
The RIM captures important concepts from the Healthcare domain. Although the RIM is very
generic, it is the starting point for deriving more concrete models, like the Domain message
information models and the Refined message information models, which capture the information
exchanged between different applications (that take part in the business process).
The HL7 RIM identifies two major "high-level" concepts that are fundamental to understanding
the world of healthcare information: intentional "actions" or "services" (Acts), and "people,
7

We also refer to the elaboration of the concepts of the framework
There are other elements that cannot be modeled with process charting, but for the purpose of this
example we will focus on the concept of actor
8

Page 22

10

INTEROP-ESA'05
places and things" that are of interest in the world of healthcare (Entities). The RIM places two
additional classes - Role and Participation - between Act and Entity. The Role class models
several important concepts. First, Role captures the fact that the various "static" entities may
"temporally" assume one or more "roles" in a particular healthcare context. Second, the concepts
of "capability" are also modeled using instances of the Role class. A special class “Participation”
is introduced to identify “Entity-in-a-Role”, which participates in a specific “Act.”
Going back to our example, we can say that the concept of “actor” can be represented in terms of
the RIM concepts as Entity in a Role, which participates in a specific Act.
Within the example described above we used the framework to specify one requirement of a
business process (the requirement that knowledge about actors needs to be embedded within the
systems, supporting the business process). We evaluated process charting as a modeling
technique and we identified that it cannot cover the concept of actor. We analyzed the HL7 v. 3.0.
standard and we found out, that the concept of actor could be captured. Thus we identified a
mismatch between a business process requirement, a modeling technique and a standard. This
mismatch might not allow knowledge about the actor to be embedded in the information system
(even if the standard is capable to cover the concept of “actor”, the chosen modeling technique is
not able to model this business process requirement). The result could be a technically
functioning system, which however might not be able to become a fully integral part of the
business process.

5. Conclusions and further research
We started this paper saying that systems, used to automate part of a business process, need to be
business process-aware in order to become an integral part of it. We pointed out the need to
evaluate the fit between business process requirements, a modeling technique and a standard. A
framework was constructed to facilitate the evaluation of this fit. We further argued a mismatch
between the requirements, the modeling technique and the standard can pinpoint interorganizational interoperability problems. In that respect the framework could be used as a tool for
such problem identification. The intended use of the framework was demonstrated with a simple
example.
The question that we asked in the beginning of this paper was how to evaluate the fit between
business process requirements, a modeling technique and a standard. For simplicity reasons, we
presented a very small example of how to identify this fit. The purpose of this example was
mainly to illustrate how to work through the framework. However, we can envision situations, in
which more complex analysis needs to be performed. For instance, concerning the modeling
technique, such an analysis might lead us to the conclusion that the modeling technique does not
provide the means for synchronization of process steps, thus it does not provide enough richness
of the rules (this can be identified by the rule concept of the framework and its elaborations).
Similar analysis could identify gaps in the standard. For instance, in the HL7 v.2.2., the concepts
of a “general practitioner” did not exist (in the US, where the standard is developed, the concept
of general practitioner does not exist, however, in other countries using the standard, it does).
This gap can be identified through the actor concept of the framework and its elaboration.
Further, the HL7 standard is very limited in terms of modeling the sequence of actions, which is
suggested by the rule and time elements of the framework.
In this paper we constructed a general framework. This framework can be seen as a first attempt
to reason about to what extent a modeling technique and a standard are capable to cover the
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actual business requirements. Such an evaluation is needed, to check whether the chosen
modeling technique is capable to make explicit and correctly capture the business process logic
and whether a chosen standard is capable to formalize it. As argued earlier, such an evaluation is
important, so that interoperability problems can be identified at an early stage.
Each element of this framework could be further elaborated. This would make possible to have a
more accurate comparison between requirements of the business process, the modeling technique
and the standard. However, the improvement of the framework and the thorough elaboration of its
concepts will be a subject of further research.
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Abstract. Large, industry-wide interoperability projects use syntax-based standards approaches to accomplish interoperable data exchange among enterprise
applications. We are investigating Semantic Web to advance these approaches.
In this paper, we describe an architecture for Semantic Enterprise Application
Integration Standards as a basis for experimental assessment of the Semantic
Web technologies to enhance these standards approaches. The architecture relies on our automated translation of the XML Schema-based representation of
business document content models into an OWL-based ontology. Based on this
architecture, we use the Semantic Web representation and reasoning mechanisms to support consistency checking of ontological constructs and constraints
specified within the ontology. The proposed architecture is relevant (1) when
managing multiple enterprise ontologies derived from, and dependent on, a
common ontology and (2) when dealing with model-driven integration using
customizable interface models and testing of such integration efforts.

1 Introduction
The scope of the effort reported in this paper is defined partially by the type of industrial problems we identify and partially by the traditional standards usage for enterprise application integration (EAI). Both are discussed below.
1.1 A Prototypical Problem
Two independent but related industry consortia have developed enterprise application integration standards in the form of business document content models. Standards in Automotive Retail (STAR), an automotive retail consortium, has developed
XML Schema-based standards to encode business document content models enable
message exchanges among automotive manufacturers and their retail houses. Each
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STAR application adopts and implements the proposed STAR XML-based interface
model [1]. Automotive Industry Action Group (AIAG), an automotive supply chain
consortium, has developed XML Schema-based standards to encode its own business
document content models that enable message exchanges among automotive manufacturers and their suppliers. Each AIAG application adopts and implements the
AIAG interface model [2].
Both STAR and AIAG base their interface models on the same ‘horizontal’ XML
document standard – the Open Applications Group (OAG) Business Object Documents (BODs) [3]. The OAG BODs are specifications of general XML Schema components and general aggregations that make up XML Schema-based business
document content models from these components. STAR and AIAG independently
use the OAG BODs specifications to customize their own business document content
models and define rules of usage and constraints. Typically, usage rules and constraints are captured outside of the XML Schema using syntactic constructs such as
Schematron. A significant manual task is required to identify and reconcile differences among constraints and rules of the two standards [4]. Consequently, major
problems can arise whenever a STAR application attempts to exchange automotive
parts ordering data with an AIAG application.
In this paper, we describe an approach to enable automated checking of compatibility among rules and constraints that are independently developed within the two
(or more) standards that have a common terminology as their bases. Once this approach is implemented, we expect more capable testability of integration efforts and,
consequently, more efficient application integration.
1.2 Traditional EAI Standards Architecture
Enterprise application integration (EAI) is being used extensively today. The left
portion of Figure 1 shows how a traditional EAI standards architecture could be applied to our STAR-AIAG integration problem assuming, a pure XML Schema-based
approach. The following steps are required to translate data and to verify the business
document translation:
1. Identify and resolve manually any semantic and syntactic similarities and differences between the interface models.
2. Create two XSLT stylesheet transformations from source to target and vice versa.
3. Based on 2, apply translation to the source XML Schema interface model to
obtain a business document conformant to the target XML Schema interface
model.
4. Validate translation using equivalence test. This validation may be done by applying an equivalence test between the initial source business document and the
final source business document that is obtained through a sequence of two (forward and reverse) translations compatible with XSLT transformations from step
2.
Validation using an equivalence test is not straightforward because issues that require capabilities beyond a simple, syntax-based equivalence checking arise often.
Consider the following two examples. First, elements that are ordered differently
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syntactically may, in fact, be equivalent semantically, if that order is not significant.
Second, a time period can be specified either by a start date with an end date or with a
start date and a duration. While they are semantically equivalent, they are syntactically quite different.

Fig. 1. Traditional and Semantic Web-based EAI Standards Architectures.

2 A Semantic Web-Based EAI Standards Architecture
For our approach, which is shown in the right portion of Figure 2, we use the OWLDL Web ontology language to integrate enterprise applications. The language is
based on a subset of the First Order Logic formalism called Description Logics. To
do this, we assume that the OAG, STAR, and AIAG business document content models have been rendered into OWL-DL ontologies – a step that will be discussed in
detail later in the document. This, in turn, enables us to readily use automated reasoning methods provided by DL reasoners such as Racer [5]. These reasoning methods
are fundamental enablers of automated transformations, mapping and translation
functions, between OWL-DL interface models that are independently developed but
based on a common terminology.
The following steps are envisioned to translate and verify the translations in the
proposed architecture. We provide details of executing these steps below.
• Perform model-based equivalence analysis of STAR and AIAG schemas.
o Create ontologies of the common OAG-based general terminology and
from respective XML Schemas for STAR and AIAG.
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Create a merged ontology from independently developed STAR and
AIAG ontologies and check for unsatisfiability.
o Identify similarity between two schemas based on the comparison of
their respective semantic models. (We assume that a high degree of
equivalence may be obtained as a result of common usage of core components of the OAG standard.)
Apply semantic translation using the merged ontology and an OWL-DL reasoner.
o Translate the source (STAR) XML instance to the source (STAR) OWL
representation.
o Check for consistency and sufficiency w.r.t the merged (sourceSTAR+target-AIAG) ontology.
o Classify the source OWL individual into the target ontology (AIAG)
and perform validation and serialization.
o

•

3 A Semantic Web-based Integration Methodology
Figure 2 illustrates the proposed Web-based integration methodology using a scenario-based view of the semantic integration architecture. The top portion shows the
ontology-creation activities. These activities, which occur at design time, help us to
define and test possible interoperable data exchanges. The bottom portion shows
translation activities. These activities, which occur at run time, help us to reason
about concrete XML data to transform the data from one format to another.

Fig. 2. Scenario-based view of the semantic integration architecture.
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We give a brief summary of the sequence of the eleven activities shown in Figure 2.
1. Apply Xsd2Owl Transformation. We began by applying an automated transformation to the OAG XML Schema representation to obtain an OAG OWLbased generalized ontology. This is a generalized ontology that contains concept
descriptions only and no definitions 1. The automated transformation was possible because we took into account the decisions and the rationale that led to the
OAG components and document design. The automated transformation is captured in the XSLT transformation rules.
2. Calculate concept subsumption and check satisfiability of the new OAG
ontology. This results in a new subsumption hierarchy for the OAG generalized
ontology and an indication from the reasoner that the new ontology is either satisfiable or not. It can be unsatisfiable for several reasons. For example, an element that is mandatory in the super-type declaration is only optional in the new
declaration. All such conditions must be resolved before proceeding.
3. Create an OAG regular terminology. Once we have a satisfiable generalized
terminology, any individual application integrator, typically a human being, can
use the terminology to specify additional constraints or to provide definitions for
concepts in a particular context. The original STAR and AIAG Schemas include
free-text descriptions of the additional document constraints that need to be ‘layered on top’ of the OAG generalized terminology. For each such schema, these
constraints are used to specify concept definitions based on the original concept
descriptions. The outcome of this step is a regular STAR or AIAG terminology.
4. Check satisfiability of each individual regular ontology. Similar to Step 2, the
outcome of this step is an indication from the reasoner whether each individual
ontology is satisfiable. All unsatisfiable conditions must be resolved before proceeding to step 5.
5. Apply automated transformation from source (STAR) XML data to OWL
data. This step initiates the run-time activities required for a successful and interoperable data exchange. We transform XMLSchema instances into OWL-DL
individuals that conform to the OWL model-based assumptions used in ontological reasoning. The outcome is transformed STAR OWL data that corresponds to
the initial XML data.
6. Validate source data. Validation of STAR OWL data includes consistency
checking under both Open World Assumption (OWA) and Closed World Assumption (CWA). The outcome of this step, if successful, is an indication from
the reasoner that the STAR OWL data are consistent with respect to the STAR
ontology. An individual is valid only if it is consistent (belongs to specific concept) in both OWA reasoning and CWA reasoning. Validation is necessary to
check the transformation and to check other semantic constraints, which are de1 Concept refers to expressions that define a class in the OWL-DL language, which also
provides constructs for establishing relationships between concepts. The meaning of concepts
is specified using logical semantics, which distinguishes between concept description and
concept definition. Concept description refers to a class with necessary conditions only; concept definition refers to a class with both necessary and sufficient conditions.
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fined in the corresponding ontology. Examples of such constraints include additional semantic business rules based on Schematron rules and free-text descriptions provided with a schema.
7. Create a merged ontology. In order to translate from STAR to AIAG OWL
data, we need to create a merged ontology from the two individual ones and calculate new, concept-subsumption hierarchy2. Because new independently defined
ontologies are based on the same generalized OAG terminology, a reasoner may
combine axioms and calculate the new, concept-subsumption hierarchy. In the
merged ontology one concept might be dependent on some concepts in the other
ontology namespace. The merged semantics provides support for inferences over
the source data that may yield unexpected results (such as those we discussed in
the previous section).
8. Check satisfiability of the merged ontology and consistency of the source
(STAR) data with the new ontology. The successful outcome of this step is an
indication from the reasoner that the merged ontology is satisfiable and, similarly, that all STAR OWL source data are consistent with respect to the merged
ontology. Because the integration tool is a complete reasoner that includes
consistency checkers, all axioms of the merged ontology must be loaded. The
tool has to check satisifiability for every concept of the merged ontology and
consistency of source individuals with respect to the merged ontology.
9. Compute classification of the source (STAR) OWL data in the target
(AIAG) ontology. Assuming successful completion of the preceding steps, then
we can use the individual classification capability of a DL reasoner to compute
target data in the AIAG ontology. The result is an assignment of the STAR
OWL data to the specific AIAG class(es). At this point, specific STAR XML
data may be successfully translated into target AIAG XML data. This, however,
doesn’t mean that all STAR data may be successfully translated to AIAG.
10. Apply validation of newly created target (AIAG) OWL data. The outcome of
this step, if successful, is an indication from the reasoner that the AIAG OWL
data are consistent with respect to the AIAG ontology. As discussed above, this
requires OWA consistency and validation that the same individual is a valid
instance of the target concept in the CWA reasoning. The individual consistency
checking in OWA is already done with respect to the merged ontology. The
OWL individuals classified to the AIAG concept hierarchy have to be checked
for sufficiency with respective to target (AIAG) concepts. If an individual is
inconsistent in CWA, then translation is not possible. If successful, however,
then we can be sure that specific XML source data can be translated into a target
OWL data and that the integration will succeed.
11. Apply serialization of AIAG OWL data into AIAG XML data. The outcome
of this step is an AIAG XML instance that preserves semantics defined in the
original STAR OWL data. For serialization into XML format we use concept
and property hierarchy. If we use default XSD serialization from our OWL ontology, then the serialization is also provided. If we have a customized mapping

2

We include this step in the run-time activities, but it could also be done at design time.
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to specific XMLSchema syntax (e.g., a sequence of elements defined in separate
file), then that serialization is dependent on the mapping rules.

4 Initial Findings and Lessons Learned
In this section, we discuss some initial findings and lessons learned.
4.1 Individual Equivalence Test
When dealing with B2B application integration, it is imperative to determine if two
business documents are semantically equal. As mentioned before, during XML to
OWL transformation, every new OWL individual is assigned a new URI identifier.
That identifier is only necessary for individual classification and its actual value is not
significant. That means that the same XML business document instance may be transformed to individuals with different URI identifiers but the same content. For
datatypes, "semantically equal" means that the lexical representation of the literals
maps to the same value. For individuals it means that they either have the same URI
reference or are defined as being the same individual. We have developed a tool that
helps us to do this. It is described below.
For every individual, the testing tool creates a temporary concept definition that
contains the values constrained to the values specified in the individual properties. In
addition, cardinality constraints on the properties of the temporary concept definition
are based on the property occurrence in the particular individual. All the temporary
concepts are considered by the reasoner to determine mutual equivalence. Then, for
every pair of equivalent concepts, the tool asserts sameAs mapping between two individuals. This means that the tool creates an assertion that explicitly defines equality
between the two individuals. That new assertion will help the reasoner to calculate
any new equivalence. For example, two aggregate concepts may be determined
equivalent based on individual concept equivalence. The process is iterative and will
end when no new concept equivalence is identified.
We emphasize that a reasoner can calculate a new subsumption tree and identify
new concept equivalence by taking into account both concept definitions and individual assertions.
4.2 Concept equivalence with inconsistent business document instances
We investigated whether two ontologies can facilitate interoperable data exchange
and we used reasoner capabilities to perform satisfiability check between them. We
determined that a necessary condition for interoperable data exchange is that there are
no contradictory concepts in the merged ontology. It is, unfortunately, not a sufficient condition because some individuals may violate business constraints defined for
a particular concept. Consider the following example.
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Suppose a mandatory property, a necessary condition, is present within the target
concept. Since the reasoner uses only definitions to calculate subsumption and
equivalence among concepts and since a mandatory property is only a necessary
condition, it will not be part of definition. This may give rise to an inconsistent source
individual if the source concept specifies that property as optional. In a general case,
any logical constraint that is not a part of either target or source concept definition but
only their necessary conditions may cause a similar inconsistency and prevent interoperable data exchange.
Human designers face a similar problem every time they create a normalized ontology for a new business document content model specification. This problem deals
with establishing whether an axiom is a part of concept definition, which includes
necessary and sufficient conditions, or only a part of concept description, which includes necessary conditions only. This distinction is critical because a concept definition is the mechanism used to classify concepts.
We are in a position to develop a tool that helps the designer evaluate alternative
ways to specify concept description and concept definitions and to determine the
potential drawbacks of each. We also plan to investigate ontology design patterns,
which may avoid the “concept equivalence-individual inconsistency” type of translation problem. Additionally, we may expand default reasoner satisfiability checking to
provide additional testing capability.
4.3 Lessons Learned
Based on our initial examination of Semantic Web technologies, we believe that they
are sufficiently mature to allow experimental assessment in a fairly realistic enterprise-application-integration context. Our experiments used production-level XML
Schema encoding of OAGIS 9.0 core components. The Xsd2Owl transformation
takes a complete set of core component types from OAGIS 9.0 and is capable of
creating OWL-DL ontology successfully. We worked successfully with some, but
not all, examples of XML Schema definitions for OAGIS Business Object Documents (BODs).
The currently available tools are clearly not sufficiently robust and scalable to warrant risk-free development of specialized add-on tools to support industrial interoperability efforts with all the complexities typically encountered. However, the rate of
maturation and adoption of these tools is encouraging and it seems that these issues of
robustness and scalability may be addressed in the near future.
When planning for future usage of the Semantic Web technologies within realistic
industrial enterprise application integration efforts, it is important to provide a transitioning path for moving from XML Schema-based to OWL-based application integration. While there are potentially other significant issues, one that we addressed successfully early on is to show that it is possible to translate XML instances into OWL
individuals and, in the opposite direction, to serialize OWL individuals as XML instances conforming to a specific XML Schema. This capability is important when
presenting these new approaches to industrial communities as it shows that the existing legacy applications do not have to change all their interfaces over night to enjoy
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the benefits of this new technology. We were encouraged by the initial positive reactions from industry to the initial results from our experimental approach.

5 Conclusions
In this paper, we described a Semantic Web-based approach and a methodology to
enhance syntax-based standards for enterprise applications integration (EAI). The
methodology contains a number of integration and validation steps that are performed
both at design time and run time. During design time, the methodology supports
development of generalized and normalized ontologies and allows model-based
similarity analysis of these ontological models. During run time, the methodology
enables semantic translation of instances of business documents using the previously
developed ontologies and automated reasoning tools.
Initial findings in testing the methodology show interesting capabilities such as the
ability to perform individual equivalence tests that are content based. Through experimental work, we have gained a significant insight into the issues of necessary and
sufficient conditions for achieving interoperable data exchange. The lessons learned
so far indicate that the Semantic Web technologies are sufficiently mature to allow
experimental assessment in a fairly realistic enterprise application integration context.
Our immediate future work will focus on further assessment of the initial ideas for
Semantic Web-based EAI standards. The work will draw from on-going industrial
standards-based integration efforts such as the ones going within STAR and AIAG
industrial groups. We expect to identify key technical issues for the proposed approach, and through experimental demonstration show how such issues may or may
not be addressed using the proposed approach. Our key contribution, we anticipate,
will be to provide an increased understanding of whether and how Semantic Web
technologies may be applied in a near future to realistic industrial integration efforts.

Disclaimer
Certain commercial software products are identified in this paper. These products
were used only for demonstration purposes. This use does not imply approval or
endorsement by NIST, nor does it imply these products are necessarily the best available for the purpose.
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Abstract. The significance of electronic information exchange in transport
chains and its influence on the performance of the logistics processes is wellknown. While much focus is still on the various techniques for information exchange, many SMEs experience problems that are not primarily caused by an
absence of technology. Several advanced solutions exist but investment possibilities within many SMEs are very limited while their needs for electronic data
exchange may be very similar as for the large companies. We describe a
general “adapter” solution based on open source freeware that make it possible
(in principle) for any business system to exchange information with any other
business system. It has been successfully applied in a pilot study involving two
companies (the transport operator being an SME) using different business systems (Hogia Mobilast and Movex). The solution was evaluated with the result
that it met the requirements of the companies and is now planned to be used for
future data exchange between the companies.

1 Introduction
A transport chain usually involves a large number of actors, and in order to reach an
acceptable level of efficiency it is important to synchronize these actors and their
activities. For example, information concerning the status of the cargo needs to be
available to the right person, at the right place, and at the right time. Although this is
obvious for everyone involved and that advanced technology to collect and distribute
information exist, this is seldom achieved. We argue that the main reasons are not due
to lack of solutions, but rather based upon difficulties to integrate existing software
systems and the high costs associated. Many companies are small or medium-sized
enterprises (SMEs) with a limited possibility to invest in the existing solutions, while
their needs to perform electronic data interchange to act competitive may not be so
much different from those of the large companies. Instead, a large amount of transport-related information, such as bookings and cargo specification, is exchanged
manually via fax machines and phone. Problems that arise due to the manual work
required are for instance that information may not be accessible at a certain place
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when needed and also information duplication is complicated. The question that remains to be answered then is; are advanced and expensive systems required to solve
these problems, or are there other, simpler and less expensive, solutions?
The project “Transport informatics for increased cooperation between the parts in
a logistic chain”, also called AIS 42, (http://www.ec.se/ais/) focused on this
question. The project had a reference group of companies located in, or close to, the
city of Karlshamn, Sweden. One of the goals was to show that by using only simple
and cheap solutions it is possible to establish adequate electronic information exchange between different actors in transport chains that have different prerequisites
and preferences. The overall aim of the project was to develop and demonstrate the
use of a common platform where the companies are able to exchange the necessary
information between themselves as well as their other customers and suppliers.
Moreover, the platform should work independently of the existing information systems and routines used by the different actors.
The project was based on two case studies of which we will focus on one. These
were studied in detail and the needs for improvements to support the transport activities were identified. The needs were analyzed and classified into categories such as:
- simplification of transport booking and other administrative activities,
- tracing and positioning of goods and carriers,
- deviation detection,
- support for calculations of environmental load, and
- logging of freight-related data,
all of which require (different levels of) system interoperability. The needs of improvements were ranked based on importance which resulted in a requirement specification for the software platform to be developed. The platform and its functionalities were later demonstrated on one of the transport chain case studies and evaluated.
Besides the software platform, the project also generated insights in the problems
related to technological aspects as well as organizational issues within the freight
transportation industry.
The next section describes related work. Section 3 then describes the solution that
was developed to support and facilitate information exchange, while Section 4 presents one of the case studies upon which the project is based. Section 5 provides a
discussion of the results and pointers to future work.

2 Related Work
The review includes two parts; related research, in particular projects with similar
aims, and existing software solutions available on the market.
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2.1 Research Projects
There are a number of projects that have addressed the problem of information exchange and IT solutions for freight transportation. Many of them are projects funded
by the EU that focus on how to create solutions and processes for transport modeindependent information exchange that can provide traceability, as well as, a standardized and smooth way to communicate. Some of these projects are:
- INTRARTIP (Intermodal transport real time information platform) [1]
- ITESIC (Integration of technologies for European short intermodal corridors) [1]
- PISCES (Pipeline intermodal system to support control, expedition and scheduling) [1]
- D2D (Demonstration of an integrated management and communication system for
door-to-door intermodal freight transport operations) [6].
Other projects focus specifically on traceability and straight-forward combinations of
technologies to achieve this for cross-border transportation. Two examples are SITS
(Simple intermodal tracking and tracing) [1] and MULTITRACK (Tracking, tracing
and monitoring of goods in an intermodal and open environments) [3].
Even though the projects mentioned above and AIS 42 have some issues in common, AIS 42 focus on the particular situation for SMEs. Consequently, usability,
simplicity, interoperability, and cost-effectiveness are the primary factors in the
choice of technology.
2.2 Existing Technology
Support for electronic information exchange is often found in large business system,
e.g., ERP (Enterprise Resource Planning) systems. Such systems often focus on a
specific type of company, e.g., a transport buyer or a transport operator. The systems
do often have some ability to exchange information with other types of business systems, but this is often limited to a standard set of formats and systems. There exist
several off-the-shelf TA (Transport Administrative) systems for storage, synthesis
and communication of data, such as Movex (http://www.intentia.com/), Hogia MobiLast (http://www.hogia.se/godstrafik/), and many more. These systems and the other
systems that support electronic data interchange have varying characteristics, but all
of them require substantial investments both to procure and to use. As a consequence,
SMEs are able only to invest in one system, if any at all. This, in turn, makes it impossible to carry out electronic business activities with several companies using different business systems due to system interoperability problems.
One existing solution that meet some of the interoperability requirements is Microsoft BizTalk (http://www.microsoft.com/biztalk/). The main purpose with BizTalk is
to facilitate system communication independently of the individual communication
formats in the systems by acting as an interpreter between the systems. It is based
upon a central server through which all exchanged information pass. It uses XML and
supports the main protocols for e-mail and http. However, being a proprietary client-
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server solution it has several disadvantages, such as, making the actors dependent of
third party, being expensive and possible risks for communication bottlenecks.

3 The Adapter Solution
As mentioned in the introduction, some of the most important needs of improvements
identified were: simplification of administrative activities, such as, transport booking,
tracing of goods and carriers, deviation detection, and calculations of environmental
load. Many of these require a complete unbroken process with gathering of data, data
processing and information distribution. We decided to focus on the first point that
concerns the reduction of usage of fax machines and other manual ways of information exchange (reducing the administrative costs as well as the number of error
caused by the human factor) and increase the accessibility of information by making
electronic information exchange possible.
Considering the requirement specification, a group of 15 students from Blekinge
Institute of Technology developed a software prototype for electronic information
exchange. The prototype is built using only on freeware with open source code such
as, Java, MySQL, j2ee, jboss etc., and uses state-of-the-art technology like XML and
Web services. The prototype provides the possibility for different business systems to
communicate and supports information exchange via web portals, e-mail, fax and
SMS. The prototype is an information carrying system meaning that the system acts
independent on what type of data that is transferred through it.
The basic idea can be seen as a generalization of the well-known Adapter design
pattern [7] used within object-oriented software engineering. It is also similar to the
concept of wrapper agents [8] as used within the area of multi-agent systems [9]. To
each (legacy) business system an adapter is built that enables the system to interact
with other the other business systems in the transport chain. Such an adapter is mainly
composed of three parts; a “bridge”, an “interpreter”, and a “message handler”. (See
Fig. 1) The Bridge handles the interaction with the business system, and the
Interpreter translates the data from the format the sending business is using to the
format the receiving business system is using (and vice versa). The Message handler
takes care of the communication with the adapters of the other business systems. The
bridge typically makes use of the functions for exporting and importing information
that most business systems are equipped with. If this is not the case, more sophisticated methods must be used.
Adapter
Legacy
business
system

Bridge

Interpreter

Message
handler

Fig. 1. The structure of the adapter software.
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The Adapter prototype software is available as freeware and is relatively easy to
install. It is structured as a program that includes general message handling components, and shells for the interpreter and the bridge. Much effort was spent on reusability making it easy to adapt the software to arbitrary business system (at least those
that have basic data import and export functionality). Also modifiability was considered and since the software is module-based, extensions of the system are facilitated.
The system requires “log in” for usage, and encryption and digital labeling is included to increase the security.

4 Pilot Study
The transport chains that were selected as the case studies of the project are not very
complicated consisting of just a few actors and little or no cross-border traffic. The
focus is on SMEs based in the region of Blekinge, Sweden, with partly very limited
resources for investments in IT but still needs the functionalities to stay competitive.
Many of the needs of improvements and opportunities identified in the specific case
studies can, however, also be found in many other companies in the transportation
business of varying size, nationality and resources.
The transport chain we will focus on here consists of a truck transport carried out
by Karlshamns Expressbyrå (KE) containing packaged temperature-sensitive cargo
from the production facility of Karlshamns AB (KAB) in Karlshamn to the customers
of KAB localized in Northern Europe. KE uses a system developed by SA-data for
surveillance and booking. History of cargo temperature stored in the cooling systems
in the trucks is made available by TermoKing. During the project, KE decided to start
using Hogia Mobilast which is a system that supports the planning of transports since
available transport resources can be controlled, transport orders can be administered
via the system etc. KAB uses Movex for administration of orders, transport prices etc.
Through interviews the following aspects were identified as important for KE:
- Simplification and speeding up of administration of a transport assignment.
- Control of truck space utility.
- Cargo follow-up during and after transport regarding temperature and time.
Deviation detection important.
- Calculation and reporting of environmental impact.
Whereas the following aspects were regarded as important by KAB:
- Delivery time precision (punctuality)
- Status of the cargo regarding deviations, i.e. traceability.
- Simplification and speeding up of the administration associated with transport
bookings.
Thus, a common aspect of interest for both companies is to minimize the administration connected to transport bookings, and this is what we decided to focus upon in the
demonstration experiment.
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The prototype platform was tested by having two different major business systems;
Hogia Mobilast and Movex, in two different companies, KE and KAB, interacting via
the platform (see Fig. 2). In the demonstration experiments the actual business systems (together with the associated adapters) were executing at the two companies. A
number of functionalities were tested. For instance, KAB was able to make transport
requests from Movex directly into the Hogia Mobilast system at KE. Similarly, KE
was able to confirm the request from inside its system directly to Movex at KAB.
Further functionalities include monitoring active requests.
KE

KAB

Hogia

Movex

Hogia
adapter

Movex
adapter

Fig. 2. The setting of the pilot study.

The most complex part of an Adapter is typically the Bridge. As an example, we
take a closer look at the Bridge of the Hogia Mobilast adapter which is composed of
three threads:
−

Import, which receives XML messages from the Message handler via a web
service client, and saves them as files in the “In” folder.

−

Export, checks the “Out” folder every fifth minute (this time interval was used
in our experiments; it should, of course, be chosen based on the response time
requirements for the particular application) and when a new file is detected, it
is sent via a web service client to the Interpreter for further processing. When
it gets an acknowledgement from the Message handler that the message was
successfully sent, the file is moved from the Out folder to a “Sent Orders”
folder.

−

Status monitor, monitors changes regarding the orders that are currently active, by making requests concerning the status of these orders each 20 second
(in our experiment) and saves them as XML-requests to the In folder of Hogia
Mobilast. It then reads the reply from the Out folder and sends it to Interpreter
for further processing.
Bridges for other business systems with import and export facilities work in a similar way.
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5 Conclusions and Future Work
An evaluation of the practical relevance and economical gain of the prototype was
made and based on interviews of the participating companies. The prototype provides
a direct use since it offers cost-effective (due to the use of freeware and easiness of
adaptation) and platform-independent communication. Thus, the prototype seems to
perform well with respect to attributes such as modifiability and compatibility with
several interfaces. These benefits make the prototype useful in several contexts and
not only for the project participants. A cost-effective communication solution generates in addition several implicit benefits such a possible reduction of error in documents that are exchanged (due to minimization of manual duplication work) and increased information accessibility.
The economical impacts are more difficult to approximate partly due to that they
are long-term effects and partly that they are associated with other factors related to
the companies and their adjustments technology-wise. The selection of technology
used in the prototype was considered appropriate and in line with their needs and
future business plans.
It is hard to create a fully generic communication solution that does not require any
adjustments at all. Even our platform requires some adjustments and further development before it can offer a full-scale solution at KE and KAB. We have, however,
demonstrated the possibility to achieve basic and sufficient communication functionalities like the large-scale TA systems offer but to a considerable lower cost. This is
something that is of significant importance for the survival of smaller actors with
same needs as the larger players but with a much more limited investment possibility.
Compared to existing centralized solutions, such as BizTalk, the proposed solution
has a number of advantages, e.g., being independent of third parties and avoiding
central communication bottlenecks.
We are currently working with applying the prototype to additional companies and
business systems. Moreover, we have investigating the possibilities of developing a
(or using an existing) ontology so that a common communication language can be
used between the adapters. This would significantly reduce the need of developing
interpreters, since there for each business system only need to be translation into one
language, independent of which business system it will interact with.
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Healthcare information systems are characterized by having many stakeholders,
roles, complex and diverse information systems, high degree of formalized
working practices and an intense focus on quality concerns like interoperability,
security and reliability. There is an emerging need for a structured architectural
tool for supporting system developers and architects working with this kind of
critical infrastructure. This paper presents MAFIIA - an architectural description framework specialized for the health care domain. The framework has been
used in the development of three very different healthcare information systems:
a system for individual care plans, a platform for image-guided surgery and a
patient evacuation support system. The experience from the case studies shows
that the framework is a useful and flexible tool for creating an architectural description, and assists in keeping the focus on selected quality concerns.

1. Introduction
In health-care organizations a conglomerate of software systems is used. Development and maintenance of such systems are challenging, as special focus is required on
security and usability, as well as integration and interoperability with other systems.
To handle this challenge, it is essential that the developers and other personnel responsible for the development, maintenance and administration get a good understanding of the system's architecture, its interfaces to environment, and the context in
which the system will be used.
For the central concepts of architecture and architectural description we use the following definitions from [1], and for interoperability the definition from [9]:
• Architecture: The fundamental organization of a system embodied in its components, their relationships to each other, and to the environment, and the principles
guiding its design and evolution.
• Architectural Description: A collection of products to document an architecture.
• Interoperability: a) The ability of systems, units, or forces to provide services to
and accept services from other systems, units or forces and to use the services so
exchanged to enable them to operate effectively together. b) The condition
achieved among communications-electronics systems or items of communicationselectronics equipment when information or services can be exchanged directly and
satisfactorily between them and/or their users.
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In this paper we will use information integration as an interoperability mechanism
since the same requirements and architectural decisions apply to both.
Unfortunately, architectural descriptions for healthcare information systems (HIS)
vary in structure and content – if they exist at all. They seldom include important information like the stakeholders the system was originally built for, which laws and
regulations affected the system, which standards that were applied, and which other
systems it was built to collaborate with.
From the end users' perspective, successful implementation of a HIS is dependent
on the developer’s ability to understand the working processes the target system must
support. From a high-level viewpoint, a major concern is that the new system must
not interfere with other existing systems.
Non-existing architectural descriptions, problems adapting the system to the working processes, and a need for information integration and interoperability was our motivation to develop an architectural description framework called MAFIIA (Modelbased Architecture description Framework for Information Integration Abstraction).
Collaborative design is encouraged and supported by the framework, to ensure that
the systems are built based on real understanding of the needs of the end users and the
requirements from environment system interfaces. The framework assures a common
structure and content of architectural descriptions for an organization’s systems. At
the same time, it provides the flexibility to focus on the concerns defined by the organization. This will assist developers in maintenance and evolution as well as development and description of new systems.
This paper presents MAFIIA and our experience from three case studies where the
framework was used to develop architectural descriptions of HISs with a special concern for functionality, reliability and interoperability. For each case study we briefly
present the background before we summarize our experience from applying MAFIIA
to it. In the discussion, we address the following questions based on the case studies:
• How did the prescribed development process of the framework fit the case, and did
it help us document what we needed?
• How did the framework address the interoperability concern?
• Was the framework flexible enough to support the individual differences between
the cases?
• Was the framework equally suitable when introduced at the start of the development as when used to continue the development of an existing system?
Before describing MAFIIA we first present the background for development of the
framework. MAFIIA is presented in section 3 before the case studies are described in
sections 4, 5 and 6. The experiences are discussed in section 7 before we provide som
concluding remarks in section 8.

2. Background
SINTEF ICT is a research institute in Norway that works with organizations from
many sectors, including defense and health. Both the defense and health sectors are
characterized by having many stakeholders, roles, complex and diverse information
systems, high degree of formalized working practices and an intense focus on quality
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concerns like security and reliability. Developing, maintaining and extending such
time critical systems, some of which cannot be taken offline, can be very difficult.
There is an emerging need for a structured architectural tool for supporting system
developers and architects working with this kind of critical infrastructure. An explicit
system architecture description framework that includes business aspects as well as
traditional systems engineering aspects can help addressing these concerns.
Based on the experiences from architecture description frameworks for commandcontrol systems in the defense sector [2, 3], SINTEF ICT has developed a model
based architecture description framework for information systems with a special focus
on information integration, called MAFIIA.
The MAFIIA framework adopts the terminology and conceptual framework defined in IEEE 1471 [1], which is a standard of recommended practice for describing
the architecture of software-intensive systems. Compared to IEEE 1471, MAFIIA
gives further normative guidelines, including the use of UML as notation, a set of
predefined viewpoints and a reference architecture.

3. MAFIIA
MAFIIA is a framework for creating architectural descriptions of software intensive
systems. The framework assists the architect by:
• Supporting cooperative design through the definition of a set of views and selection of notation that allow end user involvement in important parts of the work.
• Supporting development and description of the architecture of new systems, as
well as documentation of the architecture of existing (legacy) systems.
• Providing use guidelines for architectural patterns applicable to systems that need
to integrate information from several heterogeneous environment systems
• Providing a structure that ensures that documentation of different systems developed using the framework will have a uniform structure and content.
• Presenting a list of quality related concerns that the architect should consider when
creating the architecture, and instructing how to include description of the concerns
of particular importance.
An architectural description created using MAFIIA is structured around a set of
views, each of which describes the system from a certain viewpoint. Views are useful
for illustrating different aspects of the same target system, and are also the basis for
RM-ODP [4]. Concerns that are of special importance to the target system, e.g. security and interoperability, must be identified and described. A set of system assets, e.g.
standards and laws, that is useful for describing and understanding the architecture is
also included. A reference architecture is defined by MAFIIA. This reference architecture can be refined for a specific target system, or for a set of related systems.
It should be emphasized that the main purpose of the architectural description is to
give the reader an understanding of the fundamental aspects of the system and its context. Thus, the architectural description is kept at a relatively high abstraction level
and does not include e.g. full user requirements, complete business process models, or
more detailed design information.
In the following subsections, each part of MAFIIA is described in more detail.
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3.1 Concerns
MAFIIA defines how to describe concerns of special importance to the system. These
concerns will need special attention within all or most of the views described in 3.4. A
concern may require special models or other formal descriptions to be created to ensure that the architecture description is correct and complete.
Functional aspects that are considered to be of such importance that they should be
treated separately and be specifically visible in the documentation should be identified
and treated as a concern.
In a HIS, security should always be treated as a special concern due to patient privacy issues. Confidentiality, availability and integrity – the key characteristics of information security – are essential in health care information systems. Security should
be addressed in a dedicated model in each view of the architectural description.
For a HIS, interoperability is a special concern. A HIS must operate in a context
where many other critical systems both provide and rely on information from the system being architected. The security concern has a major impact on the interoperability. Single sign-on mechanisms and shared role based access control are requirements
that should to be handled by the interoperability concern as well. The focus on interoperability will require the architects to carefully design the information and operation interfaces to the environment, as well as the distribution and realization of the
system components.
3.2 System Assets
System assets are sources of information that can be used when developing an architectural description. System assets can be considered as implicit requirements, which
are not necessary to include in the requirement view, however assets may be included
in component, deployment and realization views. Short descriptions of the most
common assets for architectural description of a HIS are:
• Dictionary: A dictionary is a reference list of concepts important to a particular
model aspect or concern along with discussion and/or definition of their meanings
and applications.
• Standards: A standard is a formalized model or example developed by a standardization organization or established by general consent. When implementing a
HIS, a set of national and international standards will probably be used, and these
must be referenced or documented.
• Laws and regulations: For a HIS, laws and regulations will affect how the system
can be used, and how it has to be built. The architectural description should include
references to the laws and regulations that have been considered, including comments on how these apply to the target system.
• Patterns: A pattern is a description of a recurring, well-known problem and a suggested solution. Patterns are identified and can be used on many system levels. The
MAFIIA framework includes guidelines for when to apply well-known patterns in
the architecture. Summary descriptions of recommended patterns are included,
along with references to sources such as [5, 6, 7], where the full pattern description
can be found. The framework suggests a number of patterns related to interopera-

Page 47

INTEROP-ESA'05

bility and information integration. The selected patterns are referenced in the architectural description of the target system, and specialized in the view(s) where they
are applied.
The use of dictionaries and standards are important for information interoperability
between different systems. If two systems should be allowed to interoperate across
national or organizational boundaries, they should be in accordance with the same
laws and regulations. Correspondingly, the use of architectural patterns will facilitate
interoperability between systems and sub-systems.
3.3 Reference Architecture
MAFIIA defines an overall reference architecture for information integration systems.
This is a high-level, generic architecture which is used as a basis for development of
target system architectures, and to compare architectures of existing systems. The
MAFIIA reference architecture defines four logical tiers, and the interface to the environment as shown in Figure 1. The tiers are frequently referred to in the descriptions
in the different views.
Target System
User Interface (UI)

User Service (US)

Other parts of
environment

Env.
interfacing
(EI)

Legacy System 1
(LS1)
Legacy System 2
(LS2)

Business Service (BS)

Resource Service (RS)

Interfaces
to system
environment

Legacy System n
(LSn)

Fig. 1. MAFIIA Reference architecture for information integration systems

3.4 Views and Viewpoints
A central part of MAFIIA is its definition of a set of viewpoints. Each viewpoint defines how a specific view of the target system shall be described, and prescribes a set
of models that the view shall include. The notation to use for each model is also defined – normally a set of UML diagrams with accompanying textual description is
used. Architectural descriptions created with MAFIIA contain the following views:
• Context view: The context view describes the business-related aspects and stakeholders of the target system and its environment. Environment systems that will be
involved in or influence the operation of the target system are identified, and their
interfaces and collaborations with the target system are described. The context
view should be created in collaboration between end users or domain experts, and
software architects. The description in this view is important during the initial development of the architecture, but may be even more valuable during maintenance
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and integration with other systems, as it provides background motivation for the
architecture that may otherwise be forgotten and hard to reconstruct.
• Requirement view: The requirement view describes functional and quality requirements that can affect the architecture of the target system. This does not include complete user requirements, but instead generalized versions of each type of
user requirement that are of importance to the architecture. The models in this view
are based on use case diagrams and tables of prioritized requirements, and are best
constructed in collaboration between software architects and end users. Interoperability requirements are derived from the interfacing systems described in the context view, and the framework also provides a set of requirement choices guiding
the process of eliciting integration requirements.
• Component view: The component view describes the decomposition of the system
into components, including their interfaces, interaction, and the information that is
handled. The security model is an important part of this view, and describes security mechanisms and how these are integrated with the rest of the system. The
models of this view are kept at a logical and platform independent level, and do not
include realization details. For this view, the framework presents a set of architectural design issues for information integration systems, and proposes patterns and
other solutions that can be suitable when the issue has specific characteristics.
• Distribution view: This view describes the logical distribution of components and
roles. It describes which components that must be together on a node, which components that must be distributed to different nodes, and which components that
may optionally be distributed. The framework includes recommendations for distribution choices based on parameters such as system size, geographical distribution, and communication capacity. The distribution choices can be limited by the
current deployment of components in environment systems, as well as their security infrastructure.
• Realization view: This view describes how to implement the system described in
the other views on a selected target platform. It includes mapping of the architecture to the selected technology platform (e.g. Java or .Net), and also describes the
actual deployment of the system on the selected nodes. Both technology platform
and deployment choices can be limited by the requirements for integration and interoperability with the environment systems. An important aspect of deploying a
new system into an existing information infrastructure includes interoperability
testing. The realization view includes a "System Integration Test Model" that describes a set of test scenarios to be conducted during system deployment.
Examples of models from the first four views are included in the case studies in sections 4, 5 and 6.
3.5 Process
The MAFIIA framework recommends an iterative development process. As described
in Figure 2, an iteration of the architectural description work usually starts with describing the context view, and ends with the realization view. The work does not proceed in a strict sequence, but frequently returns to previous views when new insight is
acquired. Each iteration results in a version of the architectural description that is re-
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viewed. More than one iteration may however be necessary to complete the architectural description.
Start architecting
AD finished?

Create Context View

AD finished

new iteration
Create Requirements View

Create Component View

Create Distribution View

Create Realization View

Fig. 2. MAFIIA view description process

4. Case 1: Individual Care Plans
In the SamPro project SINTEF ICT cooperated with the local health care region and
the company Visma Unique AS to develop a system for individual care plans.
SINTEF ICT was responsible for developing the system architecture, while Visma
Unique AS was responsible for implementing the system.
According to the Norwegian health law, patients with long-lasting health problems
and with the need for coordinated health services, have the legal right of an individual
care plan. The objectives of making an individual care plan are:
• To support a coordinated, unified and individual health service, and ensure a responsible care provider for the patient at all times.
• To map the patient’s objectives, resources and needs for different services in different domains and coordinate and evaluate actions to meet those needs.
• To increase cooperation between a service provider, patient and other involved
(peer/family), between service providers and other organizations at the same or
across levels of service.
A system for individual care plans needs to read, present and report information a variety of health care information systems. To do this it is necessary to identify stakeholders and understand and describe the work processes, user requirements and existing laws and regulations that affect the system, as well as interfaces to the
environment systems. MAFIIA was chosen to develop and describe the architecture
of the system.
The next section describes how MAFIIA were applied, and results and experience
from the use of the method.
4.1 MAFIIA Applied to Individual Care Plans
The users of an individual plan come from different levels of the public health service, and from different health institutions. Some of the users are even outside of the
health sector, e.g. patients, relatives and social workers. The main challenge is to en-
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sure that the users of the system at all times can access the information they have the
right and need to see. The most important concern was security. The most central system assets were relevant laws and standards concerning health informatics and security.
The users participated in developing the Context and Requirement views. Together
with the end-users we described the system stakeholders, their relationship to each
other and to the new tool. This information was essential for understanding the complex domain, and gave an overview of all the contributors to the requirements. A
process model for the new system was developed as part of the context view, to help
understand the work-processes a system for individual care plans needs to support. A
model describing environment systems was developed to identify candidate systems
for integration (see Figure 3). The care plan contains only a short description of the
different services a patient receives. The service providers each have a more thorough
documentation in their own information systems. The goal was to identify if and how
the care plan system should be integrated with these systems. Another integration issue was the use of a common user database. Users, that are health care personnel,
should be able to log on to the care plan system using their regular username and
password. This requires that the care plan system be integrated with a common user
database for health care personnel.
Procedure
Handbook

Norwegian Patient
Register

Electronic Patient Journal (EPJ)

Domain Specific
Research Databases

EPJ for Childen and
Youth Psychiatry

Individual Care
Plan

EPJ for General
Practioner

EPJ for
Hospitals

EPJ for
Specialist

IPLOS

Rehabilitation
Systems

Nursing and Care
Systems

Social Security
Systems

Fig. 3. Individual care plan and environment systems

In component view the system was decomposed into sub-systems and their components. Figure 4 illustrates the main subsystems in an individual care plan system. The
access control components were grouped in a separate sub-system that is used by all
the other sub-systems. A model for role based access control combined with information categorization was developed as a part of the architectural description.
The system was to be designed as a service in the regional health network. The distribution view described where to place the different logical layers of the system in
the network, and the chosen protocols for secure network communication.
.Net was chosen as the implementation platform for the individual care plan system. The realization view therefore included description of mapping to .Net technology components, including mapping of the security mechanisms described in component view to the .Net security model.
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Planning

Plan
administration

Plan template

Access control

Access rights
administration

Fig. 4. Care plan system decomposition model

One of the main challenges in the project was to communicate the system architecture to the developers. One person from the development team was involved in architectural meetings to help this process, and after the project ended we had an evaluation meeting with the developers to identify any problems or suggestion for
improvement. The meeting confirmed that the use of a structured and model-based
framework, such as MAFIIA, resulted in an architectural description that was easy to
understand and adopt for the developers, with minimal help from the architectural
team.
Visma Unique AS is continuing to work on the system, and is planning to release it
as a commercial product on the market in 2005.

5. Case 2: CustusX
CustusX is a platform for image-guided therapy developed by the Center of Competence - 3D Ultrasound in Surgery, which consists of St. Olavs Hospital, Norwegian
University of Science and Technology (NTNU), and SINTEF. The goal with CustusX
is safer, more accurate, and less invasive surgical procedures.
The initial idea behind CustusX was to have a navigation platform for clinical testing of new procedures in the operating theatre. One of the requirements was that the
software should be cross platform executable and run on both ordinary personal computers and in large-scale visualization installations.
Today, the system consists of a dual processor Macintosh computer, a position
sensing system, and a navigation software (cross-platform compatible with Macintosh
OS X, UNIX, and Microsoft Windows systems). The system is tailored for imagebased planning and intra-operative guidance during surgery but can also be used for
post-operative control, teleradiology, and simulation or training.
The development of CustusX has been demo driven – that is, repeatedly new functionality has been requested and then implemented. This had led to a system with no
structured documentation of the architecture and consequently very difficult to maintain. It was also acknowledged that the system had become too big and complicated,
and consequently did not support the needs of the different target groups very well. It
was therefore recognized that the system had to be reorganized to make it both more
maintainable and configurable to better meet the needs of the different user groups.
The first step in this work was to specify an architectural description of the current
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system and then for the future system. The resulting architectural description would
be of great help for the system architects and the developers both in the further
evolvement of CustusX and in making more accurate estimates of the work to be
done. MAFIIA was chosen for this task for several reasons; it defines a structure for
the documentation, it is user centric, and provides support for HIS development.

Fig. 5. A screenshot from the CustusX application running on a Macintosh OS X platform.

5.1 MAFIIA Applied to CustusX
CustusX has evolved to be quite an extensive platform for image-guided therapy,
which has led to a great number of potential stakeholders that have a strong interest in
the use of this system. It was therefore vital to identify all these stakeholders as they
may affect the final architectural system description. For instance, some users need
the application for telemedicine purposes, e.g. in situations where there is a need of an
expert opinion and where the expert is located remotely. This would influence how to
describe which components that needs to be distributed.
One important step defined by MAFIIA is to identify all relevant concerns. The
concerns identified by the architectural group (including end users) were configurability, performance, reliability, safety, and security. Since CustusX will be used in many
different clinical applications like surgery planning, surgery guidance, radiology intervention procedures, radiation therapy, simulation, and training it needs to be highly
configurable. The Graphical User Interface (GUI) and the visualization of data should
be able to adapt to different users and roles. The system should also be able to integrate seamlessly with environment systems by being able to make use of these systems, e.g. knowing how to communicate with existing Picture Archive and Communication System (PACS). Security was important since the system will contain patient
information and be distributed.
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Figure 6 shows the distribution view for the CustusX system. The Collaboration
management component can be connected to another CustusX system. The PACS
server is a legacy system, and is therefore separated in an individual node. Many CustusX systems can access the user database and is consequently located in a separate
node.

Fig. 6. CustusX system distribution model

The architectural group decided not to specify any realization view in the first version
of the CustusX architecture. This view was not needed to make estimates and a detailed plan for the implementation work and will be done in the next version of the architecture.

6. Case 3: Evacuation Support System
In 2002, SINTEF ICT was hired by the Norwegian Ministry of Defense to be the Norwegian project manager in a USA-Norway Memorandum of Understanding (MoU)
within the area of telemedicine and new systems and practices of work in the military
medical services. Focus was on information flow during evacuation of wounded soldiers.
Today, when injured soldiers are evacuated from the battlefield, medical treatment
and observations are documented on a paper-based form that follows the patient.
There are several disadvantages with this system:
• The forms tend to become illegible, lost, torn apart, and so on.
• The information only exists at one place, making it difficult for command-control
personnel to gain an overview of the injury/casualty situation.
• Each nation in NATO has its own paper record. Information should be interchanged between the countries seamlessly. This is not possible using the paper
based form.
A project called Evacuation Support System (EvacSys) was started to test and evaluate a new electronic system for information capture and distribution in a military
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medical evacuation. Using personal electronic memory tags, wireless military tactical
communication, state-of-the art portable computing terminals and a new military
Electronic Health Record (EHR) called SANDOK, a complete distributed information
system was specified, developed and tested. EvacSys involved many stakeholders and
the system had to be interoperable with both national and other NATO nations' health
information systems, as well as the underlying military command and control infrastructure. To handle this concern, MAFIIA was used as a handbook for specifying and
developing the EvacSys architecture.
6.1 MAFIIA Applied to EvacSys
The first step in the MAFIIA framework is to identify concerns and system assets.
Focus was put functionality, usability, reliability and interoperability. Major system
assets were NATO standards and Norwegian laws and regulations for medical documentation and exchange.
The MAFIIA framework's context view was found very useful when describing the
context in which the EvacSys will operate. The Environment Systems Model and the
Business to System Mapping Model explicitly illustrates interoperability concerns,
thus providing important input to the succeeding viewpoints. Identifying and documenting the environment information and operational interfaces required a lot of time
and effort, as much of this documentation was impossible to find.
The Context view models provided an important input to the system requirements
models. Figure 7 shows how the different actors interact with EvacSys. Use case and
sequence diagrams were used for functional requirements, whereas non-functional requirements had to be expressed in textual rationale descriptions.
As a part of the Components View, the information and processing components were
carefully modeled to optimize robustness and integration and interoperability with existing infrastructure. The System Information Model was based on national information representation standards, but had to be "abstracted" into a higher level notation to
be suitable for use by other systems. The difference between Norwegian and English/American person identifiers and naming conventions required some additional
components to be specified.
The EvacSys Distribution View models explicitly express reliability and interoperability related concerns. Critical operational components were distributed onto different logical nodes. The distribution models emphasized that there are no "single
point of failure" at the different logical locations (battlefield, mobile aid station,
transport etc.) in the EvacSys. For example, all terminals used for information input
and output are generic in the way that they have no components that are specialized
for one specific user or patient. Information-intensive components such as pulseoxymetri sensors were put on separate nodes and shared filtered information through
standard communication syntax and protocol. The data replication mechanism used to
distribute patient data at the field hospitals was implemented according to the push
model of the Publisher-Subscriber pattern.
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Fig. 7. EvacSys requirements view.

Fig. 8. Military exercise where EvacSys was tested

Military standards and instructions were important input to the realization view description. Only a limited set of equipment, platforms and protocols are approved for
use in an operational setting.
The first prototype of the EvacSys system was tested and evaluated during a 5-day
military exercise in northern Norway (Setermoen) in December 2003 (Figure 8). The
medical battalion of the 6th division conducted several evacuation run-throughs with
both the EvacSys system and the traditional paper-based system. The evaluation report concludes that the system architecture and information flow worked according to
system requirements.
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7. Discussion
This section discusses experiences from using MAFIIA based on the cases presented
and addresses the questions stated in the introduction. It should be noted that MAFIIA
was used as a tool in the architectural work of the projects, and were not itself the research focus of the projects. The discussion presented here is thus mainly based on a
subjective evaluation from the different researchers that participated in the projects,
and to some degree on feedback from other participants in the projects. All of the
cases are based on projects of approximately 15-25 person months. There is also great
variation in type of systems of the cases, even though all of the cases are within the
health care domain.
The feedback from the cases indicates that the development process described in
MAFIIA was easy and useful to follow. The combination of a description of what to
do, and a checklist of what to include of models, standards etc, helped the developers
in the work. The assistance provided by the framework in identifying quality related
concerns was reported as important to all the cases, e.g. security in all cases and configurability in CustusX. Also the context view was consistently reported to be very
valuable in all the cases.
With respect to interoperability concerns, all three cases have been tested in a real
environment. Feedback from all of the cases showed that the context view was an essential tool for understanding the complex domains, and gave an overview of all the
contributors to the requirements. The EvacSys prototype was successfully tested in an
integrated operational setting. SAMPRO was the first system designed for external
access within the Norwegian Health Network.
The flexibility of the framework was essential in supporting the necessary variations in the description which the different cases required. The ability to select different concerns to focus on, and the ability to extend each view with new models were
utilized in all three cases. There were some differences between the cases in how the
requirements were specified. Some used use cases while other preferred only textual
descriptions. There were no reports of problems using either.
The framework was found equally useful in the two cases were it was introduced
from the start or early in the development process for a new system, and in the case
where used for architectural clean-up and further development of an existing system.

8. Related Work
There exist a number of related architectural frameworks that are commonly in use
today. RM-ODP (Reference Model of Open Distributed Processing) [4] is a framework that provides the developers a standard for creation of systems that support distributed information processing services to be realized in heterogeneous environments. The method uses five different viewpoints to describe the system. The
framework is neutral in the selection of tools for describing the architecture.
TOGAF (The Open Group Architecture Framework) [11] is an enterprise architecture framework that "consists" of a subset of architectures: business, data, application,
and technology respectively. TOGAF consists of a set of tools and methods for devel-
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oping different architectures. The goal of TOGAF is to become an industry standard
method that is neutral to both selection of tools and technologies.
ATAM (The Architecture Tradeoff Analysis Method) [8] is an analysis method
used to understand the various tradeoffs that have to be made when creating architecture for software intensive systems.
NATO has started a Multilateral Interoperability Program [10] that focuses on interoperability between member nations' command and control systems.

9. Conclusion
The findings from the case studies indicate that the use of the MAFIIA facilitates development of systems that will operate in a complex environment. Despite the individual differences of the case studies presented here, the framework has proven to
provide good assistance for the architectural work, and results in a well-structured architecture description. The method gives excellent support when developing architecture with a strong focus on specific selected concerns, and security in particular.
Applying an architectural description framework like MAFIIA will have best effect
if it is used as a standard for all software intensive systems developed within and for
the organization. We believe that large organizations, e.g. public health care within a
state or country, is in a position where they can require that at least all new system
that they acquire or developed are described in a standard of their choosing.
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Abstract. The lack of interoperability between ICT systems is becoming more
and more a bottleneck in the collaboration and co-operation of enterprises. Cooperating parties have to exchange business information and have to have the
same understanding of the meaning of the exchanged information and to trust
both the communication itself and the validity of its contents. The paper reviews two ISO standards which are aiming on the interoperability issue comparing the different aspects of these standards and introduces a new work item
in standardisation, which expects support from two current European initiatives
on interoperability and others.

1 Introduction
Operating in the global business environment requires worldwide co-operations between enterprises sharing their core competencies in order to exploit short term market opportunities. Besides the timely availability of products and services, the real
time exchange of related business information between the co-operating partners is
even more important. Such exchanges are needed for both operational control and to
an even larger extend for the decision making processes during the establishment of
the cooperation, with market opportunity exploration and co-operation planning and
implementation. Therefore, the easy communication between the people involved and
the quality of interoperation between the supporting systems of information and
communication technology (ICT) play a key role in such co-operations. The urgent
need for organisational interoperation and decision support on all levels of the enterprise operation is recognised in the areas of business and academia as well as in standardisation [1].
Major issues in global collaboration and co-operation of enterprises are the problems in communication between people, between people and ICTs and between different ICTs. Whereas the first one is due to different cultures, languages and even
professional jargons and can only be addressed by either a common language, which
is very unlikely, or through translations between the different languages and mean-
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ings. The other two problem areas originate from the different software and hardware
implementations of the information and communication technology. These areas
require both human and machine understanding of the exchanged information.
But what is the meaning of interoperability? First of all interoperability is domain
specific. Besides the three domains of people, people and ICT, and ICT itself identified above, there are the different business domains like industry, finance, health,
each one having sub-domains like categories of humans (managers, experts, operators), of devices (controllers, actuators, sensors), and of systems (computers, machines, communication networks) with their specific needs for interoperation.
But the ability to interoperate within the ICT supported business arena is a rather
complex task. The heterogeneity of ICT implementation is such that there exist different solution spaces depending on the combination of existing systems and in many
cases such solutions are not transferable to other cases. According to Chen and
Doumeingts [2], who reported on the results of a European initiative on a development for road maps to interoperability, there exist several levels of interoperability.
They identified interaction between two systems can at least take place at the three
levels: data, resource and business process and interoperability may therefore be
achieved on multiple levels: inter-enterprise coordination, business process integration, semantic application integration, syntactic application integration, and physical
integration.
The recommendations in Chen and Doumeingts are to address the subject of interoperability through three main research themes or research domains: enterprise modelling, architectures and platforms, and ontologies. These three areas deal with a) the
representation of the inter-networked organisation to establish interoperability requirements; b) define the implementation solution to achieve interoperability; and c)
address the semantics necessary to assure interoperability. These areas have been and
are continuously addressed as well by both international standards organisations and
industry consortia. A multiplicity of standards exist in the three fields identified
above. General state of the art reports have been issued by both the European Network of Excellence (NoE) initiative INTEROP [3] and the EU Integrated Project (IP)
ATHENA [4].

2 Definitions on Interoperability
There exist numerous definitions on interoperability; e.g. a very careful chosen web
search produced 22 entries on interoperability. Selected examples are:
Interoperability:
1. achieved only if the interaction between two systems can, at least, take place
at the three levels: data, resource and business process with the semantics defined in a business context (Chen, Doumeingts) [2]
2. ability of two or more systems or components to exchange information and to
use the information that has been exchanged (IEEE) [5].
3. ability to communicate with peer systems and access their functionality (Vernadat) [6]
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4.

ability of different types of computers, networks, operating systems, and applications to work together effectively, without prior communication, in order
to exchange information in a useful and meaningful manner. There are three
aspects of interoperability: semantic, structural and syntactical (from www)
[7]
5. (computer Science) ability to exchange and use information (usually in a large
heterogeneous network made up of several local area networks) (WordNet)
[8]
Related definitions are:
1. Interoperable: (computer Science) able to exchange and use information
(WordNet) [8]
2. Interoperation: implies that one system performs an operation on behalf of
another (Chen, Doumeingts) [2]
3. Interoperation may occur between two (or more) entities that are related to
one another in one of three ways (ISO 14258) [9]:
a. Integrated where there is a standard format for all constituent systems
b. Unified where there is a common meta-level structure across constituent models, providing a means for establishing semantic equivalence
c. Federated where models must be dynamically accommodated rather
than having a predetermined meta-model
IEC TC 65/290/DC [10] identifies degrees of compatibility depending on the quality of communication and application features (see Figure 1).

Figure 1 Compatibility levels (adapted from IEC TC 65/290/DC) [10]

The related definitions:
1. Incompatibility: inability of two or more devices to work together in the same
application
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2.

Coexistence: ability to of two or more devices operate independently of one
another in the same communication network
3. Interworkability: ability of two or more devices to support transfer of device
parameters
4. Interoperability: ability of two or more devices to work together in one or
more applications
5. Interchangability: ability of two or more devices to replace each other in
working together in one or more application
However, it seems very unlikely that in reality interoperability or interoperation
will occur in any one of the three ways identified in ISO 14258 (see above), but in a
mixture of those three ways. Assuming a global environment there will be no possibility for global unification nor for global integration and even federation in the dynamic mode identified above seems very hard to achieve without any a priory knowledge about the entities that have to interoperate. The two standards analysed in the
following try to provide this knowledge by creating profiles of their entities –
applications and manufacturing software units, respectively.

3 ISO 15745 -Industrial automation systems and integration —
Open systems application integration frameworks [11]
The standard consists of four parts: Part 1: Generic reference description; Part 2:
Reference description for ISO 11898-based control systems; Part 3: Reference description for IEC 61158-based control systems; Part 4: Reference description for
Ethernet-based control systems.1
This standard defines an Application Integration Framework (AIF) - a set of elements and rules for describing application interoperability profiles, which will enable
a common environment for integrating applications and sharing life cycle information
in a given application domain. The generic elements and rules are providing for developing templates for Application Interoperability Profiles (AIPs), and their component profiles - process profiles, resource profiles, and information exchange profiles.
Such profiles may describe profiles based upon particular technologies and therefore makes this standard applicable to application integration frameworks developed
for industrial automation environments. Environments such as discrete manufacturing, process automation, electronics assembly, semiconductor fabrication, wide-area
material handling, and other automation and control sectors such as utility automation, agriculture, off-road vehicles, medical and laboratory automation, and public
transport systems.

1

Note: Application here means industrial automation applications, which comprise
several types of interconnected devices which perform a variety of functions.
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4 ISO 1600 Industrial automation systems and integration —
Manufacturing software capability profiling for interoperability
[12]
The standard consists of four parts as well: Part 1: Framework (relating to ISO
15745); Part 2: Profiling Methodology; Part 3: Interface services, protocols and capability templates; Part 4: Conformance test methods, criteria, and reports.
ISO 16100 specifies a framework for the interoperability of a set of software products used in the manufacturing domain and to facilitate integration into manufacturing
applications. The framework addresses models for information exchange, software
objects, interfaces, services, protocols, capability profiles, and conformance test
methods. The standard specifies a methodology for constructing profiles of manufacturing software capabilities and requirements for interface services and protocols used
to access and edit capability profiles and associated templates used in the capability
profiling method. In addition, conformance test method and criteria for the capability
profiling of a manufacturing software unit are specified.

5 Relations between the two standards
The main content identified in each standard is shown in Table 1. It identifies subtle
differences owing to the difference in scope of the two standards. Whereas Framework elements in ISO 16100 are solely concerned with the interfacing requirements
for interoperability of manufacturing software units (MSUs), their roles and the entities they have to support, ISO 15745 identifies a larger set of such elements needed to
support interoperability between the components of applications.2 Similarly for
framework rules, where again ISO 15745 provides a larger set. However, some of the
missing items in ISO 16100 are listed under framework aspects, an entry that does not
exist in ISO 15745.
The latter uses the concepts of life cycle and model to classify the requirements in
terms of a set of interfaces, services, components and configurations intended to
guide the developers of industrial automation applications.
The three integration model types identified in Table 1 correspond to three different profile classes and a complete integration model of an application corresponds to
a set of application interoperability profiles (AIPs), which identify the particular interfaces, services, protocols, and timing used by the different components within the
application.

2

Note: Template is seen differently in the two standards. Being an element in 15745 it is
identified as a rule in 16100.
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Table 1: content of ISO 15745 and ISO 16100
ISO 15745 Open systems application
ISO 16100 Manufacturing software caintegration frameworks
pability profiling for interoperability
application integration framework (AIF) Mfg. software interoperability framework
framework elements:
framework elements:
diagram, model, profile, template,
roles, activities, artefacts associated
specification
with software entities when dealing
with manufacturing process, information, and resources
framework rules:
framework rules
diagram notation and semantics,
relationships, templates, and conformodel composition, profile template
mance statements needed for conand taxonomy, template conforstructing a capability class
mance and exchange syntax
framework aspects:
syntax and semantics shared between MSUs;
functional relationships exist between MSUs;
services, interfaces, and protocols offered by MSUs;
ability to provide MSU capability profiling.
Concepts and constructs used:
Concepts and constructs used:
Application life cycle
manufacturing software unit (MSU)
AIF integration models:
1. process integration model (PIM)
presents views of process control, material and information
flow
2. resource integration model (RIM)
identifies devices, communication networks equipment, material/product, and operators (humans) needed in the PIM
3. information Exchange integration
model (IEIM) identifies syntax,
semantics, structure, and sequences of information produced, consumed, organized,
stored, and retrieved by the resources involved in the PIM

Page 64

INTEROP-ESA'05

Table 1: content of ISO 15745 and ISO 16100 (continued)

ISO 15745 Open systems application
integration frameworks
Application interoperability profiles
(AIPs) consists of:
one process profile
one or more resource profile(s)
one or more information exchange
profile(s)
AIP concepts and rules:
combine the interface specification
option selections as required by the
application
shall be a single specification aimed
at providing a defined function
shall comprise a specific combination of profiles
AIPs shall be constructed by:
1. documenting the functional requirements as noted by a PIM;
2. selecting the appropriate base specifications for the object interfaces
denoted in the integration models;
3. selecting (conforming) sets of options, or subsets, in the base specifications;
4. combining references to a set of
compatible base specifications in
order to meet the identified application functional requirement.
5. describing it in terms of an interface
definition language

ISO 16100 Manufacturing software capability profiling for interoperability
Software capability profile
taxonomy
capability classes and rules:
types of mfg. domain, activity, computing system, services, protocols,
supplier, others
capability templates and rules
common part contains general
information about SMU
specific part contains SMU specific lists of attributes, methods,
resources, constraints, others
capability profiling process
1. analyse software requirements
2. identify/create template
3. enter profile data

ISO 16100 provides only one concept and construct: the manufacturing software
unit (MSU). Again to support interoperability a software capability profile is defined.
Capability classes and rules as well as templates and rules provide the elements for
constructing the capability profiles of the software units.
The actual process of profile creation is shown as AIP construction (ISO 15745)
and capability profiling process (ISO 16100) in the lower part of the Table 1. The
number of steps identified in the two standards vary from 3 for ISO 16100 to 5 for
ISO 15745. However, the process itself is rather similar considering the difference in
scope of the two standards.
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6 Summary and Conclusions
The two standards presented in this paper address the issue of interoperability between ICTs. With their focus on interoperability within manufacturing applications
and between manufacturing software units, respectively, the two standards are both
using the concept of profiles to capture the information needed to identify the capabilities of the entities, which have to interoperate.
In respect to the three types of interoperation identified in ISO 14258 [9] the two
standards contribute to a semi federated approach of interoperation at the ICT level,
providing means for identifying a priory information that can be mapped or matched
at run time to/with the profile of the partner entity.
However, the comparison between the two standards also shows the need for harmonisation of standards. Both terminology and structure of the two standards differ
and any potential user, who has to employ both standards will be confused by their
difference.
In addition, the two standards do not yet address sufficiently the human aspects of
interoperation. For the communication between people and between people and machines, information about the internal structure and the dynamics of the application
may be even more important than the information about the potential exchange itself.
Such information can be provided by business process models with their focus on
semantic unification and orientation on end-user needs.
Work on standards for interoperability has been started in ISO. In TC 184
SC5/WG1 a new work item ‘Requirements for establishing information interoperability in manufacturing-enterprise-processes and their models’ will address this aspect of
interoperability. These standards have to improve the ICT interoperability as well by
providing a base for unifying the needed information exchange between the parties
involved, may it be between operational processes during enterprise operation or
between their models during decision support. Inputs to this work will also be provided besides others by the two European initiatives ATHENA and INTEROP.
Standardisation for enterprise interoperability is considered an important subject.
However, the current state of standardisation is not yet sufficient to allow easy implementation at the operational level. Many of the standards are still on the conceptional level and more details are still required to make them truly useable in the operation. Work is required in areas of languages and supporting platforms, especially for
the business process model creation and execution. To enable cross-organisational
decision support especially the subject of ‘common’ semantics has to be addressed. In
ISO/CEN 19440 [13] modelling constructs are defined using a meta-model and accompanying text (sufficient to define an intuitive semantics as well as to define a
model repository database). However, the capture of finer details of these meanings
requires even more detailed formal semantics. Ontologies will play an important role
in the area of semantic unification.
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Abstract. The evolving technologies of Semantic Web and Web services are
providing new means for application integration frameworks. The need for semantically enriched information exchange over the flexible environment of the
internet provides a valuable enhancement to traditional methods and technologies for Enterprise Application Integration. However the utilization of the Semantic Web and Service Oriented Architecture (SOA) is not as straightforward
as it appears and has specific limitations and inefficiencies due to the fact that
is was not originally designed for that purpose. This paper presents a methodology that aims at the exploitation of these two technologies and the definition of
an ontologies based enterprise application integration framework (ONAR).

1 Introduction
The application integration between heterogeneous applications such as ERP systems
between companies as well as B2B environments in general is a challenge that has
been confronted with a plethora of technologies and methodologies. In our research
[1] we have seen that the key aspect in from simple integration to more complex cases
[2] is the semantics. When we refer to the semantics we signify the meta-information
that describes the exchanged information.
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Service oriented application integration (SOAI) as it is presented in [3] exploits the
capabilities for the functional description of web services that are used for the actual
integration. This paper presents our work on the creation of an integration framework
based on SOAI that utilizes Semantic Web Technologies [4] in order to enrich the
semantics of the exchanged information.
The Ontologies Based Enterprise Application Integration (ONAR) Framework [5]
utilizes web ontologies to create semantic conceptualizations of the business concepts
that exist inside an application. This conceptualization is used for the creation and the
registration of the Web services in a UDDI based registry.

Fig. 1. Ontologies Based Enterprise Application Integration (ONAR) Framework.

2 Conceptualizing Information System using OWL Ontologies
Ontologies are used for the formal definition of concepts in a given domain. However
the utilization of ontologies for software component definition is not as simple as the
definition of concepts alone. Research on this domain as presented in [6] and [7]
shows that the utilization of the ontologies requires some modification in the principals of the frame-based ontologies languages. The state of the art ontologies languages are presented evaluated in [8] and [9], but even a purely frame-based logic is
still insufficient as there are important differences principally with respect to objectoriented modeling. Of course ontologies were not designed for software engineering,
and thus their utilization for this purpose requires creating a semantic layer that will
describe and define the technical infrastructure of an application.
Our work has focused on creating associations between the conceptional models
and the application logic. To facilitate this we have developed a graphical tool (fig. 1)
that enables the creation of the conceptual models using ontologies and associating
these models to the actual system resources.
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Fig. 2. Ontologies based Information System conceptualization using ONAR Concepts and
Services Designer

2.1 Definition of Logical Entities
Following the OWL [10] frame based logic, the concepts that represents a logical
entity inside the application are defined by an OWL class. The entities inside the
ONAR conceptualization methodology inherit all the features of the OWL classes.
However their semantics changes in order to be adapted to the semantic description of
a system resource.
Inheritance is permitted allowing some class features to be inherited from one class
to another. The relation between the parent class and child classes follows the samerules that both object oriented engineering and frame-based logic supports, however
multiple inheritance is not permitted. This constraint is due to the fact that in complex
information system polymorphism of some concepts will unduly increase the complexity of conceptualization.
In our approach, the conceptualization of the system is not application centric but
integration centric. This means that the creation of a conceptualization is developed
and the need of the integration and not regarding the structure of the system. This
increases the reusability of the concepts definition that can be reused in different
cases.
Entities are allowed to have properties that correspond to OWL datatype properties. A property can belong to more than one entities and is contrary to the usual principles of object oriented modeling. This principle derives from the frame based logic
of OWL ontologies and extends the object oriented engineering where a property
belongs to only one class.
Finally both entities and properties are enriched with notional properties like lexical descriptions, the ability to define the inverse of a concept and the ability that a
property can potentially be derived from another property. These enrichments are
used to increase the inference for the semantics of the concepts and their properties
inside a model following the OWL principles.
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2.2 Defining Relations between Entities
Apart from the definition of entities and their properties, our work has focused on
creating semantics in the relations between concepts. The existing semantics of relations that are expressed in object oriented class diagrams in UML or Entities Relations (E-R) diagrams pose limits to the semantic two concepts may have at the logical
level. Therefore using the four types of relations (object relations) that are defined in
OWL we have adjusted these relations types in order to increase the inference capabilities of the conceptualizations. We have followed the OWL logic and syntax having the two (or more) entities that participate in a relation divided into:
a) Domains of the relation: that is consisted of the concepts that consist of the
area of definition of the relation.
b) Ranges of the relation: that the domains concepts of the relation can receive
values from.
More precisely we have used and adjusted the following relations between entities:
•
•
•
•

Functional relation: where the domain concepts instance can be related to
more than one instance of the range concepts.
Inverse Functional relation: where the range concepts instances can be
related to more than one domain concepts instances.
Symmetric relation: 1 to 1 relation between the instance of the domain
and the range concepts.
Transitive relation: we have defined transitive property as an inferential
symmetric property to facilitate the logical allocations of concepts.

However we have to limit the syntax of OWL which permits the existence in a relation of more than one concepts as ranges and domains. In our approach (in a relation) if the domains contain more than one concept then the range should be defined
from only one concept and vice versa. This ensures that in the association of the logical model to the system resources will not create indeterminism.

3 Associating logical entities to information system repository
One of the most important results of our work is the association between the logical
model and the repository of the system. In our early attempts we have tried to extend
OWL in order to include mapping mechanisms. However we have discovered that the
new “extended OWL” syntax will be too complicated and it will mix up semantic
with syntactic issues. This of course would decrease the reusability of the conceptualizations.
Therefore we distinguish the conceptualization into two ontologies that are:
a) The conceptualization ontologies based on OWL that define semantics aspect of the conceptualizations.
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b) The association ontologies that association the conceptualization ontology
to the repository of the application.
The disassociation between the semantic and the syntactic description has as the
following results:
a) To increase the reusability of the conceptualizations ontologies: The same
conceptualization ontologies can be used to different information system.
b) To reduce cost of maintainability when changes happened in to the application repository.
c) To enable the creation of common vocabularies that can be shared between
heterogeneous applications.
In our work so far we have achieved the application of the ONAR framework to
relational databases but where the goal is to support any type of repository including
application servers.

4 SOAI using semantic conceptualizations
The creation of a Service Oriented Architecture that will implement the integration
between the applications is also based on the semantic conceptualizations. In fact the
ONAR framework software components (Web services) are based on the conceptualization schema (the set of the conceptualizations) of the application. This strong
relation between the conceptualizations and the web services server is the actual innovation compared with other existing approaches [11][12].
The ONAR integration process is the methodology that should be followed in order an integration case to be defined and implemented using the ONAR framework.
The process consists of the following phases:
a) Conceptualization phase where the entities that need to participate in the
integration case are conceptualized to shared conceptualizations (OWL ontologies). The set of the conceptualizations create the conceptual schema of
the integration.
b) Association phase. The conceptual schema is associated to the information
systems repositories that participate in the integration.
c) Design phase. In this phase using the conceptual schema the definition of
the software instances takes place.
d) Deployment phase where the software instances are implemented as software components (Web services) and deployed.
e) Publication phase. The framework uses a UDDI registry enriched with
OWL-S profile features (from semantic invocation) to publish its software
instances. Using the semantic meta-information that the conceptual schema
provides the framework publish information regarding the utilization of the
web services.
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4.1 Designing web services based on the conceptual schema
In our work, the whole web services design creation and their registration to the
UDDI registry is related to the conceptual schema. The design of the software instance is the process where elements of a conceptualization are used to define the
input and the output of the Web service. The design of a web service consists (figure
3) of its syntactic definition and its semantic description.
Conceptualization
Analysis

Web-Service
Input

Web-Service
Output

Fig. 3. Designing Web services using a conceptualization Ontology

The syntactic definition defines the input and the output as well as the behavior of the
Web service. This definition is based one conceptualization of the conceptual schema.
Starting from one basic entity the Web service designer can use all the concepts that
are necessary for his definition. The syntactic definition (ONAR Service Model) of
the service contains all the semantic and syntactic relations between the basic entity
(primary concept) and the secondary concepts. The ONAR Service Model [5] is an
XML document that contains a conceptualization ontology and an association ontology of the functionality of a Web service.
The reason of having a new definition document for the syntactic definition of the
service, apart from maintenance purposes, is to increase the portability of the web
services. We have implement the necessary functionality that enable us to automatically generate the source code (C#) of a Web service based only to the conceptualization ontology the association ontology and the ONAR Service Model. Therefore if
two applications share the same conceptualization ontologies but have different structures (different association ontologies) they can exchange Web services.
4.2 Creating semantic description for supporting SOAI
The Web Service Definition Language (WSDL) is used to describe web services at
the technical level. However the use (or consumption) of a web service requires first
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the technical implementation and an understanding of its functionality. The capabilities of the WSDL at this level are limited as it was not designed to serve this purpose.
Instead other protocols have been produced in order to support Web services discovery and description.
Our work has been based on M.Paolucci attempts [13][14] to integrate a powerful
UDDI discovery and categorization mechanisms with the semantics of OWL-S [15].
We have extended UDDI using OWL-S elements in order to include semantic description of the web services. Apart from the ONAR service model that a service
designer defines with the definition of the behavior of the web service (Inputs, Outputs and effects), the designer should describe the web service behavior at the semantic level.

1. Categories Definition

+

ONAR
Service
Model

=

ONAR
Service
Publication
Profile
(OWLS)

2. Contacts Definition

3.Parameters Definition

Fig. 4. ONAR Service Publication Profile
This Service Publication Profile defines the semantic of the web services. The
Web service designer defines:
1.

2.

The categories of the service: Using the UDDI categorization schemas
the web service designer defines the categories that apply to the web service.
The contact list of the service: A list of persons that are associated with
the service and their type and responsibilities
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3.

The parameters of the service: Special features of the services that do
not belong to a particular categorization schema.

Inside the Service Publication Profile we have also included the elements of the
Service Model (Inputs, Outputs and Effects). These elements that are parts of certain
conceptualizations carry also semantic descriptions that are also registered to the
UDDI registry.
These semantic descriptions of the web service leverage the semantic discovery of
the web services reducing the errors of incorrect usage of the web services. This is
considered essential for effective SOAI solutions regarding the number of the web
services required to support complex integrations and the complexity of each Web
service.

5. Extending UDDI registries to support semantics
In order to include semantic meta-information to UDDI registries we have extended both the UDDI and OWL-S profiles. Our work was based on M.Paolucci work
in this domain and also some recommendations from [16]. The ONAR Service Publication Profile is based on OWLS profile syntax with some additions that can be
summarized (further information can be found on [5]) as follows:
a)
b)
c)

Enhancement of the OWL-S input and OWL-S output class in order to define
the related classes and relations.
Enhancement of the OWL-S Service Category and Service Parameter is order
to exploit all the UDDI description capabilities
Additional Models to support OWL-S concepts like Input, Output, Effect,
Actor and Service Parameter

This integration between the UDDI and OWL profile leverage the search capabilities that can be based on concepts of conceptualizations. We have developed a search
facility (figure 5) that enables the user to choose semantic filters in the level of class
properties or relation between classes apart from the typical UDDI inquiry. The
search can use both of the techniques lead to more accurate results.
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Search Based on
Conceptualization
Elements

Search Based on
UDDI Categorization

Fig. 5. ONAR Service Publication Profile

6. Conclusions and future work
The efficient handling of a large number of web services and the expressiveness in
the description mechanisms that define the functionality of the web services are considered the major problems in SOAI. Our approach based on a common vocabulary
that consists of web ontologies presents a solution that has been applied in a series of
projects[5] and improves the efficiency than ad hoc SOAI.
Our framework provides a set of administration mechanisms [5] that facilitate the
manipulation of the web services. These software components provide overall monitoring of the web service in order to reduce the cost of maintenance of the integration.
Based on the evaluation results of implemented test cases, we intend to enrich the
expressiveness of the description mechanisms of the web service. Our experimentations focus on the improvement of the inference capabilities of the search mechanisms. In order to achieve this we are working on the integration between OWL-S
profile and UDDI. The publication of the web services in our framework that is based
on the conceptual schema should automatically publish the semantic metainformation that carries from their conceptualization ontologies.
Finally we are currently working on amending our web services search facility in
order to exploit the semantic meta-information that has been published to the public
registries.
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Abstract. Today, enterprise integration (EI) is still facing many problems and
the crucial one is the semantic heterogeneity. This problem is not correctly addressed by today's EI solutions that focus mainly on the technical and syntactical integration. Addressing the semantic aspect will promote EI by providing it
more consistency and robustness. Some efforts are suggested to solve the semantic problem at different level, but they are still not mature. This article will
propose an approach that combines both ontologies and web services in order
to address this hard integration problem.

1 Introduction
Over the last decade, a new technology and a new industry sector, typically known as
enterprise application integration (EAI) technology, have emerged as a sub-field of
enterprise integration (EI) [22]. In essence, EAI technologies provide tools to interconnect multiple and heterogeneous enterprise information systems (EIS) such as ERP
(Enterprise Resource Planning) systems, CRM (Customer Relationship Management)
systems, SCM (Supply Chain Management) systems, and legacy systems. The most
difficulty of this interconnection is due to the fact that the integrated systems were
never designed to work together.
More recently, Web Services (WS) have emerged with the advent and the evolution
of the Internet and they provide a set of standards for EAI. Even if WSs are not fully
mature, they seem to became the linga franca of EAI [14]. This will notably make
integration simpler and easier through using web protocols and standards.
Despite the whole range of available tools and widespread standards adoption, the
main goal of EAI which is the semantically correct integration of EISs is not yet
achieved [6]. Indeed, EAI still provides technical and syntactical solutions but does
not address correctly the semantic problem which is the hard problem in EI.
This paper will propose an approach in order to address the semantic integration in
the context of EAI. In the rest of this paper, we will firstly present the integration
problem; secondly, we will briefly review the current state-of-the-art in EAI through
presenting two kinds of solutions: traditional EAI systems and Web-Services-based
EAI systems. Then, we will describe some aspects of our work attempting to provide a
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solution for the integration problem, and finally before concluding, we will outline
some important related works.

2 Integration Problem
Enterprise information system (EIS) is defined as an enterprise application system or
an enterprise data source that provides the information infrastructure for an enterprise.
Typically, an EIS can take many different types including batch applications, traditional applications, client/server applications, web applications, application packages,
relational databases and so on [17]. This systems are often materialized in enterprise
reality in form of relational databases, ERP (Enterprise Resource Planning) systems,
CRM (Customer Relationship Management) systems, SCM (Supply Chain Management) systems and legacy systems.
An appropriate characterization of EISs in context of EAI is that these systems are
HAD (heterogeneous, autonomous, distributed) [16] [6]:
- Heterogeneous means that each EIS implements its own data and process model.
- Autonomous refers to the fact that EISs run independently of any other EIS.
- Distributed means that EISs locally implement their data model which they generally
do not share with other EISs.
The consequence of the characteristics above is that EISs are standalone software
entities which constitute what [31] labels "islands of information" and what [24] calls
"islands of automation". Of course, none of the islands contain enterprise-wide processing and information, which makes it then necessary to integrate the islands in order
to create unified enterprise information and process system. In this case, any form of
integration of these islands (EISs) must happen outside of the involved islands (EISs),
by using integration systems such as EAI systems. This integration consists then in
interconnecting the interfaces of each EIS using technologies supported by the integration systems such as queuing systems, file systems, databases or remote invocations.
Despite the importance of the all the problems described above, we focus only on
the heterogeneity problem, precisely the semantic heterogeneity problem which is the
hard problem of enterprise integration in general and EAI in particular [6].

3 Today's EAI Solutions
The fundamental EAI drivers are related to the existence of EISs which are HAD
(heterogeneous, autonomous and distributed) systems. Generally, this is the consequence of the emergence of e-business, enterprise mergers and consolidations, and the
rise of application packages and COTS (Commercial On The Shelf) [11]. In the rest
of this paper, we consider only two main solutions which are the most important ones
in the context of EAI: traditional EAI systems and WSs. These solutions can fulfill
major integration requirements such as data synchronization and integration, business
process execution, fast deployment of new applications and so on.
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3.1 Traditional EAI Systems
Currently, EAI systems are based on a lot of technologies such as: message brokers, process brokers, message-oriented middleware (MOM), etc. [17]. Even if EAI
systems may differ from a technological point of view, the main functionalities remain
the same, and we can mainly distinguish five components which constitutes a hierarchy of layers and provide respectively transport services, connectivity services, transformation services, distribution services and process management services. The transport services provides communication of data, and it is generally based on asynchronous middleware technology such as message queuing systems. The connectivity
services provides adapters/connectors that connect EISs to the transport services layer.
The transformation services provide translation of the exchanged data between EISs in
order to conciliate the syntactical differences. The distribution services is responsible
for routing the messages. At last, process management services provides mechanisms
to manage and coordinate business processes by using workflow or BPM (Business
Process Management) engines.
The principle of EAI systems is based on using interfaces (adapters/connectors) to
integrate EISs. The interfaces convert all traffic to canonical formats and protocols.
These interfaces constitute the only mean to access EISs and they can occur in different levels: user-interface level, business logic level and data level [21].
Although EAI systems address technical and syntactical integration, nevertheless
they must address the semantic level which is more difficult and which can provide
more added-value. Since the EIS's interfaces are generally immutable, both from syntactic and semantic perspective, the EAI systems must be able to conciliate between
messages of the different EISs on a syntactic level as well as on the semantic level. On
the syntactic level, EAI systems must be able to receive any particular format from
any EIS, transform it and transmit it to any other EIS. On the semantic level, the same
process must happen with the help of semantic mediation in order to ensure that the
semantics of messages will be preserved during exchanges.
Today, no traditional EAI system can provide mechanism that correctly supports
semantics. In most cases, data is passed between EISs by-value, and in general no
shared semantic concepts are explicitly used to define semantics through different
messages or to describe the functions that are provided. As far as we know, only few
systems such as Unicorn system [35] can support semantic concept with the help of a
canonical and corporate ontology. Furthermore, constructing such an ontology is
costly if not impractical especially when the enterprises are large and the EISs usually
change and evolve over time. So this approach do not really solve the integration
problem.
3.2 Web Services
WSs are considered as a result of convergence of Web with distributed object technologies [2]. They are defined as an application providing data and services to other
applications through the Internet [18]. WSs promotes an SOA (Service-Oriented
Architecture) that distinguishes fundamentally three roles: service provider, service

Page 80

INTEROP-ESA'05

requestor and service broker; and three basic operations: publish, find and bind, and
any particular EIS can play any or all these roles [20].
WSs constitute the most important instantiation of the SOA model. They can be
deployed inside (in the context of EAI) or outside (in the context of B2B) the enterprise. In all cases, WSs are published with appropriate URLs by WS providers over
the internet or intranet. Once published, these WSs are accessible by WS consumers
via standards Web such as HTTP (HyperText Tranfer Protocol), SOAP (Simple Object Access Protocol), WSDL (Web Service Description Language) and UDDI (Universal Description, Discovery and Integration) [3]. In addition to this, WSs can be
used for integrating EISs via standards such as BPEL (Business Process Execution
Level) or WSFL (Web Service Flow Language).
WSs are increasingly playing an important role in EAI [20] [30]. They are precisely taking the role of the EAI bus to which all EISs connect [3]. In this case, the
connecting EISs are often wrapped by WSDL interfaces, or they are in some cases
converted to modern web-service-based-applications via a migration process. These
wrappers and migrations are generally done by existing web service toolkits.
WSs are very promising in solving the integration problem [23]. Today, some new
integration products based on WSs standards exist and will certainly replace in the
near future the proprietary solutions that are the traditional EAI systems. Examples of
such new products are Cape Clear, XML Global, Colloxa, etc. [4]. A widespread
adoption of WSs may enhance the evolving technology standards.
Even if WSs are promising, however they do not correctly address the semantic
definition that is currently somewhat supported mainly by UDDI registries with the
help of some standard taxonomies such as NAICS (North American Industrial Classification Scheme), UN/SPSC (Universal Standard Products and Services Classification) and ISO 3166 (Geographical taxonomy) [9]. In addition, WSs do not provide
neither data nor behavior mediation [8] [12] [7]. These drawbacks are mainly due to
the lack of service ontology and mediation support in current WSs. This lack penalizes the efficiency of current WS integration in the context of EAI.
Nevertheless, we must mention the existence of some important initiatives around the
concept of semantic web service [33] [9] [25] that aims to bridge the above current
WS gap such as OWL-S [37], BPEL [10], WSMF [12], METEOR-S [27]. But, most
of these efforts do not provide mature concepts for both data and behavior mediation
in the particular context of EAI. The approach we propose in the following section
takes and improves some of the best ideas emerged from these efforts and which we
attempt to apply to the EAI context.

4 ODSOI Approach
This section succinctly describes some important characteristics of our approach
called ODSOI (Ontology-Driven Service-Oriented Integration) that rely on the use of
both ontologies and WSs technologies, and that aims to extend the state-of-the-art in
EAI in order to address the semantic problem.

Page 81

INTEROP-ESA'05

4.1 General principles
First of all, ODSOI approach is a solution to the information system integration
problem. This means that our approach addresses the heterogeneity problem by providing an ontology-driven integration solution that is based on ontology mediation.
Indeed, our approach is service-oriented (based on SOA) since it uses WSs for integrating EISs. The result architecture integration that we suggest is called ODSOA
(Ontology-Driven Service-Oriented Architecture). This latter extends SOA with a
semantic layer that aims to enhance service mediation in the context of EAI.
Furthermore, our approach can support both static and dynamic oriented integration. This latter means that the binding services of target EISs can be performed at run
time according to special binding rules, contrarily to a static integration solution
where an integration scenario predefines every detail of potentially connectable EISs
(Kwak, 2002). The reasons of this choice are that the dynamic solution is sometimes
more flexible and scalable form of integration than static one. In addition to this, the
integration scenario becomes simpler and the configuration EIS interfaces can be
changed and new systems can be added easily, even while the EAI system is running.
4.2 Global Architecture
The ODSOA concept provides a unified framework in order to integrate EISs. In
this framework, three main types of services are defined: data-services, functionalservices and business-services. This different types can respectively address data,
application and process integration.
Data-Services (DS) are services that expose data sources (EDS – Enterprise Data
Sources) as services. Functional-Services (FS) are services that expose application
systems, fundamentally functional systems (EAS – Enterprise Application Systems) as
services. Business-Services (BS) are defined as the combination of the above services
in order to expose business processes (EPS – Enterprise Process Systems) as services.
Our service typology enrich somewhat the topology proposed in [34] and which is
based on two types that are SaaS (Software-as-a-Service) and DaaS (Data-as-aService).

Fig. 1. Global view of ODSOA Architecture

Figure 1 which is a particular SOA recapitulates these important types of services.
Indeed, there are, of course, some other important technical services that are mainly
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service broker, ontology services, mediation services, infrastructure services and
utility services. Some of them will be described below.
A cross section of the integration bus (also called ODESB – Ontology-Driven Enterprise Service Bus) (figure 2) shows many concentric standard layers such as Transport layer, Exchange layer, Description layer, Registry layer and Transversal layer.
In addition to these standard and currently existing layers, we suggest to adopt, in a
similar way as semantic web service concept [33], an other layer, called semantic
layer and which contains two sub-layers that are ontological layer and mediation
layer.

Fig. 2. Cross Section of the ODESB Bus

The Ontological layer aims to describe the three fundamental types of services described above using specific descriptions such as DSD (Data Service Description) for
DSs, FSD (Functional Service Description) for FSs, and BSD (Business Service Description) for BSs. All these descriptions exploit some ontologies and are specializations of OWL-S (Web Ontology Languages-Services) that constitutes a semantic orientation to the description of WSs, contrary to WSDL (Web Service Description Language) which provides only a description based on a syntactic orientation.
The mediation layer provides mechanisms to perform the resolution of semantic
differences (semantic mediation). In the next sub-section, the services of semantic
layer which are the important ones in our approach will be developed.
4.3 Semantic Layer Services
Semantic services are the main services that address the semantic problem. They
are divided into ontology services and mediation services. Each type of services will
be described below.
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4.3.1 Ontology Services
The principle of ODSOA is based on the semantic services that perform mediation
processes in order to resolve mainly the semantic heterogeneity problem. These processes exploit some formal ontologies which take important part in our architecture.
Ontology services aims to define the semantic description of services using ontology
concepts. According to Gruber, an ontology is defined as an explicit and formal specification of a conceptualization [15]. In the context of information integration, two
fundamental approaches can be selected to achieve semantic integration: shared ontology approach and non-shared (local) ontology approach [38]. In general, we use an
hybrid approach that combines the two approaches and that consists to map local
ontologies onto a shared ontology [38].
For our purpose, we have chosen a variant of the hybrid approach. This can be motivated by the fact that in a large enterprise of autonomous EISs, the definition of a
single set of ontology standards that are suitable for everyone is nearly impossible.
Indeed, this can also be motivated by the difficult leveraging when adopting multiple
independent ontologies.
In our approach, we have defined three major types of ontologies that are similar to
those briefly cited in [21]: information or data-based ontologies, behavior or functional–based ontologies and process or business-based ontologies (figure 3). These
ontologies are used in service descriptions such as DSD (Data Service Description),
FSD (Function Service Description) and BSD (Business Service Description) to explicit the semantics of respectively DSs, FSs and BSs.
Data-based ontologies are the most basic ones. They provide semantic description
of the data (DSs). Theses ontologies are required in all cases, no matter if we leverage
functional-based or business-based ontologies. This means that, data integration is a
precondition for any other integration type.
Functional-based ontologies define semantic description around functions that provided by the multiple EISs (FSs) and that can be remotely invoked. These ontologies
are generally required in order to provide a better reuse of functionalities.
Business-based ontologies define semantic description around coordinating business processes. These ontologies are generally required in order to integrate business
processes.
In addition to this, ontology services are based on the context of a service (servicecontext) which is defined by a set of ontologies related to the concerned service. This
service-context is also called local ontology which means that there are several ontology levels. This is generally appropriate within a large and complex enterprise with
several different business domains such as the studied society that is large and concerns the multidisciplinary microelectronics area. For our purpose, three ontology
levels have been identified: local level, domain level and global level (figure 9).
In essence, local ontologies concerns services, whereas domain ontologies concern
the generalization of local ones that belong to the same domain (Production, Metrology, Packaging, etc.) and they can serve in aligning some local ontologies. At last,
global ontology is considered as generalization of domain ontologies. It is the root of
the ontology hierarchy, and it can serve in aligning domain ontologies and may also be
used in B2B integration that can constitute a natural extension of our approach.
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The ontology taxonomy defines somewhat a clusterization process which is firstly
used in [36]. This clusterization is an important concept which defines the ontology
structuration within an enterprise and can be used in order to master the ontology
construction and evolution. We call this clusterization: ontology urbanization and it
takes an important role in our integration approach.

Fig. 3. ODSOI ontology taxonomy

4.3.2 Mediation Services
Mediation services are generally invoked by service brokers in order to perform
matching or resolution of semantic heterogeneity between services. They exploit the
descriptions provided by the ontology services described above.
Since we use an hybrid ontology approach, this require the integration and mediation of ontologies which are performed by Ontology Mediation Services (OMS) and
that are based on ontology mapping [19]. This latter is the process whereby two or
more ontologies are semantically related at conceptual level. According to the semantic relations defined in the mappings, source ontology instances can then be transformed (or matched with) into target ones (Noy, 2004).
In addition to OMS and according to the above different fundamental types of services, we can distinguish mainly three other types of mediation services: Data Mediation Service (DMS), Functional Mediation Service (FMS), Business Mediation Service (BMS). These mediation services aims to mediate respectively between DSs, FSs,
BSs and they are based on OMS that match and mediate between different ontologies.
To be performed, OMS can exploit two particular utility services that are inference
service and matching service. These particular services can be respectively supported
by academic or commercial inference engine and matching tool. For the initial prototype that is ongoing, we decide to use Racer engine [29] and OLA (OWL Lite Alignment) matcher [28] that seems be appropriate to our approach.
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4.4 Overview of the Integration Process
ODSOI approach provides a uniform framework to integrate EISs at different levels: data, application and process integration level that are provided by three specific
services or sub-frameworks that are respectively ODSODI (Ontology-Driven ServiceOriented Data Integration) framework, ODSOAI (Ontology-Driven Service-Oriented
Application Integration) framework and ODSOBI (Ontology-Driven Service-Oriented
Business Integration) framework. Figure 4 illustrates the general principle of the three
components of the global framework (ODSOI framework).

Fig. 4. General vision of ODSOI framework
Fig. 5. Generic integration process

DSs can be integrated with the ODSODI framework by using data ontology mediation, whereas FSs can be integrated in similar way by using both data and functional
ontology mediation. At last, in case of process integration, BSs can be integrated by
using data, functional and business ontology mediation. These three sub-frameworks
define a stratification so that each level include its inferior levels. Since we can not
detail the different sub-frameworks in this paper, so we just give a generic synopsis
about the integration process.
The heart of integration process is realized by mediation services with the help of a
service broker. This latter is composed of different technical services such as integration service, discovery service, and execution service. The generic scenario of the
integration process (figure 5) starts once the WSs have been described (semantic description) by using ontology services. After that, they are published (semantic publication) in enhanced private UDDI registries (by ontology services) and then they can be
discovered (semantic discovery) by discovery service in order to carry out the realization of a given task modeled as a service template (that corresponds to a user or service query) by the integration service. The discovery service can use mediation service
in order to perform the semantic matching. The invoked mediation services exploit a
similarity function that calculate rapprochement between ontology concepts and then
between the involved characteristics of services. Once the desired WSs have been
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discovered, they are also mediated in order to resolve the semantic heterogeneity differences by the mediation service. Finally, the mediated services are executed by the
execution service and can invoke the integration service which can then perform another similar loop of the integration process. Furthermore, the above process include
dynamic integration which is made possible by some binding rules contained in the
knowledge base. These rules exploits mainly the characteristics of services such as
preconditions, effects and so on.

5 Related works
The integration problem constitutes a hard and complex domain addressed by several communities such as database community, software engineering community, data
mining community, enterprise information system community and so on. In this section, we will briefly and without any exhaustiveness present some important related
works.
First, in the context of data integration, there are many general works which use ontology-based approaches such as COIN (Context Interchange) project [13],
OBSERVER (Ontology Based System Enhanced with Relationships for Vocabulary
Heterogeneity Resolution) project [26], INFOSLEUTH project [39], BUSTER project
[32] and so on. All these work are not concerned about the mediation in the context of
SOA.
In addition to the listed related works above, there are some other works that are
addressing the WS viewpoint such as Active XML from GEMO project [1] and
SODIA (Service-Oriented Data Integration Architecture) from IBHIS (Integration
Broker for Heterogeneous Information Sources) project [34]. Active XML extends
XML language by allowing embedding of calls to WSs. SODIA is an implementation
of Federated Database System in the context of WSs. These work do not support any
mediation services.
Furthermore, in the context of application and process integration, some important
initiatives and works exist such as OWL-S [37], BPEL [10], WSMF [12], METEORS [27]. OWL-S provides an ontology markup language in order to semantically describe capabilities and proprieties of WSs. BPEL is a standard providing a language to
define business processes that can be used in application integration. WSMF,
METEOR-S are initiatives that provide frameworks in order to support the concept of
semantic web service which are defined WSs with a formal description (semantics)
that can enable a better discovery, selection, composition, monitoring, and interoperability [8]. WSMF are based on the extension of DAML-S and OWL-S whereas
METEOR-S is an effort which provides semantic web services through the extension
of existing standards such as WSDL and UDDI. But, most of these efforts do not
provide mature concepts for mediation in the context of EAI.
Finally, none of the related works provide a unified framework in the context of
SOA to integrate semantically both data, application and processes.
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6 Conclusion
The semantic integration of enterprise information systems is a crucial problem that
can concern data, applications and processes. This problem needs semantic mediation
and is best resolved in the context of service oriented architectures.
This paper has focused on proposing a unified approach for enterprise application
integration that exploit both ontology mediation and web services. This approach
called ODSOI (Ontology-Driven Service-Oriented Integration) aims to extend the
current web services stack technology by a semantic layer offering semantic services
that can define the service semantics and also perform semantic mediation in the context of EAI. A typology of services and also of ontologies have been suggested, and a
global vision of the integration framework is described. We intend to materialize in
the future our work with an initial prototype addressing the data aggregation problem
within the study society (International Microelectronics Society) which provides us an
operational environment in order to verify the pertinence and validity of our approach.
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Abstract. This paper presents the framework to support the interoperability
among Semantic Resources1 (SRs) proposed by the FUNSIEC project.
FUNSIEC aims at studying the feasibility of building and maintaining an Open
Semantic Infrastructure for the European Construction Sector (OSIECS).
FUNSIEC adopted a layered approach where the SRs are mapped at the metaschema and schema levels. This process produces the respective OSIECS metaschema and schema, which support the design of the OSIECS kernel – the heart
of the OSIECS infrastructure. This paper presents and discusses the elements
involved in FUNSIEC’s work (e.g. framework, architecture, methodology).
Some conclusions and future work complete the paper.

1 Introduction
The FUNSIEC project touches a dynamic, constantly evolving subject: the meaning
of things or in a word, their semantics. Manufacturing industry has faced a worthwhile challenge in the last two decades, finding ways to communicate precisely (i.e.
without ambiguity) and indeed good technical results have been achieved (e.g. STEPrelated works, EDI, and more recently the ebXML initiative). The construction industry faced the same challenge and found similar tools to cope, aided by the development and promotion of the Industry Foundation Classes (IFC model & tools) established by the IAI collaborative initiative [13]. Other projects and initiatives have
worked in the same domain and produced related contributions to raise awareness in
the whole sector, such as the LexiCon from Stabu [14], the e-COGNOS IST project
[5], the CEN/ISSS eConstruction Workshop [14], to name just a few.
FUNSIEC is a continuation of some of these efforts aiming at to evaluate the feasibility of building and maintaining an Open Semantic Infrastructure for the European
1

Semantic Resource is an expression coined in the SPICE project which refers all ontologysimilar entities, such as taxonomies, dictionaries, thesauri, etc.. Two arguments supported
this choice: there is no consensus about what ontology really is and there is a myriad of expressions currently available to define ontologies and similar resources.
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Construction Sector (OSIECS), intended mainly to support the e-business needs of
Construction. FUNSIEC targets the current situation where standards (both official
and de facto), classification systems, taxonomies, ontologies, and related technologies
and tools are used in a complementary or even in a completely isolated way to produce the "desirable but feasible" framework where the previously described elements
can be combined in an inter-related and holistic fashion.
OSIECS has been created with the SRs currently available that support e-business
practices. Following the recommendation provided by the CEN/ISSS eConstruction
Workshop [14] the SRs were selected and the most relevant have been mapped
among themselves at meta-schema and schema levels respectively. This mapping is
expected to produce OSIECS meta-schema and schema.
This paper focuses on the development of OSIECS, describing the FUNSIEC approach to achieving the goal. The document is structured as follows: section 2 describes the context in which the work is carried out; section 3 presents the FUNSIEC
approach to develop OSIECS; section 4 discusses the architecture of the OSIECS
kernel; section 5 concludes the paper and points out what is next in FUNSIEC.

2 Context of Work
As previously mentioned, the FUNSIEC approach to developing OSIECS is based on
the selection and mapping of the most relevant SRs. The mapping is made at two
levels in a semi-automatic way, with experts and supporting software tools creating
the liaisons among the SRs that form the essence of OSIECS. This is, indeed, a kind
of pivot providing the necessary bridges to handle semantic queries concerning all the
SRs mapped through OSIECS.
2.1 The FUNSIEC Project
The FUNSIEC project focuses on the interoperability of semantic resources through
the design of the OSIECS infrastructure. FUNSIEC is not a classical R&D project in
the sense that it targets mainly the feasibility of building and maintaining OSIECS at
a technical, organisational and business level. As such, the answer must be pragmatic
and take advantage of the resources currently available, including public results produced by international initiatives and EC-funded projects. The feasibility study also
evaluates the alternatives to maintain semantic mappings amongst the available SRs
in order to foster complementarities amongst them and favour the emergence of new
electronic services (especially those supporting multiple languages). The development of OSIECS is expected be an effective mechanism to provide answers to the
business needs related to the use of SRs.
The main elements involved in the work of FUNSIEC are e-business, standards,
and semantic resources (the inputs) and the OSIECS infrastructure and the education
dimension (the major outputs). All are evidenced in the FUNSIEC Semantic Experience Centre (FSEC) a kind of hands-on learning experience. The semantic resources
are evaluated and mapped among themselves. Standards and recommendations pro-
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vided by standardisation bodies are included in a thorough way in FUNSIEC. The
FSEC is, of course, the key element supporting the education axis in FUNSIEC. The
(e)business side of the story is related to the very essence of the feasibility study on
the use of SRs. How they can be used effectively and how they can provide business
advantage are the questions FUNSIEC seeks to answer.
FUNSIEC intends to be an instrument that promotes e-business practices to the
construction community. It aims to become a useful and extensible aid relating to the
semantic resources theme, a place where people can obtain educational support. Such
support will be provided by the creation of a showroom of SRs available and potentially usable by the construction sector in Europe, including usage scenarios, on-line
tutorials and demonstrations. FUNSIEC is not about reinventing the wheel; rather it is
oriented towards reuse and adoption/adaptation of what seems best in helping the
construction sector to be educated in the meaning, development and use of SRs.
2.2 The FUNSIEC Framework
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The FUNSIEC framework contains three domains, namely User, Application, and
Resource (figure 1). The User domain contains the actors involved in the e-business
arena. The Application domain holds the e-business areas of application. Finally, the
Resource domain offers the SRs used by the application areas and brings in two new
elements, namely OSIECS meta-schema and schema. Together these provide the
cornerstone supporting the mapping (at different levels) between SRs.

OSIECS Meta-Schema/Schema

Fig. 1. The FUNSIEC framework

The approach to conceiving OSIECS started with the selection of the SRs that
form it. Since they are not described in a uniform language, their respective metaschemas were converted to a single format adopted by FUNSIEC (i.e. the Ontology
Web Language – OWL) allowing (semi)automatic detection and validation of commonalities amongst the meta-schemas. This process produces the OSIECS meta-
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schema that supports the mapping amongst the SRs in OSIECS. The OSIECS metaschema is then used to guide the mapping of the entities (i.e., concepts, relations,
properties, etc.) defined in each schema of the OSIECS components. The final end
result is the OSIECS schema.

3 The FUNSIEC Approach
Beyond the “simple” pooling of linguistic resources, FUNSIEC aims at creating a
harmonised environment where each resource is clearly characterised (in terms of
content, scope, usage, etc.) and situated in the overall map of resources, where semantic links are created among them. Currently, the lack of visibility together with
the absence of agreed standards on a large scale are two of the main factors explaining why end-users and service providers are not using exploiting resources more
intensively. Moreover, the creation of consistent linguistic resources is most often a
very tedious task for content providers with no guarantee of return for the effort.
Certainly a major challenge for FUNSIEC is to overcome these problems and create
“critical mass” interest and confidence needed to encourage content and service providers. Therefore, the potential risks of failure, along with the success factors, have
been carefully evaluated during this feasibility project.
The FUNSIEC approach to developing the OSIECS infrastructure consists of the
following steps: (i) identification and selection of the SRs to provide the input for the
creation of the OSIECS meta-schema; (ii) analysis of structure, syntax, and semantics
of the respective meta-schema of the SRs selected in step i; (iii) design of the
OSIECS Kernel, a software tool to help creating the OSIECS meta-schema/schema;
(iv) semi-automatic conversion of the meta-schemas for the same format; (v) semiautomatic mapping of the converted meta-schemas producing the (unified) OSIECS
meta-schema; (vi) production of the OSIECS schema from the meta-schema; and (vii)
design the OSIECS infrastructure and putting in place a demonstration scenario.
These steps are described in more detail in the next sections.
3.1 The Three Layers Vision in FUNSIEC
All semantic resources follow some underlying meta-schema and schema, even if not
always stated explicitly. In order to enable interoperability among different Semantic
Resources it is essential to understand beforehand the meta-schemas they follow. By
way of illustration only, figures 2, 3 and 4 show the beXML meta-schema, part of
bcBuildingDefinitions taxonomy and a catalogue (bcXML compliant) of products.
The CEN/ISSS eConstruction Workshop2 recommends the use of frameworks
structured in two levels, namely meta-schema and schema. FUNSIEC considers a
third level in this framework, the instances. At the highest level, there are metaschemas that describe very general and abstract concepts that are necessary when
2

The CEN/ISSS Workshop on eConstruction was a mechanism to facilitate “e-volution” in
European Construction by providing an open discussion forum to achieve the required consensus on a number of interrelated specifications needed for outworking of eConstruction.
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structuring an information model and those that describe broadly sharable ideas usually being specific to building construction. From a top-down perspective, specialisation is the axis transforming a meta-schema into instances and generalisation supports
the other way round. The lower levels are more detailed and real things whilst higher
levels are more abstract and intangible things.
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Fig. 2. The bcXML Meta-schema

Fig. 3. Partial view of bcBuildingDefinitions taxonomy
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A meta-schema can therefore be regarded as a schema on a high level of abstraction. In the second level, the schema represents an agreed structure expressed in some
suitable (mostly formal) language able to describe things on different ‘description
levels’ (e.g. a taxonomy or an ontology). It should be able to handle both definitions
and specifications (types and occurrences) of construction-related products and services. Finally, at the bottom level, instances are very specific representations of a
schema; for instance a catalogue of products where all the properties that define a
given product have the correct values defined (e.g. catalogues of products).
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Fig. 4. Typical Door Catalogue Content

3.2 Mapping the Semantic Resources
Mapping semantic entities, even if they are formally defined, is a considerable challenge involving several aspects. Quite often it requires identifying pair-wise similarity
between entities and computing the best match for them [2]. There are many different
possible ways to compute such similarity with various methods designed in the context of data analysis, machine learning, language engineering, statistics, or knowledge
representation. FUNSIEC relies on semantic methods [3] to deal with the problem.
The basic assumption behind semantic methods is that they aim at discovering relations between (pairs of) entities belonging to different schemata based on the meaning of the two entities (their semantics!).
OSIECS is formed by SRs from the following: bcBuildingDefinitions taxonomy, eCOGNOS, ISO 12006, and IFC. The first step in the development of OSIECS is
mapping their meta-schemas. The bcBuildingDefinitions is the taxonomy developed
by the eConstruct project in order to demonstrate the power of bcXML3, an XMLbased language tailored to the representation of products/services in the construction
sector. The bcXML meta-schema is the model of bcXML taxonomy [4].
3

bcXML primarily supports simple eCommerce communication of products (materials, components, equipment, documents) and services within or across borders.
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The e-COGNOS ontology [5] focuses on construction concepts related to the consistent knowledge representation of (construction) knowledge items. The e-COGNOS
ontology comprises two taxonomies (concepts and relations). Those concepts and
relations are grounded in the IFC entities, which form the highest level taxonomies.
The primary target of the IFC model is interoperability of software applications in
the building and construction sector. IFC classes are therefore defined according to
the scope and the abstraction level of software systems dealing with Construction
specific content. The entities of the IFC model are grouped in layers where the kernel
and core extension layers deal with general, abstract concepts whilst the shared elements and domain layers deal with specialised concepts of the real world [6].
Table 1. Similarities among entities of several meta-schemas
Meta-schema
Item
Semantic Resource
identification
Concept
Relation
Property
Assign properties
to objects
Description
Reference to an
external resource /
entity

eCognos

bcXML

ISO 12006-3

IFC

Object (abstract)

Taxonomy

XtdRoot (ABS)

IfcRoot (ABS)

eCognosConcept
Relation
Attribute

Object
XtdObject (ABS)
Relationship xtdRelationship
Property
xtdProperty
xtdRelAssignProperty
sProperties

Attribute
ObjectConceptDefinition
-

Description

xtdDescription

ExterxtdReference
naReference

IfcObject (ABS)
IfcRelationship
IfcProperty
IfcRelDefinedByProperties
Description (attribute)
IfcExternalReference

The ISO 12006-3 [7] is a Construction specific standard that defines a schema for
a taxonomy model, which enables concepts to be defined by means of properties, the
grouping of concepts and defining relationships between concepts. Objects, collections and relationships are the basic entities of the model. The role that an object
should play can be designated through the model and this provides the capability to
define the context in which the object is used [8].
Despite of the differences of the SRs described above found among the metaschemas, the preliminary results produced by analysis in FUNSIEC brought positive
signs for the possibility of building a pivot meta-schema bridging (semantically) those
SRs. The table 1 presents the partial results of such analysis.

4 The Architecture of the OSIECS Kernel
Based on the framework described above, the preliminary version of the OSIECS
Kernel is depicted in figure 5. Essentially it covers both meta-schema and schema
levels. In the former, the Kernel is formed by: the Syntax Converter, the Semantic
Analyser, the Converter, the Detector of Similarities, and the Validator. In the latter,
the Kernel relies on the Entities Matcher.
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Fig. 5. The OSIECS Kernel

The formalism adopted to represent both OSIECS meta-schema and schema is the
OWL language, for two main reasons: i) the expressiveness; and ii) the explicitness
of its semantic representation which allows some automated deduction. Last, but not
least, OWL is the ontology representation promoted and recommended by the Semantic Web group.
The Syntax converter and the Semantic analyser work together using the metaschemas of the respective SRs as input in order to produce the conversion rules to be
used by the Converter for guiding the production of the OWL meta-schemas for each
of the SRs in the Kernel. The Detector of Similarities (which is, indeed, the ONDIL
system briefly introduced in section 4.1) works with the OWL-converted metaschemas in creating the OSIECS meta-schema. This meta-schema is then analysed
and assessed by the Validator. Then moving one level down, the schemas of the
OSIECS components are matched by the Entities Matcher. The output of this process
is the OSIECS schema.
With the help of software tools, the experts play a very important role in this process. They act in both levels taking care of: (i) the manual analysis of the SRs and their
respective meta-schemas/schemas; (ii) analysis of the rules of conversion; (iii) the
assessment of the detection of similarities; (iv) checking of the validation process; and
finally (v) the assessment of the output of the Entities Matcher.
4.1 The ONDIL System
As previously refereed, within the OSIECS Kernel the ONDIL system is responsible
for the detection of similarities among meta-schemas. Broadly speaking, ONDIL
provides inference services for Description Logic-based ontologies [9]. The expressiveness of such ontologies allows semantics of modelling languages to be formalised
(e.g UML [11], EXPRESS [12]) and to make the semantics as explicit as possible. It
is worth emphasising that formal and explicit semantics are crucial to automated
deduction.
The ONDIL system comprises three modules, namely ontology management, mediator, and inference engine. The heart of ONDIL is an inference engine that uses the
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structural algorithms developed in [9] for non-standard inferences and the optimised
algorithms for standard inferences. ONDIL uses the inference engine to deduce new
knowledge using the ontologies (one or many) as the primary source of knowledge.
The knowledge deduced is essentially new relations among the ontological concepts.
ONDIL considers initially that the ontology manager may need some help to exploit
all the possible relationships among the concepts in a single ontology. This help is
even more essential when considering several semantic resources (likely) developed
independently from each other. The relationships among them (if they exist) are usually only implicit. These relationships can be viewed more as knowledge to be detected rather than knowledge to be predefined in the semantic resources. Therefore, in
FUNSIEC the ONDIL system is used to establish mappings among the semantic
resources.
4.2 Syntax Conversion and Semantic Analysis
As previously explained, the mapping process involves three main elements of SRs,
namely the structure, the syntax, and the semantics. The solution most recommended
for syntax and semantics problems is to represent (through a conversion) the original
SRs in a neutral formal format. These converted versions are then free of syntactical
problems. Both structural and semantic-related problems are solved through a semiautomatic process where the experts are aided by software tools. This is where the
Converter component (figure 6) comes in. Needless to say, the knowledge of experts
is vital to ensure good results.
UML Express

XMI, EXPRESS, …, and OWL

Syntactic Converter &
Semantic Analyser

Translation Rules
from each native formalism

Other
formats

Converter

Transformers

Meta-schemas
in OWL
List of equivalent
entities
OSIECS
Meta-schema

Detector of Similarities (ONDIL)

Validator
List of subsumed
entities

Fig. 6. Creating the OSIECS Meta-schema

The meta-schemas forming OSIECS are originally represented in different formalisms: EXPRESS in ISO 12006-3 and IFC, and UML in e-COGNOS and bcXML.
The Converter works with the meta-schemas in their original formalisms and produces the correspondent OWL versions (figure 6). The experts play a very strategic
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role in this phase. They analyse the SRs meta-schemas and create a set of conversion
rules (written in Java) that allows converting each entity from their original format (in
a given meta-schema) in OWL. This transformation must preserve the semantics of
the entities. The set of rules is used by the JavaCC [10] tool to generate a compiler
capable of translating any meta-schema written in the original formalism automatically into OWL. As part of the OSIECS development, two compilers were generated
to support the translations of both EXPRESS and UML to OWL. Now the inclusion
of new SRs represented in EXPRESS or UML no longer require human intervention.
Table 2 shows the translation of an ENTITY ISO-12006 (in EXPRESS) into
OWL. The EXPRESS ENTITY is firstly represented in description logic and this
representation is translated into OWL. The class XtdRelAssociates defines a set of
instances that satisfy the following property: each instance of class XtdRelAssociates
is associated with an instance I0 of class XtdObject via the attribute RelatingObject
and with n instances I1,…,In of class XtdObject via the attribute RelatedObjects. The
constraint WR1 states that the instance I0 is different from all instances I1,…, In.
Table 2. An example showing the conversion EXPRESS-OWL
EXPRESS

Description Logic

ENTITY XtdRelAssociates; relatingObject ⊑
RelatingObject: XtdObject relationship
RelatedObjects:
relatedObjects ⊑
SET[1 :?] OF XtdObject;
relationship
WHERE
WR1:
XtdRelAssociates
⊑∀relatedObjects.
SIZEOF(QUERY(
XtdObject
Result<*RelatedObjects |
XtdRelAssociates
RelatingOb⊑ ≥n relatedObject:=:Result))=0;
jects.⊤
END_ENTITY;

XtdRelAssociates
⊑ ≤n relatedObjects.⊤

OWL
<owl:ObjectProperty rdf:ID="relatingObject">
<rdfs:subPropertyOf rdf:resource="#relationship"
/>
</owl:ObjectProperty>
<owl:ObjectProperty rdf:ID="relatedObjects">
<rdfs:subPropertyOf rdf:resource="#relationship"
/>
</owl:ObjectProperty>
<owl:ObjectProperty rdf:ID="invRelationship">
<owl:inverseOf rdf:resource="#relationship"/>
</owl:ObjectProperty>
<owl:ObjectProperty
rdf:ID="invRelatedObjects">
<owl:inverseOf rdf:resource="#relatedObjects"/>
</owl:ObjectProperty>
<owl:ObjectProperty
rdf:ID="invRelatingObject">
<owl:inverseOf rdf:resource="#relatingObject"/>
</owl:ObjectProperty>
</owl:Class>

4.3 Detection of Similarities
The Detector of Similarities uses the ONDIL inference engine to detect similarities
between each of two concepts belonging to different meta-schemas. The similarity
between two concepts is defined in four levels according to its granularity.
Consider two concepts C1 and C2 belonging to different meta-schemas. Firstly, the
inference engine verifies whether they are equivalent according to OWL semantics. If
so, the result is sent to the Validator. If not, they are sent to the Subsumption Detection component to check if one concept is subsumed by (i.e. part of) the other. If that
is not the case, similarity is evaluated by the Intersection Detection and LCS and
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Difference Detection components that take care of intersections, unions and differences among the concepts. This allows more precise detection of similarities between
the two concepts. The similarities among the meta-schemas are validated in order to
produce the OSIECS meta-schema.
4.4 Matching the Entities
The similarities found in the previous stage are used over the SRs schemas following
a specialisation approach. Therefore, the Entities Matcher applies a similarity detected between two entities (at the meta-schema level) to the entities at the schema
level. For instance, if A is an entity from the e-COGNOS meta-schema and B an entity from the ISO 12006-3 meta-schema, then S(A, B) represents a similarity between
those entities. This similarity is matched to the entities of the corresponding eCOGNOS and LexiCon schemas, S’(a, b). All entities matched in the schema of the
selected SRs comprise the OSIECS schema.

5 Conclusions and Future Work
The FUNSIEC framework supporting the interoperability of SRs for the construction
sector has been presented with emphasis on the development of OSIECS infrastructure. The heart of such infrastructure is the OSIECS Kernel, which relies strongly on
the OSIECS meta-schema/schema, both developed from the respective metaschemas/schemas of the SRs used in OSIECS. The OSIECS Kernel and the OSIECS
Meta-schema/schema, to be released by the end of 2004, are the major results of the
FUNSIEC project.
Both OSIECS meta-schema and schema are created semi-automatically by experts
in a process aided by specially developed software tools. The FUNSIEC approach
began with the analysis of the meta-schemas/schemas of the SRs chosen to form
OSIECS. The selected SRs, represented in EXPRESS and UML, were converted to
OWL, the neutral representation language adopted in FUNSIEC. For that, rules of
conversion from EXPRESS/UML were manually generated to feed the JavaCC tool,
which in turn generated two compilers to automatically transform any SRs from
EXPRESS/UML to OWL. The converted meta-schemas were semantically compared
and mapped. The final output is the OSIECS meta-schema, which is used afterwards
to produce the respective OSIECS schema. The OSIECS infrastructure, now being
developed, aims to prove the usefulness of these components.
The future of FUNSIEC remains full of challenges. The project is in its crucial
phase where the concepts and ideas have to be demonstrated and assessed properly.
Most of the OSIECS infrastructure will be in operation by January 2005 and by that
time the underlying assumptions behind FUNSIEC should be confirmed. Specifically,
the work started by translating EXPRESS expressions used in ISO-12006-3 into
OWL (which produced the EXPRESS-OWL transformer). The extension of this
process targets the translation of EXPRESS expressions used in IFC into OWL. Additionally, in order to guarantee the formal basis of the conversion its technical and
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semantical soundness and completeness are required to be studied. Finally, the inclusion of fuzzy logics to provide a degree of equivalence when mapping the metaschemas is another challenge facing FUNSIEC.

References
1. Lima, C., Fiès, B., Ferreira-da-Silva, C.: Setting up the Open Semantic Infrastructure for the
Construction Sector in Europe – the FUNSIEC Project. In: 5th European Conference on
Product and Process Modelling in the Building and Construction Industry – ECPPM 2004,
Istambul, Turkey (2004)
2. Euzenat J., Le Bach T., Barrasa J., Bouquet P., De Bo, J., Dieng R. et al.: D2.2.3: State of
the art on ontology alignment – Knowledge Web project, realizing the semantic web, IST2004-507482 Programme of the Commission of the European Communities (2004)
3. Benerecetti M., Bouquet P., Zanobini S.: Soundness of Semantic Methods for Schema
Matching. Workshop on Meaning Coordination and Negotiation at the 3rd International
Semantic Web Conference, Japan (2004)
4. Lima, C. P., Stephens, J., Bohms, M.: The bcXML - Supporting eCommerce and Knowledge Management in the construction industry. Itcon Journal, v. 8, (2003) p. 293-308
5. Lima, C. P., Fiès, B., Lefrancois, G., Diraby, T. E. (2003). The challenge of using a domain
Ontology in KM solutions: the e-COGNOS experience. In: 10TH ISPE 2003, Funchal, Portugal. International Conference on Concurrent Engineering: Research and Applications,
(2003) p. 771-778
6. The International Alliance for Interoperability web site, http://www.iaiinternational.org/iai_international/
7. ISO/DIS 12006-3 – Building construction Organization of information about construction
works — Part 3: Framework for object-oriented information exchange (2002).
http://www.icis.org/tc59sc13wg6/WG6-104%20ISO_PAS_12006_3_VERSION_2X.pdf
8. European eConstruction Meta-Schema (EeM), CEN Workshop Agreement – CWA3.
Documents produced by the CEN/ISSS eConstruction Workshop, Brussels (2004)
9. Le Duc, C.: Transformation d’ontologies basées sur la Logique de Description – Application dans le Commerce Electronique. PhD Thesis, Université de Nice, France (2004)
10. JavaCC, https://javacc.dev.java.net/
11. UML: Unified Modeling Language, Object Management Group, http://www.uml.org/
12. EXPRESS-G - annex A of ISO 10303-11 - Industrial automation systems and integration -Product data representation and exchange -- Part 11: Description methods: The EXPRESS
language reference manual (1994)
13. Wix, J., Liebich, T. (2003) IFC: Current Reality and Future Potential, In Proceedings of
10th ISPE International Conference on Concurrent Engineering: Research and Applications,
Madeira, Portugal, July 2003.
14. CWA3 – CEN Workshop Agreement, European eConstruction Meta-Schema (EeM), 2004.
Documents produced by the CEN/ISSS eConstruction Workshop, Brussels, 2004.

Page 101

INTEROP-ESA'05

Virtual Breeding Environment: A First Approach to
Understand Working and Sharing Principles
Nathalíe Galeano Sánchez1, David Apolinar Guerra Zubiaga1, Jaime Atahualpa
Irigoyen González1, Arturo Molina1
1

Centre for Integrated Manufacturing Systems, Eugenio Garza Sada 2501,
64849 Monterrey, Mexico
{ngaleano, david.guerra, atairigoyen, armolina}@itesm.mx
http://csim.mty.itesm.mx/english/home.htm

Abstract. Collaboration is one way to achieve competitiveness in a global
market. Virtual Organization Breeding Environments (VBEs) motivate the
creation of Virtual Organizations (VO) as organizations that respond with high
flexibility to rapid changes in market needs. VBEs define (implicit or explicit)
main working and sharing principles in order to impulse collaboration between
members and assure long-term benefits. This paper presents the results of a first
stage of an action-research effort focused on finding VBE working and sharing
principles that will define main elements for a VBE Framework, such as actors,
activities, knowledge sharing, organizational structure and culture.

1 Introduction
Globalization and market aggressiveness face the need to strongly use collaboration
mechanisms sharing valuable knowledge. Competitiveness has leaded to increase
productivity in a global environment, however the success and sustainability in a long
term is not achieved in majority of cases. Collaborative Networks (CN) and their
forms, such as a Virtual Organisation (VO, also known as a network) created out of a
Virtual Breeding Environment (VBE, also known as a cluster), provide accepted
benefits, such as capitalizing on knowledge and market power existent in the partners,
which give them the edge in a competitive situation [1].
Clusters (VBE) that are dynamic have moved beyond simple hierarchical networks
to become characterized by numerous repeated connections between individuals,
firms and institutions that constantly shift and expand (VO creation) [2]. In order to
reproduce these effective VBE, a model that can embrace the internal dynamics is
needed as an initial effort to develop a framework.
An approach to develop the model above is modelling the actors that have developed
collaboration readiness inside a VBE throughout networks and relationships [3]. The
aim of this paper is to present the first results a VBE action-research effort in which
organizational forms, actors, activities, culture and policies have been identified in
order to understand its working and sharing principles.
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2 VBE Research Context
A large variety of Collaborative Networks (CN) has emerged during the last years as
a result of the challenges faced by both the business and scientific worlds [4]. In this
research, two manifestations of CN are relevant and their brief description is
presented below:
Virtual Organization (VO): A set of independent organizations that share resources
and skills to achieve its mission or goal [4].
VO Breeding Environment (VBE): A VBE represents an association (also known
as a cluster) or pool of organizations and their related supporting institutions that
have both the potential and the will to cooperate with each other through the
establishment of a “base” long-term cooperation agreement and interoperable
infrastructure. When a business opportunity is identified by one member (acting as
a broker), a subset of these organization can be selected and thus forming a VO
[4].
Cortada et. al. [5] notice that the success starts always on the environment
comprehension. Following this guideline, the beginning of successful generation of
VO is the understanding of the environment in which the VBE is breed. A VBE
encourages collaboration between enterprises allowing them to complement their
competencies. An effective VBE Model requires: well identified actors, roles
explicitly described, and interrelations between them outlined.

3 Research Methodology
Action Research (AR) is the methodology used in this research [6]. The research is
planed in three action research cycles as showing in Figure 1. First a review of actual
VBE models and state of the art is carried out, the output of this stage is a draft Model
that identifies main VBE working and sharing principles. After a first model is
developed, two spirals of the action research methodology should be performed: The
first cycle aims to apply the draft principles in a small pilot case analysis (a group of
3 or 4 enterprises that collaborate for a specific purpose in a VBE), and the second
cycle aims to apply the redefined principles in a second industry case (automotive
VBE in Mexico).
The research results presented in this paper are related to the first action research
spiral, a firs approach of a VBE Model based on interactions and focused on VO
creation is drawn from this exercise. The activities involved in this cycle explained
above.
Plan Activities:
1) A plan for the review of the actual VBE research is done including resources
allocation and time spent.
2) A format is developed to extract specific information from VBE cases. The
VBE Structure is a data sheet template that consists of eight areas: General
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(includes name, location, age, brokers’ name, mission and objectives),
Impact, Actors, Intellectual Property, Financial, Products/Services, ICT and
Annex (CNO Cases) in which there are several blanks to fill, i.e. broker’s
name, VBE location on life cycle, stages in development of the industrial
cluster, value creation sources and integrators’ names.

Fig. 1. Action Research Cycles.

Act Activities:
1) VBE Cases are identified all around the world, focusing in collaboration acts.
2) A sample is selected looking for industrial heterogeneity, economic variety,
and geographical diversity in order to achieve complete findings (see Figure
2). The cases were selected because of documented representative
collaboration inside them.
3) Collect and document the information of the VBE cases in the VBE template.

ICT, Helsinki, FI
Biotechnology, Ontario, CA

Racing Cars, Motor sport Valley, UK
Knitwear, Carpi, IT

Biotechnology, Massachusetts, US
Business Services,
Phoenix, US

Manufacturing,
IECOS
(Monterrey), MX

ICT (Electronics -Software),
Guadalajara, MX

Knowledge
Cluster,
Basque
Country, SP

Software, Bangalore, IN

Mining, Antofagasta, CL
Shoes, Sinos Valley, BR

In Birth
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Fig. 2. Sample of VBE Cases.

Observe Activities:
1) VBE key factors identification. The triggered question for identify key
factors is: What make successful a given VBE? (Table 1).
2) Classification of VBE cases regarding to level of technology applied and age.
3) Basis of success factors are grouped according to its presence in high,
medium and low tech VBE and are quantitative qualified according to the
strong, secondary and complementary presence.
4) Group each key factor according to which VBE is more connected: in High
Tech Case, Medium Tech Case, Low Tech Cases, and All Cases.
Reflecting Activities:
1) Analyze results: VBE key factors identified and its relation with the type of
VBE (high, medium and low tech).
2) Analyze and model VBE actors: the key factors help to discover entities that
participate in VBE life cycle. The connections between these actors define
the VBE dynamic.
3) Analyze the influence of diverse types of VBE structures and VBE culture
issues.

A

A

A

A

A

L

L

M

HM

HM

HM

H

H

H

H

H

Brokerage Activities

Operational Support

ICT Use

Innovation

Richness Generation
(Profitability)

Flexibility

Horizontal Cooperation

Planning (to Grow)

Education

ICT Availability

Integral Solutions

Information Culture

Knowledge Sharing

Vertical Cooperation

Research Industry Link

Technology Push Strategy

Table 1. Success Bases on VBE Cases.
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Applied Technology

The success is based on ... ->

H: Common in High Tech Cases
M: Common in Medium Tech Cases
L: Common in Low Tech Cases
A: Common in All Cases

O
o
.

Strong Basis
Secondary Basis
Complementary Basis

From the analysis of the VBE key factors, it was found that, they are present in
many environments, but their connection with each other is what makes synergy.
Synergy is needed because network collaborative enterprises can create a new and
unique value propositions by complementing, integrating and leveraging their
capabilities and competencies [7]. The success bases in VBEs related to high tech
cases imply intellectual activities (e.g. design in integral solutions and knowledge
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sharing) and proximity between research and industry. Factors like VBE planning,
education and integral solutions are strong presented in medium tech VBE cases.
Moreover, flexibility, horizontal cooperation and brokerage activities are strong
presented in low-tech VBE cases.
These key factors are results of activities developed by one or several entities,
which are the actors playing roles in a VBE. Following section propose a VBE Model
based on actors’ interactions and focused on VO creation.

4

VBE Model

In analogy with neurons and thoughts inside the brain, enterprises are interconnected
in temporal events called Virtual Organizations. The brain must to be in healthy
conditions to generate networks of neurons (thoughts), as the VBE to generate
networks of enterprises (VOs). Actors identified inside the VBE should provide
conditions for an effective collaboration. Figure 3 represents the seven actors
identified in VBE Research and depicts VO generation upon a business opportunity.
These actors are: Brokers, Integrators, Manager, Advisor, Members, Government,
Universities, and, Research and Development Centres.

Fig. 3. VBE Model based on Actors’ Interaction.

Broker: The broker functions are specialized in the business opportunities search
that is the starter element for VOs creation, and in the communication act to the
integrators.
Integrator: This role is mainly the project manager for the VO Operation to
develop the ideas (business opportunities) selected by the broker. Broker and
integrator roles, could be performed by the same entity but are separated in this model
because of the nature of their activities in which the broker activities imply creativity
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and extensive use of right hemisphere of the brain. In the case of integrator, activities
are related to the left hemisphere of the brain because are associated with verbal,
logical and analytical thinking through fixed guidelines.
VBE Manager: Its main responsibility is to provide the best medium to encourage
collaboration between VBE members (i.e. availability of ICT tools, infrastructure and
legal framework).
Advisor: As majority of systems, monitoring and control activities are required to
enhance productivity. In the case of a VBE system, the Advisor performs these
activities.
VBE Members: Collaboration and Productivity are their main responsibilities
(mainly achieved by Horizontal and Vertical Cooperation [8]). The more trust in VBE
members, the more the collaboration cases, without trust, environment trends to be
stunted. An example of active VBE Members is the companies associated in Aportia,
a software integrator in Guadalajara, Mexico [9]. They offer Information
Technologies Products and Services; also work in programs for Capability Maturity
Model (CMM) Certifications or equivalents for Aportia members [10].
Government, who should facilitate the access to public infrastructure, stimulates
growth, and avoids gradual deterioration of the industrial infrastructure [11].
Universities and Research and Development (R&D) Centres: The goal for these
actors is to raise intellectual capital, its creation encompasses the whole spectrum of
knowledge-based activities from replication to innovation [12].
4.1 Organizational Structure in VBE
Work, Individuals, Organizational Formal Agreements and Informal Organization are
the four components needed to define an organization [13]. Regarding to a VBE,
Individuals are the seven actors identified; Work is related with the VBE operational
activities; Organizational Formal Agreements are the roles and responsibilities of the
actors; and, the Informal Organization is presented on the interactions between VBE
members.
Three main types of structures in VBE Cases have been identified during the
research: Cellular, Boxes and Chain (names given by the authors). See Figure 4.
Cellular: This is a common type of organization to create temporal VOs with high
speed. It is present in environments with members that have high entrepreneurship;
lightness to incubate SMEs for satisfying VBE’s customer needs is one advantage.
Boxes: This is a structure that enhances the creation of more structured VOs
oriented to large projects. It’s used in environments with well-identified members,
who have a structured profile that certifies their capabilities and that are grouped in
specialized areas.
Chain: It presents less interaction between members; their interaction is limited to
the relationships in a plain value chain during VO Operation. VO partners work
according to a plan already developed and under well-defined roles. This is common
for product development projects. A disadvantage of this structure is the little
knowledge sharing potential because of limited interaction between partners in the
design and planning activities.
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Cellular

Boxes

Chain
Fig. 4. Types of Structures used in VBE Cases for creating VOs

Table 2. Map of Structures Identified in VBE Cases
VBE

Cellular

Biotechnology, Ontario, CA

√

ICT, Helsinki, FI

√

Boxes

Biotechnology, Massachusetts, US

√

Racing Cars, Motor sport Valley, UK

√

Business Services, Phoenix, US

√

Software, Bangalore, IN

√

Knowledge Cluster, Basque Country, SP

√

ICT (Electronics to Software), Guadalajara, MX

√

IECOS, Monterrey, MX

√

Knitwear, Carpi, IT

√

Chain

Mining, Antofagasta, CL

√

Shoes, Sinos Valley, BR

√

From the three major categories of organizational structure presented in the table
above, two constants can be identified about their elements: the members should be
closely communicated, so a horizontal and plain architecture fits very well; and
someone needs to coordinate different efforts in order to gain synergy between the
VOs. This means that in successful VBE, there are well-developed support industries
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in such a way that VOs can be easily developed. These support industries can achieve
a cluster denomination because of their integration with the main industry. This is
integration in value chain and the organizational structure should make easy this
process as happens in Singapore VBE which has focused the entire country's
organizational structure to support its growth [14].
After this analysis, an expeditious conclusion is that an appropriate VBE must to
have few levels in its hierarchical organization in order to enhance VOs creation
through a rapid process. Proof of functionality of this size of structure are the cases of
Aportia in Guadalajara, Mexico [15], ICT Cluster in Helsinki, Finland [16], the
Industrial Districts all around Italy [17] and the Software Manufacturing Industry in
Bangalore [18]; in which, small and medium enterprises (SMEs) are organized by
simple teams with no more than two levels of hierarchy. A deep structure could slow
the process because of many authorizations to achieve and the source of
competitiveness of a VBE Model could be gone.
4.2 Culture in VBE
The environment in which a VO is created has a typical collaboration culture. The
Collaboration culture that a VBE requires, remarks trust in partners. The more trust,
more the collaboration cases. And without trust, environment trends to be stunted.
Trust between organizations is a competitiveness requirement, but this phrase is really
a misnomer because trust is something that only people can do. The build-up of trust
between organizations is founded upon the inter-personal bonding via trust developed
between the individuals in the different organizations (or indeed between different
units within a single organization) [19]. This means that a successful VO only can be
generated with partners working in a collaborative culture inside their own
organizations.
The culture of collaboration involves the ability of team working because it is the
optimal organizational solution when a complex problem has a strategic element
complicating the optimum solution, and a significant amount of planning is inevitable
due to the complexity of the issues [20]. Regarding to clusters, implementing a
modular solution (VO as a team) to respond the market needs decreases complexity in
the challenge of be competitive in a changing market.

4.3 Knowledge Sharing in VBE
The seven actors defined in the VBEs are focused on generation of a long term
competitive
environment
complementing
competencies
between
them.
Complementary competencies are an integral part of knowledge-based collaboration
[21]. A VBE search this type of collaboration because the sustainability resides there:
a VO can be temporal but it should provide the knowledge acquired in its life cycle to
the VBE in order to improve other VOs (in present and in future). In a more general
view, the entire VBE can evolve into a better one by learning about itself (knowledge
sharing).
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To describe knowledge sharing in a VBE is necessary to define common
knowledge concepts. First it is important to differentiate data, information and
knowledge: Data is only text that does not answer questions to a particular problem
[22], Information can be defined as data with meaning [23] and, Knowledge is
information with added detail relating to how it may be used or applied [24].
An important requisite for knowledge usage is adequate knowledge structure
definitions, describing the role of each knowledge type in overall context [25].
Explicit knowledge as the first word implies, is knowledge that has been articulated
and very often captured in the form of text, tables, diagrams, product specifications
and so on [26]. Tacit knowledge is highly personal and hard to formalize, thus
making it difficult to communicate or share with others [27]. Implicit Knowledge is
the type of knowledge that can be articulated but has not [28].
The types of knowledge described (explicit, implicit and tacit) are mapped on the
actors of the VBE Model. Table 2 indicates these relations and depicts in what type of
knowledge are largely based the activities of given actor. The description of the
knowledge type found in Broker, Integrator and VBE Members activities is detailed
below.

Actor

Table 3. Type of Knowledge largely based for activities of Actors in a VBE.

Broker
Integrator
VBE Manager
Advisor
VBE Members
Government
Universities and R&D Centres
O
o
.

Knowledge Type
Explicit
Implicit
Tacit
.
O
O
O
.
o
O
o
o
.
o
O
o
O
O
O
o
o
O
O
o
Strong Basis
Secondary Basis
Complementary Basis

The broker is certainly an important source of tacit knowledge because there is a
“feeling” in the ability to find the best business opportunities. This is the result of the
acquired experience in a broker (see Figure 3). A broker compiles many data about
market and trends and processes it to produce information that use in the business
opportunities search. The vision of VO as a solution to market needs is developed via
applied knowledge and is not formerly registered.
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Fig. 5. Tacit Knowledge in Broker Activities within VBE model

The knowledge in the integrator is focused to the project management, because the
life of a VO is a project that needs to be managed. The main thrust of Process
Management is the concept of knowledge management [29].
In the VBE members, the knowledge that is important to develop for enhance the
collaboration between them is the know-how needed to create effective partnerships.
An important issue in this ability is trust, a complex factor that is related to tacit
knowledge. This knowledge has potential value in a VBE if it were spread over many
other members.
When collaboration is the objective, a holistic vision of the actors highlights the
value of knowledge sharing in the environment as a source of competitiveness. A
combination of knowledge from different perspectives impels abilities to create new
opportunities and to respond to challenges in innovative ways [21].

5 Conclusions and Further Research
The results of a first cycle of an action-research effort focused on finding VBE
working and sharing principle have been presented. The research methodology has
been described and the main elements for a VBE Framework have been depicted: 1)
actors have been identified and their interactions portrayed in a Model, 2) the
knowledge sharing that occurs inside a VBE has been indicated, 3) three types of
organizational structure in VBE cases analyzed have been showed bespeaking their
characteristics and, 4) culture main findings have been exhibited in this document.
Next stages in this research will focus on next two cycles in the Action Research
Methodology planned, considering knowledge management as the medium for
achieving a sustainable development in VBE, a team based as the optimum
organizational structure for an efficient operation, and a culture of collaboration as
the social environment required for accomplish the main goal in a VBE:
competitiveness and VO creation.
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Abstract. Business processes interact with each other by sending and receiving
messages; how such interactions take place (i.e. in which order and with which
timing constraints) has to be defined in advance with a collaboration model, so
the parties can be developed separately in conformity with it. With
orchestration languages, however, the role of a collaboration model is that of an
interface, so it is the run-time responsibility of the activities of the business
process to guarantee that messages are exchanged in proper order and time.
This paper motivates the need of run-time collaboration instances, which, by
keeping the state of ongoing collaborations, relieve business processes of the
burden of checking the conformity of the actual operations with the
collaboration model. Moreover this paper presents a software environment,
called bProgress, which we have developed so as to experiment with business
processes and collaboration ones.

1 Introduction
At the basic level of e-business, organizations interact by sending and receiving
messages, however in order to attain a given common goal, the parties have to
exchange a number of messages with appropriate content and order. For this reason it
is important to focus the attention on all the messages exchanged for a particular
purpose rather than on single interactions. The term collaboration (or conversation) is
used to refer to the flow of messages taking place between two parties for a given
purpose; it is a particular view on the whole set of the messages exchanged in a multiparty system.
The parties involved in a collaboration are often referred to as services or business
processes or simply software applications. Usually one party takes the role of the
“provider”, the other that of the “requester”.
A well-known example of collaboration is the purchasing of goods or services,
which can be described as follows: organization A’s purchasing service (the
requester) sends a request for quote (rfQ) to organization B’s selling service (the
provider), which responds with a quote; if the purchasing service accepts the quote, it
will then send an order to the selling service. This example will be used throughout
this paper.
Although, from an external point of view, a collaboration is a flow of messages
(such as the flow consisting of an rfQ, a quote, and an order), it is perceived by each
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party as an ordered flow of message-oriented activities. For the selling service the
above-mentioned collaboration implies that first it has to receive an rfQ, then it has to
send a quote, and finally it might receive an order.
The actual flow of messages can vary from case to case. In fact the selling service
might not reply or the quote might not be accepted and in that case the order won’t be
sent. Therefore, in one case the collaboration might consist of only an rfQ message,
while in another case it might be made of all the three messages (rfQ, quote and
order).
Anyway an actual collaboration can take place only because the parties in advance
have agreed on how to put it into practice. Such an agreement is based on an abstract
representation of the collaboration, i.e. on a collaboration model.
There is growing interest in modeling collaborations as processes as a process
denotes an ordered flow of activities. Moreover the parties involved in collaborations
can be modeled as processes as well since they, too, consist of ordered flows of
activities.
Although similar in structure, the processes used to model collaborations are
different from those related to services or applications; in this paper the former will be
called collaboration processes, the latter business processes.
The activities in a business process fall into three major categories: manual
activities, automatic activities and control-flow ones. Manual activities require human
intervention and they are usually performed through a web-based user interface, so
their implementation is outside the scope of the business process. Automatic activities
and control-flow ones, instead, are in charge of the process (either directly or
indirectly) as will be shown later on. For example the selling business process might
consist of the following activities: receiving an rfQ, preparing a quote, sending it to
the requester, receiving an order, and processing the order; the activity of preparing a
quote and that of processing the order probably require some human intervention
(hence they are manual), while the others could automatically be performed by the
system.
A collaboration process, instead, is meant to be a contract between the parties,
therefore it is mainly made up of message-oriented activities, whose purpose is to
show which messages have to be sent or received.
As an example WSCL [1] presents collaboration processes as UML activity
diagrams in which activities fall into four categories: ReceiveSend, Receive, Send,
and SendReceive. Messages carry XML documents which are defined in appropriate
schemas, and the actual protocols are defined using WSDL. The collaboration is
presented from the point of view of the provider, the requester’s one being easily
obtainable if sending activities are turned into receiving ones and vice versa.
While business processes are intended to be operational, collaboration processes
are meant to specify the behavior, in terms of the messages to be exchanged, the
business processes have to conform with.
In fact with orchestration languages, such as BPEL [2] and BPML [3], business
processes are executable, so they exist at run-time in the form of business process
instances, just as types exist in the form of variables. Collaboration processes, instead,
do not have real-time counterparts, since they are interpreted as interfaces, which are
defined in a choreography providing the global view of all the interactions in the
system. Special languages, called choreography languages, such as WSCI [4] and
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WS-CDL [5], have been defined for that purpose. As an interface a collaboration
process is to be implemented by a provider and used by a requester.
However, since it is extremely difficult, in general, to statically prove the
conformity of a business process to the collaboration process it has to implement or
use, it is the responsibility of the activities of the business process to guarantee proper
behavior at run-time. As an example assume that an rfQ has a deadline after which the
quote won’t be taken into account by the requester; then the burden of deciding
whether it is worth sending the quote or not is entirely on the provider. If there were a
collaboration instance (i.e. a run-time representative of the collaboration process,
which knows the state of the collaboration) that decision could automatically be taken
by it, so the activities of the provider’s business process would be simplified. A
collaboration instance can be thought of as a channel through which a party sends and
receives messages belonging to a given collaboration.
The purpose of this paper is to motivate the need of run-time collaboration
instances, which, by keeping the state of ongoing collaborations, relieve business
processes of the burden of checking the conformity of the actual operations with the
collaboration model. In addition collaboration processes can be made more flexible
with the introduction of parameters, which can be tailored to actual collaborations;
such parameters need to be kept in collaboration instances.
Moreover this paper presents a software environment, called bProgress, which we
have developed so as to experiment with business processes and collaboration ones; it
consists of modeling tools and of services for implementing business processes and
collaborations.
This paper is organized as follows. Section 2 describes how collaboration
processes are modeled with bProgress, while section 3 shows how business processes
use collaboration instances. Then the bProgress environment is illustrated in section 4
and finally a comparison with related work is presented in section 5.

2. Collaboration processes
Basically a collaboration process consists of message-oriented activities placed within
a control structure providing for sequential, alternative, and parallel paths as well as
for timeout-related paths. In bProgress processes are represented as UML activity
diagrams.
The model shown in Fig. 1 is the selling collaboration process introduced in the
previous section.
A message-oriented activity is a receiving activity (such as receiveRfQ) if it is
connected to an input signal, it is a sending activity (such as sendQuote) if it is
connected to an output signal. For simplicity we consider asynchronous messages
only. Messages are represented by signals, and each message has a name and a type
(not shown in Fig. 1). The types of the messages are defined in an XML schema
associated with the collaboration process. Each message-oriented activity has a
deadline (such as t1), which appears in the label of the outgoing timeout transition.
When a deadline has been reached, a timeout exception occurs and the activity fails.
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Unlabelled transitions represent precedence contraints; timeout transitions (i.e.
those labelled with the keyword timeout) show the effects of timeouts; in this example
timeouts end the collaboration. The structure of a collaboration process can get much
more complicated if alternative paths or parallel ones are needed.
Collaborations can have parameters; in this case the three deadlines are parameters.

timeout(t1)
rfQMsg

receiveRfQ

timeout(t2)
quoteMsg

sendQuote

orderMsg

receiveOrder

timeout(t3)

Parameters: t1, t2, t3

Fig. 1. The selling collaboration process

Parameters have to be agreed upon by the parties before an actual collaboration is
made effective; so there is the need of a preliminary phase in which parameters are
set, this phase being itself a special case of collaboration. If the preliminary phase is
successful, the collaboration is started.
The model in Fig. 1 shows that, after the collaboration has been started, the
provider is ready to receive an rfQ message (rfQMsg) sent by the requester; if that
message does not arrive before instant t1, a timeout will occur and the collaboration
will end. After the rfQ message has been received, the provider has to reply with a
quote message; if it doesn’t so before instant t2, a timeout will occur and the
collaboration will end. After the quote message has been sent, the provider is ready to
accept the order message but, if it is not received before instant t3, a timeout will
occur and the collaboration will end.
The three deadines, t1, t2 and t3, are parameters, so they can be tailored to the
actual collaboration.
From an operational point of view, a collaboration process requires two
representatives, a requester collaboration process instance, rcpi, on the sender’s side
and a provider collaboration process instance, pcpi, on the provider’s side. A pcpi
operates in conjunction with a provider business process instance (pbpi), whilst an
rcpi operates in conjunction with a requester business process instance (rbpi).
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Activating a new collaboration requires a standard protocol at the end of which
parameters have been agreed upon and both the rcpi and the pcpi have been started
(and they know of each other).
From the point of view of the provider the selling collaboration takes place as
follows. After the collaboration has been activated, the provider (i.e. the pcpi) can
receive an rfQ message; when it receives it, it will pass it to the business process (i.e.
the pbpi). Then the provider can get a quote message from the pbpi; when it gets it, it
will send it to the requester (i.e. the rcpi). Finally the provider is able to receive an
order message; if it receives it, it will pass it to the pbpi. The purpose of a receiving
activity is to pass the related business process instance the message received from the
requester, whilst the purpose of a sending activity is to send the requester the message
got from the business process instance.
The requester interprets the same collaboration process by turning sending
activities into receiving ones and vice versa.
Collaboration process instances accomplish several tasks: they perform the actual
sending and receiving of messages and maintain the state of the collaboration (by
keeping local states aligned with each other) as well as the history of the messages
exchanged. They prevent a party from sending a message in the wrong order or at the
wrong time; for example, if the provider tries to send a quote after deadline t2 has
expired, its collaboration process instance will reject it. In addition, their presence
automatically guarantees the correlation of messages to business process instances,
thus relieving the process activities of that burden.

3. Using collaborations
Collaborations in bProgress are managed by business processes and this section
illustrates how this is done.
A business process is made up of a number of activities, which fall into three major
categories (exception handling is not considered, for simplicity): manual activities,
automatic activities and control-flow ones.
Manual activities require human intervention and they are usually performed
through a web-based user interface, so their implementation is outside the scope of
the business process. Automatic activities and control-flow ones, instead, are in
charge of the process, in the sense that the process will use software components
(called process-support components) able to perform such activities. In bProgress we
can associate actions (i.e. blocks of code) with the model’s activities so as to give a
complete description of the business process; a code generation tool of the bProgress
environment is able to produce process-support components incorporating those
actions within suitable contexts.
There are two business processes interested in managing selling collaborations, the
purchasing business process and the selling business process; the former is shown in
Fig. 2, the latter in Fig. 4.
The purchasing business process operates as follows. The first activity, as it
consists in preparing an rfQ, is a manual activity to be performed by a purchaser. A
manual activity is connected to the role required. For example activity prepareRfQ
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requires a purchaser; this means that it has to be performed by a person playing that
role. The next activity, sendRfQ, has to send the rfQ to all the suppliers invited, i.e.
the suppliers that have been chosen in the previous activity. Quotes will be received,
one at a time, by receiveQuote. When all the quotes expected have been received, or
the deadline of receiveQuote has expired, manual activity selectQuote can be
performed. If a quote has been accepted, an order to the supplier will be sent by
activity sendOrder. The deadline of receiveQuote is a parameter, so it can be tailored
to the specific purchasing process instance.
It results from the above description that business processes cannot be described
separately from the business entities they are related to; so it is necessary to explain
the nature of such inter-relations before the details of the activities are presented.
Business entities are related to each other and such relationships are usually
presented in an entity-relationship (or class-relationship) model, such as the data
model of the purchasing organization shown in Fig. 3.
From this model it is evident that an rfQ is connected to the suppliers invited (i.e
the organizations invited to the purchasing auction), as well as to the quotes received.

prepareRfQ

purchaser

sendRfQ

rfQMsg

receiveQuote

quoteMsg

timeout(t1)

allQuotesReceived
selectQuote

purchaser

selectionSuccessful
sendOrder

orderMsg

Parameters: t1

Fig. 2. The purchasing business process
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In bProgress business process instances are business objects, too, and they are
represented by an entity called BPI (business process instance). Likewise, actual
collaborations are business objects and they are represented by entity RCPI (requester
collaboration process instance) if they refer to a requester-side collaboration, or by
entity PCPI (provider collaboration process instance) if they refer to a provider-side
collaboration. A BPI can be involved in multiple RCPIs or PCPIs; however a given
RCPI (or PCPI) is connected to just one BPI (the one involved in the collaboration).
Of course a process instance is related to the corresponding process model but such
connections belong to a different level and are outside the scope of this discussion.
In general in bProgress a business process is meant to take care of a given business
entity and, by extension, of those associated with it, as in the case of the purchasing
process which manages the lifecycle of an rfQ. For this reason a business process
instance (BPI) can be connected to any business object implementing interface
WFItem (workflow item); entity RfQ implements that interface, so an rfQ is processdriven (in other words it is a controlled business object).
In general, the actions associated with automatic activities and control-flow ones
operate on the business objects through a set of classes providing an object/relational
mapping.
+ rfQs

0..*

RfQ

+ suppliers

1..*
Supplier

1 + rfQ

+ supplier 1
Order
0..1

«interface»
WFItem
1

+ order

1

+ quotes 0..*

Quote
0..1

«interface»
Provider

+ quote

+ wFItem

1

+ quotes
0..*

+ bPI
BPI

0..*
+ bPI

1..*

1

+ provider

+ rCPIs

RCPI

+ rCPIs

Fig. 3. The business entity model of the purchaser

In fact, while business objects are mapped onto records in a relational database,
such records are not acted on directly as it would be too awkward and error-prone.
They are, instead, operated on through an object/relational interface consisting of a set
of classes, which provide methods for generating, retrieving and modifying the
records and also methods for navigating among the records along the relationships
defined in the business entity model.
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The actions are presented below as blocks of pseudo-java code. Each action must
be considered to be placed in a context including a reference (bpi) to the current
business process instance and a reference to the controlled business object; the name
of the second reference is that of the class of the controlled business object with the
initial in lower case (such as rfQ). At run-time those references will be properly
initialized by the bProgress process engine (cf. next section). The actions of the
activities of the purchasing business process are as follows.
sendRfQ:
for Supplier s in rfQ.getSuppliers() {
RCPI rcpi = new RCPI(“SellingCP”, s, bpi);
rcpi.addParameter(“t1”, rfQ.getT1());

//idem for t2 and t3

rcpi.start();
if (rcpi.getState().equals(“accepted”))
rcpi.sendMsg(“rfQMsg”, rfQ.getMessage());
else rcpi.remove();
}
receiveQuote:
Quote q = new Quote(quoteMsg, rfQ);
allQuotesReceived:
return rfQ.getQuotes().size() == bpi.getRCPIs().size();
selectionSuccessful:
return rfQ.getQuote(“state = ‘accepted’”) != null;
sendOrder:
Quote q = rfQ.getQuote(“state = ‘accepted’”);
Order o = new Order(rfQ, q);
for RCPI rcpi in bpi.getRCPIs() {
if (rcpi.getProvider().equals(q.getSupplier()) {
rcpi.sendMsg(“orderMsg”, o); break;
}}
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Activity sendRfQ invites suppliers to submit quotes; the suppliers to be invited are
those that have been associated with the current rfQ in manual activity prepareRfQ.
For each supplier a new collaboration is activated and an rfQ message is sent.
Method getSuppliers is a navigational method, which retrieves all the suppliers
(business objects) related to the current rfQ. A supplier implements the Provider
interface: this is a synthetic way of indicating that a supplier business object has all
the information (e.g. the url of the service) needed to establish a collaboration with
the corresponding organization.
For each supplier to be invited a new requester collaboration process instance
(rcpi) is generated; the constructor of class RCPI takes as parameters the name of the
collaboration process, the provider with which the collaboration has to be established,
and the current business process instance. For simplicity we assume that each supplier
supports the selling collaboration process shown in Fig. 1. The values of the three
parameters are then added to the rcpi; they are taken from the rfQ business object in
which they have been defined by the purchaser during activity prepareRfQ. Next the
collaboration is started with a synchronuos interaction with the provider. If the
collaboration is accepted, the rfQ message will be sent; method sendMsg is provided
by class RCPI and takes two parameters, the name of the message and its content
(which is provided by method getMessage of class RfQ). Method sendMsg performs
all the checks required, in particular it won’t send the message if it is late, and in that
case it will return a negative result.
Activity receiveQuote is in charge of receiving a quote message; then it transforms
the message into a quote business object and connects the latter to the supplier and to
the rfQ (this is actually done by the constructor of Quote).
Activity allQuotesReceived returns true if all the quotes expected have been
received (i.e. there are as many quotes as the number of collaborations started).
Activity selectionSuccessful returns true if there is a quote whose state is
“accepted”. The selection is made by manual activity selectQuote; the best quote, if
any, has been put into state “accepted”, while the others remain in state “received”.
Activity sendOrder sends the order to the winner: it searches the collaboration
process instances to find the one related to the supplier of the winning quote.
The code of the selling business process is similar and is not shown. A short
account of its activities is as follows. After the rfQ has been received, manual activity
prepareQuote is enabled (and scheduled for an account manager). The quote is then
sent. If the order is received, it will be processed otherwise the quote will be closed.
The timeouts of the receiving activities are those signalled by the provider
collaboration process instance; for this reason the values of timeouts are not specified
in their labels.
When a provider accepts a request for a new collaboration, it starts a provider
collaboration process instance and it also normally activates the corresponding
provider business process instance (and associates the two).
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rfQMsg

accountMgr

receiveRfQ

timeout

prepareQuote

quoteMsg

sendQuote

orderMsg

receiveOrder

accountMgr

processOrder

timeout
closeQuote

Fig. 4. The selling business process

4. The bProgress environment
We have developed a java environment (based on Eclipse), called bProgress, in order
to prototype business processes and collaborations.
The three types of models presented in this paper, i.e. business entity models,
business processes and collaboration processes have a graphical UML representation
(based on EMF activity diagrams) and also an XML representation. The XML
representation can be written directly or can automatically be produced from the XMI
version of the UML models.
There are two code generators in bProgress. One takes the XML representation of a
business entity model and produces: a) the scripts for generating the corresponding
relational tables; b) a set of classes providing an object-oriented interface to those
relational tables. The other code generator takes the XML representation of a business
process (including the code of automatic activities) and produces the corresponding
process-support software component.
Business and collaboration processes are loaded into the database by the process
loader. The environment includes a process engine, which manages process instances
by interpreting the corresponding business processes. Collaborations are managed by
specific bProgress components which use the SOAP protocol and run on top of the
JBoss application server.
Transactional aspects in collaborations is of primary importance as shown by the
OASIS ebXML [6] and BTP initiatives [7]; and bProgress is meant to support
experimentation in that research field. At the moment we address binary transactions
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by having receipt signals and acceptance signals automatically managed at the
implementation level; current work is being devoted to multi-party transactions for
which we envisage a new kind of processes, i.e. coordination processes acting as a
bridge between business processes and collaboration processes.

5. Comparison with related work
Business process languages fall into two major categories, orchestration languages
and workflow languages, each category emphasizing a particular point of view.
Orchestration languages, such as BPEL [2] and BPML [3] are mainly devoted to
supporting interactions between services described in WSDL and ignore manual
activities (as first-class constructs); on the contrary, workflow languages such as
XPDL [8] support manual activities but are weaker in message processing.
As to the control flow, XPDL has a graph structure where activities (i.e. the nodes)
can have multiple incoming/outgoing transitions; although the language has an XML
representation, it is difficult to manually write a program made up of nodes and links.
Orchestration languages, on the other hand, enforce structured programming through
the use of nested blocks.
Collaboration types, in general, are considered to be different from business
processes.
WSCI [4] describes collaboration types as interfaces and it is meant to provide a
global view (i.e. a choreography) of all the parties involved in a complex interaction.
WS-CDL [5] provides more features than WSCI while basically following the same
approach.
We believe that collaborations are inherently binary, so, in our opinion, a global
picture describing several collaborations provides too much information.
Furthermore we consider collaboration types as abstract processes consisting of
message-oriented activities placed within a suitable control structure; deadlines, and
hence timeouts, are of primary concern. Parameters are also important as they allow a
generic process to be tailored to specific situations.
Collaboration types are shown from the provider’s point of view although we
envisage a peer-to-peer relationship between the parties. Alternatively it is possible to
take a neutral position, as it is done in [9], if the model directly focuses on the
message flow rather than on message-oriented activities; however as the direction of
messages has to be specified, it is not really different to take one direction, i.e. that of
the provider, as the reference one.
Collaboration types are public processes acting as standards the interested parties
have to conform to. The notion of public process has been introduced in [10] within
workflow languages, as a Petri net showing the interactions between two
organizations, one acting as the contractor, the other as the subcontractor. Each
organization is responsible of a distinct portion (public subflow) of the public
workflow and it can then develop a private workflow which has to comply with the
respective public subflow. Rules are given so conformity can automatically be
checked.
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In bProgress we use run-time collaboration instances, which, by keeping the state
of ongoing collaborations, are able to prevent a party from sending/receiving a
message in the wrong order or at the wrong time.
In bProgress a business process is definitely a workflow process, so manual
activities are first-class activities. The process control structure should be as rich as
possible yet amenable to direct writing, so we have selected a number of constructs
and represented them with XML tags and UML activity diagrams. Such constructs
meet the programming patterns required in workflow applications as shown in [11].

6. Conclusion
This paper has addressed the issue of modeling cross-enterprise collaborations and
has presented an approach based on collaboration processes.
Basically a collaboration process consists of message-oriented activities placed
within a control structure providing for sequential, alternative, and parallel paths as
well as for timeout-related paths.
A collaboration process is a special case of business process and this uniformity
entails several advantages both in conceptual and in practical terms.
This paper has also presented the bProgress environment whose tools make the
models of business and collaboration processes operational.
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Abstract: In the area of inter-organizational collaboration many standards and
technologies have been developed in order to support interoperability between
enterprises, but limited success has been achieved so far. Especially for ad-hoc
collaboration there is no technical support available allowing the dynamic
composition and connection of sub-systems for collaborating partners. Since
companies are increasingly collaborating in dynamic changing value networks,
the necessity for ad-hoc collaboration support becomes more and more important. In this paper we therefore propose a process for establishing interoperability of coordination protocols in ad-hoc inter-organizational collaboration. This
process describes the necessary steps in automatically constructing an agreed
overall coordination protocol addressing business-related as well as communication-related tasks.

1. Introduction
In inter-organizational collaboration business processes that span multiple partner
organizations have to be efficiently supported while preserving autonomy of each
partner. Due to the fact that no internal process details should be disclosed only messages containing relevant information can be exchanged between business partners for
coordination purposes. It is crucial that messages reach business partners on time and
that they contain exactly the information necessary to complete the next internal process step. Therefore, collaboration partners agree on coordination protocols that define
valid messages and a chronological order for the information exchange. Every partner
is then able to implement a binding of these protocols to internal business processes
and applications. In ad-hoc collaborations the agreement on coordination protocols is
much harder to achieve, because in such a scenario it is not guaranteed that every
partner knows each other’s capabilities. Hence, at the beginning of every ad-hoc collaboration there has to be a setup phase where partners agree upon basic facts regarding their joint business activities. This may also include providing trust between partners as this is a crucial factor in inter-organizational collaboration. The focus of this
paper is set on establishing technical interoperability assuming that a necessary level
of trust between business partners already exists.
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In the aforementioned setup phase two main activities have to be performed: agreeing on collaboration content as well as on the chronological order of collaboration
tasks. Agreement of collaboration content includes the definition of desired collaboration goals and necessary tasks that will lead to these goals e.g. tasks like order or
quote are relevant to the goal supply of material. The assignment of roles (e.g. buyer
or seller) based on identified tasks and the partition of tasks into sub-tasks are also
included in this phase (see figure 1).

Fig. 1. Agreement on collaboration content

As sub-tasks have to be performed in a coordinated way to achieve the given goal
their chronological order based on causal connections and technical capabilities of the
participating partners has to be defined by the means of coordination protocols.
In this paper a setup process for ad-hoc collaborations will be introduced that describes these main setup activities in detail and shows how to obtain an interoperable,
overall coordination protocol. At first, section 2 introduces tasks that are relevant to
inter-organizational collaboration and how transition systems can be used to formally
define coordination protocols. These concepts are then used in section 3 to describe
and explain the process steps. In section 4 related work is discussed and in section 5
conclusions are drawn and an outlook on future work is given.

2. Collaboration tasks and coordination protocols
In the following sections two important concepts are introduced that will later allow to specify necessary steps in the setup phase of an inter-organizational collaboration: tasks and coordination protocols.
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2.1.

Types of collaboration tasks

In a single collaboration scenario several tasks that address different aspects of collaboration have to be coordinated at the same time. Hence, different types of collaboration tasks can be identified [3] that fall into one of the following categories:
• Setup related tasks: As already outlined above, these tasks have to be performed
before an ad-hoc collaboration can start and include search for potential collaboration partners that are capable to perform certain tasks (e.g. in a central registry),
negotiation of collaboration content and adjustment of remaining incompatibilities.
• Business related tasks: These tasks define the collaboration subject i.e. those steps
that are necessary to achieve the desired goal. Since every new collaboration scenario may have other goals than previous ones partners have to agree on these tasks
each time again.
• Context related tasks: Communication in inter-organizational collaboration is performed between two or more partners over open networks. Therefore, additional
tasks have to be carried out in order to assure correct, secure, and consistent delivery and storage of business-related information. Hence, they constitute the execution context of business-related tasks.

Fig. 2. Setup-, business- and context-related coordination tasks

Figure 2 shows the identified task categories and corresponding task types.
Whereas the number of setup and context related tasks is more or less limited there
are a lot of business related tasks that partners can choose from. However, during the
setup phase a set of business-related tasks will be fixed for the scope of the collaboration scenario (see section 3). Every collaboration task generates a coordination effort
between the partners that has to be mastered by the means of message exchange, e.g.
the task order implies the exchange of a purchase order by the buyer role such that the
seller role can process it and then acknowledge or deny. Hence, for each task a protocol can be defined. As setup-related tasks have to be performed in order to agree on
business-related and context-related tasks it is assumed that the setup process as it will
be introduced in this paper can be understood and performed by each potential partner.
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2.2.

Definition of coordination protocols

As already mentioned, coordination protocols define message exchanges that are
necessary when performing inter-organizational collaboration tasks. A protocol can
be formally defined following the definition of transition systems [10] as a 5-tuple
p=(Q, Σ, δ, s0, F) where Q is a finite set of states and Σ is a finite set of valid labels
that represent protocol messages which are exchanged during an interaction. Messages are marked out if they represent outgoing messages and in if they represent
incoming messages. δ ⊆ Q × Σ × Q is transition relation, s0∈Q is the initial state, and
F is a set of final states. The resulting transition system is specific for a particular role
in an interaction. Each outgoing message in the protocol description corresponds to an
incoming message of another role’s protocol description. As an example, a simple
purchase protocol from a seller’s viewpoint can be defined as follows:
Q = {q0, q1, q2, q3, q4}, Σ = {RFQ, QUOTE, PO, POA}, F = {q4}, s0 = q0
δ = {(q0, in:RFQ, q1), (q1, out:QUOTE, q2), (q2, in:PO, q3), (q3, out:POA, q4)}
First, the seller receives a request for quote (RFQ) which leads to a protocol state
change from q0 to q1. In this state he is able to send out a QUOTE-message that contains current conditions. After sending out the message he again changes his state
where he is then able to receive a purchase order (PO) and finally to send out a purchase order acknowledgement (POA).
This kind of protocol definition only uses a set of message names that denote the
types of corresponding messages. In order to also define these types a data structure is
used describing the respective message, i.e. if a purchase order message and its corresponding purchase order type are defined, then every message with the same data
structure is considered to be a purchase order [4]. Data structures have a specific information content and can be described on three semiotic layers (see figure 3): syntax,
semantics, and pragmatics [11].

Fig. 3. Messages: syntax, semantics and pragmatics

The syntax describes which expressions are valid and which rules are used to build up
the message’s data structure from these expressions. A schema definition can provide
this kind of description. Since the mentioned expressions and also data structures that
are build up from expressions, refer to real world objects they have a specific meaning
which is called semantics. Although two expressions are different they may have the
same meaning e.g. addr. and mailaddress can both refer to a postal address.
Another aspect of semantics is the information content that is captured in a data struc-
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ture [14], because different partners may have defined separately a type with the same
name that should denote the same real world object but nevertheless they are different
because one type includes more information than the other, e.g. an address may be
defined with or without providing country information. If, for example, an organization is only acting within the US then this information is not relevant. Therefore is has
to be clear which information content is minimal to define the shared semantics of a
message. Figure 3 gives an example: if square and circle define one real world object
then (a) and (b) are representations of this object although (a) provides more information. (c) does not refer to the same object (even if it has the same name as described
above). If only the square defines an object then all three messages would represent
the same object. Ideally, two separately defined message types with the same name
should have the same information content. Finally, the pragmatics of a message provides causal relations between a received message and the following action. With
regard to protocol definitions a received message can enforce the sending of a message with a specific type, e.g. a request for quote requires to be followed by a quote
(see also figure 3 on the right). It is also possible that a message requires some particular action to be taken by the receiving actor that are not obviously linked to the
next following message, e.g. a message requires a specific processing or it has to be
decoded by a specific algorithm so that the content can be read out.

3. Establishing coordination protocol interoperability
A collaboration scenario is a combination of various coordination steps supporting
several tasks. These tasks have to be identified and agreed upon by the participating
parties. Necessary coordination steps for each task are defined by the means of so
called protocol definitions as described in the previous section. As every protocol
introduces its own messages and sequences an overall collaboration protocol has to be
composed from single coordination protocols in a way that it leads to the desired
collaboration outcome. This process of setting up an ad-hoc relation between collaboration partners is shown in figure 4 and will be described in the following sections:

Fig. 4. Collaboration setup process (overview)
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3.1.

Agreement on the collaboration content

In order to identify relevant tasks for an inter-organizational collaboration goals
have to be defined and partners have to be found. In an ad-hoc scenario there is typically one organization that has some kind of demand and tries to satisfy this demand
by requesting some value-adding activities from one or more other organizations.
This can be the shipment of physical goods as well as the computation of driving
directions on the Internet. Since potential partners are not known in advance some
kind of directory is needed to search for them. This is a common approach also used
in the field of Web Service discovery [1]. The directory provides contact information
and a classification of enterprises based on industry sector or even based on a service
classification. After having identified a set of potential partners (assuming the general
willingness to collaborate) negotiation in form of direct interaction can begin in order
to gain knowledge about different task types which need to be performed. In this
negotiation, first a common language has to be determined. There could be a different
understanding of task identifiers e.g. a task purchase could only include the exchange
of order information or it could also include prior exchange of price information. A
possible way to overcome such problems is to agree on a taxonomy that contains a
hierarchy of business related tasks. Today, taxonomies are well-known in the field of
material classification (e.g. eCl@ss [6]). After having established a common understanding of task types the agreement on tasks themselves can start. Figure 5 shows a
possible outcome of this task agreement step.

Fig. 5. Agreed business tasks and roles

Three roles have been identified and for each role tasks have been defined. At this
time no sequencing of tasks is expected, only the capability to perform these tasks in
the given role is relevant. Since each task execution relies on the usage of coordination protocols, as introduced in section 2.2, two so-called protocol vectors can be
defined, namely one protocol vector VB for business-related and one protocol vector
VC for context-related tasks. A protocol vector represents one possible protocol combination to coordinate given tasks and is defined as a tuple V ∈ P1 × P2 × L × Pn where
Pi is the set of protocols p1i ,K, pin that coordinate task i. In order to be able to agree
on a common protocol vector it is first necessary to determine the set of possible
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coordination protocols for each of the positions in both of the vectors i.e. all partners
have to provide information about their supported protocols.
3.2.

Adjustment of coordination protocols

This process step begins with the publication of supported coordination protocol
standards (for V B as well as for VC ) by each business partner. These can be standardized protocols like for example described in a RosettaNet PIP or in an OpenTrans
document exchange. If no standard can be referenced a protocol description has to be
provided. These descriptions can be specified with the help of standards like BPEL or
ebXML/BPSS which allow to define view-specific coordination protocols [1]. Since
both references to standardized protocols and self defined protocols can be found in
this negotiation step they have to be made comparable. As formal protocol descriptions like transitions systems (see section 2.2) or Petri Nets [15] allow reasoning
about correctness or compatibility of definitions [17] a mapping from protocol standards to transition systems has to be provided. For example, compatibility of protocols can be tested by computing the intersection of two transition systems as described in [17]. If a protocol is defined according to a reference standard then additionally a formal description has to be provided for this protocol. If a description
standard is used then a mapping of description language constructs to the formal notation is necessary. If protocols are defined in an aggregated way (e.g. a complete purchasing protocol including task like quote, order, and payment) these have to be split
so that a sub-protocol for each task can be provided. The goal here is to be able to
compare protocols and reason about their compatibility. This is necessary because
there can be protocol mismatches that hinder partners to interoperate through given
protocols [18], [5]. Those problems are:
• Message mismatch: Data structures representing message types may differ in their
syntax or semantics. Ideally, two separately defined types with the same name
should have the same schema and the same information content, but that is dependent on the actors that defined these types. In an inter-organizational scenario
with many participants it is desirable to agree upon a data schema in order to avoid
problems with differently defined types. Especially in ad-hoc collaborations this
can not be achieved so these problems may occur.
• Sequence mismatch: Mismatches can also occur regarding message exchange orders. If patterns of interaction do not fit together [8] problems like deadlock or unspecified reception may arise [18]. Although partners support coordination of the
same task they are not able to do so. Sequence problems may be caused by different message pragmatics (i.e. different reactions of partners are expected after receiving a message e.g. because of internal processing restrictions), or different semantics of same message types (i.e. types of the same name do not describe the
same information content).
Some message and sequence mismatches can be resolved. This is called mediation
and is based on the construction of a mediator [16], also named proxy or adapter, that
interposes message exchange. This mediator is able to transform messages i.e. to map
a source to a target schema which includes for example rearrangement and aggrega-
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tion of expressions [13]. Mediators may therefore filter out unnecessary information
or add information from external sources. Mediators may also resolve sequence mismatches by collecting or splitting information and generating new messages [18]. For
those coordination protocol mismatches that remain unsolved human intervention is
necessary to resolve these problems if possible. At best, all partners use the same
reference standard for a certain coordination task e.g. RosettaNet PIP 3A4 for the
order task. In this case a simple adaption of technology can achieve interoperability
as long as all parties can agree on essential protocol parameters. If not, then for each
task their protocol descriptions have to be analyzed with regard to protocol compatibility i.e. if potential message or sequence mismatches can be resolved.
3.3.

Construction of an overall collaboration protocol

If an agreement on one coordination protocol is possible for every position in vector
V B then the overall sequencing of business related tasks has to be defined i.e. an
overall business protocol on a higher aggregation level has to be constructed. Here
again, potential problems due to sequencing mismatches may be encountered. For
example, the buyer wants to receive the goods before payment but the seller only
ships goods after payment. The techniques used to check compatibility of single coordination protocol can again be used in this process step. After having finished this
first construction step an overall collaboration protocol has to be constructed where
protocol information stored in vector VC is added to the overall business protocol. As
context-related tasks may be performed at each single step of a business protocol one
context protocol may appear more than once in the overall coordination protocol (e.g.
if multiple transactions have to be implemented). Also, context protocols may affect
the construction of a business messages (e.g. if encryption is necessary). Figure 6
shows an example of a simple purchasing protocol generated from four business tasks
(quote, order, ship and pay). This protocol has to be extended with context related
tasks, namely transport, confidentiality, authorization, and transaction. Collaboration
partners have to specify where each context related task has to be performed, so that
an overall protocol can be constructed. In this example two transport protocols are
used for different business protocol steps e.g. t1 represents HTTP and t2 represents
SMTP. So, all message exchanges except the exchange of quote information, which is
done via SMTP, will be performed using HTTP. For the other three context-related
tasks there exist also agreed protocols. The transition definition part of each protocol
is given in figure 6 (gray background color):
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Fig. 6. Construction of overall collaboration protocols (example)

It is also shown how an overall protocol definition can be generated using single
protocols (see right column in figure 6). Sometimes it is only necessary to concatenate
a context related protocol like the authorization protocol in this example. Other protocols are inserted between business protocol steps like the part of the transaction protocol that coordinates the two-phase commit (PREPARE/CONFIRM–CANCEL). Then
there are protocols that change business protocol messages. This can simply be additional processing information in a header (brief X[<…>]) or a message encoding like
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ciphering (brief Y(<…>)). In this case placeholders are used in the protocol descriptions that are specified by the partners.

4. Related Work
This paper introduces a process model for establishing interoperability in ad-hoc
collaborations. The approach to publish capabilities and select intersecting capabilities for configuration of the partners’ integration systems can also be found in
ebXML. There, a so-called collaboration protocol agreement (CPA) is built up from
the partners’ collaboration protocol profiles (CPP) but the specification of single
supported business tasks is very limited because it is only possible to reference whole
business processes specified as ebXML artifacts [9] what simplifies the automatic
negotiation of CPAs. However, a definite negotiation process is still not specified in
the ebXML standard although the OASIS/ebXML CPPA Technical Committee is
currently working on it. [2] describe requirements for the process of e-contracting
including consistency rules. The proposed framework can be used to check correctness and consistency when constructing a negotiation process itself but gives no guidance how to specify or negotiate business protocols [2]. The problem of business
protocol interoperability is addressed by several authors (cf. [17], [12]). The goal is to
automatically decide if protocols are compatible which allows building architectures
for ad-hoc collaboration. Approaches in the field of component interoperability, e.g.
[18], [7], refer to similar problems so that their results, e.g. automatic generation of
mediators form protocol descriptions, can be used with business protocols as well.

5. Summary and Outlook
This paper presents the definition of a setup process that has to be performed before an ad-hoc inter-organizational collaboration can start. Within this process agreement on collaboration content can be achieved as well as an overall coordination
protocol can be constructed which defines a chronological order of tasks out of single
protocols that describe the information exchanges that are necessary to coordinate
given tasks. Our goal is to define a component-based architecture that implements this
process and uses the outcomes to dynamically configure itself. Using this architecture
it will be possible to technically support a wide range of ad-hoc collaboration scenarios as long as mismatches can be resolved. Due to the extensibility of componentbased architectures it will be possible to easily deploy additional components implementing for example a new coordination standard for transactions which then can be
used as one possible assignment to a protocol vector position. Future work therefore
is twofold: the presented setup process has to be refined and implemented, and the
component model as well as the composition model for the architecture has to be
defined. For negotiation, compatibility testing, and mediator generation previous
work in the fields of agent communication and component interoperability will be
further examined and integrated.
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Abstract. In this paper, we describe an ontology-based collaboration
model for supporting semantic interoperability in open networked systems. We characterize discovery and matchmaking semantic interoperability services for retrieving information resources semantically related
to a target request, to enable a coordinated and virtualized access to
distributed heterogeneous information resources.
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1

Introduction

Semantic interoperability is a crucial problem in open networked systems where
many different and independent enterprise parties need to cooperate and share
heterogeneous information resources often in response to opportunities or challenges that cannot be anticipated in advance and require a rapid response. Accessing heterogeneous and distributed informational resources in a coordinated
and virtual way requires appropriate semantic interoperability techniques to enable a seamless access and retrieval of the right information resources, while
preserving the information representation and management requirements of each
single party involved in the coalition [1, 15]. In addition, a further requirement for
effective semantic interoperability techniques regards the availability of semantically rich descriptions of information resources in use by an enterprise party [12].
Ontologies are generally recognized as an essential tool for allowing communication and knowledge sharing among distributed users and applications, by providing a semantically rich description and a common understanding of a domain
of interest. Due to the Semantic Web, a large body of research has been recently
devoted to ontologies and ontology language standard proposals [2]. In this context, a crucial role is related to the availability of matchmaking techniques based
on Semantic Web technologies (e.g., OWL [16]) in order to discover information
?
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resources based on available ontology descriptions. Work related to this topic has
been addressed in [3, 8], where intelligent techniques based on a Description Logics approach are described, which compare the knowledge contained in different
concept ontologies, by looking for semantic mappings denoting similar concepts.
Recent research in P2P systems focuses on providing techniques for evolving
from basic P2P networks supporting only file exchanges using simple filenames
as metadata, to more complex systems like schema-based P2P networks, capable
of supporting the exchange of structured contents (e.g., documents, relational
data) by exploiting explicit schemas to describe knowledge, usually using RDF
and thematic ontologies as metadata [10, 11].
In this paper, we focus on the information resource discovery problem, and we
propose a semantic collaboration model for open networked systems, where autonomous enterprise parties require a coordinated access to heterogeneous and
distributed information resources. We rely on ontologies for representing the
structure and the semantics, including interdependencies and relationships, of
the information resources required and in use by a given enterprise. We characterize semantic interoperability services which exploit ontology descriptions for
realizing a semantic collaboration model for networked organization contexts [7,
9, 10]. In particular, we characterize three ontology-based interoperability services, namely, the matching service for performing semantic affinity evaluations
on ontology elements, the discovery service for query composition, propagation,
and processing, and the acquisition service for information resource access.
The paper is organized as follows. In Section 2, we discuss semantic interoperability requirements and a collaboration model for open networked systems. In
Section 3, we present ontology-based semantic interoperability services. In Section 4, we describe an application example of the proposed collaboration model.
Finally, concluding remarks are presented in Section 5.

2

Semantic interoperability requirements in open
networked systems

The following features affect collaboration in open networked systems, and need
to be addressed by appropriate techniques: (i) dynamism of the system, regards
the fact that enterprise parties are allowed to join and leave the networked organization at any moment; (ii) autonomy of enterprises, in that each enterprise
is responsible for its own information resource management and representation;
(iii) absence of a-priori agreement, about ontology specification vocabulary and
language to be used for knowledge specification; (iv) equality of responsibilities,
no centralized entities with coordinating tasks are recognized and each party
enforces interaction facilities with other parties for resource sharing and collaboration.
In an open networked system, each involved enterprise party is autonomous and
acts as a node (peer) like in typical open distributed systems (e.g., P2P, Grid).
In particular, each enterprise party takes part to the networked system by ex-
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posing the information resources to be shared and by providing an ontological
representation for them.
2.1

Ontology-based information resource description

In order to support the discovery of relevant information with respect to a target
request, information resources need to be described in a way that is understandable and usable by the networked organization. To this end, each enterprise party
provides an ontological description of its information resources, according to a
Semantic Web-compatible language for its specification (e.g., OWL [16]). In order to describe the interoperability services in an ontology language-independent
way, we refer to a reference ontology model, in terms of concepts, properties and
semantic relations between concepts. A concept is characterized by a name and a
set of properties that represents its features. We distinguish between strong and
weak properties, to denote mandatory properties (i.e., properties with minimal
cardinality ≥ 1), and optional properties (i.e., properties with minimal cardinality = 0), respectively. Each property is associated with a name and a value,
which can be a datatype or a reference to another concept. Semantic relations
are defined between concepts, to express the most appropriate relations existing
between them. In particular, semantic relations that are specified include the
typical relations provided by the Semantic Web languages (e.g., equivalentClass,
subClassOf in the OWL language). For example, a detailed description of how to
map OWL on the reference model is provided in [5].
As an example, we consider the enterprise party EP1 which provides information resources related to the travel domain. As shown in Figure 1(a), the EP1
ontology contains the Accommodation, Reservation, and Travel document concepts;
the Reservation concept is a specialization (i.e., subClassOf) of the Travel document
concept. Furthermore, the value of the property Accommodation of the Reservation
concept refers to the Accommodation concept. In Figure 1(b), the fragment of
OWL code specifying the Reservation concept is reported. In particular, strong
property constraints are defined with a property restriction by setting the minCardinality clause to the value 1 (e.g., reservation code).
2.2

The peer-based collaboration model

The peer-based collaboration model enforces resource sharing and discovery in
open networked systems by exploiting a number of internetworked ontologies.
The effectiveness of the knowledge discovery process depends on the capability
of retrieving the information related to a target resource request, by exploiting
semantic features of enterprise ontology descriptions.
Each enterprise party in the system acts both as a client and as a server in the
networked organization interacting with other parties directly, by submitting
queries containing a request for one or more resources. The architecture of the
peer-based collaboration model is shown in Figure 2. Two different query types
are supported in the peer-based collaboration model, namely the probe query
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number_of_persons
reservation_code
name

Accommodation

Travel_document
accommodation
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category

cost

date

code

arrival

location

departure

Legenda
Ontology concept
Strong property
Weak property

Property domain

EquivalentClass

Property value

SubClassOf

(a)
<owl:Class rdf:ID=“Reservation”>
<rdfs:subClassOf rdf:resource=“#Travel document”/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource=“#accommodation”/>
<owl:someValuesFrom rdf:resource=“#Accommodation”/>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:DatatypeProperty rdf:ID=“reservation code”/>
</owl:onProperty>
<owl:minCardinality rdf:datatype=“&xsd;int”>1</owl:minCardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:DatatypeProperty rdf:about=“#reservation code”>
<rdfs:domain rdf:resource=“#Reservation”/>
<rdfs:range rdf:resource=“&xsd;string”/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:ID=“arrival”>
<rdfs:domain rdf:resource=“#Reservation”/>
<rdfs:range rdf:resource=“&xsd;string”/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:ID=“departure”>
<rdfs:domain rdf:resource=“#Reservation”/>
<rdfs:range rdf:resource=“&xsd;string”/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:ID=“number of persons”>
<rdfs:domain rdf:resource=“#Reservation”/>
<rdfs:range rdf:resource=“&xsd;int”/>
</owl:DatatypeProperty>

(b)
Fig. 1. (a) An example of enterprise party ontology; (b) a fragment of OWL code

and the search query. A probe query is used for discovering potential collaborating enterprises, and contains specifications of target concepts describing the
resources of interest. A search query is used in order to acquire resource data
related to one or more target resources, once a collaborating enterprise has been
identified. In order to support ontology-based resource sharing and discovery,
each enterprise party realizes three semantic interoperability services:
– The discovery service: it is responsible for performing the activities related to
probe query composition and propagation, and of invocation of probe query
processing. The discovery service is invoked by an enterprise party in order
to discover which collaborating parties within the networked organization
can provide relevant information resources with respect to a target request,
based on ontology descriptions.
– The matching service: it performs probe query processing against the ontology of an enterprise party. The matching service is based on a set of flexible
matchmaking techniques which enable each enterprise party to compare the
incoming requests against its ontology in order to identify whether there are
information resources (i.e., concepts) matching the target.
– The acquisition service: it is related to the accomplishment of the collaboration between two enterprise parties by realizing the acquisition of resource
data. The acquisition services of two collaborating parties are responsible for
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Fig. 2. Architecture of a open networked system for peer-based collaboration

managing search queries and for retrieving resource data by exploiting the
internal services (e.g., Web services) for data access.
In the remainder of the paper, we describe these interoperability services in more
detail and we provide an example of their application for semantic collaboration.

3

Semantic interoperability services

In this section, we describe the interoperability services by showing how they
exploit ontology knowledge for supporting inter-enterprise semantic collaboration.
3.1

The matching service

The matching service is responsible for performing comparison of ontology concept descriptions for probe query processing. According to the ontology model
presented in Section 2, the meaning of ontology concepts depends basically on
the names chosen for their definition and on their contexts, that is, the properties and the relations they have with other concepts in the ontology. Different
ontologies can describe the same resources using different modeling choices. For
this reason, the matching service is based on a set of ontology matchmaking
techniques capable of coping with different levels of detail in modeling the resources of interest, by considering various ontology elements separately or in
combination. With the goal of providing a wide spectrum of metrics suited for
dealing with many different matching scenarios, ontology matchmaking techniques support four different matching models: surface, shallow, deep, and intensive
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matching models. Each model calculates a semantic affinity value SAc,c0 of two
concepts c and c0 which expresses their level of matching. SAc,c0 and is produced
by considering linguistic and contextual features of concept descriptions [5].
– Linguistic features. Linguistic features refer to names of ontology elements
and their meaning. To capture the meaning of names in an ontology, the
matching service refers to a thesaurus T h of terms and terminological relationships among them. T h is automatically derived from the lexical system
WordNet [13]. In order to express the implication of terminological relationships for semantic affinity, a weight Wtr ∈ [0, 1] is associated with each
terminological relationship tr derived from WordNet.
– Contextual features. Contextual features refer to properties and concepts directly related to a given concept (i.e., adjacents) in an ontology. A weight
Wsr ∈ [0, 1] is associated with each semantic relation sr to denote the
strength of the connection expressed by the relation on the involved concepts
for semantic affinity evaluation purposes. The greater the weight associated
with a semantic relation, the higher the strength of the semantic connection between concepts. Furthermore, a weight Wsp is associated with strong
properties sp, and a weight Wwp with weak properties wp, respectively, with
Wsp ≥ Wwp to capture the importance of the property in characterizing the
concept for matching.
With respect to the matching models available in the matching service, the
surface matching considers only concept names. The shallow matching considers
concept names, concept properties, and information about the presence of cardinality constraints on properties. The deep matching model is defined to consider
concept names and the whole context of concepts, in terms of properties and
semantic relations. In addition to the previous model, the intensive matching
includes also property values in the matching process. In each matching model,
the semantic affinity evaluation is calculated as a weighted sum of linguistic
and contextual features, whose relevance in the semantic affinity evaluation process can be properly established, by setting the weight of the linguistic affinity
Wla ∈ [0, 1].
We have implemented and tested such matchmaking techniques in the framework
of Helios, a peer-based system where knowledge sharing and evolution is based
on interactions among peer and on peer ontologies for resource description. A
more detailed description of these matchmaking techniques is given in [4, 6].
3.2

The discovery service

The discovery service performs all the activities related to composition, propagation, and processing of probe queries.
The discovery service is based on a query/answer paradigm in which there is not
a centralized authority managing the collaborations, and the involved parties are
dynamically selected based on the semantic affinity of the information resources
with the given target. Given a target request, the discovery service is invoked in
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order to query a set of prospective collaborating parties and evaluate the affinity
with respect to the target using ontology descriptions. The receiving parties,
compare the request against their ontologies and reply whether they can provide
relevant information resources (i.e., resources matching the target). In particular, query management requires an expressive representation capable to support
the description of target resources in terms of ontology concepts searched (target
concept(s)), with possible properties and semantic relations. To this end, a reference query template for information resource discovery is provided in Figure 3
and it is composed of the following clauses:
– Find: list of target concept(s) names.
– With: (optional) list of properties of the target concept(s).
– Where: (optional) list of conditions to be verified by the property values,
and/or (optional) list of concepts related to the target by a semantic relation.
– Matching model: (optional) specification of the matching model asked by the
requesting peer to process the query.
– Matching threshold: (optional) specification of the threshold value t, with
t ∈ (0, 1] to be used for the selection of matching concepts based on the
semantic affinity value determined by the matching process. If a matching
threshold is not specified in the query, the answering peer adopts its own
default threshold.

Probe query template
Find
[With
[Where
[Matching model
[Matching threshold

Target concept name [, ...]
hProperty namei [, ...]]
Condition, hrelated concept, semantic
relation namei [, ...]]
Matching model to be used]
t ∈ (0, 1]]

Fig. 3. The reference query template

At the same, the discovery service has to provide an expressive representation of query answers. A query answer can be considered as a list of matching
concepts. As described in Figure 4, the structure of the answer template contains
the following clauses:
– Concept: name of the matching concept.
– Properties: (optional) list of properties of the matching concept.
– Adjacents: (optional) list of concepts related to the matching concept by a
semantic relation.
– Matching: set of pairs htarget concept, affinity valuei, specifying the target concept with which the matching concept matches, together with the
corresponding affinity value.
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– Matching model: specification of the matching model applied to process the
query.
– Matching threshold: (optional) specification of the threshold value t, with
t ∈ (0, 1] used for the selection of matching concepts based on the semantic
affinity value determined by the matching process.

Probe answer template
{Concept
[Properties
[Adjacents
Matching
Matching model
[Matching threshold

Concept name
hProperty namei [, ...]]
hrelated concept, semantic relation
namei [, ...]]
hTarget concept, affinity valuei[, ...]
Matching model name
t ∈ (0, 1]]}

Fig. 4. The reference answer template

3.3

The acquisition service

The acquisition service is responsible of the collaboration establishment between
two enterprise parties. When a requesting enterprise has identified a relevant
partner for the collaboration, it sends a search query in order to access and
acquire data about shared information resources. Search queries contain the
Find, With and Where clauses of the probe query template. An enterprise party
provides appropriate techniques to access its repositories containing resource
data, in order to support search query processing.
– The Web Service-based approach. Each enterprise party provides a standard
access to its shared information resources by means of a Web Service. Standard protocols (e.g., SOAP, WSDL) can be adopted by the acquisition service
in order to interact with the Web Service and provide a seamless access to the
underlying information resources. The acquisition service interacts with the
Web Service by means of the SOAP protocol which supports well-defined
XML-based message communications. The WSDL document provides the
specification of the set of methods which can be invoked by the acquisition service as well as the structure of the returned data extracted from the
information resources.
– The Wrapper-based approach. The access to the shared information resources
is provided by means of a wrapper service. The acquisition service interacts
with the wrapper service by submitting target queries for information resource access. The wrapper service manages mapping rules defining the concepts of the enterprise ontology and the underlying information resources
in order to reformulate the target query in terms of queries over specific
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structures of the repository where the information resources are stored (e.g.,
relational database structure). Finally, the answer to a search query sent
back to the requesting party is an XML document containing the information about the shared information resources.

4

Exploiting interoperability services for semantic
collaboration

In this section, we describe the use of interoperability services in the peer-based
collaboration model wuth an application example.
4.1

The peer-based semantic collaboration model

In Figure 5, we outline the main interactions, together with service invocations,
between two collaborating parties in the peer-based model. An enterprise party

Party A

Party B
(T)

y answer

Probe quer

(T)

Discovery service

Discovery service

Matching
service

Probe query

Matching
service

.
.
.

Discovery session
Acquisition session

Search query
(T)

Search query

answer (XML

data)

Acquisition service

Wrapper

Acquisition service

Web
service

Web
service

Wrapper

Fig. 5. Interactions and services in the peer-based collaboration model

invokes its discovery service when it intends to find potential collaborating enterprises of the networked organization capable to provide information semantically
related to one or more target concepts of interests. According to the query template of Figure 3, a probe query is composed by exploiting the discovery service
containing the specified target concepts. Such a request is submitted to the other
enterprise parties (i.e., B in Figure 5). In the context of a peer-based collaboration, many enterprise parties can be involved in the organization, and if each
probe query is propagated to all the nodes of the network, performance and efficiency of the overall system can drop dramatically. For this reason, the discovery
service of the requesting enterprise party defines semantic routing rules in order
to restrict the query propagation to a subset of nodes following semantic criteria:
the probe query is sent to the parties whose ontologies are expected to contain
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relevant concepts with respect to the target query. Preliminary results on this
topic are described in [14]
Receiving a probe query, the discovery service of a receiving enterprise party
interacts with the matching service in order to identify if there are concepts
matching the target request. In particular, the discovery service provides to the
matching service an ontological description of the target concept(s) (extracting
such information from the Find, With, and Where clauses), as well as the matching model and the threshold to apply (derived from the Matching model and
the Threshold clauses, respectively). As a result, the matching service returns
a (possibly empty) ranked list of concepts semantically related to the target,
and, for each entry, the corresponding semantic affinity value in the range (0, 1],
computed by the ontology matchmaking techniques. Finally, the results of the
matching service are organized according to the answer template in Figure 4 by
the discovery service, and such an answer is replied to the requesting enterprise
party (i.e. the answer T in Figure 5).
Collecting query replies from answering parties, the requesting enterprise evaluates the results and decides whether to establish a collaboration with the enterprise parties found to be relevant by the discovery service (collaborating enterprise(s)). To this end, the acquisition service is invoked to send an appropriate
search query formulated over the matching concepts of each collaborating enterprise (i.e., the concepts provided in the probe query answer during the discovery
session). The acquisition service retrieves data for a search query according to
the information resource access approach supported by the answering party, and
sends back resource data in an XML format (i.e., search query answer in Figure 5).
4.2

Application example

As an example of discovery in a peer-based collaboration, we consider networked
organization composed of four enterprise parties, namely EP1 , EP2 , EP3 , and
EP4 . As shown in Figure 6, the ontology of each enterprise party contains concepts related to the travel domain. We suppose that EP1 intends to discover
whether any enterprise party in the networked organization can provide relevant
resources with respect to the Accommodation concept. To this end, EP1 invoke
the discovery service and submits to the system the query in Figure 7. Exploiting
its semantic routing rules, EP1 sends the query to EP2 and EP3 . The discovery
service of EP2 and EP3 catches the incoming query and invokes the matching service which performs ontology matching using the deep model to evaluate
the semantic affinity between the incoming query and the concepts contained in
each enterprise ontology. According to the matching service results, the discovery service of EP2 replies to EP1 with the answer shown in Figure 8. Following
the same procedure, EP3 does not identify matching concepts over the specified
threshold in its ontology, since the matching results between the concepts flight
and car and the target concept accommodation are 0 and 0.125, respectively. Nevertheless, by exploiting its semantic routing rules, EP3 forwards the query to
EP4 which is expected to provide semantically related concepts. According to
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Fig. 7. The probe query submitted by EP1 for resource discovery

its matching service results, the discovery service of EP4 replies directly to EP1
with the answer shown in Figure 9.

5

Concluding remarks

In this paper, we have presented an ontology-based collaboration model and
semantic interoperability services for supporting discovery and sharing of heterogeneous information resources. Future research issues will regard the implementation of the semantic interoperability services. For what concern the matching
service, we have developed H-Match, an algorithm for ontology matching and
we are now testing performance and effectiveness of such an algorithm [5]. In the
context of the discovery service, we are working on the development of a semantic
routing protocol, in order to enhance the discovery functionalities by adopting
advanced network protocols, capable of taking into account information about
semantic neighborhood among nodes of the organization for semantic query forwarding [14]. Finally, we are working on the definition of flexible techniques for
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the acquisition service capable to deal with different scenarios in information
resource access.
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Abstract. A number of technologies are mentioned under the rubric of “The
Semantic Web”, but good overviews of these technologies with an eye toward
practical applications are scarce. Moreover, much of the early focus in this field
has been on the development of representation languages for static conceptual
information, while there has been less emphasis on how to make semantic web
applications practically useful in the context of knowledge work. To achieve
this, a better coupling is needed between ontology, service descriptions and
workflow modeling. This paper reviews all the basic technologies involved in
this, and outlines what can be achieved by merging them in the context of real
world workflow descriptions.

1. Introduction
“The Semantic Web” [1] is seen as the next generation of web systems, providing
better information retrieval, better services, and enhanced interoperability between
different information systems . The Semantic Web initiative is currently overseen in
the semantic web activity of the W3C1, and includes a number of core technologies.
Some core technologies that will be relevant to this overview are XML, RDF, RDF/S,
OWL, and Web Services (SOAP, WSDL, UDDI). While these technologies are
promising, it can still be argued that alone, they are not sufficient to achieve
interoperability in the business domain, allowing for a smooth integration between
different information systems within and between organizations. For this to be
accomplished, it is not enough to describe ontological metadata about the information
and services available – one also needs to know the work context in which the
different types of information and services are requested. Hence there is a need to
integrate ontologies and service descriptions with models of workflows and business
processes. The purpose of this paper is as follows:

1http://www.w3.org/2001/sw/
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a)

to provide a survey of the relevant technologies (ontology, service models,
workflow models). While there is much literature about each of them, there is
no one unified survey.
b)
To show how these technologies fit together, both in theory (presented as
something called “The interoperability pyramid”) and in practice (illustrated
by an example of how the technologies could be used).
The rest of this paper is structured as follows: .Sections 2-4 survey ontologies,
service models, and workflow models, respectively. Section 5 then presents an
integrated approach to enterprise and IS development, where interoperability among
the various systems (and enterprises) would be a major focus. Finally, section 6
provides some concluding remarks.

2. Ontology
The lower level technologies XML, RDF, and RDF/S are less relevant to us due to
their shortcomings for semantic annotation. Also, we assume that they are well known
(or otherwise easily investigated by the reader looking at other sources), so we jump
directly to the level of ontology languages.
A good starting point for understanding what an ontology entails, is to consider
figure 1, adopted from [9], which places a number of knowledge models on a
continuum. As you go from the lower left corner to the upper right, the richness of the
expressible semantics increases. This is shown on the right side of the arrow with
some typical expressions that have some sort of defined semantics for the particular
model. The names for the knowledge models are given on the left of the arrow. It is
important to note that all of the terms on the left hand side have been called an
“ontology” by at least some authors, which is part of the source for confusion about
the word.
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Figure 1. The ontology spectrum
Representational models on the various points along the ontology spectrum have
different uses [14]. In the simplest case, a group of users can agree to use a controlled
vocabulary for their domain. This of course does not guarantee that they will use the
terms in the same way all the time, but if all the users including database designers
chose their terms from an accepted set, then the chances of mutual understanding are
greatly enhanced.
Perhaps the most publicly visible use for simple ontologies is the taxonomies used
for site organization on the World Wide Web. This allows designers to structure
information and users to browse and search. Yahoo is one such hierarchy. In addition
the DMOZ (www.dmoz.com) project attempts to establish a taxonomy of resources
that are administered by its very large number of volunteer editors. Taxonomies can
also help with sense disambiguation since the context of a term is given by the more
general terms in the taxonomy.
Structured ontologies provide more sophisticated usage scenarios. For instance,
they can provide simple consistency and completeness checks. If all products must
have a price then web sites can automatically be checked for missing or conflicting
information. Such ontologies can also provide completion where partially specified
information can be expanded automatically by reference to the terms in the ontology.
This expanded information could also be used for refining search, for instance.
Ontologies can facilitate interoperability, by aligning different terms that might be
used in different applications. For example an ontology in one application might
define a StanfordEmployee as a Person whose employer property is filled with
the individual StanfordUniversity. If another application does not understand
StanfordEmployee or employee but does understand Person, employer and
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StanfordUniversity, then it is possible to make the two applications talk to each

other if the second application can intelligently interpret the ontology of the first [14].
Now we are in a position to see why the ontologies on the most formal end of the
spectrum are often taken as the default interpretation in the context of the semantic
web, providing the conceptual underpinning for “ ... making the semantics of
metadata machine interpretable” [15]. But for the semantics of a domain model to be
machine interpretable in any interesting way, it must be in a format that allows
automated reasoning in a flexible manner. Obviously, taxonomies can specify little in
this sense. Database schemas are more powerful, but limit the interpretation to a
single model. The only automated reasoning that can be performed is what is allowed
by the relational model, and the semantics can only be understood through complex
inferences supplied by humans (e.g., the database designer). Formal logic based
ontologies provide multiple possible models allowing machine based inferences, but
still limit the set of formal models to the set of intended meanings. They are at the
same time more formally constrained and more semantically flexible than database
schemas. Ontologies based on different logical models can support different kinds of
inference, but a minimal set of services should include reasoning about class
membership, class equivalence, consistency, and classification [13].
The ontology representation language adopted by the Web Ontology Working
Group of the W3C 2 is the Web Ontology Language (OWL). OWL is a response to a
number of requirements [16] including the need for a language with formal semantics
that enables automated reasoning, and to address the inherent limitations of RDF/S.
2.1 OWL
According to the original design goal, OWL was to be a straightforward extension of
RDF/S, guaranteeing downward compatibility such that an OWL aware processor
could also understand RDF/S documents without modification. Unfortunately this did
not succeed because the generality of some RDF/S elements (e.g. the semantics of
class as “the class of all classes”) does not make RDF/S expressions tractable in the
general case. In order to maintain computational tractability, OWL processors include
restrictions that prevent the interpretation of some RDF/S expressions. OWL comes in
three flavors: OWL Full, OWL DL, and OWL Lite, and OWL Full is upward and
downward compatible with RDF but OWL DL and OWL Lite are not.
The names of the three sub languages of OWL describe the expressiveness of the
languages, keeping in mind a fundamental tradeoff between expressiveness,
efficiency of reasoning, and support for human understanding. OWL Full has
constructs that make the language undecidable. Developers should therefore only use
OWL Full if the other two sub languages are inadequate for modeling the relevant
domain. Similarly, OWL DL should be used if OWL Lite is not sufficient. Details of
the syntax and semantics can easily be obtained from the technical documentation
web site of the W3C, http://www.w3.org/TR/
In order for ontology based technologies to be useful, it is necessary to have
development tools and platforms. There are currently a large number of tools
2http://www.w3.org/2001/sw/WebOnt/
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available for authoring, managing, visualizing, and merging ontologies. The ontology
editor survey3 is a valuable resource comparing most of the available tools on a
number of dimensions. One popular tool (with almost 20000 registered users) is
Protégé4, maintained at Stanford University. It is a freely available, Java based
platform that has a rich feature set that is easily expandable through a plug-in based
architecture. In addition, the Protégé web site contains a large number of links to
ontology resources, and an interesting guide to building ontologies5.

3. Web Services
There is a great deal of interest about web services and service oriented architectures
in general. A useful definition can be found in [9]: “Web services are software
applications that can be discovered, described, and accessed based on XML and
standard Web protocols over intranets, extranets, and the Internet.” This definition
exposes the main technical aspects of web services, to do with discovery and
description, as well as the role of WWW technologies for data exchange and
communication. These core concepts along with the associated technologies are
shown in figure 2 below.

Figure 2. The basic layers of Web services [9]
The basic steps involved in composing a web service to meet a given application
scenario are as follows :
1. the client application discovers ni formation about Web Service A in a UDDI
registry
2. the client application gets the WSDL for Web Service A from the UDDI registry to
determine Web Service A's API.
3. the client application sends a request to Web Service A using SOAP
4. the client application receives a SOAP response from Web Service A.

3http://www.xml.com/2004/07/14/examples/Ontology_Editor_Survey_2004_Table__Michael_Denny.pdf
4http://protege.stanford.edu/
5http://protege.stanford.edu/publications/ontology_development/ontology101.html
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It is important to situate the role of Web services in the real world. Daconta, Obrst
and Smith [9] argue that the most important factor for determining the future of a new
technology is not “... how well it works or how “cool” it is ...” but on business
adoption. Along this line they see a bright future for Web services which is being
promoted by Microsoft, IBM, Sun, as well as the open source community. But why
such widespread support? One reason is the promise of interoperable systems. Once
businesses adopt standardized web service descriptions, the possibility of exchanging
data and sharing the cost of services increases. In addition, the open standards prevent
monopolization of applications, preventing the dreaded “vendor lock-in” associated
with proprietary solutions. Finally, a widespread adoption of Web service protocols
means that existing applications can be leveraged by turning them into Web services.
As an example, it is even possible for .NET clients and servers to talk to J2EE servers
using SOAP.
The point of all this is that Web services enable interoperability at the level of
business processes without having to worry about interoperating between different
applications, data formats, communication protocols, and so on. We will see in the
next section that this has profound implications for the way workflows and
knowledge based work processes are modeled and instantiated in particular work
environments.
Details of the various technologies can be found in many sources, and will not be
covered here. The purpose of the technologies is to provide some means of
discovering services that can be orchestrated into an application that accomplishes
some need. The Web services technologies combined with Ontologies can provide the
infrastructure, protocols, and semantics to get the job done. The final remaining
problem is in defining the job that needs to get done. This is where workflow
technology must be considered.

4. Workflow and enterprise process modeling
The unprecedented flexibility of web services provides a particular challenge for how
to integrate their use in enterprise work practices. On the one hand demand based
service provision promises to be a blessing for facilitating problem solving; on the
other hand, the instance based variability provided through the relatively free range of
solutions offered in service composition could result in a serious challenge to
established workflow modeling paradigms.
Process modeling implicates a family of techniques used to document and
explicate a set of business and work processes in a way that allows their analysis at
various levels, and for various purposes. Our specific interest in the current project is
to use workflow modeling to analyze the work contexts that are likely to be involved
in the day to day activities of an enterprise, with the aim of improving the timely
delivery of appropriate information related resources and services. The purpose is to
integrate workflow modeling with the potential of web services, to capture the likely
usage scenarios under which the services will need to operate and to model this
integrated use. The aim is that the model of work practices will allow better
specification of actual information needs, which will in turn allow for richer
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requirements for the service descriptions expected from a web service, which will
facilitate service composition and interoperability. The research problems therefore
complement one another: workflow modeling helps web service design, but the
availability of these services in turn improves workflow modeling techniques.
The challenge for us is to construct modeling approaches that maintain sufficient
expressive power for the required points of view as well as to allow flexibility for
changing situations. Jørgensen [20] argues that static workflow models cannot handle
the changing demands of real world situations, and that adaptive models, while
providing greater flexibility, still cannot adequately handle the instance based user
driven modifications needed in many situations. He argues for interactive models that
can be dynamically configured by users.

4.1 Workflow and Process Modeling Languages
Workflow modeling has been used to learn about, guide and support practice in a
number of different areas including software process improvement [21], [22];
enterprise modeling [23], [24]; process centric software engineering [25]; and
workflow systems [26]. The process modeling languages employed in these areas
have been usefully categorized into one of the following types: transformational,
conversational, role-oriented, constraint-based, and systemic [27]. In addition, [20]
argues that UML based approaches need to be considered as a sixth category as they
are becoming increasingly widely used. A summary of each type is given in [20]
where they are considered for their suitability as interactive modeling paradigms.
Transformational languages represent the majority of process modeling languages
in use, adopting an input-process-output approach. Some well known languages
adopting this approach are Data Flow Diagrams (DFD), Activity diagrams, Eventdriven Process Chains (EPC), and Petri nets. While there are clear differences
between the formalisms, it is possible to generalize in terms of their basic expressive
commitments and therefore suitability for modeling dynamic, flexible workflows
[28], [29], [30], [31]. The standards defined by the Workflow Management Coalition
(WfMC) [26], the Internet Engineering Task Force (IETF) [32], and the Object
Management Group (OMG) [33] are all predicated on a common perspective. We
consider a few languages from this perspective.
The WfMC standards for process definition interchange between systems [34]
include a large portion of the primitives involved in transformational languages.
Processes are modeled with hierarchical decomposition, control flow structures for
sequences, iteration, AND and XOR branching. Activities can be associated with
organizational roles and actors, tools and applications. The core terminology of the
WfMC is shown in figure 3 below. Note the distinction between process definition
(idealized process) and instance (actual work),
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Figure 3. WfMC core terminology [26]
The Business Process Modeling Language (BPML) [35] defines a web service
interface description language, which presents obvious promise concerning the
present requirements. BPML emphasizes low-level execution and contains several
control flow primitives for loops (foreach, while, until), branching (manual choice or
rule based switch, join), decomposition (all, sequential, choice), instantiation (call,
spawn), properties (assign), tools (action), exceptions (fault), and transactions
(compensate). The ability to define manual as well as rule based branching is
promising for use in flexible systems. Unfortunately the promise is only partially
realized since different primitives are used for the two cases, implying that the
automation boundary must be defined during process design. Additionally, BPML has
weak support for local change and unforeseen exceptions. A visual notation, for
BPML, BPMN has been developed lately and is getting increasing attention.
Event-driven Process Chains (EPC) is a process language used in industrial
systems, being part of the SAP ERP system and ARIS modeling tool [36]. EPC
models units of work as functions enabled by pre-events and causing post-events.
Relationships between events and functions are modeled by arcs, AND, XOR, and
OR connectors. Some attempts have been made to map EPC to Petri nets [37] and
UML activity diagrams [38]. One point of difference is that OR-connectors are not
well supported in the Petri net notation because they result in a degree of uncertainty
in execution. This gives EPCs some degree of freedom to represent alternative events,
though the alternatives once again need to be determined at design time.
There is some recognition for the need to separate design components from runtime components for increased flexibility. This is realized in the WfMC's XML
Process Definition Language (XPDL) [39]. But even here, the separation is focused
mainly for facilitating the reuse of design components across different workflow
engines and design tools. There is little support for user driven interaction at run-time.
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It appears that current approaches are not designed with the flexibility required to
accommodate the adaptive workflows that are enabled by Web Services technologies.
One approach worth pursuing is the interactive models of Jørgensen [20].

5. Integrating enterprise and IS development
The different approaches outlined above can be combined with more traditional
model-driven system development to support a number of problem situations from
very static, to very dynamic, even emergent processes. The different process types
decide the extent to which the underlying technology can be based on hard-coded,
predefined, evolving or implicit process models. This gives a number of development
approaches. On one extreme; systems are manually coded on top of a traditional
runtime environment, and on the other enterprise process models are used directly to
generate solutions. In between these, we have the approaches typically described in
MDA, namely the development of Platform Independent Models (PIMs) for codegeneration (e.g. on top of a UML Virtual Machine), or for Platform Specific Models
(PSMs) for more traditional code-generation.
In figure 4, we outline the different types of interoperability across these
different levels, being illustrated as a pyramid of different interoperating levels [40].
Whereas traditional systems use special APIs and approaches such as EDI for
interchange of data, on the next level (PSM), we can identify Web Services
Interfaces. Above this level, there is a lot of work on specific business process
execution platforms, with a possibility to exchange directly using a BPI. Finally,
projects
such
as
EXTERNAL(http://www.external-ist.org) and
UEML
(http://www.ueml.org) have provided solutions for how to interoperate on the
enterprise model level, using different modeling languages and different tools in the
process. Standards and ontologies can be used across all levels, and also between
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Figure 4. Interoperability between different platforms
We will try to clarify this picture with an example which originally had focus on
the enterprise level and cross-organizational business processes to support
dynamically networked organizations. The infrastructure to support networked
organizations originally developed in the EXTERNAL IST project (which is currently
further developed in the ATHENA (http://www.athena-ip.org), MONESA and
WISEMOD projects) can be described as consisting of three layers. These layers are
identified as:
• Layer 1, the information and communication technology (ICT) layer: – defining
and describing the execution platform, software architectures, tools, software
components, connectivity and communication.
• Layer 2, the knowledge representation layer: - defining and describing constructs
and mechanisms for mo deling, including ways of annotating models and metamodels with content from ontologies.
• Layer 3, the work performance and management layer; - modeling and
implementing customer solutions, generating work environments as personalized
and context -sensitive user interfaces available through web-portals.
5.1 The ICT Layer
The ICT -infrastructure is an integration of the enterprise and process modeling tools,
such as:
• METIS [41], a general purpose enterprise modeling and visualization tool,
• XCHIPS [42], a cooperative hypermedia tool integrated with process support and
synchronous collaboration,
• SimVision [43], a project simulator used to analyze resource allocation,
highlighting potential sources of delay and backlogs.
• WORKWARE [44],[20] a web-based emergent workflow management system
with to-do-lists, document sharing, process enactment and awareness mechanisms.
• FrameSolutions [45], a commercially available framework for building automated
workflow applications.
The architecture has 3-tiers, clients, application servers, and data servers. The
implementation is web-based, utilizing HTTP both for control and data integration,
and XML for data exchange. Three types of integration mechanisms are provided :
1. Data-centered integration: based on a common EXTERNAL XML DTD, XML
importing/exporting utilities are implemented in each of the enterprise modeling
tools for data exchange between the tools or with an XML repository.
2. Control-centered integration: uses the APIs provided by the tools and the
repository to be integrated. With the APIs, the tools can call each other and access
the shared repository. Some of the APIs may have parameters for denoting content
objects, whose implementation requires data-centered integration capabilities.
3. Worktop-based integration: this is a service-oriented integration at the userinterface level, utilizing both data-centered integration and control-centered
integration to access shared models, information objects, and tools.
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New components can be developed on a need-driven basis, using the approaches of
service oriented architecture (SOA) or model-driven architecture (MDA).
5.2 The Knowledge Representation Layer
The knowledge representation layer defines how models, meta-models and meta-data
are represented, used and managed. A version of Action Port Modeling (APM) [46],
[20] constitutes the core of the modeling language (EEML). The kernel concepts are
shown in Figure 5 as a simplified logical meta-model of EEML. The process logic is
mainly expressed through nested structures of tasks and decision points. The
sequencing of the tasks is expressed by the flow relation. Roles are used to connect
resources of various kinds (people, organizations, information, and tools) to the tasks.
Hence, modeling in EEML captures an extensive set of relationships between the
goals, organizations, people, processes and resources. This is particularly useful
considering the dynamic nature of networked organizations. For new partners joining
the network, the rich enterprise models provide a valuable source of knowledge on
how to “behave” in the network. We plan to further enable the annotation of such
models with OWL-ontologies, improving model matching and mo del interoperability
across organizations.
has-part
has-part

1:n

1:n

Task

Decision Point

flows-to
n: m

1:n

has-resource-role

flows-to

Role

n:m
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is- filled-b y
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n:1

Information
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n:1
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Figure 5. Simplified meta-model of EEML
Moreover, the interactive nature of the models, meaning that the users are free to
refine them during execution, increases their potential as sources of experience and
knowledge. As such they document details on how the work was actually done, not
only how it was once planned. EEML can be extended to link into for formal process
modeling (E.g. BPMN) as well as languages used in the SOA and MDA approaches,
particularly UML, through the meta-modeling features of METIS, which is the main
implementation platform for EEML.
From a knowledge management perspective, process models are carriers of process
knowledge; knowledge of how to do things. But through the possibility in EEML of
attaching information resources to the tasks at any level, such a model also imposes a
structure upon the set of information resources relevant for the work described by the
process model. That way, the process models themselves form the basis for
information management. Further extensions with semantic annotations based on
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OWL would enhance this even further, combining process ontologies with more
traditional structural ontologies.
5.3. The Work Performance and Management Layer
Users access their solutions through project portals. A project portal for a
networked organization must have support for methodology adaptation,
communication, co-ordination and collaboration. Project management, reporting and
other services must be offered, and finally project work must be performed with
possibilities for repetition, providing security and privacy for knowledge workers.
In our infrastructure, the web-based portal registers and qualifies users, and
invokes other tools through WORKWARE, an example of what we term a modelgenerated workplace (MGWP). The modeled tasks are also executed through the
invocation of tools and applications from the web based user environment comprised
of the portal and WORKWARE. WORKWARE sets up the context for each task,
giving access to the knowledge and resources needed to perform the task. The actual
work performance is done by invoking appropriate web services. The task performers
may access desktop tools, organizational information systems, web services, or
automated processes (in FrameSolutions) through this user environment.
User environments are generated dynamically based on the definition of tasks
using EEML. Forms and components for interacting with different model objects are
selected and composed based on user interface policies.
The dynamically generated work management interface includes services for
work performance, but also for process modeling and meta-modeling. The worktop is
the main component in this interface. In addition to the services for performing and
managing the task, it contains links to all knowledge in the process models that is
relevant for the task. Since the worktop is dynamically generated, subject to personal
preferences, the skill levels of task performers can be taken into account, e.g. to
provide more detailed guidelines for people who have not previously worked on such
tasks. Similarly, customized worktops for project management can support the project
management team. The contents may include an overview of the project, adopted
management principles, applicable methodologies, project work-break-down
structure, results, plans and tasks, technologies and resources, status reporting and
calculations. Further details on this approach can be found in [20], [47].

6. Conclusion
This paper has provided a unified survey of relevant technologies for achieving
semantic interoperability in the context of enterprise information systems, namely
ontologies, service descriptions, and workflow models including both automated and
interactive tasks. The Interoperability Pyramid, together with the example
explanations of this, illustrates how the combination of these technologies can provide
more advanced interoperability that with current systems. We suggest that
“interoperability” in the abstract may be an untenable goal, at least in the immediate
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future. But interoperability in the context of dynamic and interactive workflows, as
the next best thing, is very much within our reach.
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Abstract. In this paper we start from the conjecture that a convenient organization
of various technical spaces in three "metamodeling" layers offers a convenient
working environment. The main message of this work is that it is possible to
consider software engineering and ontology engineering as two similarly organized
areas, based on different metametamodels (M3-level). Consequently, building
bridges between these spaces at the M3-level seems to offer some significant
advantages that will be discussed in the paper. The initial results presented in this
paper may also apply to other technical space as well.

1. Introduction
Model driven engineering (MDE) is being considered as an important departure from
traditional techniques in such areas as software engineering, system engineering and data
engineering. In software engineering, the MDA™ approach proposed by OMG in
November 2000 allows separation of platform dependent from platform independent
aspects in software construction and maintenance. More generally, MDE is proposing to
use models to capture specific aspects of a system under construction or maintenance, not
only the business and platform aspects.
Recently a new variant of MDE called Software Factories [Greenfield, 2004] has been
proposed by Microsoft. The software factories approach is different from MDA mainly
because it focuses more on small, well defined and engineered DSLs (Domain Specific
Languages) than on the existence of a huge multi-purpose modeling language like UML
2.0. Apart from that, the Microsoft approach is completely in line with the general MDE
ideas.
Technical spaces have recently been introduced as a means to structure the solution space
and to figure out how to work more efficiently by using the best possibilities of different
technologies, including MDA [Kurtev et al 2002]. Nowadays, using only a single
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technology in solving different engineering problems is usually not enough. For example,
software engineers can benefit from ontological engineering, or database developers can
find useful improvements in using the XML technology.
In this paper we propose the idea that it should be possible to establish generic
coordination between different technical spaces by making explicit the M3-level
properties and providing domain-independent transformation facilities at this level. This
would be more efficient than providing ad-hoc, case-by-case transformation between
various DSLs belonging to the same or different technical spaces.
This paper is thus organized as follows. In section 2 we introduce some general
considerations on the three-layer conjecture. Section 3 presents the domain of ontology
engineering. In Section 4, we show how the idea of defining bridges between these spaces
at the M3-level may bring a lot of significant economies and other advantages. Section 5
provides more in-depth thinking about mappings between ontology engineering and
model engineering. In particular it introduces the conceptual notion of projectors to define
bridges between technical spaces. In section 6 we compare the proposed M3 mapping
techniques to more conventional M2-mappings. Finally we conclude by summarizing the
project goals and sketching possible extension paths.

2. The 3-Layer Conjecture
In this section we recall the main characteristics of the three-layer conjecture and
introduce the term of technical space. We are also discussing Model Driven Architecture
(MDA), an important technical space widely accepted by software industry.

2.1. MDA basics
In November 2000 the OMG proposed a new approach to interoperability named MDA™
(Model-Driven Architecture) [9]. MDA is one example of a much broader approach
known as Model Driven Engineering encompassing many popular research trends like
generative programming, domain specific languages, model-integrated computing, model
management and much more.
The central part of MDA is the layered architecture that has a number of standards defined
at each of its layers (see Figure 1). Most of MDA standards are developed as metamodels
using metamodeling. The topmost layer (M3) is called metametamodel and the OMG’s
standard defined at this layer is Meta-Object Facility (MOF). This is a self-defined
language intended for defining metamodels. In terms of MDA, a metamodel makes
statements about what can be expressed in the valid models of a certain modeling
language. In fact, a metamodel is a model of a modeling language [Seidewitz, 2003].
Examples of the MDA’s metamodels are UML and Common Warehouse Metamodel
(CWM). The MDA’s metamodel layer is usually denoted as M2. At this layer we can
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define a new metamodel (e.g., a modeling language) that would cover some specific
application domains (e.g., ontology development, object-oriented programming, data base
handling, etc.). The next layer is the model layer (M1) – the layer where we develop realworld models (or domain models). In terms of UML models, that means creating classes,
their relations, states, etc. There is an XML-based standard for sharing metadata that can
be used for all of the MDA’s layers. This standard is called XML Metadata Interchange
(XMI).
The bottom layer is the instance layer (M0). There are two different approaches to
explaining this layer, and we note both of them:
1. The instance layer contains instances of the concepts defined at the model layer (M1),
e.g. objects in programming languages.
2. The instance layer contains things from our reality – concrete (e.g. Mark is an
instance of the Person class, Lassie is an instance of the Dog class, etc.) and abstract
(e.g. UML classes – Dog, Person, etc.) [Atkinson & Kühne, 2003]. Other authors also
mentioned that difference, like Bezivin [Bezivin, 2004], who says that the M0 layer
covers program executions as well.

M3

Meta-metamodel (MOF)

M2

Metamodel (UML, CWM)

M1

Models (UML classes, objects)

M0

Real-world things,
program execution

X M I

Linguistic instantiation

Model Driven Architecture

representedBy
conformantTo

Ontological instantiation

Fig. 1. The four-layer Model Driven Architecture and its orthogonal instance-of relations:
linguistics and ontological

In this paper we advocate the second approach, but we should give more details about
its impact on UML. In UML, both classes and objects are at the same layer (the model
layer) in the MDA four-layer architecture. Actually, MDA layers are called linguistic
layers. On the other hand, concepts from the same linguistic layer can be at different
ontological layers. Hence, UML classes and objects are at different ontological layers, but
at the same linguistic layer. We give an excerpt from the Petri net ontology [Gašević &
Devedžić, 2004] as an illustration of this approach (see Figure 2). There is the concept of
modules in Petri nets that means components of Petri net models we can reuse in other
different Petri net models. In fact, Petri net modules are similar to UML classes – it is a
sort of template that we use for creating module instances. However, both of them we
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modeled using UML classes, but there was a need to make difference between them. So,
we modeled modules as a metaclass, while module instances as a regular class. Note that
we did not change UML metamodel by defining Module metaclass, but we just created
ontological metaclass. That means, modules are at the O2 ontological layer, while module
instances are at the O1 ontological layer. Finally, module instances represent (model) real
Petri net modules. As Petri nets themselves are modeling tool, they are at the O0
ontological layer, but sill at the M1 (i.e. model) linguistic layer.
M2

UML metamodel

Module

O2

ModuleInstance
O1

concrete
module
instances

M1

O0

M0

Ontological instantiation

Fig. 2. An Illustration of ontological layers: An excerpt of the Petri net ontology consisting of three
ontological layers (O2, 01, O0) at the same linguistic layer.

2.2. Technical spaces
Technical spaces were introduced in [Kurtev et al 2002], in the discussion on problems
of bridging different technologies. A technical space is a working context with a set of
associated concepts, body of knowledge, tools, required skills, and possibilities. Although
some technical spaces are difficult to define, they can be easily recognized (e.g. XML,
MDA, and ontology technical spaces in the case of approaching MDA and OWL). Each
technical space can be organized on a metametamodel (explicit or implicit) and a
collection of metamodels. For the OMG/MDA the MOF and the collection of standard
metamodels and UML profiles play this role.
The basic assumption in MDE is the consideration of models as first class entities. A
model is an artifact that conforms to a metamodel and that represents a given aspect of a
system. These relations of conformance and representation are central to model
engineering [2]. A model is composed of model elements and conforms to a unique
metamodel. This metamodel describes the various kinds of contained model elements and
the way they are arranged, related and constrained. A language intended to define
metamodels and models is called a metametamodel.
The OMG/MDA proposes the MOF (Meta Object Facility) as such a language. The
Eclipse metametamodel is part of EMF and is compatible with MOF 2.0. This language
has the power of UML class diagrams complemented by the OCL assertion and
navigation language.
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There are other representation systems that may also offer, outside the strict MDA or
object-oriented boundaries, similar model engineering facilities – other technical space
[3]. They are often based on a three level organization like the metametamodel,
metamodel and model of the MDA. One example is grammarware [5] with EBNF,
grammars and programs but we could also consider XML documents, Semantic Web,
DBMS, ontology engineering, etc. A Java program may be considered as a model
conforming to the Java grammar. As a consequence we may consider strict (MDA)models, i.e. MOF-based like a UML model but also more general models like a source
Java program, an XML document, a relational DBMS schema, etc.
In order to get a synergy of different technical spaces we should create bridges between
them, and some of these bridges are bi-directional. The bridges can be created in a number
of ways (e.g. in the XML technical space by using XSLT, in ontological engineering
through transformations that can be mapped into XSLT, etc.). Note that technical spaces
can be classified according to their layers of abstraction (e.g. MDA and ontological
engineering are high-level spaces, whereas XML and databases are low-level spaces). The
Semantic Web integrates XML and ontological engineering technical spaces.
The main role of the M3-level is to define the representation system for underlying
levels. The MOF for example is based on some kind of non-directed graphs where nodes
are model elements and links are associations. The notion of association end plays an
important role in this representation system. Within the grammarware space we have the
specific representation of abstract syntax trees while within the XML document space we
also have trees, but with very different set of constraints.
Associated to the basic representation system, there is a need to offer a navigation
language. For MDA the language that plays this role is OCL, based on the specific nature
of MDA models and metamodels. OCL for example know how to handle association
ends. For the XML document space, the corresponding notation is XPath that takes into
account the specific nature of XML trees. As a matter of fact OCL is more than a
navigation language and also serves as an assertion language and even as a side-effect free
programming language for making requests on models and metamodels. At the M3-level
when the representation system and corresponding navigation and assertion notations are
defined, there are also several other domain-independent facilities that need to be provided. In MDA for example generic conversion bridges and protocols are defined for
communication with other technical spaces:
 XMI (XML Model Interchange) for bridging with the XML space
 JMI (Java Model Interchange) for bridging with the Java space
 CMI (Corba Model Interchange) for bridging with the Corba space
Obviously these facilities may evolve and provide more capabilities to the MDA
technical space. We may even see many other domain-independent possibilities being
available at the M3-level like general repositories for storing and retrieving any kind of
model or metamodel, with different access modes and protocol (streamed, by element
navigation, event-based, transaction based, with versioning, etc.).
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3. Ontologies, ontology languages and their architecture
Ontologies have been around for quite some time now. Since early 1990s researchers in
the domain of artificial intelligence and knowledge representation have studied ontologies
as means for knowledge sharing and reuse among knowledge-based systems. However,
even an early survey of the field of ontologies [Fridman-Noy, 1997] has identified a
number of application classes that benefit to a large extent from utilizing ontologies
although some of them are not necessarily knowledge-based systems in the traditional
sense. Later on, researchers have recognized explicitly that ontologies are not just for
knowledge-based systems, but for all software systems – all software needs models of the
world, hence can make use of ontologies at design time [Chandrasekaran et al, 1999].
Nowadays, ontologies and ontological engineering span such diverse fields as qualitative
modeling, language engineering, database design, information retrieval and extraction,
knowledge management and organization, ontology-enhanced search, possibly the largest
one, e-commerce (e.g., Amazon.com, Yahoo Shopping, etc.), and configuration
[McGuinness, 2002].

3.1. Ontological engineering
The engineering part of developing ontologies comprises a complex set of activities that
are conducted during conceptualization, design, implementation and deployment of
ontologies. Ontological engineering covers a whole range of topics and issues, such as the
basics (philosophical and metaphysical issues and knowledge representation formalisms),
methodology of ontology development, recent Web technologies such as XML [Bergholz,
2000] and its relatives [Klein, 2001], business process modeling, commonsense
knowledge, systematization of domain knowledge, Internet information retrieval,
standardization, evaluation, ontology integration with agents and applications, and many
more [Devedžić, 2002]. It also gives us design rationale of a knowledge base, helps us
define the essential concepts of the world of interest, allows for a more disciplined design
of a knowledge base, and enables us to accumulate the knowledge about it. The
disciplines tightly interwoven with ontological engineering include modeling,
metamodeling, and numerous fields of software engineering.

3.2. Ontology languages
Several ontology languages have been developed during the last few years [Gómez-Pérez
& Corcho, 2002]. In the first time, the most used ontology languages were Lisp-like ones,
like Knowledge Interchange Format (KIF), Loom, Algernon, etc. By combining Semantic
Web and XML technologies, many XML-based ontology languages have been defined
like Ontology Exchange Language (XOL), SHOE, and Ontology Markup Language
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(OML). On the other hand, we have the languages Resource Description Framework
(RDF) and RDF Schema as general languages for the description of metadata on the Web
[Corcho et al, 2001]. The Web Ontology Language (OWL) is a current semantic markup
language for publishing and sharing ontologies on the WWW adapted by W3C
[Bechhofer et al, 2004]. OWL is developed as a vocabulary extension of RDF and is
derived from the DAML+OIL Web Ontology Language. OWL has three variants: OWL
Lite, OWL DL, and OWL Full. OWL is designed for use by applications that need to
process the content of information instead of just presenting information to humans. OWL
facilitates greater machine interpretability of Web content than that supported by XML,
RDF and RDFS by providing additional vocabulary along with a formal semantics.
We have tried to identify different meta-layer in definitions of ontology languages as it
is given for MDA. However, there is not any similar widely accepted architecture, so we
draw the architecture in Figure 3. Generally, ontologies covers knowledge that represents
(or models) some domains from the reality. In order to find relations with MDA-based
modeling languages we can say that an ontology: from one hand, consists of ontology
structure: definitions of concepts, their mutual relations, properties, and restrictions (i.e.
axioms); on the other hand, consist of instances (individuals) created in accordance to the
ontology structure. Accordingly, we can say that the place of ontologies is the M1 (model)
layer. We can say that ontology languages are defined at the M2 layer similarly to MDA’s
metamodels. In this case we call those definitions metaontology. Examples of
metaontologies are: the Frame ontology developed by Gruber [Gruber, 1993] or the
specification of the OWL language [Bechhofer et al, 2004]. The main difference from
MDA’s metamodels is that there is no any general language that we use for defining
ontology languages, or more simply, there is no any explicitly defined metametaontology
at the M3 layer. However, we can assume one of the present ontology languages (e.g.
OWL) as a metametaontology since we can define semantics of other ontology languages
by using that presumed metametaontology. Of course, the meaning of this figure is not
completely true, as some of ontology languages do not make differences between metalayers, while in some of them we can define that a class is an instance of the other class
(e.g. OWL Full). However, developers mainly see ontology languages as we do, so we
can say that the architecture in Figure 3 represents a pragmatic architecture of ontologies
languages that allow us to find similarities to the MDA architecture.
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M3

Metametaontology

M2

Metaontology (Frame, OWL)

XML

Linguistic instantiation

Ontology langauges

M1 Ontology (classes, induviduals)

M0

representedBy

Real-world things
conformantTo
Ontological instantiation

Fig. 3. Meta-layers in terms of ontological engineering

3.3. MDA-based ontology languages
Since most of practitioners are mainly unfamiliar with ontology development techniques,
many researches have proposed using well-known tools and techniques (e.g. UML) for
ontology development as a solution of this problem [Kogut et al, 2002]. The problem of
using UML for ontology development has been firstly addressed in [Cranefield, 2001]. In
fact, this was a pioneering work in integrating MDA and ontologies. Currently, there is an
OMG initiative aiming to define a suitable language for modeling Semantic Web ontology
languages in the context of MDA [OMG ODM, 2003]. In the context of that initiative we
present in Figure 4 our proposal for such an architecture [Djurić et al, 2005]. The key
components in the architecture are:
 Ontology Definition Metamodel (ODM);
 Ontology UML Profile (OUP) – a UML notation for ontology definition;
 Two-way mappings between OWL and ODM, ODM and OUP, and from OUP to
other UML profiles.
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Fig. 4. Ontology modeling in the context of MDA and the Semantic Web

However, the idea of using MDA concepts for ontological engineering is not only
present in the OMG’s initiative, but some important ontology tools (i.e. editors) also use
the same principles. Probably the leading ontological engineering tool Protégé has a
formally defined MOF-based metamodel. This metamodel is extensible and adaptable.
This means that Protégé can be adapted to support a new ontology language by adding
new metaclasses and metaslots into a Protégé ontology. Introduction of these new
metamodeling concepts enable users to add necessary ontology primitives (e.g. the
Protégé class has different features from OWL class). In that way it can, for instance,
support RDFS [Noy et al, 2000] or OWL.

3.4. Ontology technical space
As we have already explained MDA technical space we describe ontology technical
spaces as well. Starting from the main intention of ontologies to be used for sharing
knowledge we can say that ontologies do not exist without any knowledge about
surrounding technical spaces. According to the Semantic Web initiative ontologies are
based on XML and RDF(S), and thus we use XML technologies for sharing ontologies.
This also assumes that ontologies are related with grammarware and EBNF as MDA is.
There is another relation between ontologies and grammarware – APIs for manipulation
of ontologies (e.g. Protégé’s API, Jena, etc.), or repositories of ontology-aware knowledge
in the form of databases (e.g. DBMS technical space). On the other hand, the presented
ontology metamodels (ODM and OUP) are MOF-compliant languages defined in the
context of the MDA’s metamodeling architecture. In that way, ontologies are connected
with MDA technical space. Since we can use JMI for accessing to MOF-based
repositories we have an alternative way that connects ontology technical space with
grammarware technical space. Of course, we have not listed all possible technical spaces
the ontology technical space has connection with. Our idea is to show the importance of
defining relations between ontologies and other different technical spaces. In the rest of
the paper we discuss the transformations between model engineering and ontological
engineering.

4. Relations between technical spaces
Generally, each technical space has different purposes. For instance, ontological
engineering technical space covers shared knowledge; while MOF-based modeling
languages (e.g. UML) do not necessarily represent domain knowledge. However, we can
easily recognize some overlaps between different technical spaces. That means, the same
real-world thing can be captured by different technical spaces. For example, UML models
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in model engineering technical space represent things from the reality. On the other side
we use XMI for sharing UML models, so the same UML model can be also represented in
the grammarware (i.e. EBNF) technical space.

4.1. Classification of technical spaces
Following the previous discussion we can classify technical spaces into two parallel
groups of technical spaces:
1. Conceptual technical spaces – are about conceptual (abstract or semantic) things, like
models, ontologies, mathematical logics, etc. They are not interested in techniques for
representation of sharing their abstractions. However, we must have some techniques
to materialize (or serialize) those technical spaces.
2. Concrete technical spaces – have techniques that allow us to have more material (i.e.
physical, syntactical) representation of conceptual things. The examples of these
technical spaces are different kind of grammars (e.g. KIF and XML for ontologies,
XMI for MOF-based models). Also, MOF-based repositories are often based on
DBMSs for storing metamodels, so we represent the model engineering (conceptual)
technical space in the context of the DBMS (concrete) technical space.
Very often developers have misunderstanding of these two kinds of technical spaces.
For example, most of beginners in ontological engineering do not understand difference
between XML and ontologies. The problem is that most of current ontology editors and
systems is based on XML, but generally speaking the same ontology can be represented
by many different grammars. We can represent the same ontology semantics by many
XML schemas [Decker et al, 2000]. Furthermore, those grammars should not be XMLbased. One example is the regular-text based M3 notation. Finally, we can store the
ontologies into DBMSs, so we can represent ontologies in the DBMS technical space.

4.2. Mappings between technical spaces
According to the previous classification we give the following conclusions regarding
mappings between different conceptual technical spaces:
1. Mappings between two conceptual technical spaces. We can only define mappings at
the conceptual level. The mappings defined at the conceptual level give
recommendation for their implementation.
2. A physical implementation of mappings between two conceptual technical spaces
always must be done through a concrete technical space.
From the fist statement we recognize logical relations between two technical spaces.
That means, we find out epistemological equivalences between them. Since we are trying
to have mappings at the M3 layer we need to represent each technical space as a threelayer architecture. Afterwards we specify their mutual mappings at the M3 layer. Those
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mappings should be prorogated to lower meta-levels (i.e. M2 and M1) of the three-layer
architecture.
The second conclusion states that we always must use concrete technical space for
implementing mappings between conceptual spaces. For example, implementation of
mappings between ontological engineering and model engineering can be through the
EBNF technical space as both of these technical spaces have XML bindings. However,
the statement about implementation is also valid for mappings inside the same technical
space. For example, in case of mappings between ODM and UML (i.e. inside the model
engineering technical space) we could implement through either the EBNF technical
space or the DBMS technical space. The EBNF technical space we use in a case we are
dealing with XMI documents. In this case we can use either XSLT or a programming
language as an implementation tool. The DBMS technical space we use when we have a
MOF-based repository stored in a DBMS. We can use a MOF2 QVT language in this case
if the repository supports one of them.

5. Mappings between ontological engineering and model engineering
In this section we try to identify ways for connecting different technical spaces in the
main emphasis on the relations between ontological engineering and model engineering.
This problem is mainly being solved partially by defining a pair of transformations
between languages from two different technical spaces we are going to connect to (e.g.
ODM from MDA technical space and OWL from ontology technical space). That mainly
means developing transformations according to M2 layer, so that we can transform
models at M1 layer. In fact, this is represented by principle of metamodel-driven model
transformations [Bézivin, 2001]. One important question is: should we always define as a
pair of mappings between different languages belonging to different technical space, or
can we find some commonalities among all of them? We believe that if we can achieve
mappings between technical spaces at the M3 layer we can get many significant
economies and other advantages. The most important one is the decrease of the number
necessary transformations for bridging different technical spaces.

5.1. Epistemological relations between technical spaces
In order to clarify mappings between ontological engineering and model engineering we
start from the organizational architectures of their languages (Figure 1 and Figure 3).
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From those figures we can deduce that either of them consist of three layers.
Epistemologically, those layers are equivalent1:
ME.M3 ⇔ OE.M3
ME.M2 ⇔ OE.M2
ME.M1 ⇔ OE.M1
In order to illustrate these statements we use the MOF-based ontology language
(ODM) as a language from the model engineering technical spaces. It is important to note
that ODM is defined at M2 layer. On the side of ontological engineering we have a
definition of an ontology language (e.g. OWL) at the M2 layer. Concrete real world
models are at M1 layer and they consist of classes and their instances for both model
engineering and ontology engineering technical spaces. That means, we must not have
one ontological layer at M1 layer according to [Atkinson & Kühne, 2003], and we have
two ontological layers: one for classes and one for class instances (i.e. objects).

Fig. 5. Mappings between ontological engineering and model engineering through the EBNF
technical space

5.2. Pragmatic relations between technical spaces
We see here the high potential impact of considering these technical spaces as explicit
and semi-formal entities. In most of these spaces we have for example internal
1

In this example we use the following notation: name-of-technical-space.meta-level, namely
ME.M3 means the M3 layer of the model engineering technical space.
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transformation tools (e.g. XSLT and XQuery for XML, QVT for MDA, etc.). Some of
these internal transformation tools are general and other are specialized (a compiler can be
seen as a specialized transformation tool of the EBNF/Grammarware space). These
transformation tools have evolved in their own context to fit with specific objectives and
the main representation system of the corresponding space and there is no reason to
change that. Now we have to consider another kind of transformation: across technical
space boundaries. Let us call these transformation projectors in order to distinguish them
from other transformations internal to one technical space.
The responsibility to build projectors lies in one space. The rationale to define them is
quite simple: when one facility is available in another space and that building it in a given
space is economically too costly, then the decision may be taken to build a projector in
that given space. There are two kinds of projectors according to the direction: injectors
and extractors. Very often we need a couple of injector/extractor to solve a given problem.
In order to illustrate this situation, let us look at the MDA technical space. The main
entity there is a model (a metamodel may be considered as a kind of model). A model
contains very useful and focused information, but by itself it is very dull and has no much
capability. If we want MDA models to be really useful we have to give them these
capabilities. There are two ways to do this: either to build them in the MDA space or to
find them in another space. In the latter case what we'll have to provide is some set of
projectors.
An MDA model is a graph (non directed graph with labeled edge ends). Since there
was no possibility to exchange MDA models, the OMG started a RFP called SMIF (Serial
Model Interchange Format). The objective of SMIF was to find a serialization scheme so
that any kind of MOF model could be exchanged by simple means (by mail, or a USB
key, etc.). After some months of study, the group leading this initiative identified several
solutions based on well known graph serialization algorithms. The solution was then to
select and standardize some of these algorithms and to suggest building software
extensions to handle these standards as part of the major CASE tools. This was the time
when some people realized the importance that XML was taking and the growing
availability of XML tools in various industrial environments. Many people then realized
that it would be economically much more interesting to define standard serialization in
XML, i.e. that instead of serializing graphs on text flow, it was more interesting to
serialize graphs as trees and the let the remainder of the work being handled in the XML
space. As a consequence a bidirectional projector was defined by the XMI convention.
Each MDA projector has a specific goal, i.e. it consists in providing new facilities to
models that are available in other technical spaces. XMI brings the capability of global
model exchange to the MDA space and this capability is found in the XML space. Global
model exchange means only the possibility to have batch-style of communication between
tools. This is an interesting facility, but in many occasions it is not sufficient because we
have to provide a fine grain access to model elements. XMI is of no use to do this. Here
again the problem of adding new capabilities to models arose. Building intra-MDA tools
for doing this was considered as very costly. So, as part of the Java community process
program, a standard projector with the Java technical space was defined under the name
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JRS #40. The capability to access models elements in MDA was given with the help of
the Java technical space. This projector is known today under the name JMI.
As we may see, every projector has a specific purpose. In the UML 2.0 initiative, the
diagram interchange part deals partially with the separation of content and presentation
for MDA models [OMG, 2003]. In order to help model presentation, specific tools could
have been added to the MDA space, but with a high implementation cost. Here again a
solution was found in the XML space, by using the SVG standard for scalable vector
graphics. Although the solution is limited to only certain kind of models, here again we
see the interest of using important investments of other technical spaces to bring
economically and rapidly functionalities to a given space (here the MDA) with the help of
projectors.
Many other examples could be found showing the need for a very precise definition of
the goal of any projector. For example, after the introduction of XMI, it was rapidly found
that this projector was not bringing the facility of easy textual reading to the MDA space.
Many solutions were possible, including applying XSLT transformation to XMI-serialized
models to make them more usable for human operator (considering that XMI is sufficient
for computer operators). Then the OMG decided to address this problem separately and a
solution involving the EBNF space was defined under the name HUTN (Human Usable
Textual Notation). HUTN offers three main benefits: (1) It is a generic specification that
can provide a concrete HUTN language for any MOF model; (2) the HUTN languages
can be fully automated for both production and parsing; (3) the HUTN languages are
designed to conform to human-usability criteria. Later it was found that HUTN was not
sufficient and that the set of projector should be completed in a bidirectional way with the
anti-Yacc proposal (Hearnden, 2002) by DSTC. In the same spirit, SINTEF is today
studying more general kinds of projectors between the MDA and the textual flat-file
technical space (Oldevik, 2004).
So we can see all the gain that could be reaped from the homogeneous consideration of
bridges between technical spaces with the help of generic projectors. There are many
activities presently going on in this area with technical spaces like data base (SQL
projectors, E/R diagram projectors), in the OS technical space (Unix projectors), in the
legacy technical spaces (Cobol, ADA, PL/1 projectors to name only a few of them), in the
natural language processing technical space for requirement engineering applications, etc.
One goal of the collaboration between the ATLAS group in Nantes and the GOOD
OLD AI group in Belgrade is to define and build a set of generic projectors between the
model engineering and the ontology engineering technical spaces.

Page 178

INTEROP-ESA'05

6. Comparing the proposed M3 bridging to present ways of mappings
6.1. M3 level as representation ontologies
In this paper we have advocated the interest of factoring out the technical bridge work
by considering relations at the M3 level. This is based on the conjecture that each space
could exhibit such a M3 level. Much evidence can be found to support such a conjecture.
In this three-space conjecture, we assume the existence at level M3 of some form of
representation ontology with a set of associated facilities. There is not infinity of
possibilities at level M3 like there are at level M2. The representation systems are based
on known algebraic structures with well defined properties. Very often these structures are
based on trees, graphs, hypergraphs or categories. Mapping between these algebraic
structures have been studied and their properties are known. For example transforming a
graph into a tree is a reasonably known operation, even if there are many ways to perform
it. Hypergraphs have been found very convenient to express some situations in visual
languages, but mapping between graphs and hypergraphs have also been studied.
Of course each category comes into a variety of flavors. For example abstract syntax
trees and XML trees are not exactly similar trees, but their properties may be studied and
compared. MOF models are non directed graphs with labeled edges extremities,
somewhat different from what others would se for expressing models as directed labeled
graphs. Here again the precise conversion algorithms should be expressed at the M3 level
and not reinvented at the M2 level.
So, in some cases we can find entities in various technical spaces that nearly
correspond semantically. In this case the gain is very high because we can apply generic
M3-based projectors to do automatic conversion. We could for example make
correspondence between a Java grammar, a Java XML schema, a Java metamodel or a
Java ontology at a very low cost. At the other extreme of the spectrum, if we have two
M2-based entities with no direct correspondence, there is no more we can do. For
example if we want to match MusicML and MathML, there is no obvious way to do this.
So we see that there are really three levels of technology involvement:
a)
Specialized: someone works only inside a given technology space,
with a M2 commitment. For example a given team only works with
the UML modeling language or the Java programming language
considering that these offer sufficient expression capabilities for their
work.
Generic: someone works inside a given technical space, with several
b)
M2-based commitments. This is happening mainly in the XML space,
the software factories MDE space (with different DSLs), etc.
Universal: someone works with the possibility of mapping his/her
c)
problem on several technical spaces. A given information system
problem for example may be more easily and generally solved by an
XML solution, a Java solution, an MDA solution, an ontology
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solution. This level provides the best level of agility to solve computer
engineering problems. This is the solution we are advocating here. It
presupposes the existence of well designed generic projectors between
the various spaces so that a given user may never become captive of a
given technology.
The figure below can illustrate that current techniques understand that mappings from
conceptual TS to concrete TS can be at different meta-levels. According to our approach
we will have only one transformation between conceptual TS (model engineering) to a
concrete TS (XML TS), so we will avoid such a complicated procedures.

Mapping MDA metametamodel, metamodels, and models to XMI
The following section illustrates a diversity of techniques that can be used for
mappings between different technical spaces. The main problem is that all of them are
relayed on the M2 layer. This suggests a metric evaluation of benefits of the approach we
advocate in the paper: at M2 layer we have 2N mappings for N metamodels we want to
connect to. In our approach we will have only one pair of mappings at M3 layer.

6.2. Current ways for transformations between technical spaces and their lacks
It is obvious from the previous descriptions that we cannot provide direct mappings
between the MDA technical space and the OWL technical space. In fact, this
transformation can only be defined through the XML technical space. It is important to
define a pair of transformations in order to enable two-way mapping (one transformation
for either direction) between all OWL ontologies and all ontologies represented in an
MDA-based ontology language. The transformations can be based on “meta-definitions”
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of OWL (i.e. on its meta-ontology) and an MDA-compliant language (i.e. a metamodel).
This transformation principle is compliant with the principle of metamodel-based model
transformation [Bézivin, 2001]. Table 2 gives some guidelines on how to make
transformation between each pair of the languages discussed above.
Target language
ODM

Source language

ODM

OUP

OWL

OUP

–

OWL

XML TS

MDA TS

XML TS

XSLT

QVT

XSLT

XML TS

MDA TS

XSLT

QVT

XML TS

OWL TS

XML TS

OWL TS

XML TS

RDQL

XSLT

RDQL

XSLT

–

XSTL
–

7. Conclusions
We have presented here some initial work on the ways of bridging model engineering
and ontology engineering. The main idea is that the M2-based solution seems quite costly
and may not scale-up. We thus suggest using M3-based projectors to provide a general
solution to this problem. Many benefits may be reaped from this approach. This paper has
only presented our first investigations in this area, with some documentation evidence.
We are planning to go ahead with the practical study of this increasingly important
engineering problem.
The notion of technical space has been found to be essential in this investigation.
However we must bring more conceptual formality to this study. A technical space is
defined by a three-level organization, by a top-level representation ontology sometimes
called a metametamodel, by a collection of related M2-level domain specific languages
(metamodels or schemas or grammars, etc.) and by a number of facility implemented by
widely available tools.
Building generic bridges at the representation level (i.e. the M3-level) seems a very
promising engineering practice. We have provided some illustrations in support of this
hypothesis. There is still much work to be done in this area. However if the general
framework is shown feasible in these areas of model and ontology engineering, it may
probably also be applied to many other areas as well.
Several of the ideas presented in this paper are supported by initial prototypes
developed in the research groups in Belgrade and Nantes. Work is going on in developing
these prototypes, learning from previous experiments and building up a collaborative
research on the subjects discussed in this paper.
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Abstract. Due to the heterogeneous nature of web services, interoperability is a
crucial aspect, and this interoperability has not only a data aspect (ontologies)
but also a process aspect To ensure correctness of e-business processes, some
kind of transaction support (e.g. WS-TXM [16]) is necessary but not sufficient.
In this paper, we define correctness in terms of contract compliance. Being
contract-guided, e-business processes require a contract-dependent transaction
protocol that can be represented as a set of formally specified agreements and
obligations between participants. In current standards and frameworks,
contract-based interoperability is only referred to, but not specified in details.
This paper contributes to contract-based interoperability is the following
aspects: for the first time it attempts to classify characteristics for various
degrees (levels) of contract-based interoperability; it provides formal deontic
logic definitions of basic support operations - check and lock -, and their
semantics is defined.

Keywords: e-business, transactions, deontic logic, locking, interoperability

1. Introduction
Interoperability of web services is a crucial aspect of the enterprise integration.
Interoperability can be loosely defined as the ability of enterprise software and
applications to interact. True interoperability is more than connectivity and
communication. It includes the possibility that one role performs some activity for the
other role, and so it assumes that there is shared understanding of what the meaning of
the request is: both the content semantics (activity name, parameters) and the
pragmatics (the intended effect, e.g. that the other role executes the request or sends a
reject message). This “shared understanding” can be implicit in the code, or be more
explicit in an agreed-upon protocol definition, “collaboration agreement” (ebXML),
or “contract”. In this paper, we are interested in contract-based interoperability,
defined as: “the ability of applications to interact and work together on the basis of a
contract”, where a contract is defined as: “an agreement between two or more roles
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that governs their interaction in terms of obligations and permissions”. A contract
need not be explicit, although this does have certain advantages. In principle, every
interaction is contract-based, as every interaction assumes certain semantics/
pragmatics of the communication to be in place, but typically these pragmatics are
implicit in the standard protocol that is imposed from the beginning. Several
frameworks (ebXML, WS-Coordination) provide the participants with the possibility
to define new or extended protocols (agreements) with specifically defined semantics.
When we use the term “contract” in this paper, we mainly refer to these user-defined
agreements, but sometimes we also use it in the more general sense of the agreement
underlying any interaction.
We will define different levels of contract-based interoperability, depending on the
level of support of various contract manipulation procedures. Common procedures for
contract manipulation include but are not limited to: contract establishing, contract
verification, contract evolution during transaction execution, contract monitoring,
sub-contract handling and inclusion, etc.
This paper is organized as follows: first we introduce the contract-based
interoperability levels; then, section 3 introduces basic concepts to achieve contractbased interoperability, such as locking; section 4 provides operational semantics for
these basic concepts, and the final section contains conclusions and future work
guidelines.

2. Levels of Contract-Based Interoperability
In the context of collaborative business development, contract-based interoperability
of web services can be divided into six categories. Both external and internal contractrelated functionalities are the basis for classification. Each higher-level category
includes functionality of lower level.

2.1 Contract-based interoperability levels

full contracting
Complexity

contract adaptation
contract monitoring
contract enabling
transactional interoperability

reflection (functionality verification)
Fig. 1. Six levels of contract-based interoperability
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Level 0 indicates that no contract-based interoperability features are supported.
Internal functionality of participants of this level allows execution of pre-designated
operations, however, only final results (and, sometimes, intermediate status) are
externalised. Other participants could locate its profile in the registry, however, no
communication except for request for service/result output, is possible. It can execute
advertised functionality, but no interoperation protocol support is defined.
Level 1. A participant can not only advertise, but also confirm (verify), if requested,
its functionality and make a choice for the most appropriate operation (of the same
type) to be employed at a run-time. Internally a participant should have a request
processor which performs communication with other parties and, if necessary, a selftest mechanism that can generate latest status/performance relevant characteristics
upon request. Externally, such participant allows request processing (with appropriate
authentication, if necessary), basic two-way communication, and a check operation
(to be defined in section 3).
Level 2. A participant supports one or (preferably) several transactional protocols.
Support of level 2 interoperability indicates transactional interoperability – the
capability to be engaged in transactions with some kind of (relaxed) ACID properties.
To correspond to this level, a web service should support at least one transaction
protocol and this capability should be advertised in a registry.
Level 3. The basic functions are in place that allow participants to make commitments
and fulfill them. This assumes message-processing capabilities (to accept, process and
respond to incoming messages), transactional interoperability, but, most importantly,
what is supported at this level is outcome reservation (locking, to be defined in
section 3), outcome determination, and other basic contract-enabling operations.
Level 4. Participants can monitor a contract. Monitoring contract assumes that
participants are capable to understand, execute and verify compliance of other parties’
activities to contract clauses. Understanding the contract means the capability to
interpret contractual clauses (expressed in some XML-based contract definition
language), and support the operations defined in the contract. Execution refers to the
internal functionality to fulfill obligations assumed as part of a contract. Finally,
monitoring itself refers to the capability to verify other parties’ activities against
contract clauses and response with contract-defined corrective actions. Contract
monitoring has been the subject of several recent research projects [6,10,12].
Level 5. Participants cannot only execute a given contract, but also adapt a contract
by means of negotiation and refinement. This level requires rather developed
conversation capabilities and support of obligation-based contract composition. At
this level participants are not yet assumed to establish a complete contract from
scratch, rather, they should reuse already existing contacts (or templates), compose a
contract from other contracts (as in supply chain scenario) or refine already existing
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contract with clauses and parameters relevant to the concrete business scenario. This
level has been explored in [11] in the context of agent societies.
Level 6 Participants are able not only to refine contract templates, but also to setup a
new contract, typically on the basis of explicit goals and preference structures from
each participant. This functionality implies the use of goal-based negotiations and the
ability to extract or compose contractual clauses from sources other then pre-defined
templates and samples.
Those proposed interoperability levels could be utilized to characterize the level or
degree to which a participant is interoperable as part of the architecture. If an
architecture as a whole is specified in terms of proposed levels, then the
interoperability specifications for each participant might be derived. Another possible
implementation might be to use these levels in the WSDL description in a registry
thus facilitating the discovery of business partners with appropriate characteristics.
Contract-based interoperability can also be used to assess current state-of-the-art
technology. If we look at current web service standards such as BTP [14] and WSTransaction [15], we can characterize them as level2. They do provide transactional
interoperability by means of which parties can synchronize a certain event, but the
business semantics of these synchronized events (in some cases called
“BusinessAgreement”) are not specified. Therefore, there is also no monitoring of
obligations, the only monitoring, if any, concerns the transaction protocol execution.
If we look at current agent models (mainly confined to research labs) dealing with
contracts (see the references above), we can characterize them as level 4 to 5. Level6
technology doesn’t exist yet. However, contract drafting is a research topic in the area
of negotiation support and e-commerce, see e.g. [7]. If we look at the ebXML
framework, we can observe that in principle, it supports all levels of contract
interoperability. However, in practice collaboration profile agreements (CPA) are still
composed manually, and the notion of commitment or obligation is not explicit, so
ebXML is better characterized as level2.
The objective of this paper is to close the gap between web service technology and
agent theory by addressing precisely the level that is still not supported by current
web service standards and, at the same time, is largely implicit in the agent models –
that is, the basic level3 contract functions. We do not have a complete list yet of what
these basic functions are, but we claim that the check and lock operations introduced
in section 3 are very essential. The formal semantics are given in section 4.

3. Locking as an Interoperability Mechanism
In the previous section we defined locking as a level3 contract-enabling function.
In this section, we list the main requirements on e-business transactions [13] and then
introduce our locking model. For a more elaborate discussion of the model, see [2].
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3.1 Locking Requirements
The following requirements of e-business transactions distinguish them from
advanced transaction models (ATM) defined in the ‘90s [3]:
- Participants are dynamic (volatile) – while initially advertising their
functionality in UDDI-type registry, they might change as a whole or some
of its characteristics only – therefore locks should address actual
functionality, not assumed or initial;
- Participants are autonomous entities, sometimes exhibiting opportunistic
behavior – locks could be removed not only by Requestor, but also by
Provider itself;
- The transactions’ technical infrastructure (media, protocols, etc.) might be
unreliable, creating issues of recovery and preservation of locks;
- Rather then being focused on execution speed, e-business transactions use
schedules and timeouts (specified duration); being contract-governed
execution duration is predefined. While almost insignificant for traditional
transaction models, process execution isn’t instantaneous and is subject to
coordination and scheduling.
- Participants have functional and capacity restrictions on their operations.
Functional reflect internal business capabilities of the participants that are
hard to change, capacity addresses participants’ characteristics at the
execution time.
Although their semantics have shifted since the time they were introduced in the
context of database transactions, locks are still a valuable mechanism to arrange
mutual reservation on participant’s capacity. E-business locking guarantees that either
a functionality is exercised as requested or the party, incurred losses due to another
party’ obligation un-fulfillment, is compensated, as it is agreed upon when lock is
applied (or specified in contract).
The principal difference between database and e-business transactions is based on
participants’ behavior. A database is a passive entity and the owner is reactive only.
In business transactions the participants are dynamic and owners are active agents that
can decide whether and how they will execute a certain request. In complex scenarios,
there might be even a negotiation about behavior of locked resource before lock’s
application is attempted.
3.2 E-business locking model
In order to cope with the requirements listed in section 3.1, e-business locks should be
modified compared to those of ATM. Transaction preparation might be split into two
sub-phases: prepare and locking [4]. Technically, e-business locking is an
asynchronous message exchange between prospective participants and a change of the
Provider’s state in case lock is applied successfully. While not being explicitly
addressed, e-business transaction execution is enclosed with support/service phases
addressing reliability and correctness issues.
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Although the distinction between a prepare and a locking phase is made in several
e-business transaction models, the exact meaning is not always clear [1]. We suggest
the following characterization:
Prepare phase – at this phase we propose functionality verification of prospective
participants. Being part of pre-transaction phase of typical e-business transaction, it
precedes both locking and execution. Other preparatory mechanisms (protocolspecific) might involve application of holds, initializations, soft locks, etc. We assume
this phase’s activities verify functionality and capacity of prospective participants and
don’t impose any definite reservation, neither they impose an obligation on any party
(therefore, the terms lock and hold may be misleading). In case of completion or
execution failure the preparation doesn’t require compensation. Because the
participant’s profile, initially published in a registry might reflect actual functionality
incorrectly (being outdated) or incompletely (containing insufficient information to
invoke provider’s functionality), the requesting party might want to check this
information. Checking (or verification) is performed either by the provider itself (if it
is trusted party) or by a third party.
While functionality restrictions are quite rigid, capacity restrictions vary due to
resources’ utilization by other parties. Exact capacity value (or, rather, available
capacity) is correct only at lock application, however, any estimate performed before
invocation also contributes to efficiency of execution scenario because it allows
excluding (potentially) unavailable participants from the scenario without the need of
a lock.
Locking Phase – some protocols employ explicit locking to ensure prospective
participants’ enlistment. A lock creates commitments. This phase follows the prepare
phase and typically, it assumes the existence of a contract or similar agreement
specifying the type of locks to be applied and their characteristics, but this contract
can also be more general and implicit. The lock type should be supported both by
requesting party and by functionality-proving participants.
As we said, checking applies either to a participant or the participant capacity (its
available resources). The same is true for the locking (Table 1).
PARTICIPANT

CAPACITY

PREPARE

Check Participant

Check Capacity

LOCK

Lock Participant

Lock Capacity

Table 1. Phase/object orthogonal representation
Participant lock serves as a gateway to capacity (or in case of web-services,
operation) locks. It allows the use of functionality of the locked participant limited by
arrangements specified at the time of locking. This type of lock might be the only one
needed if the participant provides only one operation or if it can receive all necessary
information to apply operations locks transitively. This kind of lock is not exclusive.
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Capacity (operations) lock is an actual locking, it creates mutual obligations
between participants. This lock is used as an execution correctness preservation
mechanism. With the participants’ autonomy, it might be up to the provider to
designate, depending on request characteristics, an actual operation to be executed.
This orthogonal architecture provides the following benefits:
- it allows transitivity of properties and functionality from participant (Provider) to
capacity (resources) it controls, thus optimizing speed of locking (no need to provide
additional information for every operation);
- it minimizes cost and quantity of compensation. Application of participant/capacity
locks could be relatively extended in time, allowing reservation costs to be
minimized. For example, a check can be performed in January, a participant lock in
March (for the rest of the year), a capacity lock in June, when the production planning
is finalized, while the actual execution is only performed in October. When the check
in January fails, another supplier can be looked for. Similarly, when the participant
lock fails in March, another pre-selected supplier can be chosen. Etc. In this way, the
risks are minimized against minimal costs.
Both prepare and locking phase are preliminary to transaction execution, but their
impact is quite different. While check verifies functionality and requests additional
information, lock is applied upon known functionality; the check request is based on
advertised functionality, while lock is based on confirmed (verified) functionality; in
the case of locking, compensations might follow for unlocking, while check is a
request for information with no compensations defined or needed. The provider is
considered to be a prospective one before lock application and actual after.

4. A formal model of e-business locking
In this section, we provide formal semantics for the locking and unlocking
operations in terms of Dynamic Deontic Logic [8,9]. This logic allows for the
specification of actions (locking, unlocking, requesting, compensating etc) and for the
specification of obligations (which we need to model the commitment aspect of ebusiness locks).
4.1 Basic Definitions
Let L be a first-order language. DDL [8,9] is L extended with deontic operators
(see below) and a dynamic operator. That is, if is a wff in DDL and is an action,
then [ ] is a wff in DDL, with the intuitive meaning: holds after action has been
performed. The action can also be composite: 1; 2 stands for sequential, and
1&& 2 stands for parallel execution. ¬ stands for not-doing .
In this case, we have at least the action lock(r,id,t) and unlock(id), where r is a
resource, id a lock identifier and t a lock type (worked out below). The following
minimal axioms hold:
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Definition 1 (general semantics of lock and unlock)

∀r,id,t [lock(r,id,t)] lock-ed(r,id,t)
∀r,id,t lock-ed(r,id,t)
[¬unlock(id)] lock-ed(r,id,t)
∀r,id,t lock-ed(r,id,t)
[unlock(id)] ¬lock-ed(r,id,t)

These axioms just state that a resource is locked by a lock action, and remains locked
until an unlock action is performed. We identify a lock by some unique identifier
rather than by the resource as sometimes multiple locks on the same resource are
allowed. Note that for simplicity we omit here any variable typing.
The lock operation is performed by the Provider (this agent is not included as a
parameter, as we deal here only with one Provider at a time). If a Requestor wants a
lock, he has to send a request message to the Provider. The Provider either accepts or
rejects this request (negotiations are not in the scope of this paper). In the case of an
accept, the Provider gets an obligation to perform the lock. In fact, this
communication logic holds not only for lock but also for unlock and any other
operation that P could perform.
Definition 2 (semantics of request)

∀R,P,m, [request(R,P, ,m); accept(P,R,m)] Obl(P,R, )
∀R,P,m, ¬Obl(P,R, )
[request(R,P, ,m); reject(P,R,m)] ¬Obl(P,R, )

In this case, the m acts as identifier of the request. Obl is the deontic operator for
obligation. The most important property of Obl is expressed in the following axiom:
Obl(P,R, )

[¬ ] Violated

which says that if P is obliged to R to perform some action, not doing that action leads
to a violation. Note that this scheme is a bit naive about time; normally, some
deadline will be specified, and the violation only arises when the action is not done
before the deadline [5]. For the time being, our abstraction suffices. The semantics of
request applied to locking results in:
∀R,P,m,

[request(R,P,lock,m); accept(P,R,m)] Obl(P,R,lock)

that is, the Provider is obliged to lock the resource. If this does not result in a locking
action (which can never be excluded, given the autonomy of P), then P certainly has
something to explain (within a certain marketplace or agent society, P may get trouble
with the market owner).
4.2 Operational semantics of locking (basic model)
The operational semantics of locking are explored here by considering the intended
lock properties one by one. Because of space limitations, we omit our definition of
exclusive lock and define reserve lock only. Suppose that an “exclusive lock” has
been set, then no one else can use the resource, but what happens when the legitimate
requestor appears, with the right id. Does it mean that in that case the Provider is
obliged to accept the request? We do not think this is necessary in all cases. That
would mean that P has reserved r for R, and that R would be able to charge P if for
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some reason, P does not grant the request (perhaps because the resource is no longer
available at all). If R wants a firm commitment from P that the resource is and
remains available for him, this is something that is independent from the
exclusiveness property. For this purpose, we introduce the notion of reserve lock as a
conditional obligation.
Definition 4 (reserve lock)

∀r,id,P,R,m lock-ed(r,id,reserve)
[request(R,P,r,m) && pass(R,P,id) ] Obl(P,accept(P,R,m))
∀r,id,P,R,m lock-ed(r,id,reserve)
[request(R,P,r,m); do(r)] Perm(P,unlock(id))

The first rule says that P becomes obliged to accept the service request. P
could still for some reason fail to accept the request, but then this leads to a violation,
and makes him liable for sanctions or compensations (see below). Note that we take
reserve and exclusive to be orthogonal properties: although they will often go
together, other combinations are also possible. For example, reserve but not
exclusive: for the requestor in a e-business transaction, usually the most important
thing is that he can use the resource, and putting an exclusive lock would be only a
means to achieve that. The combination exclusive/no reserve may be useful for
example in maintenance situations where some party wants to prevent the resource to
be used for some time but without the intention to use it himself. The combination
non-exclusive/no reserve is possible theoretically, but then there are no specified
effects of the locking at all, and so the operation looses its meaning.
The second rule says that when the Provider has performed the requested
operation, he is permitted1 to unlock and thereby lift the obligation. This is the normal
situation: the obligation is fulfilled when the service has been performed. However,
the abnormal situations are also relevant and need to be specified. What about the
Provider unlocking the resource on his own initiative? In a business context, this may
very well occur, for various reasons. For example, because the production capacity of
the Provider went down, or because a better-paying service request comes in from
another Requestor. Because this may very well occur, it is customary to specify some
compensation when it happens, either in the contract or together with the locking
request.
If the Provider removes the reserve lock, this leads automatically to the
lifting of the obligation (assuming a closed interpretation of the rule in definition 4),
so we do not specify that explicitly. However, we do specify that self-unlock is
forbidden, that is, leads to a violation. The consequences of that violation differ from
one contract to another and can’t be specified here.
Definition 5 (self unlock is forbidden, but not impossible)
∀P,id ¬Perm(P,unlock(id))

1

For(P,unlock(id))

Permitted is a strong version of the deontic P operator. It implies that doing the action does
not lead to a violation (in other words, is not forbidden), but is stronger because it must be set
explicitly, cf. the concept of authorization [8].
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So unlocking is forbidden unless permitted (which is at least the case after
successful performance, def. 4). We might want to specify in addition that selfunlock, if it happens, leads to an obligation to inform the requestor about this unhappy
failure. This would be a good rule for a locking message protocol, but such a protocol
is beyond the scope of this paper.
Intention and commitment
Usually, a lock also expresses an intention of the requestor to use the resource. The
Provider can see the lock operation as a sign that the resource is going to be used, and
could anticipate on that. However, from the agent literature we know that the
semantics of “intentions” is rather weak, so we refrain from formalizing it.
What can be important in e-business transactions is that the Requestor commits
himself to use the resource. A commitment is much stronger than an expression of
intent. It means that the requestor is liable to charges (compensation) if he doesn’t use
the resource. This can be very relevant in business transactions: the Provider may
loose interesting business operations because of the locking, and so the lock has an
economic value. One could think of various ways to formalize this commitment. The
following rule is again naive about timing, but suffices for the idea, Applying a
reserve lock creates a commitment to use the service (unless unlocked later).
Definition 6a (reserve locking creates a commitment)

∀R,P,r,id,m
[request(R,P,lock(r,id,reserve),m);accept(P,R,m)]
locked(r,id,reserve)
Obl(request(R,P,r,_))

We must also account for the situation that the Requestor requests an unlock. In that
case, he authorizes the Provider to unlock. Usually, when there is a penalty on not
using the service, there is also a penalty for the Requestor on unlocking (otherwise,
the first penalty could be easily circumvented), but the conditions and details often
differ. For example, the conditions may say that unlocking is possible without penalty
till a certain point in time. The following definition deals with unlocking by the
Requestor. It says that the Provider should always grant an unlock request (he can not
ignore it if that would be more convenient), but at the same time, it is regarded as
something the Requestor should not do (that is, it is forbidden and liable to penalty).
Definition 6a (unlocking is forbidden, but not impossible )

∀R,P,id,m [request(R,P,unlock(id),m] Obl(P,accept(P,R,m))
∀R,P,r,id locked(r,id,reserve)
For(R,request(R,P,unlock(id),_))

Compensation
In traditional transaction models (database and advanced) rollback brings participants
to the state preceding the locking attempt, while in the case of failure of an e-business
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transactions return to the previous state might be unnecessary or impossible. Rather,
compensation is used to bring the participants into some state specified by a contract.
In the formal model developed in this paper, compensation can be defined as an
action specified in the contract that removes a violation of one of the obligations or
prohibitions around locking. Note that in the above, we already have identified a
number of possible violations, such as failure to deliver the locked service, failure to
use the locked service and pre-emptive unlocking. Each violation requires a different
compensation. The details of these are specified in the contract, or agreed upon at the
time of the lock request, or may even follow from general law.
Definition 7 (violations can be compensated)
∧

∀X,Y, ,r,n (violated(X,r,n) ∧ (violated(x,r)
¬compensated(X,Y,r,n))

Obl(X, ))

[ ] compensated(X,Y,r,n)

Here X and Y are participants (subjects), r is some rule identifier, n is used to
identify a particular violation of that rule (the rule might be violated several times),
and
is the compensatory action specified in the contract. We assume here that the
DDL is powerful enough to distinguish different violation predicates and is able to
count their instances. Note that, strictly speaking, compensation does not remove the
violation (which remains as an historical fact, so to say), but only specifies when it is
compensated, which is sufficient. Note also that the compensatory action is itself an
obligation, and when it fails it may necessitate additional compensations.
Participant lock
Up till now we have considered locking of resources (capacity) only. What is a
reasonable semantics for participant locking? We propose to define participant
locking as an authorization by means of which P commits himself to accept locking
requests (perhaps conditionally, only when capacity is available at that time):
∀R,P,m,

[request(R,P,lock,m)] Obl(P,R,accept(P,R,m))

This helps to increase the chance that the business transaction will be successful. It is
not needed in all circumstances, but in some uncertain situations, it can be helpful.

5. Conclusions and Future Work
While technical aspects of transactions are currently addressed by several industrial
standards and protocols, many contract business-related issues are left at the
discretion and implementation of business partners, in many cases leaving
interoperability issues open. Therefore, a general contract-based interoperability
definition should be provided and mechanisms for its contractual specifications
should be defined. This paper addresses transactions from contract-based prospective
introducing five levels of interoperability and providing descriptions for their
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characteristics. The main focus is on contract enabling, which is implemented as a set
of e-business transaction steps: check and lock.
Further development of contract-based interoperability involves adaptation of one
of the available conversation languages to contract negotiation. There is also a need
for more empirical research on the business requirements for web service technology.
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 ªH«©kMxgbf"b6hY`Sxe¤Ts¥|°ªrsbcgqyd^bLsjloªrs)|+`ScedS¢;`Scg®t`Scs³oªrs%n?bh!dgitx{nAqr}rv6bAs°ªr¶ ° b6hYb6®tf `ShLd&i6k$Aqrx¯¨
decgqr¢?m?dg`Hqrh?kMicgf"bdgqrith¦qwh¦vAqycedgmYb6}L`h!dg`Scga?cgqrxe`xD¨Bdg¤Y` ² +_ ¡ ±ÐbaYaAcgib6p^¤Tª?¸Xh1¶²Dcgi!p``?qrhY®6x
ik ¸¯l ¡  ¨©¸Xh!dg`ScghObdgqrithOb}l%ith?k§`Scg`h?p` ithl%ith?pm?cecg`h!d ¡ h!dg`Scga?cgqrxe`qrh?®?s+i6dedgqrh?®t¤Obf8sBu
   ¤Ldedga1¶  £j£j£$ª m?hYqrhYiv6bAª a?da? cgiLAhY`Sdª
´Lªob6¢;`S}wiAsHªrstl b6f"bcgqrh?¤Ob¨ ° bdgitxs ± ª ° ªrs
 b6}r}r`e i6xsHª \
 ªr¶Y«¬®t`h!de¨¢Obxe`H¢?cgit~t`Sc^b6®6` kMi6c)vLqycedgmOb}
`ShLdg`=cga?cgqrxe`p=cg`bdgqrithâqrhÐdg¤Y`{f itmY}wAx°qrhOAmYx¯decez!ª·¸Xh1¶ ¡ ¨¢?mYxeqrhY`Sxex&b6hY +
 qycedgmOb} ¡ h!dg`ScgaAcgqrxe`xª
 ´"!!#!  ¤Ldedga1¶  ®6xeqr®tf"b¨®cgmYpi6hTª m?k§xeptª ¢?c f"bxex¯zAv`tª

$ ª\l bf"bcgqrhY¤Yb¨ ° bdgi6xs ± ª ° ªrs!«©kMxgbcgf"b6hY`Sxe¤Ts|\ªr¶BnA`=cgvAqrp`jk§`?`Sc^bdgqrith qrh vLqrcedgmYb6}Ai6cg®tb6hYqrxgbdgqwi6hYxª
¸hT¶?²% ± « ° «)±  !  sO³%mYYb¢;`x¯dsY|omYh?®bcez  ´"!!  
&?ª ± b# pb6hYiAs¥«\ªrs¥«¬}rithYxeiAs°ªrs)nAp^¤LmY}wAdsT|°ªrs)nLp=¤Lm?}w`=cs¥loªr¶± ¤Y` £©qrxe`8b6a?a?cgitb6p^¤dgi·`S}w`SpSdecgith?qwp
pSitf f `Scgp`6ªt¸hLdg`=cghObdgqri6hOb6}(t' itm?cghYb6}!ik;l%i6f aYm?dg`=c¥nLzAx¯dg`f xnApSqw`ShYp`b6hY ¡ hY®6qrhY``Scgqrh?®  ´#!#!! 
 ªr¶,ß
+ qrxe`t¶Y³%m?xeqwh?`xex©dgi¦¢Ym?xeqrhY`xex©`S¨pi6f f `Scgp`tª¸XhT¶?²Dcgi!p``AqrhY®tx¬i6kdg¤Y`  dg¤£ icg~!¨
) ªH«¬}rithYxeiAs*°
xe¤?itaith[cg`xe`bcgp^¤8qrxexemY`x¬ith[Ybd^b°`hY®6qwh?``ScgqrhY®  ¬¸X_ ¡ ¨- ¡.  sOn!z??hY`=z   #(
 qr¢Yxeith1stnBªrs"$
 mY}r~tbcghYqKstnBªr¶L¸¯A`h!dgqyk§zAqrhY®
/ ªo`b6}KstnBªrstl%it}r`ts#Y' ª ³oªrs ± qrhYqrhY®dgithTs6²ª %ªrs ° qr}ritxe`vLqrpts(D0 ªrs+
cg`2L1 m?qycg`f `h!dgx1k§i6c¥¢?mYxeqrhY`xexDpSith!dec^b6pSd}ábhY®6mOb6®6`t¶tb¬f i6hYqydgi6cgqrhY®¬a;`Scgxea;`p=dgqwvt`tªL¸Xh1¶ ¡ _3$lj´"!! $ ª
 ´"!! $ 
 ª$
 mAdgvith?`hTs ± ªw¶·±1c^bt?qrh?®xe`ScgvLqwpS`x¦qrhÐita;`ShQ?qrx¯decgqr¢Ym?dg``hLvAqycgi6hYf `h!dgxª[²)¤?_Þdg¤?`xeqrxsD_`S¨
aYbcedgf `h!djik)l%itf a?m?dg`SconLpqr`hYpS`tsYuohYqrv`ScgxeqydzikD|+`S}wxeqrh?~Aq   #4
4 ª$¸¯n5¸ ¡ l ' ±©l  ¶B¸XhAkMicgf"bdgqrith ±T`p=¤?hYi6}wi6®6z367+a;`h"n!z?x¯dg`Sf x¸Xh!dg`Scgpi6hYh?`pSdgqrith1s_$bd^b ° b6hA¨
b®t`f `ShLdb6hY8+a;`h$_qrx¯decgqr¢Ym?dg`\²Dcgi!p`xexeqrh?®?ª+_$² ¡ hLdg`=cga?cgqrxe` ± b6h?®tmOb®t`tª  ´"!! $  ¸¯n 9$ ´ $) ª
 ªH«¬}r}w`ShTs\ªrs:
 bcg}wb6h1sD_¦ªr¶8?i6cgf"b6}rq; qrhY®/bcgp=¤?qydg`pSdgm?c^b}%pi6hYh?`pSdgqrith1ª[¸hT¶²¥cgi!p`S`?qrhY®6x°ikjdg¤Y`
nLqyµAdg`S`h!dg¤â¸h!dg`ScghObdgqwi6hOb}¬l%ith?k§`Scg`h?p`ith nAi6kádX£ bcg` ¡ hY®6qwh?``ScgqrhY®AsjnLi6cecg`h!dgiAs¸d^b6}yz   # & 
64!
 ith!dg¤Yqr`Scs<°
 ªr¶â± ¤?`=' i6qwh l b6}rpm?}rmYx¶« ± b6h?®tmOb®t`{kMi6c"_+qwx¯decgqr¢?m?dg` ° it¢?qr}w`
 A! ªH?itm?cgh?`Sds)loªrs+
²Dcgit®c^b6f f qrhY®AªD¸Xh[³ bcedg¤?`ts>°
 ªws?_+zA¢(e `Scs?²ªrsO²¥qrhLdgiAs ± ªrs;nAbc^b6qrv6bAsY' ªrsY`?xªr¶O«¬aYa?}wqr`[nA`f"bh?¨
dgqrpx¶t«©?v6b6h?p` ± `pSdgmAcg`xª)
 it}rm?f `©´ $  ) i6k ± `pSdgmAcg`?+idg`x¥qwh l%itf aYmAdg`ScnApSqw`ShYp`tª;nAaAcgqwh?®t`Sc
 `Scg}wb6®  ´#!t! ´  ´ / 4 6 $#$ ´
)
# ª$¸¯n5¸ ¡ l@!' ±©l  ¶  ¸Xh?k§i6cgf"bdgqwi6hH±`p^¤Yh?it}rit®z 6+a;`Sh¦n!zAx¯dg`f xT¸h!dg`Scgpith?hY`p=dgqwi6hTs_bd^b ° b6hA¨
b®t`f `ShLdbhOA+a;`h _qrx¯decgqr¢YmAdg` ²Dcgi!p`xexeqrhY®Aª+_$²±)zAa;`¬`a;itxeqydgi6cez YmYh?pSdgqrith  ¸¯n  &  & / ª
 cgi6mYa1¶l%itf f ith[Ob6pSqw}rqydgqr`x +D²D¨ ) ¶ ° `Sd^b¨C+¢(e `pSdoObpqr}rqrdzBª   #4
 ´Lª8+¢(e `SpSd ° b6hOb®t`f `ShLdBo
° Ú
 ±©l _i!pm?f `h!djpSkD  / ¨! ) ¨t! ´Lª
öÝ
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2$ ªH²DbaOb"it®6}wi6mTs ° ª ²ªrsE+`icg®b6~tita;itm?}ritxsB_¦ªr¶ nA`ScgvLqrp`S¨i6cgqr`h!dg`pitf a?m?dgqrhY®Aªjl%i6f f¦mYh1ª?«ol °
F*G  ´#!! $  ´"&H6A´ 4
 ?& ª + $ lo¶ ¡ µLdg`h?xeqw¢?}r` ° bcg~LmYa ± b6h?®tmYb6®t`  ¯°`±,  ª !LªL´o`?hTª  ´"!!!  + $ l o`Spitf f `hYYbdgqwi6hTª
9) ª\l%¤Acgqrx¯dg`hYxe`h1s ¡ ªwsl%m?cg¢;`Sc^bLs%ªrs ° `Scg`Aqrdg¤1s"°ªrs2+`S`Sc^b£jbc^bhObLs6nBªr¶#+`¢\nA`=cgvAqrp`Sx_`xep=cgqwaAdgqrith
± b6h?®tmOb®t`  û
+ nL_ ±,  ª  ª%+ $ loª  ª  `AhTª  ´#!#!  
 ªrsD|+i6hOYbLs,&
 ªrs%$
 mY¢;iAs ° ªr¶Ð«ohÐqrh!dg`Sc^bpSdgqrith?¨¢Yb6xe`Q}wb6hY®6mOb®t`8bhOÐqydgx¦dXzAa?qwh?®
2/ ªH±b6~`m?p=¤?qKs,&
x¯zAx¯dg`f8ª?¸Xh1¶ / dg¤ ¡ mAcgita;`bh{l%ithAkM`Scg`h?p`©ith"²Dbc^b6}r}r`};«¬cgp^¤Yqydg`p=dgm?cg`xb6hY ± bhY®tmYb6®6`xª   # & 
$ 4 6(& 2$
 bz!s?n;ªwsL|oit}r`ts ° ªr¶D±¥z?a;`Sxjb6hY{xem?¢?dXzAa;`x)kMicjp}rqr`h!de¨xe`=cgv`Scjqrh!dg`Sc^b6p=dgqwi6hYxª ± `pSdgmAcg`+idg`x qrh
  ª8
l%i6f aYmAdg`Sc¬nApSqw`ShYp` SJI>K G   #(. &H6  !
 ªrsJ b6xepi6hYp`}ri6xs5\
 ª ±+ªrsJ$
 mY¢;iAs ° ªw¶ ± b6h?®tmYb6®t`+a?cgqrf qydgqwvt`xjb6hY"dzAa;`?qrxepqra?}wqrh?`+kMic
 4 ª$|oithYYbAsL&
x¯decgm?pSdgm?cg`[pitf f°mYh?qwpbdgqrithA¨¢Yb6xe`{a?cgi6®6c^b6f f qrh?®?ªj¸hT¶Y²¥cgi!p`S`?qrhY®6xi6kDdg¤?`  dg¤ ¡ m?cgita;`b6h
n!zAf a;itxeqrmYfèith8²Dcgit®c^b6f f qrhY®As;nLa?cgqrhY®6`Sce¨-
 `=cg}áb®   #4  ´t´96 9$ 4
  ª + $ lo¶A¬_$M) i!pb6¢?mY}wbcez·_`xep=cgqwaAdgqrith ± b6hY®6mOb®t`  ª L! ¶:¬_$ nAp^¤Y`f"bLª  ´#!#!#&  + $ lN¬`pS¨
i6f f `hO?bdgqrith  ¦
! Y`¢?cgmYbcez[´#!#!#A& ª
´"A! ª + $ lo¶E.+ ± 
+ `S¢O+h!dgit}rit®z ± b6hY®6mOb®t`B+
 mYqw?`6ª  ´#!#!#&  + $ lP¬`pi6f f `hO?bdgqrith  $
! Y`S¢?cgm?¨
bcez[´#!!"?& ª
´  ª&¶
oi6xe`Sded^b6h?`Sdõqrf a?}w`Sf `h!d^bdgqrithükác^b6f `S£%i6cg~;¶ l%i6cg`-xea;`pqy¹Opbdgqrith vJt! ´Lª !L! ª !#!  ´#!#!#& 
¤!dedga1¶ # £j£j£$ª cgitxe`=ded^b6hY`=dª icg®(! ª
´6´Lªt' ¤ObAsOnBªrsY²Db6}rxe¢;`Scg®As*Y' ªrsQ;0 ¤Obi?sY±+ªw¶ ¡,R pqr`h!do±)zAa;` ° bdgp^¤Yqrh?®?ª ± `p=dgm?cg`+idg`x©qrh/l%itf a?m?dg`Sc
nLpqr`hYpS` ®>S5T*S  ´"!! ´   4 A6 ´#! /
´ $ ª$_+q%l%i6xef i?sU\ªrs²i6dedgqr`Scs%ªwsUBVSf°z!s;_¦ªr¶[nAm?¢?dz?a?qrhY®"cg`pm?cgxeqrv`&dzAa;`x$f iL?m?}wi[b6xexei!pqwbdgqwvt`
pSitf f¦mAd^bdgqrv`¬a?cgiLAmYpSdgxª¥uohYaYm?¢Y}rqrxe¤Y`Ac^bk§d¬f"b6hLmYxep=cgqwaAd  ´#!#! $ 
´H?& ª ° i!p^~6b6a;`SdecgqrxsT²ªw¶°_i6f"b6qrh/hOb6f `Sx+¨©pith?p`aAdgx$b6hY/kMb6pqr}rqydgqw`Sxª"±`p^¤Yh?qwpb6}Dcg`a;i6ceds1¸hLdg`=cghY`Sd
¡ hY®6qrhY``Scgqrh?® ±b6xe~Yicgp`   #4 ol  ! $ A& ª
´ ) ª8¬«nL¸en pith?xei6cedgqrmYf8¶
u+__¸ v`Scgxeqrith $ ª ! a?mY¢?}wqrxe¤?` xea;`pqy¹Ypbdgqrith1ª  ´#!#! ´ 
¤!dedga1¶ # £j£j£$ª mO??qKª i6cg®xea;`Spqy¹Opbdgqwi6hTª ¤!dgf }Kª
´ / ª$¸¯n5¸ ¡ l ' ±©l  ¶B¸XhAkMicgf"bdgqrith ±T`p=¤?hYi6}wi6®6z367+a;`h"n!z?x¯dg`Sf x¸Xh!dg`Scgpi6hYh?`pSdgqrith1s_$bd^b ° b6hA¨
b®t`f `ShLd)bhOO+a;`Sh&_qrx¯decgqr¢Ym?dg`¦²Dcgi!p`xexeqrhY®AªLo`Sk§`Scg`h?p` ° iL?`}Yi6k+a;`h°_qrx¯decgqw¢?m?dg`¦²¥cgi¨
pS`xexeqrhY®?ª*+_$²â±Tc^btAqwh?®¦kMm?hYpSdgqri6hTªY²Dbced  ¶OnAa;`pSqr¹Ypbdgqri6hTª    ¸en 2$ ´ $) ¨  ª
´  ª8
 bcg}wb6hTs_°ªws«o}r}r`hTsHHªrs"+p=~t`Scg¢Y}ri!itf8sWY' ªr¶L«¬cgp^¤Yqydg`p=dgm?c^b6}tf qwxef"bdgp=¤$ic£©¤!z$qyd  x¤Ybc^dgi©¢YmYqr}w
x¯zAx¯dg`f x%itm?d©ikD`SµAqrx¯dgqrhY®&aYbcedgxªD¸hT¶?²¥cgi!pS``?qrh?®tx¬i6kdg¤?`   dg¤[qrh!dg`ScghObdgqwi6hOb}Tpi6h?k§`Scg`hYpS`$ith
nLi6kádX£jbcg`$`hY®6qrhY``Scgqrh?®?s;«¬l ° ²Dcg`xex    )   " 6  4 )
´ 4 ª¬mYi6~it}wbqwh?`hTs1±+ªr¶&l%itf a;i6hY`h!dqrh!dg`Scgi6a;`Sc^b6¢?qw}rqydXz!ª ° bx¯dg`Sc  xHdg¤?`xeqrxs1_`aObcedgf `h!dik©l%itf&¨
a?m?dg`SconLpqr`hYpS`tsYuohYqrv`Scgxeqydz"i6k¥|+`S}wxeqrh?~Aq  ´"!!#&  ¸h8qrhYh?qrxe¤Tª
´  ªH²Db}rxe¢;`Scg®?s(?' ªwsLB0 ¤Yb6i?s±+ªr¶ ¡%R pSqw`ShLd%b6hYTO`=µ?qr¢?}w`©f"bdgp=¤?qwh?®i6kBcg`pSm?cgxeqrv` dXzAa;`xªO¸Xh?kªLl%i6f aYm?dª
SJ>
K S  ´#!#!   $/ &"6 $ 4
$ A! ªH²¥qr`Scgp`ts1³¬ª loªr¶±)zAa;`xbhO/²Dcgit®6c^bf f qrhY® ± bhY®6mOb6®6`xªH± ¤?` ° ¸X± ²Dcg`xexsTl b6f°¢?cgqw?®6`ts ° «
 ´"!t! ´ 
+ `¢{nL`ScgvLqrp`x)u+xeqrhY®H³%`S¤ObvLqwi6m?c^b}Bl%ith?x¯dec^b6qrh!dgx
$L ª\n!cgqr¤Obcg`S`ts\ªws!nA`h?qrvith?®txe`tsL±+ªr¶B_qrxepiv`=cgqwh?® 
bhOX+h!dgit}rit®z1ªL¸h&n!dg`SkKbhYqKs"Y' ª ³oªrst_+`f `m?cg`6s¸=ªrs|b®tqrf ith!ds_¦ªrs`?xªr¶"6& dg¤\¸Xh!dªl%i6h?k§`Scg`hYpS`jith
_+qwx¯decgqr¢?m?dg`/«oa?aY}rqrpbdgqri6hYxHb6hY·¸h!dg`Scgita;`Sc^b¢Y}r` n!zAx¯dg`f xª*+m?f¦¢;`Sc´ 4# $ qrh ± `p=dgm?cg`7oi6dg`x
qrh8l%itf aYmAdg`SconApSqw`ShYp`ts?¸¯¸X² ±©l / s1nAaAcgqrhY®t`=ce¨)
 `Scg}wb6¢  ´#!#! $ 
$ ´LªH²`S`Scs"Y' ªr¶Y³)cgqwh?®tqrhY®odgit®t`=dg¤Y`Sc¥xe`f"bh!dgqwp£ `¢°b6hY\£ `S¢°xe`ScgvLqrp`xª ± `SpSdgm?cg`<+i6dg`SxDqwh&l%itf a?m?dg`Sc
nLpqr`hYpS` ®>S F ®  ´"!! ´  ´ # A6 ´  
 mAdgvith?`hTs ± ªrs ° `=dgxei?s>?' ªws¬mYit~tit}wb6qrhY`ShTsY±+ªws?|b6bd^b2g bLs>Y' ªr¶%l%it}r}wb6¢;ic^bdgqrithf"bhOb6®6`f `h!djqrh
$#$ ª$
LzAhOb6f qrpo¢YmYxeqrh?`xex©hY`Sd£ i6cg~Lxª  ´"!!#&  nLmY¢?f qrdedg`"f"bhLmYxepScgqra?djdgi¦¸C± ¡ ²D¨ ¡ n?«Hª
 mAdgvith?`hTs ± ªr¶Yo`S}ábdgqrhY® ° _+«çbhO qrh!dg`Sce¨`h!dg`Scga?cgqrxe`/pit}r}wb6¢;ic^bdgqrith f"b6hOb®t`f `ShLdªÛ¸h
$ ?& ª$
«¬~`¤Lm?cgx¯ds6_¦ªrs`1ªr¶AnA`SpithY ¡ mAcgita;`bhZ
+ i6cg~Lxe¤?ita ith ° iLA`}O_+cgqrv`Sh"«¬cgp^¤Yqydg`pSdgmAcg`  ° _o«  s
uohYqrv`Scgxeqydz"i6k%$
 `h!d  ´"!!#& 4 &"6 44
 mAdgvith?`hTs ± ªr¶¦l%¤Ob6}r}r`h?®t`x$kMicX+_$²D¨¢Yb6xe`/qrh?kác^b6x¯decgmYp=dgm?cg`¦k§i6cHf"b6hYb6®6qwh?®[LzAhOb6f qrp°³j´6³
$) ª$
h?`SdX£%i6cg~LxªÖ¸h[
 b6}r}r`pqr}r}wiAs©«\ªrs ± qrhYqrhY®dgith1sj²ªrs
+ i!iLBs©³oªrs `?xªr¶
+ i6cg~Lxe¤Yi6a ith\+_$²ÛkMic
¡ h!dg`Scga?cgqrxe`Hl%i6f aYmAdgqwh?®  +[+_$² ¡ l ´#!#!#&  ª  ´#!#!#&  )  6 / &
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Abstract. Workflow management systems are very useful for integrating separately developed application systems by controlling flows of execution. For various purposes (e.g. distribution of activities, workflow evolution, time calculation, etc.) it is necessary to change the representation
of a workflow, the structure of a workflow graph without changing it’s
semantics. We provide an equivalence definition of workflow graphs and
introduce a set of basic transformation operations defined on workflow
graphs which keep the semantics. We show how these basic operations
can be combined to achieve complex transformations and briefly describe
a prototypical transformation tool.

1

Introduction

Workflow management systems (WFMSs) improve business processes by automating tasks, getting the right information to the right place for a specific job
function, and integrating information in the enterprise [8, 12, 10, 1]. Workflow
management systems were also considered as integration tools from the very beginning, with the idea that they allow the representation of processes comprising
of activities which are executed within different application systems.
Numerous workflow models have been developed, based on different modelling concepts (e.g. Petri Net variants, precedence graph models, precedence
graphs with control nodes, state charts, control structure based models) and on
different representation models (programming language style text based models,
simple graphical flow models, structured graphs, etc.). Transformations between
representations can be difficult (e.g. the graphical design tools for the control
structure oriented workflow definition language WDL of the workflow system
Panta Rhei had to be based on graph grammars to ensure expressiveness equality between text based and graphical notation [5]).
Another sort of transformation is to change the structure of a workflow within
its representation model. Such transformations are needed in several situations.
During workflow design, it allows the designer to view a workflow graph from
different perspectives and change the representation to enhance readability and
understandability. For distributing the activities of a workflow to separate information systems, or among different stakeholders in a virtual organization, it is
useful to change the workflow graph to make this distribution explicit and easy
to understand and to support the dispatcher at runtime. For workflow evolution

Page 209

INTEROP-ESA'05

2

Johann Eder, Wolfgang Gruber, and Horst Pichler

[7] two workflow graphs (initial and final workflow) have to be compared and
a manifold of hybrid workflows have to be generated. This task is much easier,
if both workflow graphs are previously prepared in a way that the comparison is facilitated by structural equivalence to the greatest possible extent, such
that the comparison of the workflow only has to deal with the actual changes
of the workflow which lead to different executions and not with mere representational alterations. Furthermore, such transformations are needed for time
management[4], or for organizational changes [2, 16].
The main contributions of this paper are: We present a notion for equivalence
of workflow models based on the idea that two workflows are equal, if they admit the same workflow instances at the level of atomic activities. We introduce
a series of basic transformations which preserve this semantics of the workflows.
We show how complex transformations can be constructed from the basic operations and briefly describe a workflow model management tool prototypically
implementing these transformations.

2
2.1

Workflow Model
Structured Workflow Definition

A workflow is a collection of activities, agents, and dependencies between activities. Activities correspond to individual steps in a business process, agents
(software systems or humans) are responsible for the enactment of activities,
and dependencies determine the execution sequence of activities. We assume
that workflows are well structured: A well-structured workflow consists of m sequential activities, T1 . . . Tm . Each activity Ti is either elementary, i.e. it cannot
be decomposed any further, or it is complex. A complex activity consists of ni
parallel (and), sequential (seq), conditional (or) or alternative (alt) sub-activities
Ti 1 , . . . , Ti ni , each of which is either elementary or complex (cf. [3]). (Complex)
activities between seq-split and seq-join are always executed in sequence. An
and-split node refers to a control element with several immediate successors, all
of which are executed in parallel. An and-join node synchronizes the workflow
as it can only be executed if all of its immediate predecessors have finished their
execution. An or-split node refers to a control element whose immediate successor is determined by evaluating some boolean expression (conditional) and the
successor node of and alt-splits is selected by (user-)choice. Note that our semantics of or-splits and alt-splits demands that exactly one of many successors may
be executed. During Or-joins and alt-joins refer to control elements that join all
the branches after or-splits and alt-splits respectively. Additionally, predicates
have to be defined for each successor node of an or-split, representing a boolean
expression which must yield true as precondition for execution (due to the exclusive semantics of an or-split only one of many successors may be executed,
thus the predicates must be defined accordingly). Structured Workflows are often represented by structured workflow graphs, where nodes represent activities
(rectangles) or control elements (circles) and edges correspond to dependencies
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between nodes (see Fig. 1). Predicates are displayed in angle brackets, attached
on top of a node.

<PA1>
A1
S1
seq-split

S2
or-split

<PA2>
A2

J2
or-join

A3

S4
and-split

A4

A5

J4
and-join

J1
seq-join

Fig. 1. Workflow graph example

According to the definition presented above a workflow graph must be well structured , as each split node is associated with exactly one join node and vice versa
and each path in the workflow graph originating in a split node leads to its
corresponding join node. For the purpose of allowing more transformations (see
section 3) and the separation of workflow instance types in the workflow model
we offer the notion of a structured workflow graph. Here a split node may be
associated with several join nodes, however, a join node corresponds to exactly
one split node. Each path originating in a split node has to lead to an associated
join node. Such graphs are results of equivalence transformations.
2.2

Workflow Instance Types

Due to conditionals not all instances of a workflow will process the same activities. We classify workflow instances into workflow instance types according to the
actual executed activities. Similar to [14], a workflow instance type refers to (a
set of) workflow instances that contain exactly the same activities, i.e., for each
or-split node in the workflow graph, the same successor node is chosen; resp. for
each conditional complex activity the same child-activity is selected. Therefore,
a workflow instance type is a submodel of a workflow where each or-split has
exactly one successor; resp. each conditional or alternative complex activity has
exactly one subactivity [3].
2.3

Equivalence of Workflows

Our goal is to support the transformation of a workflow without changing the
semantics. For this purpose we need a clear definition when workflows are equivalent. Our definition is based on the consideration that workflows are equivalent
if they provide the same tasks. Therefore, the equivalence of correct workflows
bases on equivalent tasks and identical execution order. Workflows are equivalent, if they execute the same activities in exactly the same order. Therefore, the
equivalence of structured workflows (W F 1 ≡ W F 2) is based on equivalent sets
of workflow instance types [9].
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Equivalence of workflows Two workflows are equivalent (W F 1 ≡ W F 2) if
their sets of instance types are equivalent. Two instance type sets are equivalent if and only if for each element of one set there is an equivalent element
in the other set.
Equivalence of instance types Two workflow instance types IT 1 and IT 2
are equivalent (IT 1 ≡ IT 2) if they consist of the same (elementary) activities
with identical execution order, where the position of or-splits and or-joins
in instance types is irrelevant, since an or-split has only one successor in an
instance type.

3

Workflow Transformations

Workflow transformations are operations on a workflow SWF resulting in a different workflow SWF’ (e.g. moving splits or joins) [9]. It is essential that such
changes are introduced systematically and that their impact is clearly understood. Workflow model transformation is a suitable approach for this purpose
[15]. The application of pre-defined transformation operations can ensure that
the modified process conforms to constraints specified in the original model. In
the following we provide a set of transformations, which do not change the semantics of the workflow according to the definition of equivalence given above.
Complex transformations can be established on this basic set of transformations by repeated application. Transformations are feasible in both directions,
i.e. from SWF to SWF’ and vice versa from SWF’ to SWF. We differ between
basic and complex workflow transformations, where complex transformations are
composed of consecutively applied basic transformations. Each transformation of
a structured workflow graph must result in another structured workflow graph.
3.1

Basic Workflow Transformations

a) Sequence Encapsulation, Coalescing Nodes and Path Separation
• Encapsulation in a Sequence (WFT-S) An activity can always be encapsulated between two sequence control elements (seq-split and seq-join).
• Or-Join Coalescing (WFT-JC1) In a workflow SWF with a nested orstructure two succeeding or-joins and their according or-splits can be coalesced
into a single or-structure. It is necessary to adjust the predicates according to
the changed sequence of split-nodes S1 and S2 by applying the conjunction
(*, logical and). An example for this transformation is given in Fig. 2. This
transformation is similar to the structurally equivalent transformation presented
in [15] as far as the differences in the workflow models are concerned.
• Alt-Join Coalescing (WFT-JC2) This transformation is performed analogously to WFT-JC1, by replacing each or -split with an alt-split and each or -join
with an alt-join and vice versa. Note that there are no preconditions to consider
in such a scenario.
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• Separating a Conditional or Alternative Path (WFT-PS) In a workflow
SWF with an or-structure or alt-structure each path can be separated by means
of duplicating join-node J1, if (and only if) J1 has no successor (see Fig. 2).

<PA1>
A1
S1
or-s

<PS2>
S2
or-s

<PA2>
A2
<PA3>
A3

J2
or-j

J1
or-j

<PA2>
A2

<PA1>
A1
S1
or-s

<PS2 * PA2>
A2

J1
or-j

<PS2 * PA3>
A3

<PA1>
A1
S1
or-s

WFT-JC1

J1
or-j

WFT-PS

<PA1>
A1
S1
or-s

<PA2>
A2
<PA3>
A3

<PA3>
A3

J1-1
or-j

J1-2
or-j

Fig. 2. Coalescing nodes and path separation

b) Moving Joins
Moving Joins means changing the topological position of a join control element
(and-join, or-join, alt-join, or seq-join). This transformation separates the intrinsic instance types contained in a workflow model. Some of the following
transformations require node duplication. In some cases moving a join element
makes it necessary to move the corresponding split element as well.
• Moving Join over Activity (WFT-J1) A workflow SWF with an or-join or
an alt-join J1 followed by an activity A3 can be transformed to a workflow SWF’
applying node duplication, so that the join J1 is shifted behind the duplicates
A3-1 and A3-2 of activity A3 as shown in Fig. 3. This transformation, and all
of the following ones, can be applied to structures with any number of paths.
• Moving Join over Seq-Join (WFT-J2) A workflow SWF with an or-join
or an alt-join J1 followed by a sequence join J2 can be transformed to workflow
SWF’ applying node duplication, so that the join J1 is delayed after J2 as shown
in Fig. 3. Here, J2 will be replaced by its duplicates J2-1 and J2-2, such that
J1 is the successor of J2-1 and J2-2, and A1 is the predecessor of J2-1 and A2
is the predecessor of J2-2.
• Moving Or-Join over Or-Join (WFT-J3) In a workflow SWF with a
nested or-structure (i.e. within an or-structure with the split S1 and the corresponding join J1 there is another or-structure with the split S2 and the corresponding join J2 ), the inner join J2 can be moved behind the outer join J1,
which makes it necessary to move the corresponding split element S2 and to
adjust the predicates according to the changed sequence of S1 and S2 by conjunction (*, logical and) or disjunction (+, logical or). This change causes the
inner or-structure to be put over the outer (see Fig. 3).
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S1
or-s

S1
or-s
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A1
<PA2>
A2
<PA1>
A1
<PA2>
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<PA1>
J1
or-j

A3

J1
or-j

J2
seq-j

WFT-J1

WFT-J2

A1
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A2

S1
or-s

<PA1>
A1
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or-s

<PA2>
A2

<PA2>
A2
<PS2>
S2
or-s

<PA3>
A3
<PA4>
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J1
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S2
or-s

J1
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<PA2>
A2
<PA3>
A3

WFT-J3

S2
or-s
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or-j

A1

S1
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seq-j

J2-2
seq-j

J1
or-j

J1
or-j
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A3
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A1
S1
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A3-1

WFT-J5

<PS2 * PA4>
A4
<PA1 + PA2> <PA1>
A1
S1
or-s
<PA2>
A2

S2
or-s

J2
or-j

<PA2>
S1-1
alt-j

A1-1

<PA3>
S1-2
alt-j

A1-2

A2

J2
or.j
J1
or-j

J1-1
alt-j
J2
or-j
J1-2
alt-j

A3

Fig. 3. Moving Joins (1)

• Moving Alt-Join over Alt-Join (WFT-J4) This transformation is performed analogously to WFT-J3, by replacing each or -split with an alt-split and
each or -join with an alt-join. Note that there are no preconditions to consider
in such a scenario.
• Moving Or-Join over Alt-Join (WFT-J5) In a workflow SWF with a
nested alt/or-structure, i.e. within an alt-structure with the split S1 and the
join J1 there is an or-structure with the split S2 and the join J2, the inner join
J2 can be moved behind the outer join J1. This makes it necessary to move the
corresponding split element S2 and to duplicate control elements and activities
and adjust the predicates. In fact, the inner or-structure is put over the outer
structure (see Fig. 3).
• Moving Alt-Join over Or-Join (WFT-J6) This transformation is performed analogously to WFT-J5, by replacing each or -split with an alt-split and
each or -join with an alt-join and vice versa.
• Unfold: Moving Join over And-Join (WFT-J8) The unfold transformation produces a structured graph-based structure with multiple sequential successors, which means that a node, with the exception of splits, can have more
than one sequential successor. However, in each instance type of such a graph
every node except for and-splits has again exactly one successor. An or-join or
alt-join J2 can be moved behind its immediately succeeding and-join J1, requiring duplication of control elements. An example for this transformation is shown
in Fig. 4. To move J2 behind J1 we place a copy of J1 behind every predecessor
of J2, so that each of these copies of J1 has additionally the same predecessor
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as J1 except for J2. A copy of J2 is inserted, such that it has the copies of J1
as predecessor and the successor of J1 as successor. Then J1 is deleted with all
its successor and predecessor dependencies. If J2 has no longer a successor, it
will also be deleted. Partial unfold, as it is described in [9], is a combination of
already described transformations.

<PA1>
A1

<PA1>
A1
<PA2>
A2

S2
or-s

J2
or-j

<PA3>
A3

S1
and-s

J1
and-j

<PA4>
A4

S3
or-s

WFT-J8

S2
or-s
S1
and-s

S3
or-s

J3
or-j

<PA5>
A5

S1
or-s

A1

A2

A5-1

<PA4>
A4
<PA5>
A5

A6-1

A3

A5-2

A4

A6-2

A2

J2
and-j

WFT-J9
J1
or-j

<PS3>

S3
and-s

J1-1
and-j

<PA3>
A3

J3
or-j

J1-2
and-j

J2
or-j

<PS2>

<PS2>
S2
and-s

<PA2>
A2

S2
and-s
S1
or-s

J3
and-j

J1-1
or-j

A5

A3

J2
and-j

<PS3>
A4
S3
and-s

A5

J1-2
or-j

A6

Fig. 4. Moving Joins (2)

• Moving And-Join over Or-Join or Alt-Join (WFT-J9) This transformation is introduced in [11]. Starting with a workflow SWF with an or-join J1,
which has only and-joins J21 . . . J2m as predecessors, each of these and-joins
J2i ∈ {J21 . . . J2m } has the identical set of predecessors M1 . . . Mn . Let the
sets of the predecessors of M1 . . . Mn for every and-join be S1 . . . Sm . The or-join
J1 can be moved before the predecessors of the and-joins, which necessitates the
duplicating and coalescing of control elements. The transformation is shown in
Figure 4. In order to move J1 we place a copy of J1 for every predecessor of an
and-joins J2i ∈ {J21 . . . J2m }, so that each copy of J1 has the same number of
predecessors as J1 and every copy of J1 has as predecessor one element from
every set S1 . . . Sm , so that every element from Si ∈ {S1 . . . Sm } has only one
successor. Furthermore, we place a copy of an and-join J2i with its predecessors,
so that every copied predecessor of the copied and-join J2i has exactly one copy
of J1 as its predecessor. The copy of the and-join J2 has as successor the successor of J1, if existent. Now, the and-joins J21 . . . J2m with their predecessors
and with all their successor and predecessor dependencies are deleted.
c) Moving Splits
Moving Splits changes the position of a split control element. This transformation
separates (moving splits towards start) or merges (moving splits towards end)
the intrinsic instance types contained in a workflow model, in analogy to join
moving. Not every split can be moved: Moving alt-splits is always possible and
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for or-splits the predicates have to be considered. Another aspect of or-split
moving to be considered is that the decision which path of an or-split is selected
will be transferred towards the workflows start, so that decision uncertainties
due to or-splits will be reduced.
• Moving Split before Activity (WFT-S1) A workflow SWF with an orsplit or alt-split S1 with activity A1 as predecessor can be transformed in the
workflow SWF’ through node duplication, so that S1 is located before A1 (see
Fig. 5). Here, A1 will be replaced by its duplicates A-1 and A-2, so that S1 is
the predecessor of A-1 and A-2, and A2 is the successor of A1-1 and A3 is the
successor of M1-2. Predicates are adjusted.
• Split Moving Over Seq-Join (WFT-S2) A workflow SWF with an orsplit or alt-split S2 proceeded by a sequence split S1 can be transformed to a
workflow SWF’ through node duplication, so that the split S1 is delayed after
S2 as shown in Fig. 5. Here, S1 will be replaced by its duplicates S1-1 and
S1-2, so that S2 is the predecessor of S1-1 and S1-2, and A1 is the successor of
S1-1 and A2 is the successor of S1-2. This transformation results in a structured
workflow (see Fig. 5 for an example).

A1

S1
seq-s

S1
or-s

S2
or-s

<PA2>
A2
<PA3>
A3

<PA2>
A1
<PA3>
A2

J1
or-j

J2
or-j

WFT-S1

WFT-S2

S1
or-s

<PA2>
A1-1

A2

<PA3>
A1-2

A3

<PA1>
S1-1
seq-s
S2
or-s

<PA2>
S1-2
seq-s

J1
or-j

A1
J2
or-j

A2

Fig. 5. Split Moving Over Seq-Split

3.2

Complex Transformations

The basic workflow transformations described above are used to define more
complex transformations as compositions with facultatively repeated application of these basic transformations within their composition. These complex
transformations do not change the semantics of the workflow either. Complex
transformations are established to e.g. address the time constraint incorporation problems as stated in [4]. In that paper, three complex transformations are
constructed: (1) the backward unfolding procedure, (2) the partial backward unfolding procedure, and (3) the forward unfolding procedure. Unfolding means that
or-joins or alt-joins are moved topologically to the rear and or-splits or alt-splits
are moved as near to the start as possible, for a simple separation of different
instance types.
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a) Backward Unfolding
A procedure for generating an equivalent backward unfolded workflow U W for
a workflow W is described in [9]. The transformation specifies how a workflow
has to be modified to become fully unfolded. An alternative approach to unfold
a workflow is to apply the above listed basic transformations in a way that
no or-join or alt-join element has an activity as successor. Every structured
workflow can be fully unfolded, because for every constellation there is a basic
transformation that can be applied in order to move the corresponding join
topologically backwards. The following constellations have been identified:
–
–
–
–
–

or-/alt-join before activity → use WFT-J1
or-/alt-join before and-join → use WFT-J8
or-/alt-join before seq-join → use WFT-J2
or-/alt-join before or/alt-join → use WFT-J3, WFT-J4, WFT-J5, or WFT-J6
separate path → use WFT-PS

The above procedure suffers from the potential explosion of the number of “duplicate” nodes in the unfolded workflow, since it considers each instance type
separately. This is not always desirable when discriminating between instance
types. To avoid this problem, we developed the partial unfolding technique.
b) Partial Backward Unfolding
We can unfold the workflow only where it is desired. The procedure of partially
unfolding a workflow W to a partially unfolded workflow P U W begins by selecting a hot-node, with the side effect that all instance types going through the
hot-node are factored out, or intuitively, the workflow graph reachable from the
hot-node is duplicated. In principle, every node can be a hot-node. For practical
reasons, we assume that a hot-node is an immediate predecessor of an or-join.
Once a hot-node is identified, partial unfolding takes place as follows:
1. Mark all (transitive) successors of the hot-node;
2. Apply the transformations WFT-J1, WFT-J2, WFT-J3, WFT-J4, WFTJ5, WFT-J6, WFT-J8, WFT-PS on the marked workflow elements so that
no or-join or alt-join element has an activity element as successor in the
context of the marked workflow elements;
Note that the transformation step order is of great importance to avoid unnecessary cancellation of operations (for details see [9]).
c) Forward Unfold Procedure
A procedure for generating an equivalent forward unfolded workflow U W for a
workflow W is described below. In order to unfold a workflow forward, the transformations listed above must be applied, such that no or-split and no alt-split
element has an activity element as predecessor. Because of data dependencies
not every structured workflow can be fully forward unfolded. For the following
constellations there is a basic transformation that can be applied in order to
move the corresponding split topologically forward. The following constellations
have been identified:
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– or-/alt-split after activity without data dependencies → use WFT-S1
– or-/alt-split after seq-split → use WFT-S2
– or-/alt-split after or/alt-join → use WFT-J3, WFT-J4, WFT-J5, or WFT-J6
For the constellations or-/alt-split after and-join no transformation exists.

4

Graphical Workflow Designer

Our Graphical Workflow Designer (GWfD) has been developed as proof-ofconcept prototype, which currently supports workflow modeling, workflow transformations, modeling of time and verification of time constraints. The requirements for the GWfD architecture were primarily platform independency, persistent data management, modularity, extensibility and simplicity. To assure
platform independency the GWfD has been implemented in Java.
To achieve a modular and extensible structure we designed a three layered
architecture, where each layer provides services used by the layer below. The
Data Source Connectivity Layer represents the API to the GWfD data
source. Either relational databases (accssed via JDBC) or XML files (accessed
via JAXP) serve as data source, where workflows are durably stored, using the
relational model from our workflow metamodel [3]. The Application Layer
implements the application logic and functionalities, which are: create, modify,
and delete workflow specifications, deduce workflow models from the specification, and perform transformations and time calculations on the workflow model.
The Presentation Layer is responsible for the intuitive graphical visualization of workflow specifications and models. For the implementation we applied
the recommended architectural design pattern Model-View-Controller (MVC),
using the freely available Swing Component JGraph for the representation and
modification of graph-based workflow models.
Figure 6 shows the three main views of the editor: In the Edit View (on the
right hand side) a workflow can be created or modified. Here the basic building blocks of a workflow are specified, which are elementary activities (marked
with the key word ’elem’) and complex activities (marked as ’seq’, ’cond’, ’par’
and ’alt’). The workflow structure is defined using a bottom-up approach by
assigning (complex) activities to superior complex activities. If the workflow definition is complete a correctness-verification of the workflow specifications can
be launched, which detects and displays modelling errors (in order to achieve
a well structured workflow graph). The graphical visualization of the specification is presented in the Specification View, where the hierarchy of elements,
as defined in the Edit View can be examined. Finally, the Model View reflects an initially generated graph-based master workflow model, which allows
no transformations.
From the master model any number of Child-Models can be derived, each
displayed in its own Child-Model View, where workflow transformations can be
applied. Figure 7 and figure 8 show an example workflow graph before and after
the unfold operation, which is applied on the conditional-join M4.
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Fig. 6. Specification Editor, Specification View and Master Model View

In order to separate the intrinsic instance types in a workflow model, we
apply the partial unfold transformation operation. Therefore, we have to specify
the instance type to be separated. As illustrated in Figure 7, we select an adjacent predecessor of an or-join and invoke the context menu by right-clicking
the mouse. When selecting the item transform in the context menu, a list of
all possible transformation operations in this context appears, which is in this
case only (partial) unfold. When selecting this operation the workflow model is
accordingly modified and the graphical representation is updated, as we can see
in Figure 8. The other transformation-operations are implemented in a similar
manner, where depending on which workflow elements are selected, the GWfD
proposes all possible transformation operations.

5

Conclusions

It is generally a good engineering principle to consider manipulations of design
artifacts, study their properties and make applications of such manipulations instrumental in design processes. We introduce an equivalence definition on workflow models based on the notion of instance types and thus capture the semantics
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Fig. 7. Before Unfold

Fig. 8. After Unfold

of workflow models as the set of admitted partial orders of their basic activities.
The main contribution of this work is the development of a set of basic schema
transformation that maintain this semantics.
There are several applications for the presented methodology. It serves as
sound basis for design tools. It enables analysts and designers to start from an
initial model and improve the quality of the model step by step. We can provide
automatic support to achieve certain presentation characteristics of a workflow
model. A model can be transformed to inspect it from different points of view. In
particular a model suitable for conceptual comprehension can be transformed to
a model better suited for implementation. For workflow evolution it is possible
to isolate those parts of a workflow which is actually changed. For cooperating
workflows it is possible to arrange a workflow model in a way, that those parts
of a workflow which are visible from outside are raised to the highest level while
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Transforming Workflow Graphs

13

only internal parts of a workflow are hidden in complex activities. Workflow
definitions can also be prepared to applied in different organizational settings,
where activities are distributed among other application systems.
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Abstract
Metamodelling platforms are getting more and more base technology, therefore
interoperability of metamodelling platforms becomes a crucial aspect in managing
corporations' knowledge assets. This paper describes a generic metamodelling
platform architecture and presents an overview of interoperability issues according
to conceptual domains in metamodelling platform architectures. Some of these
issues are illustrated by a case study from the insurance sector. The collection of
interoperability issues can serve as a starting point to stimulate further research on
interoperability problems in the metamodelling platform domain.

1. Introduction
Metamodelling platforms are software environments allowing the definition, usage and
maintenance of a method's elements: (a) metamodels describing problem-specific modelling
languages, (b) mechanisms & algorithms working on models and their underlying
metamodels, and (3) procedure models representing process descriptions how to apply the
metamodels and the corresponding mechanisms. Some of their functional and non-functional
requirements are multi-product ability, web-enablement, multi-client ability, adaptability, and
scalability [6].
Metamodelling approaches are an active research field since the past 15 years and since then
have found serious application areas in the software and information technology industries.
Some of them are Enterprise Model Integration (EMI) [9] in the context of Enterprise
Application Integration (EAI) [12], Model Integrated Computing (MIC) [11], domain specific
modelling languages such as the Unified Modelling Language (UML) [22] based on Meta
Object Facility (MOF) [18], the Unified Enterprise Modelling Language [27], and modeldriven development approaches such as Model Driven Architecture (MDA) [19].
Additionally, metamodelling approaches serve as valuable base technology to merge different
modelling approaches into a problem specific modelling language.
Since widespread industrial and research usage of metamodelling technology such as
ADONIS [1], MetaEdit+ [13] or METIS [14], the integration and interoperability of
metamodelling platforms is moving into focus of applied research and product-quality
implementations [16]. The goal of this paper is to provide an overview of interoperability
issues in the domain of metamodelling platforms. This overview can serve as a starting point
to stimulate further research on interoperability problems in this domain.
The remainder of the paper is organized as follows: chapter 2 presents a generic
metamodelling platform architecture. Chapter 3 gives an overview of issues in metamodelling
platform interoperability. These issues provide input for further research areas in
metamodelling platform interoperability. Chapter 4 presents a case study in metamodelling
platform interoperability. Related work is discussed in chapter 5. Finally, chapter 6
summarizes the paper and gives an outlook to future work.
#
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2. Metamodelling Platform Architecture
Figure 1 presents a generic architecture of metamodelling platforms [6, 8]. An important
element is the meta-metamodel (meta2 model). The meta2 model defines general concepts
available for method definition and method usage such as "metamodel", "model type",
"class", "relation", "attribute" etc. Semantic schemas are tightly coupled with the meta2 model.
They describe the semantics of each method element defined by using the meta2 model.
Semantic schemas can be described by using approaches such as ontology [5], semantic
engines ("mechanisms") etc.
The metamodel base contains metamodels of concrete modelling languages. Metamodel
editors are used for the definition and maintenance of metamodels. The metamodel base is
based on the meta2 model. The metamodel base forms the foundation of the model base, in
which all models are stored. Models can be created, changed and visualized by using
appropriate editors.
All mechanisms and algorithms used for evaluating and using models are stored in the
mechanism base. Mechanism editors are used for definition and maintenance of mechanisms.
The mechanism base is based on the meta2 model.
Procedure models describe the application of metamodels and mechanisms. They are stored in
the procedure model base. Procedure model editors are used for definition and maintenance
of procedure models. The procedure model base is based on the meta2 model.
Persistency services support the durable storage of the various bases. These services abstract
from concrete storage techniques and permit filing of modelling information in heterogeneous
databases, file systems, web services etc.
Access services serve two main tasks: on the one hand they enable the open, bi-directional
exchange of all metamodelling information with other systems using API or file based.
interfaces. On the other hand they cover all aspects concerning security such as access rights,
authorization, en-/decryption etc.
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Figure 1: Generic Architecture of Metamodelling Platform
3. Interoperability Issues
OUSKEL AND SHETH identified two major categories of interoperability problems: information
heterogeneity and system heterogeneity [24]. In the context of metamodelling platforms,
information heterogeneity maps to the modelling hierarchy of meta2 models, metamodels and
models of each platform ("model heterogeneity"). System heterogeneity maps to the diversity
of available access services, mechanisms, persistency services, and implementation
technologies of each platform (see fig. 2). The further description of interoperability issues in
metamodelling platforms will be structured according to the conceptual domains of the
generic metamodelling platform architecture as described in fig. 1.
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Figure 2: Model Heterogeneity and System Heterogeneity
3.1 Meta2 Model Domain
The meta2 model provides the basis for the other conceptual domains (see fig 1.).
Interoperability problems in this domain may arise in the syntax, semantics and
expressiveness of underlying metamodelling languages to define, integrate and represent a
method's elements [8], and appropriate transformation mechanisms for metamodel
transformation.
Some important aspects to be considered by metamodelling languages are:
• inheritance and meta-class features for metamodel definition.
• the expressive power and cardinality features of meta-relationships such as aggregation
(part-of), object-orientation (is-a), pointer (link), and binary or n-ary relationships.
• the amount of available meta-attributes to define concrete attributes of a certain type.
Some important aspects to be considered by metamodel transformation mechanisms are:
• handling of different relationship concepts such as n-ary relationships, and circular and
recursive dependencies.
• nesting of elements and their handling in flattened structures during metamodel
transformation.
• uniqueness of element identification and the possibility of using model annotations to
store information in the target metamodel to avoid information loss during transformation.
3.2 Metamodel Domain
Interoperability issues in the metamodel domain may occur in the definition, integration and
representation of the syntax, semantics and notation of modelling languages. Additionally,
model transformation mechanisms for the horizontal and vertical model transformation are
aspects to be considered in interoperable metamodelling platforms.
Some important aspects to be considered on the metamodel level are:
• identification and consideration of syntactic and semantic mismatches among modelling
languages (same name – different concept, different name – same concept etc.).
• identification and usage of domain-specific ontology to consider domain-specific aspects
and knowledge to establish metamodel interoperability.
• measurements for analysis and evaluation of modelling languages and their underlying
metamodels to identify interoperable and non-interoperable parts.
• definition of "hot spots" in participating metamodels to provide linking points for
metamodel integration.
3.3 Model Domain
Models correspond to their underlying metamodel. Therefore, the interoperability problems
on this level are influenced by the problems concerning metamodels (see 3.2).
Some important additional aspects to be considered in model interoperability are:
• existence of non-corresponding model fragments, i.e. their metamodels are partly not
corresponding. This can result in information loss or in hidden information to avoid losing
information in bidirectional model exchange.
• diversity of graphical representations and diversity of the underlying coordinate system to
place and arrange modelling objects. In worst case, models cannot be understood after
model exchange because of complete loss of graphical information.
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•
•
•

models are input or provide parameters for mechanisms such as simulation, analysis,
reporting, and code generation. Even if models correspond to its metamodel, it may occur
that mechanisms cannot be used because of incomplete models.
existence of appropriate domain ontology to support a proper model interpretation in each
platform.
history logs to record model changes which can be necessary in model synchronisation in
distributed model change scenarios.

3.4 Mechanism Domain
Mechanisms provide possibilities to generate added-value out of the different model bases.
Typical examples for mechanisms are version management, multi language support, model
analysis, and simulation.
Some important aspects to be considered in mechanism interoperability are:
• mechanisms can be implemented either on meta model level or meta2 model level. Before
exchanging mechanisms between metamodelling platforms, the interdependencies of a
mechanism to these both levels have to be analyzed.
• the technology used to implement a mechanism (scripting, programming language, query
language etc.) has strong influence on its interoperability. A possible way to implement
interoperable mechanisms, is using wrapper concepts.
3.5 Procedure Model Domain
Procedure models describe the processes how to apply modelling languages and mechanisms
to solve certain problem scenarios. This includes concepts such as phases, milestones,
responsibilities, work steps, results etc.
Important aspects to be considered in interoperability of procedure models are:
• the availability and mismatch of special procedure model fragments such as contradictory
work step descriptions.
• merging of procedure models into consolidated procedure descriptions.
3.6 Semantic Schema Domain
Semantic schemas describe the semantics of each method element. They are connected either
to elements of the model level, meta level or meta2 level. A semantic schema can be defined
e.g. by semantic engines ("script libraries") or by using ontology.
Important aspects to be considered in interoperability of semantic schemas are:
• semantic similarity among semantic schemas and the measurement of the similarity.
• mismatches of ontological constructs used in the semantic schemas.
• merging and integrating semantic schemas into a consolidated and shared semantic
schema.
3.7 Persistency Services Domain
Persistency services provide support for durable storage of the various bases. Some of the
relevant interoperability issues in this domain are:
• heterogeneous structures of underlying data sources such relational DBMS, objectoriented storage systems, XML-based databases or file systems.
• different transaction systems to counter effect an interoperable commit strategy.
• heterogeneous user, user profiles and connect definitions to make consistent data access
difficult or even impossible (single sign-on).
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3.8 Access Services Domain
Interoperability issues in this domain are mainly caused by system heterogeneity. It can be
separated into problems of direct (via API) or indirect (via files) exchange:
Direct exchange can be supported by metamodelling platform API. Some important
interoperability issues are:
• the involved providers must agree on necessary interfaces regarding their programming
languages, method signatures and in general about the security handling and the access
rights.
• Agreement on standardized "protocols" as suggested in [2] by using a general "model bus"
where each vendor could get attached by implementing one of the provided protocols.
In indirect exchange the supported file formats play an important role such as XMI [17],
HUTN [20], XML, and proprietary formats:
• In case of proprietary formats a parser must be implemented to be able to interpret the file
syntax. Then rules must be defined to convert the semantic content and the target file
(format) must be generated.
• Standard formats and languages have the advantage that their syntax and partly their
semantics are given. Also standardized script languages e. g. XSLT or XQuery for XML
are provided.
4. Case Study
On the basis of an example from the financial services sector, namely the insurance sector,
interoperability issues in the metamodel and the access service domain are demonstrated.
The example consists of three metamodels which are instances of the ADONIS [1] meta2
model (quality management, business process management and ERP introduction
metamodel). These and an additional metamodel of a fixed metamodelling platform should be
integrated into a new metamodel (fig. 3). In the following the four metamodels and their
integration on the metamodel and model level is described.
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Meta2 model

ADONIS® Meta2 Model

Fixed
Metamodel

QM
Metamodel

BPM
Metamodel

ERP
Metamodel

Models

QM
Models

BPM
Models

ERP
Models

Integrated
Metamodel

Transformed
Models

Figure 3: Integration and Interoperability of four Different Metamodels
The main part of the ERP metamodel (fig. 4 top right) consist of a process flow and additional
process objects. The process flow generalizes the components event, function and the logical
operators. There are two types of functions: basic functions and decomposition functions.
Specializations of the additional objects are organizational unit, information system, and
information object.
The quality management metamodel (fig. 4 top left) contains four different model types:
process overview, business process model, organizational model and system model. The
differences of the type business process model and the process model in the ERP metamodel
are the missing class event and the missing operator XOR. Therefore it contains additionally
classes such as start and end. The process overview contains processes which could refer to
other processes or to business model processes. Additionally, a process could reference a
document. The organizational model consist of organisational units and actors which have a
role and which could be referenced by an activity from the business process model. The
system model contains system components which could be connected via data flows. There
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are two types of system components, systems and subsystems which could refer to another
system model. The systems are referenced by input/output information classes.
The business process metamodel is mainly contained in the quality management model which
is described above. The ERP metamodel and the fixed metamodel are very similar. Therefore
and due to a lack of space only two of the four different source metamodels are illustrated in
fig. 4.
To ensure syntactical interoperability, in the target metamodel all of these concepts must be
integrated. To enable the transformation of the existing models from the old platform to the
new one the mapping of the classes between each source metamodel and the new integrated
metamodel must be defined.
Fig. 4 graphically illustrates the syntactical mapping between the metamodels. The new
integrated metamodel is shown at the bottom of fig. 4. It contains seven model types, the same
four as the quality management metamodel and additional three new pool model types. The
pool models summarize all documents, all roles and all process owners. Due to the fact that
the new system model does not provide the class subsystem, the structure of the ERP models
has to be flattened what means a loss of information. Also for each ERP model a process start
and an end must be newly created to match the syntax of the integrated metamodel. The
events in the ERP models have to be eliminated and the logical operator XOR must be
converted in a decision. Moreover, many classes have to be renamed, for example function in
activity and decomposition function in sub process as shown in fig. 4.
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Figure 4: Integration of Metamodels
To physically transform the models to fit to the new integrated metamodel the interoperability
problems concerning the access service domain must be solved. In our case the models of
three source metamodels are described with the same format, the ADONIS XML format. The
additional models of the fixed metamodel environment are also described in XML but in a
different structure. So first of all the models which are described differently must be
converted into the structure of ADONIS XML format. This transformation could be done by
the means of an XSLT script which does this conversion. After that all model files exist in the
same structure. Now a transformation tool is needed to automatically transform the models to
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fit to the new integrated metamodel. For this purpose the BOC Model Transformer (BMT)
[10, 15] has been used. It is a tool that supports the transformation of models between
different modelling languages within ADONIS. Different kinds of navigations, rules,
functions, conditions and definitions make it possible to specify a rule file which contains the
semantical mappings for the transformation of the models between each source metamodel
and the new integrated metamodel. Furthermore the BMT supports the creation of graphical
information for new objects, for example the start and end classes. Also the interdependencies
within and between the models are preserved and new references could be created
automatically. After the transformation of all models they fit to the integrated metamodel and
could be imported into the new metamodel which has been configured in ADONIS.
5. Related Work
Due to the fact that this work provides an overview of existing problems regarding
interoperability issues in metamodelling platforms, the following related work concentrates on
technology and approaches in the metamodelling domain.
ADONIS is a meta business process management tool [1]. It offers a three-step modelling
hierarchy with a rich meta2 model. Meta models can be customized as instances of the meta2
model. Mechanisms such as "simulation" or "analysis" are defined on the meta2 level and can
be redefined on the metamodel level. The scripting language AdoScript provides mechanisms
to define specific behaviour and functionalities.
MetaEdit+ offers also a three-step modelling hierarchy [13]. The meta2 model forms the
"GOPRR" model, offering the basic concepts "Graph", "Object", "Property", "Relationship"
and "Role". A diagram editor, object and graph browsers and property dialogs support the
definition of a new modelling language without hand coding. Furthermore MetaEdit+
includes XML import and export, an API for data and control access and a generic code
generator.
The OMG´s Meta Object Facility (MOF) [18], the open source Eclipse Modelling Framework
(EMF) [26] and the Graphical Editor Framework (GEF) [25] are no metaCASE tools
themselves. With the MOF the OMG created a meta2 model standard, which provides a basis
for defining modelling frameworks. UML [22] and the Common Warehouse Metamodel
(CWM) [21] are examples of instantiated meta models of the MOF. Interoperability issues
concerning the meta model and the model domain are addressed by the ongoing
standardisation of MOF Query/Views/Transformations (QVT) [23] which should provide
mechanisms for mappings between models and meta models. The EMF which was influenced
by the MOF is a shared code base for public use. Together with the GEF it provides a
possibility to create a new modelling tool.
The main difference between meta tools such as MetaEdit+ or ADONIS and the MOF or the
EMF is that meta tools provide the user a graphical environment to create new meta models,
whereas in EMF and GEF everything must be coded.
It is easier and faster to build new meta models within meta tools, but due to the implemented
meta2 model the degree of freedom to create the specific meta model desired is lower than in
modelling frameworks like EMF [7].
In [4] E-MORF - a XSLT-based transformation tool - is introduced. E-MORF supports the
conversion between MOF and EMF. The transformation is executed by applying the XSLT to
XMI which is supported by MOF and EMF. Beside the mapping concept where all fragments
of both meta2 models are opposed also the mapping problems for example "noncorresponding fragments" and "name mangling" are described.
The XMF (eXecutable Metamodelling Facility) [3] created by Xactium is a metamodelling
facility that fully supports language definition. The heart of the XMF is the XCore which
represents its metamodel which is comparable to the MOF model. To support mappings
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between models two further language are defined. XMap which is a unidirectional pattern
based mapping language and XSync which is a bidirectional synchronisation language.
6. Conclusion
Metamodelling platforms are getting more and more a kind of base technology [6].
Additionally, domain specific languages, model transformation approaches, and lifecycle
management within large model bases are active research issues. The interoperability of
metamodelling platforms becomes a crucial aspect in managing corporations' knowledge
assets. This paper presented an overview of interoperability issues according to conceptual
domains in metamodelling platform architectures. Some of these aspects were illustrated by a
case study from the insurance sector. The issues overview can serve as a starting point to
stimulate further research on interoperability problems in the metamodelling platform domain.
Additionally to interoperability, we see three important trends in the area of metamodelling
platforms in the near future:
• Metamodelling gets commodity: metamodelling provides suitable concepts for flexible
modelling platform solutions. Furthermore, metamodelling concepts diffused more and
more in other domains such as MOF, into language design such as the language definition
of UML 2.0 or in Software Engineering e.g. in product family-based approaches. We
expect, metamodelling will also attract more attention in domains such as Workflow
Management, IT Architecture Management and Knowledge Management. Expecting this,
challenging interoperability issues will have to be solved.
• Integration of business-oriented and IT-oriented methodologies: we see strong demands
integrating approaches such as Strategy Management, Process Management and IT
Management into single, integrated methods. A promising approach is MOF and MDA.
Nevertheless, their focus is currently focused on systems development. Upper-level
models such as business specifications and computation independent models (CIM) are
not well represented until now. Here, research need in areas such as low-loss
transformations and treatment of heterogeneous semantics is expected.
• Method Integration and Knowledge Management: our society is seen as a "knowledge
society". Methods represent experts knowledge, they represent the know how to do and
process things in a certain way. As a future research domain we see the investigation of
interdependencies of Knowledge Management and Method Engineering and
corresponding issues in integrating both.
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Abstract. In a web environment, graphical specifications of service collaborations which focus on the protocols of collaborating services are
especially important, in order to attain the desired properties of interoperability and loose coupling. Different to modelling of generic software
component collaborations, additional requirements must be considered,
including security and transaction aspects, and the characteristics of specific target technologies such as ebXML and BPEL. This paper describes
a UML-based approach for platform independent modelling web service
collaboration protocols, which takes into account the specific requirements, and supports mappings to relevant target technologies.

1

Introduction

Web services are being used for the coordination of communicating processes,
e.g., in the automation of business collaborations such as the standard airline
ticketing example. Specification of such collaborations in a manner that facilitates interoperability and loose coupling is provided by a so-called collaboration protocol, which provides a global public view on multiple cooperating web
services. Collaboration protocols, also called choreographies [13] or conversation policies [7], can be specified using languages like ebXML Business Process
Specification Schema (BPSS) [11] and Web Services Choreography Description
Language (WS-CDL) [13].
Related to collaboration protocols are interface specification and implementation of a web service. An interface describes the public aspects of a web service,
including both its provided and required operations as well as its observable behavior. The behavioral aspect of an interface is also called choreography [5, 12],
orchestration [5], and abstract process [1]. Web service interfaces are specified
using languages like WSDL, BPEL, and WSCI. An implementation (also called
executable process [1]) is the private aspect of a web service, specified by a
language such as BPEL, Java, etc.
Using current Web Services languages, i.e., BPEL and WSDL for the specification of web service collaborations brings up three problems: (1) the languages
are XML-based, lacking a standardized graphical representation, which would
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ease modelling and understanding of collaboration protocols, (2) there is no
support for collaboration protocols but only for individual interfaces, leading to
potential consistency problems [4], and (3) the level of abstraction is too low for
conveniently expressing transactions, as specifically useful in business collaborations [3].
Although there are approaches addressing these problems, no complete solution has been found yet. There is a UML profile for BPEL [6] addressing problem
(1). WS-CDL complements BPEL by addressing problem (2) but does not provide a graphical representation. BPSS addresses (3) and there is also a UML
representation for BPSS [10] addressing (2), however, these approaches does not
support Web Service specification languages and lack flexible specification of
intra-transactional interactions. One of the origins of BPSS, the UN/CEFACT
Modeling Methodology (UMM) addresses (1-3) but it is limited to the domain
of business collaborations and not supporting the specifics of Web Service technology.
Our approach to cope with the identified problems is a UML-based modelling
technique that supports platform independent modelling of web service collaboration protocols and that is closely aligned with BPEL and BPSS concepts. The
contributions of our work are as follows:
– The semantics of UML 2 are refined for applying it to collaboration protocol
modelling. This way, no new language and notation need to be invented and
problems (1-2) are addressed.
– Different levels of abstraction are supported, thereby supporting both topdown and bottom-up development and addressing problem (3).
– Our modelling constructs support much of the expressive power of BPSS
and BPEL, such that a mapping to the target technologies can be defined.
Although a detailed mapping is subject of further work, a sketch of the
mapping to the target technologies is presented
The levels of abstraction are introduced in Section 2. The used UML diagrams
and specific semantics are elaborated in sections 3–5. A mapping of UML to the
target technologies is sketched in Section 6. A brief comparison of our approach
to related work is given in Section 7. For the reader not mature in the used
technologies, the appendix provides a brief overview of the major concepts of
BPEL, BPSS, and UML 2.

2

The Big Picture

The main idea of our approach is to explore UML’s existing modelling concepts
for collaboration protocol modelling. Therefore, we attempt to identify modelling
concepts in UML that are similar to those of the target technologies. Since
in many cases no direct equivalence can be found, we first define a platform
independent modelling technique, and in a second step define a mapping to
specific platforms.
2
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Our proposed modelling technique supports modelling of collaborations at
three different levels of abstraction, as shown in Fig. 1. The different levels
are interrelated by refinement and usage relationships, meaning that elements
specified in one level are refined at lower levels, and conversely, specification
elements can be re-used at upper levels. Thus both top-down and bottom-up
development is supported.
The collaboration level is concerned with participants and their collaboration
and communication relationships, thus providing an overview of a collaboration.
This is expressed in the collaboration model, a UML collaboration diagram.
The transaction level considers transactions and transactional processes, each
transaction being performed by a set of participants in collaboration. This level
abstracts from the distribution of state and control in a collaboration to provide
a convenient high-level model. Two kinds of models are proposed in this level.
The object model uses class diagrams and protocol state machines to define the
attributes and states of objects that are used as pre- and post-conditions of
transactions. The activity model, a UML activity diagram, defines transactional
processes, which refine collaborations as defined in the collaboration level.
The interaction level specifies the messages actually exchanged among participants, thus being at a low level of abstraction. Again two kinds of models are
proposed. The message content model is a class diagram defining the content of
messages. The interaction model, a UML interaction diagram, defines the details
of a transaction in terms of message exchanges among the participants, thus
refining the individual transactions of the activity model.
The following sections discuss how UML is employed to realize the models
introduced above, i.e., how a subset of UML 2 is used and what the specific
interpretation of the employed UML concepts is.

3

Collaboration Level

All of the modelling concepts of UML’s collaboration diagrams are used in the
collaboration model, with specific interpretation and restrictions as follows.
A collaboration models the overall situation of collaborating participants at
an abstract level. A collaboration can be used within other collaborations as
a sub-collaboration, with the roles of the sub-collaboration bound to roles of
the using collaboration. A behavior specification can be attached, either as an
activity model or an interaction model. In case collaborations are defined solely
by sub-collaborations, the behavior specification may be omitted, meaning that
there are no behavioral dependencies among the sub-collaborations (except of
any pre- and post-conditions defined by the sub-collaborations’ behaviors). In
that case, the collaboration acts as an abstract grouping mechanism which can
be used to capture, e.g., business areas.
A role represents a collaboration participant. An optional read-only constraint means that a particular role must be fulfilled by the very same participant throughout the whole collaboration, i.e., it must not change dynamically,
3
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Fig. 1. Abstraction levels and kinds of models

although the participant may not be known at the very beginning of the collaboration.
A connector between a set of roles means that these roles communicate with
each other directly.
Example 1. Fig. 2 (left) shows the “SimpleSCM” (Simple Supply Chain Management) collaboration between two roles, client and supplier. The collaboration
uses two sub-collaborations, the specification of one of them is included in Fig. 2
(right). There is no behavior attached to the “SimpleSCM” collaboration, meaning that the two sub-collaborations can be performed independent of each other.
The sub-collaboration “ShipToOrder” specifies that the two roles, “Buyer” and
“Seller”, communicate with each other. The behavior of that collaboration will
be further discussed in Example 3.

4
4.1

Transaction Level
Object Model

The object model specifies the objects (i.e., both data structure and their behavior) that the collaborative transactions operate on. These objects represent
the knowledge common to some or all participants of the collaboration. Note
that objects are different from messages. Messages specify the data exchanged
4
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Fig. 2. A simple supply chain collaboration (left) and the sub-collaboration “ShipToOrder” in detail (right)

among participants, whereas objects specify requirements on the participants’
data resources. In many cases, messages represent updates to the objects.
For the purpose of collaboration protocol modelling, only those attributes
and states are necessary which are needed for defining the coordination logic,
including control flow and data flow constraints. If no decision conditions and no
constraints on data are needed, the collaboration object model can be omitted.
Since the collaboration object model must not prescribe the objects used
by the participants internally, only interfaces and protocol state machines are
used, depicted in a class diagram and state machine diagrams respectively. An
interface specifies the structure of collaboration-relevant data. Only attributes
and associations are used, no operations. A protocol state machine is used to
specify the states and permissible state transition of such an interface. The states
will be used as pre- and post-conditions of transaction specifications (see below),
and the transitions and any transition conditions will be used for consistency
checks with the use of objects in activity models. Therefore neither triggering
events nor transition conditions need to be specified formally.
Example 2. Fig. 3 (left) shows a class diagram for the data relevant to the “ShipToOrder” collaboration. The specification of the permissible states of an “Order”
is shown in the protocol state machine in Fig. 3 (right). Note that transition
events are modelled only informally, transition conditions are modelled not at
all.
4.2

Activity Model

The activity model specifies the behavior of a collaboration in terms of transactional processes, using UML activity models. A UML activity is used to define a
transactional process, each action within that process representing a transaction
performed collaboratively by two or more participants of the overall collaboration. Each transaction may in turn be refined by another activity model, or by
an interaction.
We emphasize that - opposite to the usual interpretation of activity diagrams
- a collaboration activity does not prescribe centralized control. Rather, it represents emergent behavior of all the participants, i.e., each of the participants must
5
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Fig. 3. A data structure used in the collaboration (left) and its permissible behavior
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behave such that the resulting behavior of the overall collaboration corresponds
to the defined collaboration activity.
An activity models the behavior of a collaboration or the behavior of a composite transaction in terms of a process of actions among the participants (cf.
Fig. 4). Its input and output parameters define pre- and post-conditions in terms
of collaborative objects (with state constraints) consumed and produced by the
activity, respectively. Additional pre- and post-conditions on object values can
be defined. Top-level activities, i.e., activities used to define the behavior of a
collaboration, must not have parameters.
An activity partition represents a collaboration participant, which can be
associated with actions and object nodes. Since modelling concepts are associated with more than one participant, we cannot use the traditional notation of
swimlanes; we use the textual notation of UML2 (cf. “(Buyer, Seller)” in Fig. 4).
An action represents a transaction between two or more participants (e.g.,
“CreateOrder” in Fig. 4). Therefore, it must be associated with at least two
partitions. Only behavior invocation actions are allowed, and invoked behavior
has to be specified either in terms of another collaboration activity model which
thus defines a complex sub-transaction, or in terms of an interaction model
defining a simple sub-transaction. The pins of an action must correspond to the
parameters of the invoked behavior. Furthermore, the participants involved in
the invoked behavior must be the same as the ones the action is associated with.
Object nodes, namely pin, centralBuffer, and parameter represent pre- and
post-conditions of actions and activities (e.g. “Order” in Fig. 4). They must
be typed by one of the classes or interfaces of the object model. Like actions,
object nodes must be assigned to at least two participants, meaning that the
pre- and post-conditions apply to those participants. Pins in particular must be
associated to a subset of the participants that the pin’s action is associated with;
parameters similarly. If a parameter is of direction inout, the state constraining
6
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the outgoing object node must be reachable from the state constraining the
incoming object node, i.e., integrity of the state machines must be preserved.
A key constraint is a specific kind of constraint which specifies for an object
node that some of the attributes of the objects contained in the node must be
unique among all concurrent instances of the activity. In other words, the key
attributes must unambiguously identify the activity instance. This is corresponding to BPELs concept of correlation set. A key constraint defined for one object
node implies the same constraint for all object nodes reachable by object flow,
i.e., through data flow edges or through actions with inout parameters. Since key
constraints are not natively supported by UML, the proprietary notation “{key:
field1 , field2 , ...}” is introduced.
All of UML’s control nodes are applicable. Regarding the join node, we introduce an extension to support specifying how objects (of potentially different
types) that flow from the multiple input flows are joined into a single object flowing out of the join. This extension is necessary since the work-around of using an
explicit action to do the transformation conflicts with the semantics of an action
in our approach. Therefore, our proposed solution is to add a transformation behavior on the join node, with one input parameter for each incoming flow, and
one output parameter delivering the joined object. A similar extension could be
designed for the fork node, although in that case the transformation capability
of object flows can be used for a work-around. Note that these extensions are
not specific to our approach but generally applicable.
The basic control flow edges are applicable, however certain restrictions must
be met to produce realizable collaboration protocols. A control flow can only be
modelled between actions which share at least one participant, otherwise no one
of the participants of the succeeding action would have knowledge about when
to start. Similarly for forks, joins, decisions, and merges. We did not yet consider
UML’s advanced concepts such as interrupts, edge weight, etc.
Also object flow edges can only be used with restrictions. First, object flow is
only allowed if the target object node is assigned to a subset of the participants
that the source object node is assigned to. Second, in case of non-deterministic
choice, i.e., when multiple data flows originate from an object node, the one
action will be selected which is initiated first. To allow for unambiguous decision
detection, at least one participant must be involved in all of the alternative
actions, and the actions must be distinguishable by the first message that is
exchanged (cf. interaction level). Regarding the advanced features of data flow
edges, transformation behavior is required to support chaining of actions with
differently structured output and input objects; other features such as multi-cast
and edge weight have not been considered.
Example 3. The activity shown in Fig. 4 defines the behavior of the “ShipToOrder” collaboration. It comprises the “CreateOrder” action which, in case of
success, is followed either by “ShipGoods” or “CancelOrder”, based on a nondeterministic choice. Object nodes are used to define pre- and post-conditions
on the actions, in particular, state constraints and a key constraint.
7
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Fig. 4. Activity model of the “ShipToOrder” collaboration

An activity may be used to specify the behavior of a collaboration. If the
collaboration is used as a top-level collaboration, its activity must not have
input and output parameters (e.g., as in Fig. 4). Furthermore, if the collaboration
is composed of sub-collaborations, the composite collaboration’s activity must
include (i.e., invoke) its constituent collaborations’ activities.

5
5.1

Interaction Level
Message Content Model

The message content model specifies the requirements on message contents. The
message model can be specified either completely or in an abstract way. A complete message model defines the message contents unambiguously, i.e., all exchanged documents are specified. Conversely, an abstract message model specifies only the minimal requirements, as needed for the collaboration specification.
It will be aligned with the object model, by using the same attributes and, if appropriate, by directly including parts of the object model. An abstract message
model facilitates re-use of variants of complete message models, e.g., different
business document standards could be supported. In that case, the abstract message model must only include a subset of the data supported by the different
document standards.
The concepts used in the message model are interfaces and classes. Interfaces
are used to specify an abstract message model. Interfaces can have attributes,
associations, and operations that implement queries based on the interfaces.
Classes are used to specify complete message models. Again, message classes
can have attributes, associations, and query operations. The relationship to an
abstract message model is specified by implementation relationships. A class implements the interface’s attributes and associations. For specifying XML-related
characteristics of message contents, an appropriate UML profile has to be used
[2].
Example 4. The example in Fig. 5 shows an abstract message model for the
messages in the “ShipToOrder” collaboration. The messages are based on generic
ebXML messages “SignalMessage” and “ActionMessage”.
8

Page 238

INTEROP-ESA'05

c d

O r d e r M e s s a g e s
« in t e r fa c e »

« in t e r fa c e »

S ig n a lM e s s a g e

A c t io n M e s s a g e

is P o s it iv e

« in t e r fa c e »

O r d e r R e s p o n s e

o r d e r I d
is P o s it iv e

« in t e r fa c e »

O r d e r R e q u e s t

o r d e r I d
v a lu e

Fig. 5. Abstract messages used by the “CreateOrder” interaction

5.2

Interaction Model

The interaction model specifies the interactions among the participants of a
transaction in terms of asynchronous message exchanges. The behavior of individual participants is considered, i.e., the notion of a shared state is no longer
maintained, but rather different states of the participants and the means of
synchronization and coordination need to be defined. Interaction models are intended to be used at a low level of granularity and complexity with request/response
as minimal interaction patterns. They refine actions or collaborations. If an interaction model is used to refine an individual action, its parameters must be
compatible.
Interaction models must specify how participants achieve a common outcome
of the transaction, i.e., at the end of an interaction the participants must know
the common outcome in terms of the interaction’s output data and the transaction’s state. The tasks performed by the participants are, however, out of scope
of a collaboration model. It is only the overall transaction which represents a
common/synchronous task.
Modelling concepts are those of UML interaction diagrams, with a few exceptions, as well as some additional constraints.
A lifeline represents a participant from the collaboration.
A message defines a communication between two participants. Only asynchronous messages must be used, as synchronous messages make a statement
about message processing, which by definition is out of scope of a collaboration
protocol. Message arguments are limited to be either constants, or parameters
of the interaction, or symbolic names representing wildcards. If, within a single
interaction, the same symbolic name is used in different messages, it means that
the contents is the same. Symbolic names may refer to lifelines, meaning that a
reference to the corresponding participant is being communicated.
Regarding interaction fragments, i.e., control flow structures, the following
constraints must be met in order to obtain a realizable collaboration protocol.
Guards on interaction fragments must be completely specified (using OCL),
based on interaction parameters and on message arguments that are sent from
9
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or received by the participant on which the guard is specified, i.e., the participant
that initiates the first message in the interaction fragment. For simplicity, the
model is limited to LL(1)-like traces, i.e., for each lifeline each incoming message
must unambiguously determine the following control path.
A data flow constraint is a UML constraint used to relate the contents of
individual messages to each other as well as to the input and output parameters of the interaction. We distinguish three classes of data flow constraints.
Deterministic data flow constraints define equality of data items in different
messages or parameters. They are required for key constraints (see below) and
for specification of post-conditions. Non-deterministic constraints may also use
inequations. Conditional constraints use implications. They are required to specify post-conditions in case of alternative control flow paths. Data flow constraints
must be defined based solely on interaction parameters and message arguments,
such that both sender and receiver of the involved messages are able to observe
the constraint variables.
A participation constraint is used to interrelate data flow and participants.
A participation constraint relates a lifeline with the contents of a message or
a parameter, meaning that a reference to the concrete participant playing that
role is being communicated. Participation constraints are an extension to UML’s
capability of using parameters as lifelines, and to using lifelines as symbolic
names of message arguments, as defined above.
A key constraint specifies, for a message, that some of the message’s arguments (or argument’s attributes) must be unique among all concurrent instances
of the interaction. In other words, the message must unambiguously identify the
interaction instance based on the specified key. Note that sender and recipient
(lifelines) may also be used as key components. The same set of key attributes
typically appears in a series of succeeding messages. Only the first message of
such a series must have a key constraint, the applicability to succeeding messages is implied by deterministic data flow constraints. Data flow constraints also
specify the flow of key constraints on input and output parameters, as defined in
the activity model. If a key constraint is already defined on an input parameter,
no additional message key constraint is required for the same set of attributes.
Since key constraints are not natively supported by UML, proprietary notation
“{key: field1 , field2 , ...}” is introduced.
A time constraint must be specified such that there is at least one participant
able to observe it. Observable are interaction parameters and messages sent to
and received by the participant.
A post-condition specifies the outcome of the interaction in terms of constraints on the output parameters. The same rules as to data flow constraints
apply. Furthermore, the post-condition constraints must be observable by all
participants who are assigned to the respective output parameter. The resulting
value of all output parameters must be defined, and in case of alternative control flows, each of the flows must lead to a defined output. In case of alternative
output parameter sets, for each set there must be a flow defining it completely.
10
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Concepts of UML related to the specification of individual participants are
not used, other than message send and receive. Although it would be possible to
use concepts such as participant attributes, sate, and execution occurrences, it is
not necessary for collaboration specification and therefore not used to maintain
loose coupling.

Example 5. The interaction depicted in Fig. 6 corresponds to a BPSS interaction pattern. It comprises a request and a response message, and accompanying
acknowledgement signal messages. Positive acknowledgement messages are a prerequisite for the interaction to proceed successfully. The data flow constraints
shown on the right correlate the “orderId” attributes of the “OrderRequest”
and “OrderResponse” messages, and, conditionally, the “isPositive” attributes
of the “OrderResponse” and “rReceipt” messages. The post-condition defines the
state and value of the output parameter. In particular, the “order” is in state
“accepted” only if “rReceipt” was positive, otherwise it is in state “denied”.
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Fig. 6. Interaction refining the “CreateOrder” action

Presumably, transactions are often defined based on generic interaction patterns such as the one used in Example 5. Such generic interaction patterns can
be supported by means of interaction templates having template parameters for
specification of participants, message types, and timing constraints.
11
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6

Mapping to Target Technologies

In this section we want to clarify the relationships between the proposed modelling concepts and concepts of the target technologies by sketching a possible
mapping between the two. The mappings, as shown in Table 1, demonstrate
feasibility and limitations of such an attempt, but are not elaborated in full
detail.
Designing the mapping to BPSS is relatively straight forward, although not
all concepts can be mapped (cf. Table 1). The mapping to BPEL is much more
difficult, since it actually involves two steps. First, the collaboration protocol
has (at least conceptually) to be transformed into a set of interfaces for the participating web services, and then each of these interfaces has to be transformed
to BPEL. In particular, this means that for each partition of a top-level activity
a separate BPEL specification has to be produced, which covers only a part of
the activity; similarly for interactions. Furthermore, detection and to some extent also handling of failures depends on implementation decisions, therefore a
mapping can only be defined by assuming some generic implementation.
When roughly comparing the expressiveness of our approach to BPSS, BPSS
has several limitations, e.g., the focus on 2 participants, predefined interaction
patterns, no key constraints, only limited constraints on message data. On the
contrary, our approach lacks specification of atomicity, failure handling, and the
“onInitiation” control flow dependency. In comparison to BPEL, BPEL lacks
a support of re-usable behavior specification, and has restrictions on message
properties which limit expressiveness of key constraints. Also, non-deterministic
choice with different initiators is cumbersome to express in BPEL. Our approach,
on the other hand, lacks support for exception handling, compensation, and event
handling.

7

Related Work

Several approaches to graphically modelling collaboration protocols exist, related
to BPSS and based on UML. Considering the web services area, most research
deals with modelling of interfaces and implementation of individual web services
rather than with collaboration protocols.
Kim [10] takes an approach very similar to ours in that he investigates how
UML (version 1.x) diagrams can be used to graphically specify collaboration
protocols with an automatic mapping to BPSS. His solution covers the transaction level and the interaction level. At the transaction level, activity diagrams
are used. Furthermore, sequence diagrams are used also at the transaction level,
with synchronous messages used to represent transactions. This way, behavior
of multi-party collaboration protocols is modelled. At the interaction level, both
interaction diagrams and class diagrams are used. The major difference of our
approach is that we support data flow constraints, both at the interaction level
and at the transaction level. Furthermore, our approach is not bound to the limitations imposed by BPSS and is therefore more expressive regarding possible
interaction patterns and collaboration processes.
12
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M UML
BPSS
c collaboration -

role
connector
collaboration
use
o interface
protocol sm.
a activity

partition
action
object node
key constr.
control node

control flow
data flow
non-determ.
choice
m interface
class
i interaction
lifeline
message
fragment
data
flow
constr.

BPEL
binary collaboration protocol, or
multiparty cp., or business transaction
process
party
partner link type and partner (limited to binary connectors)
- (see nesting of activities)
composition of business activities
(limited to 2 participants)
XSD type
binary cp. (2 participants only)
or multi-party cp. (restrictions on
control flow and data flow)
abstract process, or scope if a authorized role
nested activity
scope including the mapping of binary cp. or business transaction
the invoked activity/interaction (limited to 2 participants)
variable
property and correlation set
structured activity (limited to reg- equivalent control nodes, except of
ularly structured control flow)
decision which is mapped to transition constraints
structured activity
transition
variable assignment
a switch on opaque data, or a pick, transitions without mutually exdepending on who is deciding
clusive guards
message properties (limited to simple data types)
XSD type
XSD type
business transaction (limited to
predefined interaction patterns)
abstract process or nested scope predefined
invoke or receive+reply, and a predefined signal or business mesvariable for holding the message sage
structured activity
variable assignment (limited to equality constr.) and a correlation
if related to a key constraint
assignment
not allowed

participation
constr.
key constr. correlation set and related prop- erty aliases (limited to simple data
types and equality constraints)
time constr. predefined timeToPerform, etc.
pre-/postpre-/post-conditions (informal)
conditions

Table 1. Mapping of UML concepts in the different models to BPSS and BPEL
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UMM [9] provides not only a rich set of UML-based modelling concepts for
B2B collaboration protocols, but also methodological guidance ranging from requirements elicitation to implementation design. UMM has provided the conceptual foundation of BPSS, and since then it was further improved. In particular,
it now supports so-called business entities, i.e., business domain objects which
are modelled in terms of class diagrams and state diagrams. Furthermore, a
business collaboration protocol (the equivalent to a BPSS binary collaboration
protocol) can use business entities to define pre- and post-conditions of business
transactions. Business entities and their use in business collaboration protocols
are very similar to our object model and its use in the activity model. The difference is that business entities capture business semantics, whereas our object
model is defined in technical terms. In particular, our object model is formally
connected to the messages exchanged in the interaction level, thereby creating
an aggregated form of data flow constraint, which is not the case with business
entities.
There exists also a mapping from a subset of UMM to BPEL [8]. It supports
the UMM/BPSS interaction patterns, as well as the control flow of business collaboration protocols. In comparison to our approach, that mapping is elaborated
in full detail. It considers, however, only a subset of the concepts defined in our
models. Difficult mapping problems, e.g., non-deterministic choice, or mapping
of failure handling, are still open issues.
The approach described in [7, 4] is not restricted to the business domain
but supports web service collaboration protocols in general. Collaboration protocols are specified in terms of a state machine, with states representing the
global state of the collaboration, and state transitions representing messages exchanged among its participants. A strong point of this work is that it supports
formal verification of consistency between global behavior, i.e., the collaboration protocol, and local behavior of participants, i.e., the interface. In contrast
to our approach, only the interaction level is considered, no notion of transaction is provided. Furthermore, it is a purely conceptual model without graphical
notation.

8

Summary and Outlook

We have presented a technique for modelling collaboration protocols, which seeks
to support the main concepts of both BPSS and BPEL by exploring the features
of UML 2. The modelling technique generalizes some of the key concepts of
BPSS and UMM, resulting in a language which is no longer specific to the B2B
domain but rather supports generic transactional collaboration protocols.
However, several important issues remain open for further research:
– Specification of failures and failure handling has not yet been addressed.
At the transaction level, extensions to the activity model are required that
cope with failure handling in order to realize transactional properties of
long running transactions. At the interaction level, failures of the messaging
system have to be considered.
14
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– Non-functional properties such as security and transactional characteristics
are still missing. In particular, the respective requirements of BPSS are of
interest.
– The mapping to the target technologies has to be elaborated in more detail,
to enable automatic code generation. Furthermore, support for WS-CDL
would be logical but has not yet been included.
– Finally, to support better integration in a software development process, it
would be interesting to consider the relationship of collaboration protocol
models to models of web service interfaces and deployments.
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9

Appendix - Review of Major Technology Concepts

As a prerequisite to the main part, we review the major specification concepts
supported by the target technologies, as they define the requirements on the
expressiveness of our platform independent modelling technique. Furthermore,
we give a brief overview of the relevant concepts of UML 2 used in our approach.
We have chosen BPEL and BPSS as potential target technologies, for the
following reasons. BPSS because it is a collaboration protocol language and it
provides interesting higher-level concepts, i.e., transactions. And BPEL because
it is well accepted and it provides powerful specification concepts for web service
interfaces and implementations. Since BPEL supports interface and implementation rather than collaboration protocols, it is only an indirect target language.
Nevertheless, its specification concepts should be supported also at the collaboration protocol level.
9.1

BPSS Concepts

BPSS, as a collaboration protocol specification language, supports the specification of emergent behavior, i.e., behavior that emerges from a group of collaborating web services. Behavior as specified by BPSS is not intended to be
used as instructions for some execution engine, but rather defines constraints
on the observable behavior of the participants in the collaboration. If all of the
participants follow the constraints imposed on them according to their role in
the collaboration protocol, the collaboration will be able to achieve the common
goal.
The distinguishing feature of BPSS is that it is based on the concept of
business transaction, which is an interaction between two parties leading to either
a successful outcome or having no effect at all (atomicity property). A business
transaction is defined by one out of a set of predefined interaction patterns. These
interaction patterns are an extension of the request/reponse pattern, and can be
configured in terms of the types of documents exchanged, timing and security
constraints required, etc. Specification of failures is supported in two aspects.
First, application-level failures can be defined in terms of negative responses.
Second, system-level failures such as connection failure or protocol failure are
supported by predefined exception states. In both cases it is assumed that the
business transaction had no business effect, i.e., was rolled back.
A binary collaboration protocol specifies the collaboration between two parties, based on business transactions and nested binary collaboration protocols
(these two are called business activities). Like a business transaction, a binary
collaboration protocol exhibits the atomicity property. A binary collaboration
protocol is defined by its constituent collaboration activities and the control flow
dependencies between them. No data flow is supported at the level of binary collaboration protocols; however, the guard condition of a transition can be defined
based on the documents exchanged in the preceding business transaction.
Failures in binary collaboration protocols can be specified in that it can lead
to different result states, indicating either success or failure, and, in case of
16
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failure it is assumed that the overall binary collaboration protocol has no business effect, i.e., was rolled back. Failure handling is specified by means of specific
transition conditions support conditional branches, depending on whether a preceding collaboration activity succeeded or failed. Using this simple mechanism,
failure handling to the effect of compensating transactions can be designed, although no specific compensation concept is available.
A multi-party collaboration protocol defines a set of interrelated binary collaboration protocols. A Multi-party collaboration protocol supports no transactional properties and only limited means for behavior specification.
9.2

BPEL Concepts

BPEL, in combination with WSDL, supports specification of both implementation and interfaces of an individual web service.
BPEL is based on WSDL port types which define the operations provided
by a web service. So-called service link types are introduced to define a mutual
usage relationship between two port types.
A process specifies the executable behavior of a web service. A process may
communicate with multiple partner web services, the relationship to each partner
being defined by a service link type. A process is defined in a block-structured
manner, with basic statements being variable assignment and the communication primitives receive, reply, and invoke. Available control flow structures are
sequence, flow (parallelism), choice, and pick (choice based on event selection).
A scope is a nested part of a process which supports exception handlers, a compensation handler, and event handlers. Using these mechanisms, it is possible
to design user-defined failure handling. The coordination between collaborating
web services in the presence of failures, however, is out of scope of BPEL.
Specific concepts are provided with regard to data handling. First, so-called
properties provide abstract accessors to message contents, which can be refined
for particular message types in terms of property aliases. Second, based on properties, correlation sets can be defined, which facilitate unambiguous association
of a given message to its corresponding process instance. Finally, partner references are specific data types enabling run-time selection and communication of
partners.
An abstract process is a view on an executable process, which specifies an
interface of a web service. An abstract process is an incomplete behavior specification in that it is allowed to omit any parts of internal (non-observable)
behavior. Specifically concerning data flow, so-called opaque data is supported,
i.e., data which appears in the process but its computation is not defined.
9.3

UML 2 Concepts

UML 2 provides a set of specification concepts covering structural and behavioral aspects. We briefly review those relevant to our work. Note that we take
advantage of the enhanced concepts of UML 2 opposite to UML 1, particularly
collaboration, protocol state machine, activity, and interaction.
17

Page 247

INTEROP-ESA'05

A class defines individual objects in terms of their structure, functionality,
and associations to other objects. Furthermore, a behavior specification such as a
state machine can be attached to a class. An interface is similar in concept, with
the difference that it does not provide an instantiable specification but rather a
set of constraints on an object. Behavioral constraints can also be attached in
terms of a protocol state machine.
A collaboration defines the structural aspect of a set of collaborating objects
in terms of the participating roles and their communication relationships. Like
an interface, a collaboration is not directly instantiable but provides a specification for a set of objects that are intended to participate. Any kind of behavior
specification such as an activity or an interaction can be attached. A behavior
specification used in this way defines emergent behavior of all the participants
rather than behavior executed by an individual object.
A state machine defines the executable behavior of an object, in terms of the
object’s state and permissible state transitions. A protocol state machine is a
state machine restricted to defining observable behavior. In particular, transitions
in a protocol state machine can only be defined in terms of pre- and postconditions, rather than by actions performed during the transition.
An activity is a petri-net based behavior specification, comprising actions
with input and output, and control flow and data flow between those actions.
A set of predefined actions is available, including one to invoke other behavior
specifications. Data flow tokens may be typed by a class or interface.
An interaction specifies the observable behavior of a set of collaborating
objects, in terms of the participants and a set of allowed and forbidden traces
of message exchanges among these participants. A particular focus is on timing
of messages. An interaction cannot specify executable behavior; nevertheless,
control flow structures such as loops and alternatives are available.
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Abstract. Enterprise architecture is concerned with a description of all
the relevant elements that make up an enterprise and how these elements
inter-relate. It covers aspects ranging from the technical infrastructure,
through software applications, to business processes and products. The
relations between these layers play a central role. Also from a quantitative analysis perspective, the layers are interrelated: the higher layers
impose a workload on the lower layers, while the performance characteristics of the lower layers directly influence the performance of the
higher layers. This paper presents an approach for quantitative analysis
of layered, service-based enterprise architecture models, which consists
of two phases: a ‘top-down’ propagation of workload parameters, and a
‘bottom-up’ propagation of performance or cost measures. By means of
an example we demonstrate the application of the approach, and show
that a seamless integration with other performance analysis methods
(e.g., queueing analysis) can be achieved.

1

Introduction

An enterprise can be viewed as a complex ‘system’ consisting of multiple domains
that inﬂuence each other. Architectures are used to describe components, their
relations and underlying design principles of a system [10]. Constructing architectures for an enterprise may help to, among others, increase the insight and
overview required to successfully align the business and ICT. Although the value
of architecture has been recognised by many organisations, mostly architectures
for various organisational domains, such as business processes, applications, information and technical infrastructure, are developed in isolation. The relations
between these architectures often remain unspeciﬁed.
Enterprise architecture is a discipline that focuses on making these relations
explicit. The term refers to a description of all the relevant elements that make
up an enterprise and how those elements interrelate. Models play an important
role in all approaches to enterprise architecture. Models are well suited to express
the interrelations among the diﬀerent elements of an enterprise and, especially
when visualised in diﬀerent ways, they can help to reduce the language barriers
between domains. However, currently they strongly focus on functional aspects.
In contrast to detailed design models within domains, the quantitative aspects of such enterprise architecture models have hardly received any attention

Page 249

INTEROP-ESA'05
in literature. Nevertheless, quantitative properties are also important at the enterprise architecture level. For example, “the business” imposes performance
requirements on the applications and technical infrastructure, while the performance characteristics of systems inﬂuence the quantitative behaviour of business
processes. The availability of global performance and cost estimates in the early
architectural design stages can provide invaluable support for system design decisions, and prevent the need for expensive redesigns at later stages.
In this paper we present an approach for quantiﬁcation and performance
analysis of enterprise architectures. This approach is based on the propagation of
quantitative input parameters and of calculated performance measures through
a service-oriented architectural model. It complements existing detailed performance analysis techniques (e.g., queueing analysis), which can be plugged in to
provide the performance results for the model elements.

2

State of the art in architecture performance analysis

As mentioned, enterprise architecture covers a wide range of aspects, from the
technical infrastructure layer (e.g., computer hardware and networks), through
software applications running on top of the infrastructure, to business processes
supported by these applications. Within each of these layers, quantitative analysis techniques can be applied, which often require detailed models as input.
In this section, we will only be able to give a global impression of analysis approaches for each of these layers.
We also noted earlier that enterprise architecture is speciﬁcally concerned
with how the diﬀerent layers interoperate. Also from a quantitative perspective
there is need for interoperability across layers: higher layers impose a workload
on lower layers, while the performance characteristics of the lower layers directly
inﬂuence the performance of the higher layers. However, techniques that cover
quantitative analysis throughout this whole ‘stack’ hardly exist.
2.1

Infrastructure layer

Traditionally, approaches to performance evaluation of computer systems and
communication systems [6] have a strong focus on the infrastructure domain.
Queueing models, for example, describe the characteristics of the (hardware)
resources in a system, while the workload imposed by the applications is captured
by an abstract stochastic arrival process. Also, a lot of literature exists about
performance studies of speciﬁc hardware conﬁgurations, sometimes extended to
the system software and middleware level. Most of these approaches have in
common that they are based on detailed models and require detailed input data.
2.2

Application layer

Performance engineering of software applications [18] is a much newer discipline
compared to the traditional techniques described above. A number of papers
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consider performance of software architectures at a global level. Bosch and Grahn
[1] present some observations about the performance characteristics of a number
of often-occurring architectural styles. Performance issues in the context of the
SAAM method [14] for scenario-based analysis are considered in [15].
Another direction of research address the approaches that have been proposed to derive queuing models from a software architecture described in an
architecture description language (ADL). The method described by Spitznagel
and Garlan [19] is restricted to a number of popular architectural styles (e.g.,
the distributed message passing style but not the pipe and ﬁlter style). In [3]
queueing models are derived from UML 2.0 speciﬁcations which, however, in
most cases do not have an analytical solution.
Compositionality is an important issue in architecture. In the context of performance analysis, compositionality of analysis results may also be a useful property. This means that the performance of a system as a whole can be expressed
in terms of the performance of its components. Stochastic extensions of process
algebras [7] are often advocated as a tool for compositional performance analysis. However, these approaches tend to be fairly computation-intensive, because
they still suﬀer from a state space explosion.
2.3

Business layer

Several business process modelling tools provide some support for quantitative
analysis through discrete-event simulation. Also, general-purpose simulation tool
such as Arena or ExSpect (based on high-level Petri nets) are often used for
this purpose. A drawback of simulation is that it requires detailed input data,
and for inexperienced users it may be diﬃcult to use and to correctly interpret
the results. Testbed Studio (http://www.bizzdesign.com/) oﬀers, in addition to
simulation, a number of analytical methods. They include completion time and
critical path analysis of business processes [11] and queueing model analysis [13].
Petri nets (and several of its variations) are fairly popular in business process
modelling, either to directly model processes or as a semantic foundation. They
oﬀer possibilities for performance analysis based on simulation, as described
above, but they also allow for analytical solutions (which are, however, fairly
computation-intensive). Business process analysis with stochastic Petri nets is
the subject of, among others, [16].

3

The ArchiMate enterprise modelling language

Enterprise architecture refers to a consistent whole of principles, methods and
models that are used in the design and realisation of organisational structure,
business processes, information systems, and infrastructure. However, these domains are not approached in an integrated way, which makes it diﬃcult to judge
the eﬀects of proposed changes. Every domain speaks its own language, draws its
own models, and uses its own techniques and tools. Communication and decision
making across domains is therefore seriously impaired.
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In contrast to languages for models within a domain (e.g., the Uniﬁed Modelling Language, UML [17] for modelling applications and the technical infrastructure, or the Business Process Modelling Notation BPMN [2] for modelling
business processes), a language for enterprise architecture should describe the
elements of an enterprise at a relatively high level of abstraction, and should pay
particular attention to the relations between these elements.
This line of thinking, towards integrated models, can also be recognised in the
Model Driven Architecture (MDA) approach to software development [5]. MDA
is a collection of standards of the Object Management Group (OMG) that raise
the level of abstraction at which software solutions are speciﬁed. Recently, OMG
has extended its focus to more business-oriented concepts and languages, to be
developed within the MDA framework. These developments make MDA just as
relevant for enterprise architecture as it is now for software development.
Following the principle of cross-domain integration, the ArchiMate project
(http://archimate.telin.nl) concentrates on modelling, visualisation and analysis
of architectures, providing architects with concepts, techniques and tools for
architectural design. The development of an architecture language that picture
various architectural domains and their relations forms the core of the project.
Since the analysis technique we present in this paper was designed for ArchiMate
models, we will ﬁrst brieﬂy introduce this modelling language.
As the basis for our analysis approach, we use a simpliﬁed version of the
ArchiMate enterprise modelling language. Figure 1 shows an informal representation of the metamodel of this language with the main concepts and the relations that they may have. They cover the business layer of an enterprise (e.g.,
the organisational structure and business processes), the application layer (e.g.,
application components) and the technical infrastructure layer (e.g., devices and
networks), as well as relation betweens the layers. The language considers the
structural, behavioural and informational aspects within each layer. For a description of the full language, we refer to [12].
In order to allow for the quantitative analysis of models expressed in this
language, attributes are added to quantify some of the concepts and relations.
There can be attributes for both input parameters and analysis results, although
the distinction may not always be sharp: the result of one analysis phase may
be the input of a later analysis phase. In our approach we identify the speciﬁc
quantitative attributes that we use for ArchiMate models.

4

Viewpoints on architecture performance

Architectures can be described from diﬀerent viewpoints, which result in different views on architectural models [10]. These views are aimed at diﬀerent
stakeholders that have an interest in the modelled system. Also for the performance aspects of a system, a number of viewpoints can be discerned, resulting
in diﬀerent (but related) performance measures:
– User/customer view (stakeholders: customer; user of an application/system): response time, the time between issuing a request and receiving
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Fig. 1. The ArchiMate metamodel

the result; the response time is the sum of the processing time and waiting
times (synchronisation losses).
– Process view (stakeholders: process owner; operational manager): completion time, the time required to complete one instance of a process (possibly
involving multiple customers, orders, products etc., as opposed to the response time, which is deﬁned as the time to complete one request).
– Product view (stakeholders: product manager; operational manager): processing time, the amount of time that actual work is performed on the realisation of a certain product or result: the response time without waiting
times. This can be orders of magnitude lower than the response time.
– System view (stakeholders: system owner; system manager): throughput,
the number of transactions/requests that are completed per time unit.
– Resource view (stakeholder: resource manager; capacity planner): utilisation, the percentage of the operational time that a resource is busy. On the
one hand, the utilisation is a measure for the eﬀectiveness with which a resource is used. On the other hand, a high utilisation can be an indication of
the fact that the resource is a potential bottleneck.
This is a reﬁnement of the views mentioned in, e.g.,, [8], which only discerns a
user view and a system view. Figure 2 summarises the views on performance.
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4.1

Integration of models and analysis results

As indicated in [12], one of the aims of the ArchiMate language is to provide a
way to integrate detailed design models expressed in languages such as BPMN
[2] for the business layer or UML [17] for the application and infrastructure
layers. The ArchiMate model shows the global structure within each domain
and the relations between the domains, and contains references to the design
models for the details. Language and model integration also forms the basis of
tool integration, as described in [21]. Since some modelling tools aimed at a
speciﬁc domain also oﬀer quantitative analysis capabilities, we ultimately also
aim for the integration of quantitative results: in that case, the detailed analysis
results are the input for quantitative analysis at the enterprise architecture level.
A prerequisite for this is the compositionality of analysis results.

5

Analysis of enterprise architecture models

In this section we present our approach for the quantitative analysis of serviceoriented models expressed in the ArchiMate language.
5.1

Model structure

The metamodel presented in Figure 1 shows that an architecture model displays
some regular structure. Such a model may be viewed as a hierarchy of “layers”.
Within the global metamodel layers we can distinguish layers of two types: service layers and realisation layers. A service layer exposes external functionality
that can be used by other layers, while a realisation layer models the realisation
of services in a service layer. Thus, we can separate the externally observable
behaviour (expressed as services) from the complex internal organisation (contained within the realisation layers). Figure 6 shows an example of a layered view
of an ArchiMate model. Looking at the horizontal structure of the metamodel,
we notice that realisation layers basically contain three types of elements. They
might model some pieces of internal behaviour (expressed as processes, functions
or system software). Further, each behaviour element can access one ore more
objects and it is assigned to exactly one resource (see Figure 3).
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In a layered view, analysis across layers is possible by propagating quantities
through the layers. A natural option for this is to ﬁrst consider workload measures (such as arrival frequencies), that are imposed as a “demand” to the model
elements from the layers that contain the users of the system (e.g., customers).
These quantities propagate towards the deeper layers of the architecture, yielding
the demands of each of the model elements. Once the workloads have been determined, we can determine the eﬀort these workloads require from the resources
(structural elements) and the behaviour elements. This eﬀort can be expressed in
terms of, e.g., performance measures (e.g., utilisations for resources, processing
and response times for behaviour elements) or costs. From the ‘deepest’ layers
of the models, these measures are propagated to the higher layers.
In summary, our analysis approach consists of the following two phases (see
Figure 4): a top-down calculation and propagation of the workloads imposed by
the top layer; this provides input for a bottom-up calculation and propagation of
performance measures. In the rest of this section we will show how these phases
of analysis can be realised in a systematic manner.
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*
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Infrastructural services
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Fig. 3. Structural properties of ArchiMate models Fig. 4. Layers of ArchiMate models

5.2

Quantitative input

One of the most diﬃcult tasks related to quantitative analysis is to obtain reliable
input data. There are several possible sources for this data. For existing systems
or organisations, measurement can be one of the most reliable methods, although
it is not easy to do this in a correct way: e.g., it should be clearly deﬁned what
exactly is to be measured, the number of measurements must be suﬃcient and
the measurements must be taken under various circumstances that may occur in
practice. If the system or organisation is still to be developed, measurement is no
option. Possible alternatives are then the use of documentation of components to
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be used, or to use estimates (e.g. based on comparable architectures). However,
it often is very diﬃcult to correctly interpret available numerical data, and to
evaluate the reliability of the available data.
We assume that the following input is provided for analysis (see Figure 3):
– For any ’used by’ and ’access’ relation e a weight ne , representing the average
number of uses/accesses. For any ’realisation’ and ’assignment’ relation, we
set ne = 1: they represent a 1-to-1 mappings of a behaviour element to a
service and to a resource, respectively.
– For any behaviour element a, a service time Sa representing the time spent
internally for the realisation of a service (excluding the time spent waiting
for supporting services). Since a service represents the externally observable
behaviour of a behaviour element a, we may assume that it inherits the
service time from the behaviour element that realises it. Therefore, we leave
the choice of specifying this input value for either one of these nodes.
– For any resource r a capacity Cr . By default Cr = 1.
– For any node a, an arrival frequency fa . Typically, arrival frequencies are
speciﬁed in the top layer of a model, although we do allow for the speciﬁcation of arrival frequencies for any node in the model.
5.3

Quantitative results:

The goal of our approach is to determine the following performance measures
(see Figure 3):
– the workload (arrival rate) λa for each node a. (Provided that no resources
are overloaded, the throughput for each node is equal to its arrival rate.)
– the processing time Ta and the response time Ra , for each behaviour element
or service a
– the utilisation Ur , for each resource r.
5.4

Analysis

To derive performance measures, given the inputs, we proceed in three steps:
1. We ﬁrst ”normalise” the model, using model transformations, in order to
generate a model that conforms to the structure presented in Figure 3.
2. Top-down calculation of workloads (arrival rates) λ.
3. Bottom-up computation of performance measures T , U and R.
Step 1: Model normalisation. Typical ArchiMate models do often not fully
conform to the ArchiMate metamodel. This is due to the fact abstraction rules
may be used to create simpliﬁed views on the architecture. These abstractions
have a formal basis in an operator that has been derived for the composition
of relations (see [20] for the details). For instance, a ‘realisation’ relation with a
consecutive used by’ relation may be replaced by a new ‘used by’ relation that
short-circuits a service.
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The ﬁrst step in our approach is a model transformation, deriving a normalised version of the input model. The normalised model conforms to the
structure described in Figure 3. Since some concepts and relations are irrelevant for our approach, normalisation starts with eliminating them from the
model. The remaining model will then be subjected to a series of transformations steps, an example of which is given in Figure 5. There is a limited set
of transformation rules, which has been determined in a rather straightforward
manner. The application of these rules eventually leads to the normalised model.
Because model normalisation is not the primary focus of this paper, we omit a
formal description of the normalisation algorithm.
The following two steps will be applied to the resulting normalised model.

Internal
behaviourA

ResourceA

ResourceA

Service B

ResourceB
Internal
behaviourB

ResourceB

Fig. 5. Example of a normalisation step

Step 2: Top-down workload calculation. For a normalised model, we can
calculate the arrival rate for any node a with the following recursive expression:
+

λa = fa +

da


na,ki λki ,

(1)

i=1

where d+
a denotes the out-degree of node a and ki is a child of a. In other words,
the arrival rate for a node is determined by adding the requests from higher
layers to the local arrival frequency fa .
Step 3: Bottom-up performance calculation. Once the workloads on
the various model components have been calculated, we can proceed with the
bottom-up calculation of the performance measures. The approach is similar to
the top-down approach. We focus here on the bottom-up propagation of performance measures. The following recursive expressions apply:
– The utilisation of any resource r is Ur =

1
Cr

dr

i=1

λki Tki , where dr is the number

of internal behaviour elements ki to which the resource is assigned.
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– The processing time and response time of a service a coincide with these
measures for the internal behaviour element realising it, i.e.: Ta = Tk and
Ra = Rk , where (k, a) is the realisation relation with a as end point. (The
service merely exposes the functionality of the internal behaviour element to
the environment: there is no additional time consumption).
– The processing time and response time of an internal behaviour element a
is computed using the following recursive formulas:
−

T a = Sa +

da


nki ,a Rki

Ra = F (a, ra )

(2)

i=1

where d−
a denotes the in-degree of node a, ki is a parent of a and ra is the
resource assigned to a and F is the response time expressed as a function of
attributes of a and ra .
For example, if we assume that the node can be modelled as an M/M/1 queue
[6], this function is
Ta
(3)
F (a, ra ) =
1 − U ra
We can replace this by another equation in case other assumptions apply: e.g.,
the Pollaczek-Khinchine formula for an M/G/1 if Ta has a non-exponential distribution, or the solution for an M/M/n queue based on the Erlang C formula
for a structural element with a capacity greater than 1:

Ra = Ta +

Ta
·
1 − U ra

(Cra Ura )Cra
(Cra Ura

)Cra

+ Cra !(1 − Ura )

Cr
a −1
j=0

(4)
(Cra Ura )j
j!

In most cases, this will lead to approximate results because the queueing
networks are not separable [6]. At the enterprise architecture level, where we are
generally interested in global performance estimates, we expect such approximations to be good enough. We might even consider more global solutions, e.g.
operational performance bounds [4]. In case more precise results would be required, instead of simple queueing formulas, more detailed techniques such as
simulation can be applied in combination with our approach.

6

Example

In this section we give an example to illustrate the analysis approach described
in the previous section. Consider an insurance company that uses a document
management system for the storage and retrieval of damage reports. We assume
that the document management system is a centralised system, used by multiple
oﬃces throughout the country, which means that it is quite heavily used. We
show how performance measures of this system, including resource utilisations
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and response times, can be derived using a model of the architecture of the
system (see Figure 6). This model covers the whole stack from business processes
and actors, through applications, to the technical infrastructure.
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n =1
database
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storedamage
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Document
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document
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n =1
data
access
S = 0.2s

Document
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Database
server

Fig. 6. Document management example

There are three applications oﬀering services that are used directly by the
business actors. The Administrator can search in the metadata database, resulting in a short descriptions of the reports that meet the query and view reports
that are returned by a search. The report scanning application is used to scan,
digitise and store damage reports (in PDF-format).
In addition to the two applications that are used directly by the end-user,
there are two supporting application components: a database access component,
providing access to the metadata database, and a document management component, providing access to the document base. Finally, the model shows the
physical devices of which the database access and document management components make use. They use ﬁle access services provided by these devices.
In the model we also specify the analysis inputs. On the ‘used by’ relations, we
specify workloads, in terms of the average number of uses n of the corresponding
service. For the business processes, an arrival frequency f is speciﬁed. Finally,
for services we may specify a service time S. We now proceed to analyse this
model, using the three steps described in the previous section.
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Step 1: Model normalisation. We ﬁrst derive a normalised model that is
compliant with the modelling rules described in Figure 3. Figure 7 shows the
normalised version of the model in Figure 6. The input parameters for the workload on the ‘used by’ relations are the same as in the original model. The service
times are now transferred also to the inserted internal behaviour elements.
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Fig. 7. Normalised model

Step 2: Top-down workload analysis. Table 1 shows the workload for the
services s in the model, in terms of the arrival rates λs . The arrival rates depend
on the frequencies of the customer input requests and the cardinalities n of the
‘used by’ relations. The table also shows the scaled arrival rates expressed in
arrivals/second (assuming that systems are operational eight hours per day).
Step 3: Bottom-up performance analysis. Table 1 shows the performance
results for the example model, i.e., the processing and response times for the services and the utilisations for the resources at the application and infrastructure
layer (we assume that the business layer is only relevant because it provides the
input for the workloads; however, the performance results can easily be extended
to the business layer).
For simplicity, we assume Poisson arrivals and exponentially distributed service times in this example, so that every structural element a can be modelled as
an M/M/1 queue [6]. The response time function is then given in equation (3).
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Resource (r) Service (s)

λs
(sec−1 )
Doc. srv.
doc. acc.
0.0382
DB srv.
data acc. 0.0278
Doc.mgt. sys. retr. doc. 0.0313
Doc.mgt. sys. store doc. 0.0069
DB syst.
DB query 0.0278
DB syst.
DB entry 0.0069
Search comp. search rep. 0.0278
View comp. view rep.
0.0313
Rep. scanning store rep. 0.0069

Ts
(sec)
6.0
0.2
12.8
12.8
0.7
0.7
1.2
27.0
33.7

Rs
(sec)
7.8
0.2
25.0
25.0
0.7
0.7
1.2
174.0
44.0

Ua
0.229
0.006
0.488
0.488
0.019
0.019
0.025
0.843
0.234

Table 1. Workloads and performance results

The results show that queueing times from the lower layers accumulate in the
higher layers, resulting in response times that are orders of magnitude greater
than the local service times. E.g., the ‘view’ component of the ‘claim handling
support’ application has a utilisation of over 84%, which results in a response
time of the ‘view damage report’ application service of almost 3 minutes.
Using our approach, it is easy to study the eﬀect of input parameter changes
on the performance. For example, Figure 8 shows how the response time of the
View component depends on the arrival frequency associated with the Administrator (assuming a ﬁxed arrival frequency for the Damage expert). The maximum
arrival frequency, which results in a utilisation of the View component of 100%,
is 651 arrivals per day. In the design stage these results may help us to decide,
e.g., if an extra View component is needed.
350
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200

300
400
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f(Administrator)

600

700

Fig. 8. Arrival rate vs. response time

7

Conclusions and future work

Although the importance of enterprise architecture modelling has been recognised, hardly any attention has been paid to the analysis of their quantitative
properties. Most existing approaches to performance evaluation focus on detailed
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models within a speciﬁc domain. In this paper we demonstrated the applicability
of quantitative modelling and analysis techniques for the eﬀective evaluation of
design choices at the enterprise architectures level. We discerned a number of
architecture viewpoints with corresponding performance measures, which can be
used as criteria for the optimisation or comparison of such designs.
We introduced a new approach for the propagation of workload and performance measures through an enterprise architecture model. This can be used as
an analysis framework where existing methods for detailed performance analysis, based on, e.g., queueing models, Petri nets or simulation, can be plugged
in. The presented example illustrates the use of our top-down and bottom-up
technique to evaluate the performance of a document management system for
the storage and retrieval of damage reports. Using a simple queueing formula
for the response times, we showed that queueing times from the lower layers of
the architecture accumulate in the higher layers, which results in response times
that are orders of magnitude greater than the local service times. A prototype
has been developed for further illustration and validation of the approach.
Several improvements and extensions to the approach are conceivable. For
example, in [9] we show that our “vertical” approach to calculate and propagate
workloads and performance measures could also be combined with “horizontal” analysis techniques to evaluate, e.g., critical paths and completion times
in business processes [11]. Finally, for a further integration of architecture design process, combining quantitative analysis with functional analysis approaches
(e.g., “impact of change” analysis based on quantitative results) or visualisation
techniques could be fruitful.
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Abstract. In this paper, we present a metamodel for supporting the
mapping specification between two metamodels. A mapping model based
on this proposed metamodel defines correspondences between elements
from two metamodels. It can then be used to generate a transformation
definition, e.g. using Atlas Transformation Language (ATL). This metamodel is based on the Eclipse Modeling Framework (EMF). A plug-in
for Eclipse implements this metamodel for mapping with the aim of providing a tool for supporting mapping specification and for generating the
transformation definition.

1

Introduction

Recently, the Object Management Group (OMG) has stimulated and promoted
the adoption of the Model Driven Architecture (MDAT M )4 [1] approach for
developing large and complex software systems. In this approach, models become
the hub of development, separating platform independent characteristics (i.e.
Platform-Independent Model - PIM) from platform dependent characteristics
(i.e. Platform-Specific Model - PSM).
The MDA approach aims to provide an architecture with which complex software systems (such as B2B applications on the Internet) can evolve for meeting
new requirements or new technologies, business logic is protected against the
changes in technologies, and legacy systems are integrated and harmonized with
new technologies. However, before that becomes a mainstream reality, several
issues in MDA approach need solutions, such as mapping, transformation [2],
handling of semantic distance between metamodels [3], bidirectional mapping
[4], and so on.
In this paper, we limit our objectives to providing some insights into mapping specification and transformation definition. We propose a metamodel for
?

4

This work has been done in the context of the INTEROP European Network of
Excellence.
MDAT M is a trademark of the Object Management Group (OMG).
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mapping and a tool for editing mapping models based on this metamodel. Afterwards, we can use this tool to generate transformation definition. Our approach
is implemented through a tool using a plug-in for Eclipse [5].
This paper is organized in the following way. Section 2 is an overview of
MDA. Section 3 presents our approach for mapping two metamodels within the
context of MDA. Section 4 shows the implementation of our proposed metamodel
for mapping through a plug-in for eclipse. Section 5 contains conclusions and
presents the future directions of our research.

2

Overview

Some areas, such as civil and electrical engineering, have assimilated the importance of models. In these areas, the model predates the building. Moreover,
in some countries, it is impossible to start a building without its models (i.e.
an electrical and civil engineering project). Models are largely used during the
building, and then for maintenance, for modification (i.e. evolution) and for
criminal investigation (such as police investigation in the case of a building that
crumbles). In fact, we have much to learn from good practice in other areas. At
times, we need to develop more the discipline of model engineering in computer
science and its use in software enterprises.
For a long time, modeling languages, such as UML, were only used for documenting software systems, but nowadays models become the impetus for software
development thanks to the MDA approach.
MDA is based on an architecture with four meta-layers: metametamodel,
metamodel, model and information (i.e. an implementation of its model). In
this approach, everything is a model or a model element, and a high level of
abstraction and comprehension about a problem and its solution are provided.
The MDA approach has been accepted by companies, universities, governments and organizations as a potential solution for the problem of complexity in
the development and maintenance of software systems. The period of skepticism
about MDA seems to be over. Several case studies have demonstrated some benefits of the MDA approach, such as gain in productivity and protection against
error-prone factors linked with manual programming [6]. Other possible benefits
of MDA include:
– an increase in the return on investments in technology.
– a uniform approach for business models and for technologies to evolve together.
– an architecture ready for handling the problems of yesterday, today and
tomorrow; and for integrating old, current and new technologies used in
software development [7].
Several potential benefits need time to be demonstrated. However, the MDA
approach has been used with success in some projects such as the case study
presented at [6].
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Before reaching a stage comparable to civil and electrical engineering, the
MDA approach needs to be more developed and experimented. Recently, some
initiatives have contributed to enhancing MDA, such as some response [8] [9] to
the RFP-QVT [2] and the creation of tools for implementing the concepts around
MDA [10] [11] [12] [13]. Among these initiatives, we call attention to the eclipse
projects based on the concepts of MDA, such as Eclipse Modeling Framework
(EMF) [10] developed under an open source philosophy. This project provided
the basis for researchers to develop and implement their ideas and contributions
on software engineering. Our aim is to contribute to this project providing an
approach for mapping specification and transformation definition.
In fact, the transformation of a PIM into a PSM is a process [7]. Here, we
extend this process, separating mapping specification and transformation definition. This new proposed process involves several entities: a metametamodel (such
as MOF and Ecore), a source and target metamodel (such as UML), a source
and target model, a mapping model, a transformation language model (such as
a model based on the ATL [14] and YATL [15] metamodel), and a transformation engine. Mapping model specifies correspondences between the source and
target metamodel. A transformation model is generated from a mapping model.
A transformation program is based on its transformation model. The transformation is achieved by a transformation engine that executes a transformation
program. The transformation engine takes a source model, executes the transformation program, and provides a target model as output. Figure 1 depicts the
transformation process, relating each involved entity.
In this paper, we use the term mapping as a synonym for correspondence
between the elements of two metamodels, while transformation is the activity
of transforming a source element into a target element in conformity with the
transformation definition. Following these two concepts, the mapping specification precedes the transformation definition. Figure 2 presents three categories of
mapping: one-to-one, one-to-many and many-to-one. This classification is based
on the concept of similar structure and semantics between the elements of metamodels. Two or more elements from two metamodels present similar structure
and semantics, if the target element(s) can represent the same information contained in the source element(s).
A one-to-one mapping is characterized by one element from a target metamodel that may represent the similar structure and semantics of one element from
a source metamodel. A one-to-many mapping is characterized by a non-empty
and non-unitary set of elements from a target metamodel that presents similar
semantics to one element from a source metamodel. A many-to-one mapping
is characterized by an element from a target metamodel that presents similar
semantics to a non-empty and non-unitary set of elements from a source metamodel. This last mapping is not directly implemented in some languages such
as ATL, but it can be simulated using a transformation rule that takes only one
element from the source metamodel and determines the other elements based on
the relationships between the first element with the others.
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Fig. 1. Transformation Process in MDA

Several research projects have studied the specification of mapping between
metamodels [16] [17] [18]. However, the ideas around mapping are not sufficiently
developed to create efficient tools to enable automatic mappings.

3

Mapping

The creation of mapping specification and transformation definition is not an
easy task. In addition, the manual creation of mapping specification and transformation definition is a labor-intensive and error-prone process [19]. Thus the
creation of an automatic process and tools for enabling them is an important
issue. Some propositions enabling the mapping specification have been based on
heuristics [18] (for identifying structural and naming similarities between models) and on machine learning (for learning mappings) [20]. Other propositions
enabling transformation definition have been based on graph theory [21]. Mapping specification is not a new issue in computer science. For a long time, the
database domain has applied mappings between models (i.e. schema) and transformation from different conceptual models, e.g. entity-relationship (ER), into
logical or physical models (relational-tables and SQL schema). However, these
same issues have taken a new dimension with the sprouting of MDA, because
models become the basis to generate software artifacts (including code) and in
order to transform one model into another model, mapping specification is required. So, both mapping specification and transformation definition have been
recognized as important issues in MDA [7].
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In this section, we present our proposition for specifying mappings (i.e. correspondences between metamodels). This approach for mapping is based on a
metamodel and implemented as a tool on Eclipse. This tool provides support
for mapping, which is a preliminary step before the creation of a transformation
definition, e.g. using Atlas Transformation Language (ATL) [14].

3.1

Foundation for mapping

Given M1 (s)/Ma , M2 (s)/Mb , and CMa →Mb /Mc , where M1 is a model of a system s created using the metamodel Ma , M2 is a model of the same system s
created using the metamodel Mb , and CMa →Mb is the mapping between Ma
and Mb created using the metamodel Mc , then a transformation can be defined
as the function T ransf (M1 (s)/Ma , CMa →Mb /Mc ) → M2 (s)/Mb . In this section,
we aim to detail CMa →Mb /Mc . In general, Ma , Mb and Mc are based on the
same metametamodel which simplifies the mapping specification. For now, we
can define CMa →Mb ⊇ {Ma ∩ Mb }, where ∩ is a binary operator that returns the
elements of Ma and Mb which have equivalent structure and semantics.
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The process of identifying and characterizing inter-relationships between
metamodels is denominated schema matching [18]. In fact, mapping describes
how two metamodels 5 are related to each other. So, schema matching results
in a mapping. According to model management algebra [22], a mapping is generated using an operator called match which takes two metamodels as input and
returns a mapping between them.
The identification of inter-relationships between metamodels is generally
based on the structure of the metamodels. The structure of a metamodel is
a consequence of relationships between its elements. These relationships relate
two metamodel elements and have some characteristics such as kind. Generally,
five relationship kinds can relate a model element to another model element [17]:
Association, Contains, Has-a, Is-a, Type-of.
These relationship kinds can be formalized as follow:
–
–
–
–
–

Association: A(a, b) means a is associated with b.
Contains: C(c, d) means container c contains d.
Has-a: H(e, f ) means e has an f .
Is-a: I(g, h) means g is an h.
Type-of : T (i, j) means i is a type of j.
In [17], the authors propose the five cross-kind-implications:

–
–
–
–
–

if
if
if
if
if

T (q, r) and I(r, s) then T (q, s).
I(p, q) and H(q, r) then H(p, r).
I(p, q) and C(q, r) then C(p, r).
C(p, q) and I(q, r) then C(p, r).
C(p, q) and I(q, r) then H(p, r).

In [17], two models are defined equivalents “if they are identical after all
implied relationships are added to each of them until a fix point is reached”.
Applying these relationship kinds and cross-kind-implications to metamodels,
they can also be simplified and compared between them to find equivalences and
similarities.
3.2

Eclipse Modeling Framework (EMF)

Eclipse Modeling Framework (EMF) is a modeling framework and code generation facility for supporting the creation of tools and applications driven by
models [10]. EMF represents the efforts of Eclipse Tools Project to take into account the driven model approach. In fact, MDA and EMF are similar approaches
for developing software systems, but each one has different technologies. MDA
was first designed by OMG using MOF and UML, while EMF is based on Ecore
and stimulates the creation of specific metamodels.
EMF is a framework which meets the requirements of Domain-Specific Languages (DSL) [3]. DSLs are defined by Steve Cook as “languages that instead of
5

In our approach, we prefer employ the term metamodel in the definition of the term
mapping.
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being focused on a particular technological problem such as programming, data interchange or configuration, are designed so that they can more directly represent
the problem domain which is being addressed” [3]. DSL presumes the existence of
many metamodels, despite UML which is a general-purpose metamodel. MOF
can also be used for creating DSLs, but OMG has focused its efforts on the
adoption of UML and UML profiles, to the detriment6 of specific metamodels.
Within the eclipse’s philosophy, EMF is one more plug-in that can be used
such as it is or extended by other plug-ins. In the context of Eclipse, plug-in is
the mechanism for extending the basic architecture of Eclipse with things that
have common or different purposes, where they share a common environment
[23].

EModelElement

EPackage
ENamedElement
+name : EString

+ePackage
+eClassifiers 0..*
EClassifier

+eType

ETypedElement

EStructuralFeature

0..1
EParameter

0..*
+eAlIOperations

EOperation

+eOperation 0..*

0..*
+eOperations
+eContainingClass
+eAttributes

+eParameters

EAttribute
+eAttributeType

0..*

EClass

+eReferences
0..*
+eSuperTypes
0..*

+eReferenceType

EDataType

EReference
+containment : EBoolean
+lowerBound : EInt
+upperBound : EInt
0..1
+eOpposite

Fig. 3. Ecore metamodel (fragment)

Figure 3 presents a fragment of Ecore metametamodel [10]. Ecore has some
points in common with MOF, but the former is more simple than the latter7 .
In addition, the serialization of a metamodel based on Ecore is more clear and
simple than the similar metamodel based on MOF.
3.3

A metamodel for mappings

In order to define a mapping, we need a metamodel which enables:
6

7

The OMG has provided a limited number of metamodels, such as UML and Enterprise Distributed Object Computing (EDOC).
This comparison is made using MOF 1.4. However, MOF 2.0 (i.e. Essential MOF EMOF) is closer to Ecore.
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– identification of what elements have similar structures and semantics to be
mapped.
– explanation of the evolution in time of the choices taken for mapping one
element into another element.
– bidirectional mapping. It is desirable, but is often complex [4].
– independence of model transformation language.
– navigation between the mapped elements.
Figure 4 presents a metamodel for mapping specification.

Fig. 4. Metamodel for Mapping Specification

In this metamodel, we consider that a mapping can be unidirectional or
bidirectional. In unidirectional mapping, a metamodel is mapped into another
metamodel. In bidirectional mapping, the mapping is specified in both directions.
Thus, we prefer to denominate two metamodels in a mapping as left or right
metamodels.
This metamodel presents the following elements:
– Element is a generalization for the other elements.
– Historic enables the explanation of the different choices taken for making
the mapping. It has the date of the last update, a note, and the number of
the last version, and a collection of Definitions.
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– Definition is the main element and it contains all correspondences (i.e.
Correspondence) between two metamodels (i.e. each correspondence has one
left element and many right elements).
– Correspondence is used to specify the correspondence between two or more
elements, i.e. left and right element. The correspondence has a filter that
is an OCL expression. When bidirectional is false, a mapping is unidirectional (i.e. left to right), and when it is false it is bidirectional (i.e. in
both directions). It has two TypeConverters identified by typeconverterRL
and typeconverterLR. typeconverterRL enables the conversion of the elements from a right metamodel into the elements from a left metamodel.
typeconverterLR enables the conversion of the elements from a left metamodel into the elements from a right metamodel. We need often specify only
the typeconverterLR.
– Left is used to identify the left element of a mapping.
– Right is used to identify the right element of a mapping.
– MetaModelHandler is used to navigate into a metamodel. It has the information necessary for accessing a metamodel participating in a mapping. A
mapping is itself a model, and it must not interfere with the two metamodels
being mapped.
– ElementHandler enables access to the elements being mapped without changing them.
– TypeConverter enables the type casting between a left and a right element. If
one element of a left metamodel and another element of a right metamodel
are equals, then the mapping is simple and direct. However, if one element
of a left metamodel and another element of a right metamodel are similar,
then the mapping is complex and it is achieved using type converter, i.e. a
complex expression to adapt a left element to a right element.

4

A Plug-in for Eclipse

A tool supporting our proposed metamodel for mapping should provide:
– simplification for visualizing mappings. In order to specify a mapping, two
metamodels are necessary. From experience, metamodels have generally a
considerable number of elements and associations. So the visualization becomes complex, putting two metamodels so large side by side and the mapping in the center. A tool should allow the creation of views, navigation and
encapsulation of details unnecessary for each mapping in order to facilitate
the visualization and comprehension of the mapping without modifying the
involved metamodels.
– creation of transformation definition from mapping specification. A mapping
specification is a model itself, then it can also be transformed into another
model. For example, a mapping model can be transformed into a transformation model.
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4.1

An illustrative example

Figure 5 presents our proposed tool to support mapping specification. This tool
is denominated Atlas Model Weaver. In fact, mapping is a form of weaver [24].
It was implemented as a plug-in for Eclipse that uses our proposed metamodel
for mapping (see sections 3.1 and 3.3).

Fig. 5. Atlas Model Weaver (AMW): support for mappings

This tool presents a first metamodel on the left side, a mapping model in
the center, and a second metamodel on the right. In this case, a fragment of the
UML metamodel is mapped into a Java metamodel. In the bottom, the property
editor of mapping model is shown. A developer can use this property editor to
set the properties of a mapping model.
According to figure 5, C2JC maps UML Class into Java JClass, mapping also
the attributes such as name and visibility from Class into the corresponding
attributes of JClass.
This tool simplifies the creation of mapping specification and provide some
other features such as:
– verification of the conformity between a mapping model and our proposed
metamodel for mapping.
– transformation of mappings and metamodels into a simplified text representation which makes them more understandable.
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– transformation of mappings specification into transformation definition.
This tool can export a mapping model as transformation definition. For the
moment, we have implemented a generator for ATL[14], but we envisage creating
generators to other model transformation languages such as YATL [15], in order
to evaluate the power of our proposed metamodel for mapping. The resulting
code in ATL of the mapping between UML (fragment) and this Java metamodel
is presented in figure 6. This figure shows the ATL code fragment as module
uml2java;..., the rules C2JC and A2Jf. The last rule transforms an UML Attribute
into Java JField.

Fig. 6. The generated ATL code using the plug-in for mapping

The code in ATL is generated based on the mapping model. This tool leave
the developer free to think only in the mapping between two metamodels, helping
him to specify how the metamodels can be inter-related. Afterwards, it can
generate the transform definition.

5

Conclusion

In this paper, we have presented our approach to determine mappings (i.e. correspondences) driven by models. A tool for mapping was also provided. However,
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the schema matching [18], i.e. finding correspondences between models, was not
sufficiently covered here, because in the current stage of our research, we concentrated our efforts on taking into account mapping driven by models, defining
a metamodel and tool for mapping.
If transformation is the heart of MDA, and to transform a PIM into a PSM,
it is necessary to find correspondences between metamodels, then mapping specification is also another important issue within MDA context.
MDA simplifies the development of software, but this is not obtained without effort. In fact, MDA allows developers to develop, maintain and evolve their
systems encapsulating the complexity in models, model transformation, mapping, and so on. Thus, what a developer must know in order to develop software
artifacts with MDA is only the tip of the iceberg, i.e. models.
In future research, we will develop more fully the schema matching and the
weaving technique in order to integrate them also into our plug-in for Eclipse.
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7. Bézivin, J., Hammoudi, S., Lopes, D., Jouault, F.: Applying MDA Approach
for Web Service Platform. 8th IEEE International Enterprise Distributed Object
Computing Conference (EDOC 2004) (2004)
8. Interactive Objects Software GmbH and Project Technology, Inc.: 2nd Revised
Submission to MOF Query / View / Transformation RFP. (2004)
9. QVT-Merge
Group:
Revised
submission
for
MOF
2.0
Query/Views/Transformations RFP (ad/2002-04-10). (2004)
10. Budinsky, F., Steinberg, D., Merks, E., Ellersick, R., Grose, T.J.: Eclipse Modeling
Framework: A Developer’s Guide. 1st edn. Addison-Wesley Pub Co (2003)
11. GMT:
Generative
Model
Transformer
Project
(2004)
Available
at
http://dev.eclipse.org/viewcvs/indextech.cgi/
checkout
/gmthome/description.html.
12. Java Community Process: JavaT M Metadata Interface(JMI) Specification, Version
1.0. (2002)
13. netBeans.org:
Metadata Repository (MDR) (2004) Available at
http://mdr.netbeans.org.
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Abstract. The Business Process Execution Language (BPEL) is an XML based
language; the BPEL standard defines the structure, tags and attributes of an
XML document that corresponds to a valid BPEL specification. In addition, the
standard defines a number of natural language constraints of which some can be
ambiguous and are complex. This paper uses the Unified Modelling Language
(UML) and Object Constraint Language to provide a model of the XML based
BPEL language. Based on this model the paper shows how OCL can be used to
give a precise version of the natural language constraints defined in the BPEL
standard. We then use this precise specification to generate a Validation tool
automatically that can check that a BPEL document is well-formed.

1 Introduction
The problems of interoperability can be viewed as having two aspects: one being
the matching of concepts and ontologies; the other being the problem of matching
different technologies. In fact, most interoperability problems straddle this division,
requiring both conceptual and technological compatibility to be addressed at the same
time. If we can simplify one of these two aspects, we free up the engineering process
to focus more fully on the other.
BPEL or BPEL4WS (Business Process Execution Language for Web Services) [4]
is a language for specifying the Business Process logic that defines a choreography of
interactions between a number of Web Services [9]. It is a technology that can be
used to address aspects of interoperability between components that offer their
services as Web Services. Although the language provides technical means to specify
choreography patterns, it does not directly provide support for understanding the
conceptual information associated with the related services. Making the use of this
language as simple as possible via provision of good support tools will enable an
engineer to focus on the conceptual issues rather than focusing on the difficulties of
the language itself.
The BPEL4WS language is an XML based language and the BPEL standard
defines the structure, tags and attributes of an XML document that corresponds to a
valid BPEL specification. In addition to the precise specification of tag names and
attributes, the standard defines a number of constraints on the way in which the XML
elements should be put together. These constraints are given using natural language,
which although being very descriptive is not always precise and some of the
constraints are ambiguous. In addition some of the constraints are so complex that it is
difficult to understand from the text what the constraint is actually saying; this leaves

- 1 of 15 -
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the possibility of creating what appears to be a valid XML BPEL document, which in
actual fact violates one or more usage constraints.
This paper uses the Unified Modelling Language (UML) [8] and Object Constraint
Language (OCL) [5] to provide a model of the XML based BPEL language. Based on
this model the paper shows how OCL can be used to give a precise version of the
natural language constraints defined in the BPEL standard.
The model and constraints are subsequently used to automatically generate a BPEL
validation tool as a plug-in to IBM’s eclipse IDE. The plug-in uses the Eclipse
Modelling Framework (EMF) [3] code generation facilities along with the OCL code
generation tools developed at the University of Kent [2].
Section 2 of this paper gives an explanation of the Model Driven approach to
constructing the validator. Section 3 shows the UML model of the BPEL language (a
BPEL metamodel) that we use. Section 4 specifies (some of) the OCL constraints that
correspond to natural language from the BPEL4WS standard. Section 5 discusses
some of the more difficult issues involved in mapping the model and constraints to an
implementation. The paper concludes in section 6.

2 Explaining the Approach
Model Driven Development (MDD) or Model Driven Architecture (MDA) [7] is
an approach to software development in which the focus is on Models as the primary
artefacts. Model Transformations are considered the primary operation on models,
used to map information from one model to another. One of the simplest
instantiations of MDD is the idea of code generation from UML models, which can be
viewed as a transformation from the UML model to a Code model.
Code generation is not new and has been around for far longer than the recent
activity surrounding MDD. What we consider to be of interest with regards to the
work in this paper is the combination of code generation from models and code
generation from constraints; with the resulting code facilitating the validation of the
constraints against instances of the model. In particular, the model code and the
constraint code are generated separately, see Figure 1.
BPEL model

Constraints

Kent OCL
tools

EMF

Validator
Java
Code

Java
Code

Figure 1 Code Generation from Model and Constraints
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The work carried out in this paper is (as implied by the title) an experiment in
using a modelling and constraint based approach to specifying the BPEL4WS
language and automatically generating a tool that aids a user in writing valid BPEL
specifications. This is different from the work described in [6] where UML is used as
a language for writing BPEL specifications.
A set of UML Class Diagrams are created to model of the structural aspects of the
BPEL language. We then use OCL as a mechanism for formally specifying
constraints on instances of the model; these constraints on the model correspond to
constraints on how elements of the BPEL language can be put together. A model
constraint that fails would indicate an invalid combination of BPEL constructs.
OCL is a text based constraint language that has been officially part of the UML
standard in recent versions. The language is based primarily on Set theory concepts
and can be written using the ASCII character set. Although, defined initially as a
“constraint” language the core expression part of OCL can also be used as an objectbased Query Language.

3 BPEL Model
The BPEL language, as described above, is defined as an XML document. In order
to write constraints using OCL we form a UML model that represents the structure of
the BPEL XML document. The following figures illustrate part of the model, the rest
can be found in the technical report [1]. The model of the BPEL language defined
here is in accordance with the version 1.1 of the BPEL standard. There are however a
few points to note regarding the modelling of the language:
• All yes/no options from the specification are mapped to Booleans; with
‘true’ representing ‘yes’.
• The BusinessProcess class extends the class Scope. There is a large
overlap between the two classes (partly due to changes from version 1.0
to 1.1), and the extension simplifies the model. The BusinessProcess class
now contains PartnerLinks, these were not part of the BPEL 1.0
specification.
• The notion of ‘imports’ to a business process have been added (for the
purpose of this work) in order to aid the reading of BPEL specifications
and their reference to other documents.
• An additional Layer has been added to the activity hierarchy. The
StructuredActivity and BasicActivity classer partitions the activities into
those that contain sub-activities and those that don’t. This helps with
defining constraints to model the restrictions on links and the boundary
crossing conditions.
• The class modelling the construct for a sequence of activities is renamed
ActivitySequence (originally Sequence) as the original name clashes with
the OCL type Sequence.
• PartnerLink is the version 1.1 replacement for the version 1.0
ServiceLinkType.
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ExtensibleElement
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Figure 4 Activity Hierarchy and Standard Parts

4 The Constraints
The BPEL4WS standard contains approximately 20 natural language constraints
that we have mapped into OCL constraints on the BPEL metamodel. The full details
of this work can be found in the technical report [1], in this paper we have room to
show only a few. We start by showing a simple constraints, then move on through
successively more complex (and interesting) constraints until the final one that
effectively require us to construct a BPEL model checker.
The following subsections address successively more complex constraints. Each of
the subsections give an extract from the BPEL standard, defining a natural language
constraint on the use of the language, which is then expressed using OCL to give a
more precise specification as a constraint on the UML model of BPEL. The later
constraints of greater complexity require the definition of additional model properties;
OCL, through the use of the ‘def’ context, enables us to give these definitions, which
can subsequently be used to specify the required OCL expressions.
4.1 Partner definitions must not overlap
The first constraint we look at is quite a simple constraint to define, however it
does highlight an interesting issue regarding the relationship between the structural
model of the language, OCL constraints on that model, and the implementation
policy.
“7.3 Business Partners
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… Partner definitions MUST NOT overlap, that is, a partner link MUST
NOT appear in more than one partner definition.”

This constraint is a restriction on the connections between a ‘partner’ construct and
a ‘partnerLink’ construct. These two constructs are represented in BPEL as sub
elements of the top level ‘BusinessProcess’ element. E.g. the following two XML
segments show a valid and an invalid process specification:
<process
name="Invalid" ...
<partner
name="SellerShipper"
xmlns="http:...">
<partnerLink
name="Seller"/>
<partnerLink
name="Shipper"/>
</partner>
<partner
name="Shipper">
<partnerLink
name="Shipper"
...
</process>

<process
name="Valid" ...
<partner
name="SellerShipper"
xmlns="http:...">
<partnerLink
name="Seller"/>
<partnerLink
name="Shipper"/>
</partner>
<partner
name="Shipper">
<partnerLink
name="Shipper2"
...
</process>

This constraint requires that the union of partnerLink objects from all partners in a
process is a Set; i.e. each partnerLink in that union is unique.
We could attempt to enforce this constraint by the structure of the BPEL model,
however; i.e. if we model the relationship between Partner and PartnerLink as an
[0..1]-to-[0..*] association, this states that any one partnerLink can only be associated
to a single partner and thus the above constraint would not be violated. However, if
we consider the generation of a BPEL validator, this is where the implementation
policy is important; the structure of the XML language happily allows the constraint
to be broken, so we must look at the process of mapping the XML document into an
implementation of the BPEL model.
A typical implementation of a [0..1]-to-[0..*] association would simply update the
[0..1] end if an object were added to the [0..*] end (this is certainly what happens
within the EMF implementation). So a naïve mapping from XML to model
implementation of the partner and partnerLink constructs would not provide any
notification that the constraint was broken, it would simply update the links between
instances.
For a BPEL validator, it is essential that notification is given that the constraint is
violated. So either, the mapping from XML to model instance should check that the
link between partner and partnerLink has not already been set; or we can model the
association as a [0..*]-to-[0..*] association and add an explicit OCL constraint to
check that the required uniqueness properties are met.
As can be seen by the UML diagrams above, we have adopted the second approach
and the necessary OCL constraint is given below.
context bpel::Process
inv partnerDefinitionsMustNotOverlap :
let
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x=self.partner.partnerLink
in
x->asSet()->asBag() = x->asBag()

As can be seen by this example, there is a balance to be made between constraining
the BPEL language by the structural model and by constraining it using OCL
constraints.
4.2 Instantiation of a Process
This next constraint deals with the instantiation of a business process. This adds a
constraint to the first actions that are allowed to occur in the process as a whole, and
thus require us to extract a set of possible ‘initial activities’ from the complete activity
graph define in the specification.
“11.4. Providing Web Service Operations
… The only way to instantiate a business process in BPEL4WS is to
annotate a receive activity with the createInstance attribute set to "yes"
(see 12.4. Pick for a variant). The default value of this attribute is "no".
A receive activity annotated in this way MUST be an initial activity in
the process, that is, the only other basic activities may potentially be
performed prior to or simultaneously with such a receive activity MUST
be similarly annotated receive activities.”

To check this constraint we first provide a property definition to extract the set of
‘initial activities’ for a BusinessProcess. The constraint is defined on ‘Scope’ a
supertype of BusinessProcess to facilitate its reuse:
context bpel::Scope
def: initialActivities : Set(bpel::Activity) =
self.activity.initialActivities

This property definition simply states that the initial activities of a BusinessProcess
(or Scope) construct are the initial activities of the Activity construct that it contains.
Thus we must also define the property ‘initialActivities’ as a property of ‘Activity’
and override the property in all subclasses of Activity in order to specify the correct
definition for each type of activity. For reasons of space these overriding definitions
are not given here, and the reader is directed to the technical report for full details.
We also provide a property ‘process’ on class ‘Activity’ that returns the business
process containing the activity.
context bpel::Activity
def: process : bpel::BusinessProcess =
if self.parent.oclIsUndefined()
then self.oclAsType(bpel::BusinessProcess)
else self.parent.process endif

Given the definition of these properties we can provide two invariants that check
the natural language constraint given above:
context bpel::Receive
inv allReceivesMarkedAsCreateInstanceMustBeInitial :
self.createInstance
implies
self.process.initialActivities->includes( self )
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context bpel::BusinessProcess
inv allInstantiationActivitiesAreMarkedCreateInstanceAsYes :
self.instantiationActivities->forAll( act |
act.oclIsTypeOf(bpel::Receive)
and
act.oclAsType(bpel::Receive).createInstance
)

4.3 Link Control Cycles and boundary crossing
Some of the most complex constraints to check manually are those that define the
use of Links within the Flow construct; i.e. those that check for boundary crossing
conditions and control cycles. By using OCL to defining some additional (temporary)
properties on the model we can construct OCL invariants that check the constraints.
Consider the following natural language constraints:
“… Every link declared within a flow activity MUST have exactly one
activity within the flow as its source and exactly one activity within the
flow as its target. The source and target of a link MAY be nested
arbitrarily deeply within the (structured) activities that are directly
nested within the flow, except for the boundary-crossing restrictions.
… In general, a link is said to cross the boundary of a syntactic
construct if the source activity for the link is nested within the construct
but the target activity is not, or vice versa, if the target activity for the
link is nested within the construct but the source activity is not.
… A link MUST NOT cross the boundary of a while activity, a
serializable scope, an event handler or a compensation handler (see
13. Scopes for the specification of event, fault and compensation
handlers).”

We can illustrate a specification with Links that do and don’t adhere to these
constraints in Figure 5. The specifications are shown using a graphical notation rather
than the XML syntax of BPEL as it is easier to see the links between activities in this
manner. The arrows in the diagram represent links between activities. The top link is
invalid as it crosses the boundary of a while activity; the lower link is valid.
Flow
Sequence

Sequence

Activity

While
Activity

Activity

Activity

Activity

Figure 5 Links in a Flow Activity
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To express this constraint in OCL, we require a property subActivities to be
defined for each subtype of Activity. The property returns a set containing all
activities directly nested within that Activity. Also required is a property
allSubActivities which returns all nested and sub-nested activities. For basic
Activities this set will typically be empty. These properties are defined for each
Activity subtype in the technical report, overriding the property defined on their
common supertype Activity as shown here:
context bpel::Activity
def: subActivities : Set(bpel::Activity) = Set{}
def: allSubActivities : Set(bpel::Activity) =
self.subActivities
->union( self.subActivities.allSubActivities->asSet() )

The constraint requiring the source and target activity for each link of a flow to be
contained within the flow can be expressed as follows:
context bpel_11::Flow
inv sourceAndTargetActivitiesAreContainedWithinTheFlow :
self.link->forAll( lnk |
self.allSubActivities->includes( lnk.source.activity )
and
self.allSubActivities->includes( lnk.target.activity )
)

We can subsequently test for boundary crossing violations on While, Scope and
EventHandler constructs as follows:
context bpel::While
inv boundryCrossing :
self.allSubActivities->includesAll(
self.allSubActivities.sourceOf.activity )
and
allSubActivities->includesAll(
self.allSubActivities.targetOf.activity )
context bpel::Scope
inv boundryCrossing :
not self.variableAccessSerializable.oclIsUndefined()
implies
(self.variableAccessSerializable
implies
self.allSubActivities->includesAll(
self.allSubActivities.sourceOf.activity )
and
self.allSubActivities->includesAll(
self.allSubActivities.targetOf.activity )
)
context bpel::EventHandler
inv boundryCrossing :
self.activity.allSubActivities->includesAll(
self.activity.allSubActivities().sourceOf.activity )
and
self.activity.allSubActivities->includesAll(
self.activity.allSubActivities().targetOf.activity )

Lastly, we check that links do not create control cycles in accordance with this
natural language constraint:
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“… Finally, a link MUST NOT create a control cycle, that is, the source
activity must not have the target activity as a logically preceding
activity, where an activity A logically precedes an activity B if the
initiation of B semantically requires the completion of A. Therefore,
directed graphs created by links are always acyclic.”

This constraint requires us to construct expressions that enable navigation around a
causality graph of the BPEL specification. To enable this we define properties that
return the set of possible ‘next’ or ‘previous’ activities for any activity. Given the
possibility to mix structured flow constructs (Switch, While, etc) with free form
(Flow) constructs, it is not trivial to construct expressions that define ‘next’ and
‘previous’ properties.
If we define the property ‘next’, along with a transitive closure version ‘allNext’
that returns the set of all following activities, we can define a constraint that ensure
links do not create control cycles as follows:
context bpel::Link
inv noControlCycles :
self.target.allNext->flatten()->excludes(self.source)

The complex part of this constraint is hidden in the expressions that form the ‘next’
properties, part of the definition for these properties is given below, the overriding
versions for the other Activity subtypes can be found in the technical report:
context bpel::StructuredActivity
def: next(prev:bpel::Activity) : Set(Activity) =
Set{}
context bpel::Activity
def: next : Set(bpel::Activity) =
let
x = self.parent.next(self)
in
if x->isEmpty()
then self.parent.next
else x endif
def: allNext : Sequence(Set(bpel::Activity)) =
Sequence{Set{self}}->transitiveClosure(x|x.next->asSet())
context bpel::While
def: next(prev:bpel::Activity) : Set(Activity) =
self.activity.initialActivities
->union( self.parent.next )

Note here that we require a transitive closure operation in order to define the
‘allNext’ property. It would potentially be possible to manage without it; however the
definition of ‘allNext’ would require the use of additional recursive operations and be
more complex to define.
4.4 Correlations between Receive and Reply Activities
By far the most complex constraints described using natural Language are those
that discuss the relationship between receive and reply activities that use the same
correlation sets, operations and ports. A correlation set is a mechanism for identifying
a particular instance of a remote statefull service. These constraints address the
situation of receiving a message from just such a remote service and the subsequent
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reply to that service. They attempt to reduce the possibility of causing deadlocks and
inconsistencies due to miss matching of receive-reply pairs.
The following is one of the constraints addressing this issue:
“… The correlation between a request and the corresponding reply is
based on the constraint that more than one outstanding synchronous
request from a specific partner link for a particular portType, operation
and correlation set(s) MUST NOT be outstanding simultaneously. The
semantics of a process in which this constraint is violated is undefined.
...”

To construct an OCL constraint to check that this situation does not occur, it is
necessary to form an expression that first collects the sequence of activities that may
possibly follow a receive activity; we can potentially use the previously define ‘next’
and ‘allNext’ properties to do this. This sequence of following activities must then be
searched for the first matching reply activity, and finally an expression needs to
formed to check that no other matching receive activity occurs in-between the first
receive activity and first subsequent matching reply activity. The following OCL
invariant forms the required constraint:
context bpel_11::Receive
inv noSimultaneousOutstandingSynchronousRequests :
let
request = self,
actionSeq = self.allNext->flatten(),
replySeq = actionSeq->select( a |
a.oclIsTypeOf(bpel_11::Reply)
).oclAsType(Sequence(bpel_11::Reply)),
reply = replySeq->select( r |
r.portType= request.portType and
r.operation = request.operation and
r.correlation = request.correlation
)->first(),
replyIndex = actionSeq->indexOf(reply)
in
not actionSeq->subsequence(0,replyIndex)
->select(a|a.oclIsTypeOf(bpel_11::Receive))
.oclAsType(Sequence(bpel_11::Receive))
->exists( rec |
rec.portType= request.portType and
rec.operation = request.operation and
rec.correlation = request.correlation
)

Unfortunately this constraint does not fully perform an accurate check. The
semantics of the Link construct cause execution to block at the target of a link until
the action at the source of a link has completed. The defined property ‘next’ on the
Flow activity does not take into consideration the full link-semantics of the language;
thus causing the constraint to falsely fail under conditions that are in actual fact not a
problem. To provide a fully accurate check the definition of the ‘next’ property would
need to take into consideration the blocking semantics of links between activities that
are nested within a Flow activity. This would amount to providing a true flow analysis
of the activity structure and although it may be possible to do this using OCL, the
complexity of the expressions comes close to constructing a model checking
algorithm, and we consider this to be outside the scope of appropriate use of OCL.
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4.5 getLinkStatus Function
There are a couple of constraints in the BPEL standard that apply to the build in
function “bpws:getLinkStatus('linkName')”; e.g.
“9.1 Expressions
… [ bpws:getLinkStatus ('linkName') ] function MUST NOT be used
anywhere except in a join condition. The linkName argument MUST
refer to the name of an incoming link for the activity associated with the
join condition. These restrictions MUST be statically enforced.”

To check this constraint using OCL it would require us to parse the contents of the
‘expression’ attribute on a number of BPEL constructs. We feel that to construct such
a parsing algorithm using OCL would most definitely be inappropriate in the context
of adding constraints to a structural model.

5 Generating a BPEL Validator
It is all very well to draw a few diagrams containing boxes, lines and snippets of
text and then write constraints in a funny kind of ASCII compatible set theory – but
what use is it?
Firstly, it does allow us to define unambiguously and precisely the usage
constraints of the language.
Secondly, and even more usefully, we can automatically generate a validation tool
that will check that the constraints have been adhered to, for any particular language
expression (in this case, any particular BPEL document).
Using one of the UML (or MOF or ECORE) model to code automatic generation
tools, such as the Eclipse Modelling Framework (EMF), we can quickly and easily
generate a tool that supports a model based representation of a BPEL specification.
At the University of Kent we have developed an OCL library that operates in
conjunction with EMF repositories to facilitate both the evaluation of OCL constraints
and the generation of code that corresponds to an OCL constraint.
Thus, using these two tools (EMF and Kent OCL) the core code for a BPEL
validator can be generated. The code can then be wrapped up to give the required user
interface; for example we have wrapped up the validator as an eclipse plug-in, see
Error! Reference source not found..
There are two mechanisms provided by the Kent OCL library for evaluating OCL
expressions. There is an interpreter, that directly evaluates an expression and there is a
code generation interface that converts the OCL expression into equivalent Java code.
For the BPEL validator we use the Java code generation interface, as this allows the
validator to be used independently from the OCL library. Constructing the BPEL
validator has helped to develop the code generation facility of the Kent OCL library.
There are several issues worth drawing out regarding our experiences of mapping
OCL expressions to Java code, in addition to the highlighting of inconsistencies in the
specification of the OCL standard; below we discuss a couple of the more interesting
OCL-to-Java issues.
The first issue we consider worth mentioning is the mapping of Boolean
expressions between OCL and Java. The Java language uses true two-value Boolean
logic, whereas the Boolean logic of OCL is actually based on three-value logic; i.e.
true, false, and undefined. Providing a mapping from the three-value OCL to the two-
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value Java is thus not a simple process; in addition, Java expressions that would
typically cause an exception (e.g. a NullPointerException), in OCL simply evaluate to
the undefined value. Consequently, the Java code for an OCL Boolean expression
must first catch exceptions for each sub-part of the expression, and then use a
structure of conditional statements to convert the two-value semantics of Java into the
correct interpretation of the OCL three-value semantics.
The second issue we illustrate here is that of providing support for the ‘def’ context
of OCL. This part of the OCL language is used to define additional properties and
operations on Classes and Types defined by the structural part of a UML model. We
have seen the use of this in the constraints specified in the previous section.
The difficulty here is that the Java code for the model types is generated by the
EMF toolkit; however we wish to add additional properties and operations as a
separate process. One option is to alter the code generated by EMF, however this is
not ideal as it would require parsing and understanding the generated code;

Figure 6 BPEL Validator as an eclipse plug-in
additionally in a more general scenario we might not have access to the source code
of the model types. Ideally we require a mechanism that can be used to ‘semantically’
add operations and properties (from the perspective of the OCL code) without
touching the implementation of the model types.
Our solution to this has been to generate static methods that represent the ‘defined’
properties and operations. When generating code for an OCL expression that calls one
of these ‘defined’ features rather than calling a method on the source object, the
source object is passed as a parameter to the static method. To facilitate the overriding
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semantics, the static method itself is not called directly, but called via a special
method that looks for a parameter match on the closest runtime type of the source
object.

6 Conclusion
In this paper we have shown the use of OCL and UML to provide a precise version
of natural language constraints on the structuring of BPEL XML documents. From
these precise specifications of the constraints we can automatically build a validator
to check that the constraints have been met for any example BPEL document. This is
particularly useful in the case of BPEL as some of the natural language constraints are
ambiguous or complex to understand.
We have discussed in this paper a number of consecutively more complex forms of
constraint: those that can be formed directly from OCL expressions; those that require
the addition of extra properties; and those that require complex algorithms.
In particular, the constraint discussed in section 4.1 highlights an interesting
requirement to balance constraints impose indirectly by the structure of a model,
explicit constraints added using OCL and the implementation strategy involved. The
later constraints of sections 4.4 and 4.5 illustrate a limit to what we consider
appropriate use of OCL and the constraints in section 4.3 illustrate the requirement for
a transitive closure operation to be added to OCL.
Finally the paper has discussed some of the issues regarding the automatic
generation of code, in this case a BPEL validator, using OCL constraints as the
source.
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Abstract. Since file sharing tools as eDonkey or Grokster are one of the favourite applications for a large number of internet users, the peer-to-peer paradigm experiences a new boom, as it enables very robust, scalable and faulttolerant architectures. Indeed, the functionality of current applications is limited
to quite simple operations such as searching and downloading music files or
movies. Hence, to benefit economically from the characteristics of Peer-to-Peer
technology, there is need of additional, innovative applications for business usage. A predestined scope of application is the context of Business Integration,
where various distributed IT-systems act jointly by exchanging data records
and the corresponding control flow. In this article, we present the concept of a
Peer-to-Peer based integration architecture that solves the structural problems
of traditional integration approaches. It allows a holistic integration of data, applications and business processes without the common insufficiencies of existing EAI solutions.

1 Introduction
Emerging the internet was an unpredictable development. All the same, important
operating criteria such as reliability, local structures and robustness always came to
the fore. As a result, users had the opportunity to get access to a highly available
international data network that stays operative even in case of a breakdown of some
single nodes.
One important aspect of globalization is concentration. As a logical consequence,
international companies have to merge or to collaborate with each other to meet the
requirements for a global distribution of their goods and services. In a networked
economy, these enterprises are bound to unseal some parts of their IT-infrastructure
to allow the engaged parties an exchange of product and accounting data as well as
current status information in order to sustain the supply chain.
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Furthermore, employees need improved business applications with enhanced functionalities to manage their all-day work. These applications replenish existing legacy
systems by degrees. Long-ranging, these enhancements result in a heterogeneous
network of computers and applications, as all those components require each other
and have to be consolidated.
In the context of integrating distributed business application systems, the vision of
redundancy and robustness was not resumed consequently: A changing business
environment results in new technical developments and increasing demand of IT
supported execution of business processes.
A first naive solution to provide an interaction of different systems is shown in figure
1. Apparently, an appropriate description for this point-to-point integration of single
applications and platforms is described with the term Spaghetti Integration. This
(n:n)-connection of resources is not able to be maintained properly, as it contains too
many non-standardized interfaces. In the last resort, the number of interfaces that
have to be implemented will arise quadratic.
RDBMS
Applications
Front Office

Back Office

Mainframes

Customer
Service

RDBMS

1 2 3

IMS

C CS

4 5 6
7 8 9
*

8 #

Packaged Applications

Mainframes

C / C++

WWW
Cobol
Java

Internet

Internet

Corb
a

Custom Applications
ActiveX / MOSeries
COM

Custom Systems

Middleware

Objekt / Middleware
Technologies

Fig. 1. Heterogeneous IT-Infrastructure

After having widely experienced those scenarios, most enterprises recognized that
there has to be found another solution for a reliable integration of business applications.
Some years later, the efforts of bringing together single systems to one logical unit
are paraphrased with the term Enterprise Application Integration (EAI) [1]. EAI
means a bold venture, as the interaction of business applications is restricted due to
several constraints:
•
different communication protocols and interfaces,
• syntactical differences between data of the single applications
• proprietary semantic of particular system messages, and finally
• Business modelling methodology differs from the technical implementation.
There is an essential difference between an integration at technical level and
business process integration
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However, the market for specific integration software is estimated to grow up to 30
billion US$ in 2004 [2].
In chapter 2, we mention why the existing state-of-the-art solutions for business integration have tremendous disadvantages. We will also propose an advanced Peer-toPeer (P2P) integration architecture.
Certain applications based on P2P technology are already in use for non-commercial
purposes. A prominent example is the exchange of music, movies and software via
file-sharing networks where single peers communicate directly without detouring via
any central servers. In the specific field of business integration, most development
activities focus on ‘old-school’ solutions that rely on client/server architectures. All
the same, some crucial advantages of P2P technology (performance, resilience, loadbalancing, etc.) are well-known to many software architects. Chapter 3 gives an overview about existing P2P applications.
A widely used standard for exchanging data between enterprises is Electronic Data
Interchange (EDI) and its sectoral implementations such as EDIFACT. Hence, these
standards determine a relationship where only two parties are involved. As soon as an
inter-organizational process stretches across more than two companies, conventional
EDI operations will fail. With the appearance of Web-Services, a new paradigm was
born. Now, it is technically possible to encapsulate functionality within services that
are made available via internet. The interaction of these services is syntactically supported by the XML standard. Unfortunately, common Web-Services are stateless and
therefore do not include any functionality that would be capable to control complex
business processes. Furthermore, one needs a central Directory for the Universal
Description, Discovery and Integration of Web Services (UDDI) where a catalogue of
all offered services is stored. However, there are ambitions to enable Event-Driven
architectures using Web Services [3].
At this time, P2P technology comes into play: Why should it not be possible to accomplish a P2P-based integration architecture that is not dependent on any central
server and that allows a standardized exchange of both, business process data and
control information?
The advantages would be evident: The abandonment of EAI-Servers that are hard to
maintain is as fascinating as the easy customization of the single peers and the dynamic aggregation of new peers during run-time. Chapter 4 will introduce our idea of
a P2P integration environment.

2 Business Integration and EAI
As already mentioned in the first chapter, an integration of the core IT-systems is
essential to guarantee a frictionless handling of business processes. In an optimal
scenario, the result would be a seamless IT infrastructure that is completely transparent for all participants: It appears as one single system, supporting a service-oriented
interaction of all relevant business processes.
So far, the efforts to manage this integration are pooled with the keyword Enterprise
Application Integration (EAI). They contain a set of technologies and concepts such
as Middleware, ETL-Tools and EAI-Software that focus on a central planning and
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control of business application data in real-time. In figure 2, an example for embedding an EAI Server into the enterprise architecture is shown:

1 2 3
4 5 6
7 8 9
*

8 #

Fig. 2. EAI Scenario

In this scenario, a central EAI-Server manages the coordination of both, control and
data flow, between the attached systems. In this manner, the number of required interfaces can be reduced, as there exists only one bidirectional connection from each
system to the server.
Because of the central component (which is ordinarily called Information Hub), these
approaches cause several problems that complicate a reliable integration of numerous
systems. Major well-reported problems are the following:
• Single point of failure: The Information Hub is the central node between the
different applications. In case of a breakdown, all business processes are affected, possibly even inoperable.
• Bottleneck: All network traffic has to be forwarded through the Information
Hub. This results in an extremely high load of data that has to be handled. In a
situation of peak load, the system performance will crash down dramatically.
• Configuration Icebergs: The EAI application must contain all relevant business
transactions: The distribution of information has to be represented by formal
rules for transformation and routing. Because of its complexity, interdependencies and lots of exceptions, the number of configuration rules increases exponentially. This may cause insufficient and fault-prone integration solutions.
We consider EAI systems as mission critical applications whose blackout is associated with a substantial business risk. In recent years, awareness of cost-intensive
administration and insufficient management of complex business application systems
by centralistic approaches has arisen. New fields of research such as Autonomic
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Computing gave thought-provoking impulses to find better alternatives for an efficient management of business integration [4].

3 Recent P2P-applications
As denoted at the end of the last chapter, an important field of research consists in
Autonomic Computing. However, the underlying principles are not new, but became
popular by the introduction of file sharing systems, and thus have found their breakthrough.
P2P means a networked structure where the participants (herein called peers) interact
and share resources directly and equitable, i.e. “sharing of computer resources and
services by direct exchange between systems”. In contrast to client/server architectures, P2P networks do not include any kind of hierarchical structure. In the following, the term peer describes a participant within a P2P network.
In principle, single peers are independent from certain hardware platforms. This comprises a wide range of supposable systems, ranging from PDAs via desktop computers up to mainframes [5]. They are all characterized by the following properties
[6]:
• Client and server functionality: Every peer is able to receive data from other
peers as well as to provide data for others.
• Direct exchange: There is no central coordinating instance controlling the communication between the peers.
• Autonomy: It is in charge of each single peer at which time it provides which
service, data or output to the network.
Especially the property of autonomy is of special importance for the integrated use of
mobile computers such as notebooks, PDAs or mobile smart phones, as these per se
can not be available to the network permanently.
Nowadays, P2P technology is used for non-commercial, private or academic purposes. Well-known examples are file-sharing applications (e.g. Napster, eDonkey,
Kazaa) or grid computing projects (e.g. seti@home).

Peer-to-Peer
Applications

Communication
Support

Ressource
Sharing

Instant
Messaging

File
Sharing

Video
Conferencing

Distributed
Computing

Fig. 3. Typical P2P applications
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Current applications that are usable within business integration scenarios are seldom
[7]. In particular, existing approaches can be categorized in two main clusters as
shown in figure 3
Communication support is the most common kind of applications for P2P networks
within enterprises. The best known representatives are Microsoft’s Netmeeting (for
video conferencing) as well as ICQ, AOL Instant Messenger or the Microsoft Instant
Messanger for sending and receiving instant messages. These applications are characterized by an open and highly dynamic number of participants.
Instant messaging applications are used for the direct, real-time communication between peers. Thus, they allow the determination who of the known participants is
online at a particular time. This accelerates business communication processes, as it
ensures a synchronous, text-based communication that enables a direct reaction on
incoming messages and accordingly business events. For example, the retailer Land’s
End uses instant messages for after-sales service and support. The probability of
selling goods was enhanced by 67%, compared to customers not being supported by
this instrument [8].
Video conferencing means the real-time transmission of video and audio data between
two or more participants. It mainly serves as an appliance to support cooperation and
collaboration processes. Thus, natural communication trough wide distances is possible. Currently, real meetings can be substituted by the use of videoconferencing.
Simultaneously, time and traveling costs can be reduced significantly. Moreover,
video conferencing systems are deployed for personal education purposes (classroom
function) [9].
Resource sharing can benefit from the exponential development of computer performance in the last decades. In parallel, the price for computation power has decreased in at least the same dimension. Subsequently, the available capacity of today’s clients is only rarely used, as most of the work load is assigned to server(s).
P2P can profit from these idle resources and hereby achieve a drastic cost reduction,
combined with other competitive advantages. The sharing of resources is implemented in two concepts:
File sharing provides shared access to any files that are stored locally. It consists of
special, efficient mechanisms for searching as well as algorithms for a non-central
storage [10].
Compared to central data storage applications, this kind of data access eliminates the
single point of failure, transfers data to low-cost mass storages and levels off the
peaks in network traffic. The main problem is to ensure data consistency within the
network as well as a 24/7 availability. After all, only those applications that do not
affect mission-critical cases found their way in the business context.
Distributed computing is used for complex business computing tasks such as product
development, simulation, financial forecasting or data mining tasks. The main resource for these time-consuming processes is computation power. Distributed computing can substitute powerful single computer systems with a network of peers by
decomposing (dividing) the problem in small sub-problems and spreading them
within the network. Hereby in the ideal case, the computation power of host systems
can be reached with a fractional amount of the costs being calculated originally. The
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costs even can be minimized by using idle time of the peers to calculate single computation tasks. Thus such computations can be even processed by small or mediumsized enterprises (SME) that usually do not have the capability to invest in powerful
host systems [11]. Even world-class enterprises use distributed computing for this
purpose: Intel introduced distributed computing in 1990 for the development of new
microprocessors [12].

4 Our P2P Integration approach
Assigning the peer-to-peer paradigm to the context of business integration means that
all systems and components of an enterprise work in a self-organizing manner.
Thereby, administration and integration costs can be reduced. [13] A basis for this
approach is the non-centralized architecture of a peer-to-peer system which can offer
the following advantages:
• Non-central topology: The complete IT-infrastructure is defined by a variable
number of flat (non-hierarchical) peers. Every peer offers (and receives) at least
one service (e.g. generate an order, create an invoice, check consistency of data,
dispose payment, etc.), where several peers may contain the same services.
• Reliability: There is no central component that may cause problems. If a peer
breaks down, another peer with similar functionality can replace the broken peer.
If a peer with unique services crashes, only those business process instances are
affected that require that service.
• Scalable performance: The performance of the network can be enhanced nearly
unlimited by appending additional peers. Already existing components do not
have to be replaced.
• Easy configuration: It is no longer necessary to customize the whole EAI system by central transformation rules. Every peer only contains the business
knowledge it requires to accomplish its functionality. The configuration of the
complete architecture results from the sum of the configuration of the single
peers.
• Adaptive self-configuration: By implementing intelligent search mechanisms, a
peer can find the next service in the process chain by a broadcast into the network. If another peer is able to offer the desired service, it responds. From now
on, this peer is part of the process chain and can accept tasks from other peers as
well as delegating services to any peers.
While the advantages mentioned above are mainly of a technical nature, these features will not be sufficient to manage the complete field of business integration. There
is also a high demand of adequate logical representations of business processes to
provide an essential process-oriented view that focuses also economical aspects. The
vision of both, distributed business processes that are associated with distributed ITsystems, allows an optimization of business processes as well as improving IT applications without interacting each other.
In our research project Peer-to-Peer Enterprise Environment (P2E2), we develop an
integration architecture that focuses typical business integration scenarios. As a proof
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of concept, we will also implement and evaluate a prototypic system. For achieving
this ambitious goal, we collaborate with the working group for Databases and Information Systems of the Max-Planck-Institute in Saarbruecken (Germany) and several
partners of the software industry. In Figure 4, a P2P scenario is shown that gives a
first impression of our intention:
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#
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Fig. 4. P2E2 integration scenario

Every application system (AS) that participates in the whole business process is encapsulated by a P2P-Adapter. Every Adapter enhances the functionality offered by
the single components with additional Web Services (WS) that allow a composition
of very complex services by a dynamic interaction of different adapters. A peer can
initiate business processes, embed local processes in the application flow and even
get embedded by other peers. It only has its own local business knowledge, but can
also acquire global business knowledge by interacting with other peers. In this way, a
comprehensive management of meta-data can be achieved without requiring centralistic client/server architectures.
To implement the P2E2 Adapter, a technical architecture was specified. It consists of
four detailed interface specifications, whose interrelation is illustrated in Figure 6.
The Configuration Interface reads the configuration data provided by the P2E2 Configurator. The Business API (BAPI) is an automated interface for executable Business
Process models that can be created with standard BPM tools such as the ARIS toolset
by IDS Scheer AG. To find the following Service that provided the next step in a
process chain, a Search API is implemented that offers efficient P2P-Search algorithms. The completed API consists in the monitoring and controlling component; it
covers the whole BPM-Lifecycle and allows to specify Controlling queries to measure the performance of the integration environment.
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Fig. 6. Architecture of a P2E2 Adapter

To ensure the efficient use of the procedure models and methods, we will conceptually and technologically develop an integrated support tool that includes an Adapter
Development Kit as well as some important pre-customized standard adapters and an
Adapter Management Tool.
The problem faced above is complex and versatile. Therefore, a highly structured and
planned proceeding will be necessary. In contrast to other approaches, we follow a
‘meet in the middle’ strategy, analysing the problem space and creating solving concepts both from the business oriented as well as from the system/technology oriented
direction. This ensures that the conceptual solutions are suitable for the business
problems targeted and that they are realizable with today’s state-of-the-art technologies.
The business oriented approach will evaluate the requirements of enterprises within
internal or collaborative business integration scenarios. The main reference object
here is the (abstract) business process that has to be supported. Thus, the business
oriented conceptual solution has to provide mechanisms and techniques how to interconnect independent business processes using the P2P paradigm. The main challenge
is the lack of a central coordination instance. As a logical consequence, appropriate
business process negotiation techniques have to be developed.
Looking at the system oriented problems, the main question is how to find a mapping
between heterogeneous application systems in conformity with the business processes
and rules to be supported. This does not only mean to connect interfaces, but also
requires to find reasonable matches within concrete contexts, as well as to handle a
reliable control of the interaction.
Peer-to-peer technologies have been proven to be very flexible and robust. Hence,
new methods and algorithms for a distributed interface and interaction management
will be created using the P2P paradigm. Our idea is to enable an auto-configuration of
the interaction between two independent application systems that succeeds to predefined business processes and that is also compliant to existing, constraining business
rules.
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Finally, only developing the two solving concepts described above is not sufficient,
as there are strong interdependencies between business- and system-layer. The formation of business process chains within business integration use cases is always limited
by the capabilities of the existing applications supporting the business processes. On
the other hand, applications themselves can only be interconnected in a way that the
combination of systems is realizing a predefined business process.
Hence, a relationship between the two partial solutions has to be found and specified.
The combination of these three concepts will be a conceptual methodology for a dynamic binding of business processes to the behaviour of the distributed environment
via a (semi)automatic reconfiguration in case of need.
The technological P2E2 results will consist of a family of congeneric components
(adapters) that can be linked to application systems. These components will provide a
non-central IT-support for interactive business processes within distributed business
integration environments. Interactive business processes are business processes that
are structurally influenced by humans (user interaction). Therefore supporting interactive business processes have to provide operative user interfaces (front-end)
whereas non-interactive ones only need a system-to-system connection (EDI). The
adapters themselves will not have to rely on a central control unit. It mainly addresses
those business cases where a central integration approach is not reasonable, not desired or not realizable due to organizational or technical restrictions. Moreover, P2E2
extends the focus of classic EAI solutions by the aspect of user’s interaction and
influence. This also reflects the business level view where such a distinction is not
reasonable. Expected properties of the P2E2 implementation are robustness, fault
tolerance, adaptability, dynamic behaviour and scalability.
For business usage, a coherent computing of business process is necessary, but not
sufficient. For the purpose of analyzing and optimizing processes continuously, a
detailed history of key performance indicators (KPI) is required. This data is in particular used on tactical, dispositive level to manage the performance of critical core
processes. Within business integration scenarios with several systems involved, the
gathering of these figures by measuring the processes is difficult and complex. P2E2
will cope with this problem domain by integrating special measurement and control
instruments within each peer. Thus, an integrated and consistent business process
controlling and measurement within distributed environments will be enabled. Hence,
P2E2 will develop the measuring methods, implement them in the adapters as well as
create a reporting and analyzing tool for an efficient process performance measurement.

5 Conclusions
The sustainable success of peer-to-peer technology within the non-commercial sector
(file sharing and instant messaging) advises it also for the business sector. Within
enterprises, there were several potential application cases for the productive use of
P2P technology.
Especially for business integration scenarios, P2P seems to be an interesting alternative, in particular those with are characterized by non-hierarchical, flat organization
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structures. Thus, the integration of application systems using peer-to-peer technology
is obvious.
Indeed, only integrating applications is not sufficient for efficient usage in business
environments. In order to effectively and efficiently run a business, the respective
business process is the central object. Therefore, an efficient support and integration
of operative business processes is the primary objective.
P2E2 addresses this aim by creating a family of generic components that provide a
general connectivity between business application systems and that act with client
and server functionality. Hence, the classical separation between client and server
will be resolved in favor of functional ad-hoc decisions. The coordination and control
between the single adapters will not be managed by a central unit, but case-based
negotiated between the adapters and afterwards transferred as needed. Thus, there is
no functional dependency of the whole functionality network from only one edge.
Within a consortium of 6 partners, covering basic academic research, applied research, software industry and IT-consultancy, P2E2 deals with that problem domain
for a total of 24 months. During the project lifetime, several showcases realizing real
business scenarios are built up and deployed in order to prove the practical use of the
project results.
Finally, the use of P2P technologies within business integration scenarios marks a
young area of research and development within the field of business information
systems. It will remain an interesting object for actual research. P2E2 has made a first
step into this domain trying to solve some of the common problems, leaving some
others open and maybe also rising some new ones. The way to consistent, operative
environments that integrate enterprises and enterprise application trough peer-to-peer
technology will be long, but with P2E2 we have entered the road.
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Abstract Data quality is becoming an increasingly important issue in
environments characterized by extensive data replication. Among such
environments, this paper focuses on Cooperative Information Systems
(CISs), for which it is very important to declare and access quality of
data. Indeed, a system in the CIS will not easily exchange data with
another system without a knowledge on its quality, and cooperation becomes dicult without data exchanges. Also, when poor quality data
are exchanged, there is a progressive deterioration of the quality of data
stored in the whole CIS.
In this paper, we describe the detailed design and implementation of a
peer-to-peer service for exchanging and improving data quality in CISs.
Such a service allows to access data and related quality distributed in
the CIS and improves quality of data by comparing dierent copies of
the same data. Some experiments on real data will show the eectiveness
of the service and the performance behavior.

1 Introduction
Data quality is a complex concept dened by various dimensions such as accuracy, currency, completeness, consistency [18]. Recent research has highlighted
the importance of data quality issues in various contexts. In particular, in some
specic environments characterized by extensive data replication high quality of
data is a strict requirement. Among such environments, this paper focuses on
Cooperative Information Systems.

1.1 Data Quality & CISs
In current government and business scenarios, organizations start cooperating in
order to oer services to their customers and partners. Cooperative Information
Systems (CISs) are all distributed and heterogeneous information systems that
cooperate by sharing information, constraints, and goals [14]. Quality of data is
a necessary requirement for a CIS. Indeed, a system in the CIS will not easily
exchange data with another system without a knowledge on their quality, and
cooperation becomes dicult without data exchanges. Also, when poor quality
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data are exchanged, there is a progressive deterioration of the quality of data
stored in the whole CIS. Moreover, when a CIS is a data integration system, data
integration itself cannot be performed if data quality problems are not xed. As
an example, results of queries executed over local sources must be reconciled
and merged, and quality problems resulting from a comparison of results need
to be solved in order to provide the data integration system with the required
information [5].
On the other hand, the high degree of data replication that characterizes a
CIS can be exploited for improving data quality, as dierent copies of the same
data may be compared in order to detect quality problems and possibly solve
them.

1.2 The DaQuincis project
The DaQuinCIS architecture 1 has been designed to manage data quality in
cooperative contexts, in order to avoid the spread of low-quality data and to
exploit data replication for the improvement of the overall quality of cooperative
data [16,11].
The DaQuinCIS architecture oers several quality-oriented services that are
depicted in Figure 1.
The core component is the Data Quality Broker. The Data Quality Broker
has two main functionalities: (i) quality brokering, that allows users to select data
in the CIS according to their quality; (ii) quality improvement, that diuses best
quality copies of data in the CIS.
With reference to the quality brokering functionality, the Data Quality Broker is in essence a data integration system that allows the access to the best
available quality data without having to know where such data are stored. The
Data Quality Broker adopts a wrapper-mediator architecture, in which wrappers
hide technological and model-related details of organizations, while a mediator
interacts with the user, presenting a unied view of the databases on which
queries can be posed.
With reference to the quality improvement functionality, when retrieving
data, they can be compared and a best quality copy can be constructed. Organizations having provided low quality data are notied about higher quality data
that are available in the CIS.
This paper will focus on the design and implementation features of the Data
Quality Broker as a Peer-to-Peer (P2P) system. More specically, the Data Quality Broker is implemented as a peer-to-peer distributed service: each organization
hosts a copy of the Data Quality Broker that interacts with other copies and has
both the functions of wrapper and mediator. While the functional specication
of the Data Quality Broker is not a contribution of this paper, and has been presented in [11], its detailed design and implementation features as a P2P system
1

The DaQuinCIS approach has been developed in the context of the project DaQuinCIS - Methodologies and Tools for Data Quality inside Cooperative Information
Systems (http://www.dis.uniroma1.it/∼dq/).
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are a novel contribution of this paper. Moreover, we will present some results
from tests made to prove the eectiveness and eciency of our system. A rst
set of experiments has been performed on two real databases owned by Italian
public administrations in order to show the eectiveness of the Data Quality
Broker in improving their quality. Also, some experiments will be described that
illustrate the performance features of the Data Quality Broker. These tests show
the system's overhead due to its quality related features.
Apart from the Data Quality Broker, other fundamental components of the
DaQuinCIS system are the Quality Factory service, responsible for evaluating
the quality of data stored within organizations; the Quality Notication Service,
which is a publish/subscribe engine allowing users to be notied on changes of
the quality of specic data sets; and the Rating Service, that associates trust
values to data sources in the CIS. These components will be not described in
this paper. The interested reader may nd further details in [16].
Rating
Service
Communication
Infrastructure

Quality Notification
Service (QNS)

Quality
Factory (QF)

Cooperative
Gateway OrgN

back-end systems

Cooperative
Gateway Org2

Cooperative
Gateway Org1

internals of the
organization

Data Quality
Broker (DQB)

Figure 1. The DaQuinCIS architecture

1.3 Peer-to-Peer Systems
A peer-to-peer system is every distributed system in which nodes can act both
as clients and servers. In other words, all nodes provide access to some of the
resources they own, enabling a basic form of interoperability.
A large number of systems, having dierent objectives and functionalities,
could be included in the basic denition given above.
In [2], an interesting classication of P2P systems can be found which distinguishes between three models, namely: (i) a Decentralized Model in which
the architecture is completely decentralized, without common elements shared
by peers; (ii) a Centralized Model in which peers share at least one common
element (e.g. a peer search index); and (iii) a Hierarchical Model, that may be
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considered as an intermediate case between the other two, in which some nodes,
called super-peers, assume particular functions such as peer address index or
local control.
We further classify P2P systems, on the basis of their interaction level, into
Loosely and Tightly coupled systems. In the former type of systems, there are
no pre-dened data exchanges. Data exchanges only consist of independent request/reply interactions between peers. In the latter type, exchanges are based
on pre-dened processes that cross organizational boundaries. Such processes
can even be transactional, thus originating a very tight interaction among the
dierent organizations that participate to the system. All data exchanges are
placed within a dened process.
For the Data Quality Broker, we have chosen a peer-to-peer architecture
adopting a decentralized model with tightly coupled interactions. The choice of
a P2P architecture for the Data Quality Broker is motivated by the need of
being as less invasive as possible in introducing quality controls in a cooperative system. Indeed, cooperating organizations need to save their independency
and autonomy requirements. Such requirements are well-guaranteed by the P2P
paradigm which is able to support the cooperation without necessarily involving
consistent re-engineering actions; in Section 6, we will better detail this point,
comparing our choice with a system that instead does not adopt a P2P architecture. Decentralization and tightly coupling are both features that well-support
particular type of cooperative systems, such as CISs enabling e-Government [10].

1.4 Organization of the Paper
The rest of this paper is organized as follows. In Section 2, an overview of both the
component architecture and the system architecture of the Data Quality Broker
is provided. In Sections 3 and 4, the modules Query Processor and Transport
Engine of the Data Quality Broker are respectively described in detail. The set
of performed experiments is described in Section 5. Finally, related work and
conclusions are presented in Sections 6 and 7.

2 The Data Quality Broker Architecture
In this Section, we provide an overview of the Data Quality Broker from three
dierent perspectives. First, we summarize the Data Quality Broker functionality
in Section 2.1; then, in Section 2.2, the design of the Data Quality Broker as a
peer-to-peer system is described, while in Section 2.3 the system architecture is
detailed.

2.1 The Data Quality Broker Functionality
In the DaQuinCIS architecture, all cooperating organizations export their application data and quality data (i.e., data quality dimension values evaluated for
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the application data) according to a specic data model. The model for exporting data and quality data is referred to as Data and Data Quality (D2 Q) model
[11]. The Data Quality Broker allows users to access data in the CIS according to
their quality. Specically, the Data Quality Broker performs two tasks, namely
query processing and quality improvement.
The Data Quality Broker performs query processing according to a globalas-view (GAV) approach by unfolding queries posed over a global schema, i.e.,
replacing each atom of the original query with the corresponding view on local data sources [17,9]. Both the global schema and local schemas exported by
cooperating organizations are expressed according to the D2 Q model. The specic way in which the mapping is dened stems from the idea of performing a
quality improvement function during the query processing step. Concept from
the global schema may be dened in terms of extensionally overlapping concepts
at sources. When retrieving results, data coming from dierent sources can be
compared and a best quality copy can be constructed. Specically, in our setting, data sources have distinct copies of the same data with dierent quality
levels, i.e., there are instance-level conicts. We resolve these conicts at query
execution time by relying on quality values associated to data: when a set of
dierent copies of the same data are returned, we look at the associated quality
values, and we select the copy to return as a result on the basis of such values.
More details on the algorithm implemented for processing queries can be found
in [16]. The best quality copy is also diused to other organizations in the CIS
as a quality improvement feedback.

2.2 The Data Quality Broker Component Architecture
The Data Quality Broker is implemented as a peer-to-peer distributed service:
each organization hosts a copy of the Data Quality Broker that interacts with
other copies (see Figure 2, left side). Each copy of the Data Quality Broker
is internally composed by four interacting modules (see Figure 2, right side).
The modules Query Processor and Transport Engine are general and can be installed without modications in each organization. We have implemented both
the Query Processor and the Transport Engine; details on their implementation will be provided in the next sections. The module Wrapper has to be customized for the specic data storage system. The module Propose Manager is
implemented by each cooperating organization according to the policy chosen
for taking into account quality feedbacks.
The Query Processor performs query processing, as detailed in Section 3.
It unfolds queries posed over the global schema and passes local queries to the
Transport Engine module. On receiving query results, a query refolding phase is
performed, in order to make the execution of the global query possible. A record
matching activity is then performed in order to identify all copies of same data
returned as results. Then, matched results are ranked on the basis of associated
quality. Finally, the Query Processor selects the best quality copy(ies) to be
returned as a result.
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The Wrapper translates the query from the language used by the broker to
that of the specic data source. In this work the wrapper is a read-only module
that accesses data and associated quality stored inside organizations without
modifying them.
The Transport Engine is a communication facility that transfers queries and
their results between the Query Processor module and data source wrappers.
The Propose Manager receives feedbacks sent to organizations in order to
improve their data. This module can be customized by each organization according to the policy internally chosen for quality improvement. As an example,
if an organization chooses to trust quality improvement feedbacks, an automatic
update of databases can be performed on the basis of the better data provided
by improvement notications.

invoke( )

propose( )

DQB1
DQB2

Query
Processor

ORG 2

Propose
Manager

DQB1

DATABASE

ORG 1

DQB3

Transport
Engine

Wrapper

ORG 3

ORG1

Figure 2. The Data Quality Broker as a P2P system and its internal architecture
The Query Processor is responsible for query execution. The copy of the
Query Processor local to the user query, receives the query and splits it into
queries local to the sources, on the basis of the dened mapping. Then, the local
Query Processor also interacts with the local Transport Engine in order to send
local queries to other copies of the Query Processor and receive the answers.
The Transport Engine provides general connectivity among all Data Quality
Broker instances in the CIS. Copies of the Transport Engine interact with each
other in two dierent scenarios:

 Query execution: the requesting Transport Engine sends a query to the lo-

cal Transport Engine of the target data source by executing the invoke()
operation (see Figure 2, right side) and asynchronously collects the answers.
 Quality feedback: when a requesting Transport Engine has selected the best
quality result of a query, it contacts the local Transport Engines to enact
quality feedback propagation. The propose() operation (see Figure 2, right
side) is executed as a callback on each organization, with the best quality
selected data as a parameter. The propose() can be dierently implemented
by each organization: a remote Transport Engine simply invokes this operation.
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Another function performed by the Transport Engine is the evaluation of
the availability of data sources that are going to be queried for data. This feature is encapsulated into the Transport Engine as it can be easily implemented
exploiting Transport Engine's communication capabilities.

2.3 The Data Quality Broker System Architecture
The Data Quality Broker system architecture is based on web services technologies. To implement web services, we have chosen the J2EE 1.4 Java Platform,
specically the Java API for XML-based Remote Procedure Call (JAX-RPC)
[8]. In JAX-RPC, request/response of remote methods is performed through the
exchange of SOAP messages over an HTTP connection. Each copy of the Data
Quality Broker is implemented by two web services, namely the Query Processing Web Service and the Data Manager Web Service as shown in Figure 3. In
the Figure, the invoke() operation is executed by a client with a user query as
input, thus making the Quality Processing Web Service call the invoke() operations, executed by the Data Management Web Services of the remote copies of
the Data Quality Broker (see also Section 4).

DQBi
Quality Processing
Web Service
Invoke (query)

User Interface

CLIENT
Query Processor

Data Management
Web Service

Propose Manager

WRAPPER

Propose(data)

DB

Transport Engine
Web Service
Invoker

D2Q
Schema

Invoke(query)

Invoke() Propose()

Figure 3. The Data Quality Broker system architecture

3 The Query Processor Design and Implementation
The Query Processor module of the Data Quality Broker implements the mediation function of a data integration architecture [19]. It performs query processing according to a GAV approach, by unfolding queries posed over a global
schema. Both the global schema and local schemas exported by cooperating organizations are expressed according to the D2 Q model. The D2 Q model is a
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semistructured model that enhances the semantics of the XML data model [7]
in order to represent quality data. The schemas and instances of the D2 Q model
are almost directly translated respectively into XML Schemas and XML documents. Such XML-based representations are then easily and intuitively queried
with the XQuery language [4]. The unfolding of an XQuery query issued on the
global schema can be performed on the basis of well-dened mappings with local
sources. The exact denition of the mapping is beyond the scope of this paper,
but the interested reader can nd more details in [13].

3.1 Query Processing Steps
Query processing is performed according to the sequence of steps described in
Figure 4.
Query Result

Global Query
UNFOLDING REFOLDING
PE
Extraction

Global Query Execution

PE
Pre-processing

Materialization

Translation
Framing

Re-Translation

Queries to
Local Sources

Results from
Local Sources
(Data+Quality)

TE

Figure 4. Sequence of steps followed in the query processing phase
The entire process may be logically divided into two phases: an Unfolding
phase, which involves a global query and produces a set of sub-queries to be sent
to local organizations, and a Refolding phase, which collects the results of local
sub-queries execution, rewrites the global query and nally executes the global
query. In the following, we will briey revise the steps of these two phases.
The Unfolding phase starts by receiving a global query and analyzing it in order to extract those path expressions that access data from the integrated view.
Only these parts of the query will be actually translated and sent to wrappers for
evaluation. During the path expression extraction phase, the Query Processor
looks for path expressions. The extraction is straightforward most of the times2 .
2

In some cases, a nested expression may contain direct or indirect references to data in
the global view. Such cases must be handled in a slightly dierent way. Our current
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The result of the path expression extraction phase is a number of path expressions that have been identied and need to be translated. Before the translation
phase, they are submitted to some preprocessing steps.
The preprocessing step decomposes each path expression into a set of path
expressions whose concatenation yields a result equivalent to that of the original
expression. The elements of this set are still expressed over the global schema
alphabet, and are therefore translated into local organizations alphabets, according to the mapping specication.
After translation, sub-queries are ready to be executed at local sources. A
further preliminary step is needed to make possible to re-translate their results.
Usually, results of a query contain nodes and their descendants. Any information regarding their ancestors is lost. We adopt a framing mechanism in order
to keep trace of ancestors and thus simplifying the retranslation phase. After
retranslation, framing elements may be discarded and result fragments may be
safely concatenated to form a single document.
After all the steps of the Unfolding phase have been completed, sub-queries
may be passed to a Transport Engine module, which is in charge of redirecting
them to local sources for execution and to subsequently collect results.
The Refolding phase starts with a step in which the received results are retranslated according to the global schema specication. Results coming from
dierent organizations answering the same global path expression are then concatenated into a single, temporary le.
Each occurrence of a path expression previously extracted from the global
query is replaced with a special path expression that accesses one of the temporary les built during the previous step. In this way, the global query is changed
into a query that only uses local les, and can then be executed. Execution of a
query yields a result that may contain duplicate copies of the same objects coming from dierent sources. For each object, a best quality representative must
be chosen or constructed. For this purpose, results undergo a record matching
phase that identies semantically equivalent objects and groups them into clusters. Copies in each cluster are compared and a best quality object is either
selected or constructed; more details on this process can be found in [16]. Finally, the results best tting with the user query requirements are sent back to
the user. Moreover quality feedbacks are sent to the Transport Engine that is in
charge of propagating them throughout the system.

3.2 Implementation
The Query Processor has been implemented as a Java application. Figure 5
shows the main components; the phases of query processing that are executed
by each component module are also represented.
approach is to split any path expression containing a problematic step and to treat
the two parts separately. Specically, when reverse steps are involved, they must be
taken into account to perform the splitting properly.
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Figure 5. Implementation Modules of the Query Processor
The Query Parser performs the rst query processing steps. To implement it,
a parser for the XQuery language has been generated with the help of the JavaCC
tools. The Translation/Retranslator module manages everything related to the
translation and retranslation of queries and their results. For query execution a
third-party query engine may be used. The engine used in our implementation
is IPSI-XQ [1]. Let us note that we made IPSI-XQ quality-aware by adding
some quality functions to it. These functions are written in XQuery, and allow
to access quality data; they are simply added to the query prolog of each query
submitted to the engine. Further details on this aspect may be found in [13].

4 The Transport Engine Design and Implementation
The Transport Engine component of the Data Quality Broker provides the connectivity and communication infrastructure of the DaQuinCIS system. In Figure
6 the internal components of the TE are shown; the sequence of interactions
among such modules is also depicted.
The Availability Tester module works in background continuously executing
connectivity tests with servers from other organizations. It executes a ping function on the servers in the cooperative system opening HTTP connections on
them.
The Transport Engine Interface is the module that interfaces the Query Processor and the Transport Engine. Specically, it uses a data structure to store
queries and query results, once the latter have been gathered from each organization. The data structure is organized as an array: each element is representative
of a single query execution plan and is composed by a list of queries that are
specic of such a plan. Such queries are passed by the Query Processor (step 1).
Then, the Transport Engine Interface activates the Execute-Query module with
plans as input parameters (step 2).
The Execute-Query interacts with the Availability Tester module that performs an availability check of the sources involved in the query execution (step
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Figure 6. Internal modules of the Transport Engine of organization i

3). Then, the Execute-Query activates the Web Service Invoker module that carries out the calls to the involved organizations (step 4). The call is performed in
an asynchronous way by means of suitable proxy SOAP client. Before invoking
data management web services, an availability check is performed by the Availability Tester module. When the result of the dierent plans are sent back, the
Execute-Query module stores them in a specic data structure and gives it to
the Transport Engine Interface (step 5) that, in turn, gives it back to the Query
Processor (step 6). The data structure is very similar to the input one; the main
dierence is the substitution of the query eld with a special record containing
data and associated quality provided as query answers.
Notice that the same interaction among modules shown in Figure 6 occurs
when quality feedbacks need to be propagated. The Query Processor selects the
best quality copies among the ones provided as query answers and then sends
back the result to the Transport Engine Interface that activates the ExecuteQuery module with the best quality copies and the organizations to be notied
about them as input parameters. The best quality copies are then sent by the Web
Service Invoker. On the receiver organization side, the Execute-Query module
noties the Propose Manager modules of involved organizations about the better
quality data available in the system, thus implementing the quality feedback
functionality that the Data Quality Broker provides at query processing time.
Notice that the Execute-Query module, on the sender organization side, also
interacts with the Availability Tester modules: this makes quality notication
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not to be performed in a one-step process. Instead, a transaction starts that
commits only when the set of sources that has to be notied is exhausted.

5 Experiments
In this Section, we rst show the experimental methodology that we adopted in
Section 5.1; then, in Sections 5.2 and 5.3, we show respectively quality improvement experiments and performance experiments.

5.1 Experimental Methodology
We performed two types of experiments. The rst set shows the eectiveness of
the Data Quality Broker to improve data quality. The second set shows some
performance features of the Data Quality Broker.
We used two real data sets, each owned by an Italian public administration
agency, namely:

 the rst data set is owned by the Italian Social Security Agency, referred to

as INPS (in Italian, Istituto Nazionale Previdenza Sociale). The size of the
database is approximately 1.5 millions of records;
 the second data set is owned by the Chambers of Commerce, referred to as
CoC (in Italian, Camere di Commercio). The size of the database is approximately 8 millions of records.
Some data are agency-specic information about businesses (e.g., employees
social insurance taxes, tax reports, balance sheets), whereas others are common
to both agencies. Common items include one or more identiers, headquarter and
branches addresses, legal form, main economic activity, number of employees and
contractors, information about the owners or partners.
As far as quality improvement experiments, we have associated quality values
to the INPS and CoC databases. Specically, we have associated completeness
and currency quality values to each eld value. Completeness refers to the presence of a value for a mandatory eld. As far as currency values, timestamps were
already associated to data values in the two databases; such timestamps refer to
the last date when data were reported as current. We have calculated the degree
of overlapping of the two databases that is equal to about 970000 records.
As far as performance experiments, a P2P environment has been simulated.
Each data source has been wrapped by a web service; such web services are deployed on dierent computers connected by a LAN at 100 Mbps and interacting
each other using the SOAP protocol.

5.2 Quality Improvement Experiments
The experimental setting consists of the two described real data bases that are
queried by a third data source that cooperates with them. We consider how this
CIS behaves with regards to the quality of its data, in two specic cases. In the
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rst case, a standard system is considered; this system does not perform any
quality based check or improvement action. In the second case, the CIS uses the
Data Quality Broker functionality of query answering and quality improving.
Values for the frequency of queries and updates on the data bases and average query result size are derived from real use cases. We have estimated the
frequency of changes in tuples stored in the two databases to be around 5000
tuples per week. Average query frequency and query result size are, respectively,
of 3000 queries per week and 5000 tuples per query. In a real setting, updates
are distributed over a week. Anyway, to simplify our experimental setting, we
have chosen to limit updates to the beginning of each week.
We consider how the quality of the entire CIS changes throughout a period of
ve weeks. Note that such variations are due to both updates on the databases
and exchanges of data between them. In the standard system, these exchanges
are only due to queries. With the Data Quality Broker, each time a query is
performed, an improvement feedback may be propagated. For both the Data
Quality Broker and the standard system, we calculate the overall Quality of the
system, as the percentage of the high quality tuples in the system. We adopt
simplied quality metrics by considering that a tuple has high quality if it is
complete and current on all its elds. Conversely, a tuple has low quality if it is
not complete and/or current on some elds.
To clarify how the two systems reacts to updates, we have considered an
update set composed by both high quality and bad quality tuples equally distributed.
In the Figure 7, the behaviors of the Data Quality Broker and the standard
system with respect to quality improvement are shown. In the standard system
(Figure 7.a), the overall quality is roughly constant, due to the same number
of high quality and low quality tuples spread in the system. Instead, with the
Data Quality Broker (Figure 7.b), the improvement of quality in each period is
enhanced by data quality feedbacks performed by the system and low quality
data are prevented to spread. This causes a growing trend of the Data Quality
Broker curve, in spite of low quality inserted tuples. The actual improvement is
about 0.12%; given that the size of the two databases is about 9.500.000 tuples,
the improvement consists of about 11.500 tuples.
As a further experiment, in Figure 8 we show the detailed behavior of the
Data Quality Broker when considering a single period and varying the number of
performed queries and the size of the result. This curve better shows the typical
trend of the Data Quality Broker improvement due to quality feedbacks.

5.3 Performance Experiments
For the performance set of experiments, we have considered the Data Quality
Broker and the standard system behavior with ctitious sources, in order to vary
some parameters inuencing performance experiments.
The rst performance experiment shows the time overhead of the Data Quality Broker system with respect to the standard system. In such experiment we
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Figure 7. Data quality improvement in the standard system and with the Data Quality

Broker.
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Figure 8. The Data Quality Broker improvement within a single period while varying
query size and query number

draw a normalized transaction time dened by the fraction:
DataQualityBrokerElaborationTime−StandardElaborationtime
StandardElaborationtime

The elaboration time is the time required by the system for processing a
query. The normalized transaction time is drawn when varying the degree of
overlapping of data sources. The overlapping degree signicantly inuences the
Data Quality Broker. Indeed, the Data Quality Broker accomplishes its functionalities in contexts where data sources overlap and such an overlapping can
be exploited to improve the quality of data. The Figure 9 shows how the normalized transaction time varies in dependance on the percentage of data sources
overlapping with two xed query result sizes, namely q1=1000 tuples, q2= 5000
tuples. The number of overlapping sources is xed to 3. This means that once
a query is posed over the system, three sources have data that can be provided
as answer to the query, though the system can have a larger number of sources.
The Figure 9 shows the actual time overhead of the Data Quality Broker systems with respect to a standard system. The Data Quality Broker system has
an acceptable time overhead. The worst depicted case is for the query result size
q2=5000 and a percentage of overlapping equal to 40%; in such a case, there is
a 50% time overhead with respect to the standard system.
The second performance experiment shows the normalized transaction time
with query size varying (see Figure 10). For a xed degree of overlapping equals
to 15%, we draw the normalized transaction time for three dierent numbers
of overlapping organizations, namely n1=3, n2=4 and n3=5. This experiment
shows the behavior of the Data Quality Broker when increasing the number of
organizations and the size of queries. Specically, the normalized transaction
time increases slowly with an almost linear trend. The positive result shown in
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Figure 10 is that when the number of overlapping data sources increases, the
trend does not substantially change.
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Figure 10. Normalized transaction time wrt query sizes

6 Related Work
Data quality has been explicitly addressed in a few works. In [15], an algorithm
for querying for best quality data in a LAV integration system is proposed.
The mapping between the local schemas and the global schema is expressed by
means of assertions called Query Correspondence Assertions (QCA's). Quality
values are statically associated to QCA's and to data sources. Instead, some
quality values are associated to user queries at query time. In the Data Quality
Broker framework, we share with [15] the idea of querying for best quality data.
However, the main dierence of our work with respect to [15] is the semantics
of our system. Our aim is not only querying, but also improving quality of data.
To such a scope, the query processing step has a specic semantics that allows
to perform quality improvement on query results.
The MIT Context Interchange project (COIN) [6] is based on the idea of
modeling a context" for integrating heterogeneous sources. Such a context consists of metadata that allows for solving problems, such as instance level conicts
that may occur in the data integration phase. An integration system based on
the LAV approach implements query processing with contexts. The Data Quality Broker diers mainly for considering a much more general and explicit way
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of representing quality of data. Instead, the COIN approach focuses only on one
aspect of data quality, namely data interpretability.
In [12], the basic idea is querying web data sources by selecting them on the
basis of quality values on provided data. Specically, the authors suggest to publish metadata characterizing the quality of data at the sources. Such metadata
are used for ranking sources, and a language to select sources is also proposed.
In the Data Quality Broker system, we associate quality to data (at dierent
granularity levels) rather than to a source as a whole. This makes things more
dicult, but allows to pose more specic queries. For instance, the Data Quality
Broker easily treats the quite common cases in which a source has some data
which have a low quality and some other ones that have instead a higher quality,
by making the source be an actual data provider only for better quality data.
No improvement feature is present in [12].
As an e-Government initiative, the Italian Public Administration in 1999
started a project, called Services to Businesses, which involved extensive data
reconciliation and cleaning [3]. The approach followed in this project consisted
of three dierent steps: (i) linking once the databases of three major Italian
public administrations, by performing a record matching process; (ii) correcting matching pairs and (iii) maintaining such status of aligned records in the
three databases by centralizing record updates and insertions only on one of
the three databases. This required a substantial re-engineering of administrative
processes, with high costs and many internal changes for each single administration. Dierently from the approach adopted in the Services to Businesses
project, the choice of implementing the Data Quality Broker functionality in a
completely distributed way through a P2P architecture avoids bottlenecks on a
single cooperating organization. Even more important, no kind of re-engineering
actions need to be engaged when choosing to use the Data Quality Broker, as
query answering and quality improvement can be performed with a very low
impact in terms of changes on cooperating organizations.

7 Concluding Remarks
In this paper, we have described the detailed design and implementation of the
Data Quality Broker service, and in particular two modules, namely the Query
Processor and the Transport Engine. We have also described some experiments
that validate our approach with respect to quality improvement eectiveness.
Such experiments show that the Data Quality Broker succeeds in controlling
and improving quality of data in a CIS. Moreover, when compared to a standard
system, i.e. a system with no quality management features, the Data Quality
Broker exhibits a limited performance degradation. Such a performance degradation is not a serious problem in specic scenarios, such as e-Government, in
which the quality of data is the main enabling issue for service provisioning.
Indeed, we remark that such scenarios are the reference ones for the DaQuinCIS
system. Future works will include the deep validation based on the adoption of
the proposed P2P system in some Italian e-Government pilot initiatives.
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Abstract. Service oriented computing and web service technology provide the
means to structure an organisation’s internal IT resources into a highly
integrated network of services. In e-business and business process integration
the internal services are interconnected with other, external organisations’
resources to form virtual organisations. This move from using services
internally to external use puts new non-functional requirements on the service
implementation. Without any supporting technologies, meeting these new
requirements can result in re-writing or changing a large part of the service
implementation. In this paper we argue that aspect oriented programming is an
important technique that can be used to facilitate the implementation of the
new requirements that arises when moving from internal to external services.
The suggested solution is illustrated by an example where quality of service
metrics is implemented by using aspect oriented programming.
Keywords: Service oriented
Interoperability,
Aspect

computing, Non-functional
oriented

requirements,
programming

Topics: Separation of concerns, Connecting legacy applications to services,
Monitoring service executions

1 Introduction
Service oriented computing, in particular the web service technologies, has drawn
a lot of attention in recent years. The reason for this attention is multi-faceted. One
reason is based on the view that service oriented computing is a natural step of
evolution from object-oriented and component based computing. Another aspect that
makes services interesting is that they can be used to structure and interconnect an
organisation’s internal IT systems. Even more importantly, services can be used
externally to enable interconnection of enterprises [1], thus enabling the forming of
networked or “virtual” enterprises [2].
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The interconnecting of enterprises via service technology requires that part of an
enterprise’s internal systems must be made available to external organisations. This
shift from internal to external use puts new requirements on existing IT systems. First
of all, the systems must be able to communicate, regardless of differences in
platforms and languages. This interoperability can be achieved by conforming to
technical standards. The existing and upcoming web service standards such as SOAP
[3] and WSDL [4] are important steps towards interoperable services. A second,
somewhat overlooked part is that providing external services also puts new nonfunctional requirements on existing systems, such as scalability, security and quality.
These requirements are sometimes also called “illities” [5].
Within the border of a company these requirements might be implicitly met by
assumptions about the company’s secure intranet, the well-defined number of users,
the support departments ability to monitor the quality etc. However, exposing parts of
the system to external partners will require that these implicit assumptions need to be
converted into explicit, measurable, and monitorable implementations. Furthermore,
the new non-functional requirements posed need to be implemented as part of the
existing systems.
Implementations of new non-functional requirements often cuts across the entire
system, i.e. a large part of the existing system code is affected by new non-functional
requirements. Thus, when moving from internal to external service use, a potentially
large part of the system code needs to be changed. The need to change large portions
of code to implement new non-functional requirements is a problem, since it
increases the risk of major redesign when moving from internal to external use of
services. The question is how to overcome this problem.
Aspect Oriented Programming (AOP) is proposed as a technique to implement
functionality that cuts across an entire system [6]. Thus, aspect orientation may be a
solution that can facilitate the implementation of the non-functional requirements that
arises when internal systems are to be exposed as external services.
In this paper we argue that aspect oriented programming can be a useful technique
for moving from internal to external services. The paper begins with a short
introduction to service oriented computing and aspect oriented programming. The
introduction is followed by a description of the problem and the proposed solution.
Then, we provide an example of how aspect-orientation can be applied in the context
of a service that needs to be changed due to changed non-functional requirements.
The article ends with a discussion of the proposed solution’s applicability and a
discussion of further work.
1.1 Service Oriented Computing
A service is an “act or performance offered by one party to another” [7]. Services
offered by IT systems have been dubbed “e-Services” [8] and “software services”. In
this paper the term service denotes services offered by one system to another system,
i.e. where both parties are software systems. This excludes services that are offered to
(human) users via graphical user interfaces.
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Service Oriented Computing (SOC) builds on the component based development
(CBD) principles of building systems by combining software parts. In contrast to
components, a service is a run-time programming interface rather than a
physical/binary entity that needs to be installed before use. This distinction between
runtime provisioning and implementation is made by component based development
methods [9]. The distinction might seem finicky, but it has a profound impact on how
services are used. A provider of a service is responsible for the run-time availability
of the service, whereas a component provider is only responsible for the construction
and delivering of the binary component. Thus, building a component based system is
about assembling software parts, while building a service-oriented system is about
communicating with services offered by different providers.
The focus on run-time availability and provider responsibility makes services an
ideal metaphor for interconnecting an organisation’s IT-systems (internal use), where
each system is a separate run-time entity. For the same reason, service oriented
computing can play a major role in the interconnection of systems belonging to
separate organisations (external use).
1.2 Aspect Oriented Programming
Aspect oriented programming is a paradigm that attempts to help in implementing
concerns that are present in many modules and therefore crosscuts a system, that is
cross-cutting concerns. Cross-cutting concerns are difficult to modularise using
existing object-oriented techniques since there is no logical place in which to
implement them. An illustrative example is logging of method-calls. Using existing
object-oriented techniques the code for implementing this would be spread out in all
methods that require logging. Changing the way logging is done, and especially,
where it is performed is therefore difficult to accomplish without changing all
methods that need to be logged. This poor modularisation leads to code that is
difficult to maintain. The fact that you need to deal with several concerns, logging
and business logic, in the same method also adds to the complexity of the code.
Aspect oriented programming provides a way to modularise these cross-cutting
concerns in an efficient manner by factoring out logic belonging to a specific concern
into an Aspect [10]. In this article we use AspectJ as a tool to implement aspect
oriented programming [11]. An aspect in AspectJ consists of Pointcuts, and Advice
(in AspectJ an aspect can also contain Inter Type declarations, but this concept is not
used in this article). Pointcuts describe where the aspect should apply in terms of the
object-oriented systems structure, e.g. the pointcuts of the logging aspect would
describe where in the system logging should be performed in terms of the classes and
methods of the system. Advice describes what should happen at these pointcuts, e.g.
how the logging should be carried out. The AspectJ keywords aspect, pointcut and
advice are added to the Java-syntax in order to support these concepts. The process of
combining the aspects and the classes into an executable system is called aspect
weaving.
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1.3 Functional, non-functional and cross-cutting requirements
Functional requirements are statements of services that the system should provide.
This can also be said as describing what the system should do. Non-functional
requirements, on the other hand, are focused on how the system should perform the
services [12]. An example of a functional requirement on an ATM-machine could for
example be that an ATM-machine should be able to dispense money to the bank’s
customers. A non-functional requirement could be that this service has to be
performed securely and with an acceptable response time. Other examples of nonfunctional requirements are performance, traceability, scalability and error handling.
A problem with non-functional requirements is that they are often crosscutting, i.e.
they affect many modules of the system. For example, security needs to be addressed
in many parts of an ATM-system. It is therefore difficult to modularise crosscutting
requirements. This can make systems difficult to maintain and evolve [13].

2 Moving from Internal to External Services
As stated in the introduction, service oriented computing promises to interconnect
organisations. This is done by integrating and automating business processes that
span across several organisations. Service oriented architectures (SOA) and service
technologies, such as web services form the fundament for such integration.
Integrating business processes and automating them relies on the integration of the
organisation’s IT systems. This in turn, requires that integration points between the
systems need to be established. Systems, which previously only where used within a
company, need to exchange information with external systems through these
integration points. Interconnecting the processes of two organisations commonly do
not require that all the IT systems need to be integrated. Rather than making an entire
system available externally, a selection of functionality is made. This functionality is
then exposed as services that can be used by external organisations [14]. As
mentioned earlier, the exposed services commonly need to adhere to a new set of
non-functional requirements. Examples of new non-functional requirements are
security, quality of service measurements, and performance monitoring.
Implementing support for these new requirements is instrumental in making the
services available externally.
There exist several solutions to this problem. The first solution that comes to mind
is to rework the entire code to support the new requirements. This can be achieved by
following common refactoring principles, such as those proposed by Fowler [15].
However, this solution requires a lot of work, since each method that should adhere to
the new requirements has to be reviewed. More generic approaches have also been
proposed, such as the addition of an extra layer to existing component-environments
by using generated proxies controlled by proprietary description languages [16].
These generic approaches have a much better chance of reducing the amount of work
required. They are, however, based on proprietary languages and technologies. The
ideal would be a technique which is generic (to avoid too much rework), and at the
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same time does not rely on proprietary technologies, servers, and languages. We
propose that aspect oriented programming can be such a technique.
Aspect oriented programming separates the code required to fulfil the new
requirements from the existing code. The new requirements can thus be separately
implemented as aspects, without changing the existing code. These aspects can then
selectively be applied (by aspect weaving) to the parts of the code that need to adhere
to the new requirements. Applying the aspects does not require changing the original
code. For a large system this can save a lot of time.
In the next section we will give an example of how aspect oriented programming
can be used to implement non-functional requirements without a major rework of the
original system.

3 An example: Adding QoS Metrics to Web services
The example in this section describes the steps necessary to extend a web service
with quality of service metrics monitoring (QoS monitoring). The example elucidates
the main point of this paper, that by using aspects, the move from internal services to
external services do not require a major rework of the code. The need to extend web
services with QoS metrics is selected as an example both because it is a likely
scenario, and because it clearly demonstrates how non-functional requirements can be
implemented using aspects. What makes the scenario likely is that enterprises starting
to use the web service technology internally will need to further define, and monitor
their quality of service when starting to use web service technologies as an external
communication mean between enterprises, thus the need to add QoS metrics to web
services.
3.1 Scenario
To illustrate how AOP will help in implementing non-functional requirements
such as QoS metrics let’s imagine a company that provides financial services such as
mortgages and loans for cars. In this business it is essential to know your customers’
credit worthiness. Credit worthiness is determined using the customers’ credit history,
income and other variables. Different financial services require different definitions
and levels of credit worthiness. This information is used in determining whether to
grant applications for both loans and mortgages. Since credit checking is an important
part of this organisation’s business, it is implemented as a web service that can be
reused from all systems within the organisation. Figure 1, below, shows how the
interface to this credit checking service might look like implemented in Java.
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public interface CreditCheckingServiceInterface
{
public boolean hasPaymentRemarks(String name);
public boolean hasCreditHistory(String name);
public boolean checkCreditForAmount(String name,int amount);
}

Fig. 1. The interface of the CreditCheckingService

The next step in the organisation’s business plans could be to provide the credit
checking service to external businesses, such as mobile phone operators and car
leasing companies that also need efficient credit check processing. However, before
using the credit checking from their systems, external businesses will require some
form of quality guarantee. For example, a potential customer of the service would
probably ask the following questions:


How can it be ensured that the service paid for is reliable and running when
needed?



How can the organisation monitor that the performance is acceptable?

In short, the customers will require some form of agreement that states the
intended quality of service. The agreement can include measurable limits for
performance, cost, up time and other dimensions that affects the overall quality of the
provided web service. For this example we use three QoS dimensions for web service
processes as defined by Sheth et al. [17]: time, cost and reliability.


Time is a measure of response time of the web service that is to be monitored.
The response time is measured from request arrival to the completion of the
request.



Cost can be measured by either estimating an average cost for each service
invocation, or by measuring the resources that are consumed to complete a
request (such as processor time, cost of information storage etc).



Reliability is a measure of technical failure rate, that is monitoring the reliability
will discover how many times the service failed to deliver a response. Sheth et al.
[17] suggest that reliability is to be measured as a ratio of successful
executions/scheduled executions.

The credit checking web service mentioned above is not built with QoS metrics in
mind, since it was designed for internal use only. Adding QoS metrics to the existing
service can be a major undertaking, since code that monitors the metrics need to be
inserted in all parts of the service. Without a technique that helps implement cross-
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cutting, non-functional requirements such as QoS metrics, developers are running the
risk of having to redesign a major part of the code. However, applying aspect oriented
programming can reduce this risk. An example of how aspects can be applied in this
case is described in the next section.
3.2 Applying Aspects
Let’s look at how aspects could be applied in the described scenario. The three
QoS dimensions time, cost and reliability define what is to be measured. Before
implementing the actual metrics, it has to be decided where in the application code
the dimensions should be measured. A basic approach would be to add code to
register each metric in the beginning and end of each request, i.e. before and after
each call to the web service. Without using aspects, this approach would require
additional code that has to be inserted in all web service methods. However, using an
aspect-oriented approach, adding QoS metrics to web services would only require the
metrics aspects and their join points to be defined once, without any change to the
original web service implementation.
To implement QoS metrics for the credit checking service, one aspect for each of
the QoS dimension can be implemented. Thus, as an example we have implemented
the aspects PerformanceQoSAspect, CostQoSAspect and ReliabilityQoSAspect .

public aspect PerformanceQoSAspect
{
Timer timer=new Timer();
pointcut timedMethods() : (
execution(public * CreditCheckingService.* (..)));
before() : timedMethods()
{
// Start timing
}
after() : timedMethods()
{
// End timing
}
}

Fig. 2. Performance QoS aspect
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3.3 Performance Aspect
The performance aspect is intended to measure the Time QoS dimension. Time can
be measured by recording the request/method name, when the request arrived and
when the response was sent. The implementation of this metric requires that two
aspect join points are defined; one at the beginning of each method call and one at the
end. These join points are defined within the AspectJ pointcut “timedMethods”, see
figure 2, above.
3.4 Cost Aspect
Cost can be measured by recording the request/method name for each request.
Using predefined cost for each type of request, the total cost can be calculated. The
measurement of cost can be done by using a join point at the end of each web service
method. The AspectJ example in figure 3 show how an aspect that logs each method
call can be implemented.

public aspect CostQoSAspect
{
pointcut costMethods() : (
execution(public * CreditCheckingService.* (..)));
after() : costMethods()
{
// Log the cost of the executed method
}
}
Fig. 3. Cost QoS aspect

3.5 Reliability Aspect
Reliability can be measured by recording if the response of a request is a valid
response or an error. In this case, a join point can be defined at the end of each
method. The AspectJ implementation shown in figure 4 defines an aspect that logs
every method call that ends with a non-application Exception.
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public aspect ReliabilityQoSAspect
{
pointcut reliabilityMethods() : (
execution(public * CreditCheckingService.* (..)));
after() throwing(Exception e): reliabilityMethods()
{
if(!(e instanceof ApplicationException))
{
// Log error
}
}
}

Fig. 4. Reliability QoS aspect

The example given above can be extended with more QoS metrics. This example
illustrates the main points in using aspects for the implementation of non-functional
requirements.

4 Conclusion
In this article we proposed that AOP could help the transition from internal to
external services. By using AOP, non-functional requirements can be implemented
without doing a major redesign of the existing system. The feasibility of the proposed
solution has been demonstrated with a simple example written in AspectJ.
The example demonstrated that AOP could be a useful tool when an application
needs to accommodate QoS metrics that have not been previously designed into the
system. It also shows that this can be easily achieved using just a few lines of code. In
fact, the bigger the application, the more amount of time will be saved by using
aspects.
AspectJ was used in the example. However, there are other ways to implement
non-functional requirements in an “aspect oriented” way. It could be argued that by
using a component technology such as Enterprise Java Beans (EJB), QoS metrics
could be provided by the application server (e.g. through the use of method
interceptors in the JBoss EJB server [18]). The implementation of these interceptors
however, are not currently standardised, they would therefore be different for each
component server (Interestingly the latest version of the JBoss features heavy use of
AOP to implement non-functional requirements). It would also require the application
to be built as a component-based application from the start, which is often a lot more
time-consuming and skill-intensive than using plain Java objects. Using design
patterns such as the “proxy” pattern [19] could also alleviate the need for using
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specific AOP technologies such as AspectJ. An example of this is provided by Filman
et al. [5]. This approach, however, is considerably more time-consuming and
therefore also more error-prone.
The proposed solution is applicable when the move from internal to external
services poses new non-functional requirements. Clearly, if no additional nonfunctional requirements need to be fulfilled, the need to introduce aspect-oriented
concepts is not as obvious. Furthermore, the proposed solution presumes that the nonfunctional requirements can be implemented in a generic, separated way using
aspects. In the case that not all new requirements can be implemented in this way,
aspects can still contribute to the implementation of some of the requirements. Thus,
we believe that the use of aspect-oriented programming can be a valuable technique
when moving from internal to external services.

5 Further work
In this paper we examined how aspect oriented programming can be used to tackle
the non-functional requirements when moving from internal to external services.
However, when integrating processes it is likely that other changes need to be
implemented in parallel with the new non-functional requirements. For example,
when integrating processes there might be a need for further process automatisation,
i.e. new functional requirements. A possible future extension of our work might
include principles guiding the combination of aspect-oriented programming with
traditional refactoring techniques to implement both non-functional and functional
requirements.
Another interesting question is whether AOP could prove useful for solving other
“architecture breaking” problems. There are several indications that this could be the
case. De Win et al. [20] have shown how AspectJ can be used to help implement
security features in an application. Filman et al. [5] have described how AOP can be
used for inserting “ilities”, such as stability and reliability.
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Abstract. The aim of this paper is to describe the methodology of creation of a
Glossary in a collaborative research project and its application to the Network
of Excellence IST-508011 INTEROP “Interoperability Research for Networked
Enterprise Applications and Software” for the definition of a glossary in the
area of interoperability of enterprise applications and software. The proposed
methodology is based on an adaptation of a method of the University of Rome
for the semiautomatic acquisition of terms and definitions starting from a
source of documents related to the research areas of a collaborative project.

1

Introduction

Knowledge Management has been gaining significant importance within
organisations and is considered an important success factor in enterprise operation.
For some time, there have been many techniques to model processes and other
elements of the enterprise in order to capture the explicit knowledge. Modelling in
this context means creating an explicit representation, usually computable, for the
purposes of understanding the basic mechanics involved.
But knowledge can mean different things to different people and companies must
spend some time looking for an appropriate mechanism to avoid misunderstanding in
knowledge transmission. One mechanism to avoid this problem is to build a Glossary.
The goal is to make accessible the organizational knowledge by unifying the language
used in representing explicit knowledge. The semantic unification is a key factor for
the success of the knowledge dissemination and diffusion through an organization.

2

Methodology to obtain a glossary

A general method for constructing a glossary is: collect a vocabulary, collect
definitions, establish format rules, establish rules for writing definitions, examine
definitions for multiple meanings, write basic definitions, review and compare for
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consistency of meaning, classify, select preferred words, group words, review and
finalize the glossary. In practice, some of these steps are omitted, while other steps are
developed to considerable depth, depending on the final objective of the glossary. The
complexity of detail for any phase of the glossary depends upon the scope of the
glossary, the size of the vocabulary, and the number of persons participating in the
project. This is understandable because a large working group reflecting a wide range
of subjects, introduces more words for consideration and supplies multiple meanings
relative to different backgrounds. Starting from a wide list of terms with the objective
of building a whole glossary with inputs of several researchers could consume a great
amount of time and effort. Therefore, a specific methodology was defined:
•
•
•
•

1st stage: to define the purpose of the glossary.
2nd stage: to built an initial list of terms and definitions using a semiautomatic glossary acquisition.
3rd stage: to set up the collaborative glossary online module to support the
sharing and extension of the glossary.
4th stage: to complete the glossary by means of manual inputs and reviews,
that is, the extension of the glossary.
1st Stage: Purpose of the Glossary

2.1.

In a collaborative environment, all participants must have in mind what is the main
purpose of the glossary and the benefits they are going to obtain as well. Because of
this, the project representatives must meet in order to clarify objectives and possible
applications of the glossary. This fact becomes critical when the research project has
different related research areas. There are several benefits in creating a durable
glossary facility:
•
•
•
2.2.

Semantic unification: the glossary represents an informal, but shared view of
relevant concepts. This activity will let semantics emerge naturally from
applications and collaborative work.
Classification/retrieval of documents: glossary terms may be used as metadata for indexing documents and databases.
Integration of competences from different research areas.
2nd Stage: Semi-automatic glossary acquisition

The second stage of the methodology will lead to obtain the first version of the
Glossary. This stage is based on a semi-automatic tool for ontology building called
OntoLearn. This first version of the Glossary must be addressed as a preliminary
stage for the generation of the final glossary. The extension and the diffusion between
the research community are strictly required to meet the projected requirements.
Main steps of OntoLearn semi-automatic procedure. Figure 1 provides a snapshot
of the OntoLearn ontology learning methodology.
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Fig. 1. An outline of the ontology learning phases in the OntoLearn system

The following steps are performed by the system:
Step 1. Extract pertinent domain terminology. Simple and multi-word expressions
are automatically extracted from domain-related corpora, like enterprise
interoperability (e.g. collaborative work), hotel descriptions (e.g. room reservation),
computer network (e.g. packet switching network), art techniques (e.g. chiaroscuro).
Statistical and natural language processing (NLP) tools are used for automatic
extraction of terms [3]. Statistical techniques are specifically aimed at simulating
human consensus in accepting new domain terms. Only terms uniquely and
consistently found in domain-related documents, and not found in other domains used
for contrast, are selected as candidates for the domain terminology.
Step 2. Search on the web for available natural language definitions from
glossaries or documents. Available definitions are searched on the web using on-line
glossaries or extracting definitory sentences in available documents. A context free
(CF) grammar is used to extract definitory sentences. An excerpt is:
S → PP ‘,’ NP SEP
NP → N1 KIND1
KIND1 → MOD1 NOUN1
MOD1 → Verb | Adj | Verb ‘,’ MOD1 | Adj ‘,’ MOD1
NOUN1 → Noun
N1 → Art | Adj
SEP → ‘,’ | ‘.’ | Prep | Verb | Wh
PP → Prep NP

Page 335

INTEROP-ESA'05

In this example, S, NP and PP stand for sentence, noun phrase and prepositional
phrase, respectively. KIND1 captures the portion of the sentence that identifies the
kind, or genus, information in the definition. This grammar fragment identifies (and
analyses) definitory sentences like e.g.: “[In a programming language]PP , [an
aggregate]NP [that consists of data objects with identical attributes, each of which may
be uniquely referenced by subscription]SEP”, which is a definition of array in a
computer network domain. The grammar is tuned for high precision, low recall. In
fact, certain expressions (e.g. X is an Y) are overly general and produce mostly noise
when used for sentence extraction.
Step 3. IF definitions are found:
Step 3.1. Filter out non relevant definitions. Multiple definitions may be found on
the internet, some of which may be not pertinent to the selected domain (e.g. in the
interoperability domain federation as “the forming of a nation” rather than “a
common object model, and supporting Runtime Infrastructure.”). A similarity-based
filtering algorithm is used to prune out “noisy” definitions, with reference to a
domain. Furthermore, an extension of the CF grammar of step 2 is used to select1,
when possible, “well formed” definitions. For example, definitions with genus(kindof) and differentia (modifier), like the array example in step 2, are preferred to
definitions by example, like: Bon a Tirer ”When the artist is satisfied with the graphic
from the finished plate, he works with his printer to pull one perfect graphic and it is
marked “Bon a Tirer,” meaning “good to pull”. These definitions can be pruned out
since they usually do not match any of the CF grammar rules.
Step 3.2. Parse definitions to extract kind-of information. The CF grammar of step
3.1 is again used to extract kind-of relations from natural language definitions. For
example, in the array example reported in step 2, the same grammar rule can be used
to extract the information (corresponding to the KIND1 segment in the grammar
kind − of
excerpt): array 

→ aggregate
Step 4. ELSE IF definitions are not found:
Step 4.1. IF definitions are available for term components (e.g. no definition is
found for the compound integration strategy but integration and strategy have
individual definitions).
Step 4.1.1. Solve ambiguity problems. In technical domains, specific unambiguous
definitions are available for the component terms, e.g.: strategy: “a series of planned
and sequenced tasks to achieve a goal” and integration: “the ability of applications to
share information or to process independently by requesting services and satisfying
service requests” (interoperability domain). In other domains, like tourism, definitions
of component terms are often extracted from general purpose dictionaries (e.g. for
1

The grammar used for analysing definitions is a superset of the grammar used to extract
definitions from texts. The analysed sentences are extracted both from texts and glossaries,
therefore expressions like X is an Y must now be considered.
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housing list, no definitions for list are found in tourism glossaries, and in generic
glossaries the word list is highly ambiguous). In these cases, a word sense
disambiguation algorithm, called SSI2 [4] [5], is used to select the appropriate
meaning for the component terms.
Step 4.1.2. Create definition compositionally. Once the appropriate meaning
components have been identified for a multi-word expression, a generative grammar
is used to create definitions. The grammar is based on the presumption (not always
verified, see [5] for a discussion) that the meaning of a multi-word expression can be
generated compositionally from its parts. According to this compositional view, the
syntactic head of a multi-word expression represents the genus (kind-of), and the
other words the differentia (modifier). For example, integration strategy is a strategy
for integration. Generating a definition implies, first, to identify the conceptual
relations that hold between the complex term components3, and then, to compose a
definition using segments of the components’ definitions. For example, given the
term integration strategy, the selected underlying conceptual relation is purpose:
purpose
Strategy 
→ Integratio n

and the grammar rule for generating a definition in this case is:
<MWE> = a kind of <H>, <HDEF>, for <M>, <MDEF> .

(1)

Where MWE is the complex term, H is the syntactic head, HDEF is the main sentence of the
selected definition for H, M is the modifier of the complex term and MDEF is the main sentence
of the selected definition for M.

For example, given the previous definitions for strategy and integration, the following
definition is generated by the rule (1): integration strategy: a kind of strategy, a series
of planned and sequenced tasks to achieve a goal, for integration, the ability of
applications to share information or to process independently by requesting services
and satisfying service requests. As better discussed in [5] this definition is quite
verbose, but has the advantage of showing explicitly the sense choices operated by the
sense disambiguation algorithm. A human supervisor can easily verify sense choices
and reformulate the definition in a more compact way.
Step 4.2. ELSE ask expert. If it is impossible to find even partial definitions for a
multi-word expression, the term is submitted to human specialists, who are in charge
of producing an appropriate and agreed definition.
Step 5. Arrange terms in hierarchical trees. Terms are arranged in forests of trees,
according to the information extracted in steps 3.2 and 4.1.1.
2

The SSI algorithm (Structural Semantic Interconnections) is one of the novel and peculiar
aspects of the OntoLearn system. SSI recently participated to an international challenge,
Senseval-3, obtaining the 2nd best score in a word sense disambiguation task.
3
Machine learning techniques are used to assign appropriate conceptual relations.
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Step 6. Link sub-hierarchies to the concepts of a Core Ontology. The semantic
disambiguation algorithm SSI (mentioned in step 4.1.1) is used to append sub-trees
under the appropriate node of a Core Ontology. In our work, we use a general purpose
wide-coverage ontology, WordNet. This is motivated by the fact that sufficiently rich
domain ontologies are currently available only in few domains (e.g. medicine).
Step 7. Provide output to domain specialists for evaluation and refinement. The
outcome of the ontology learning process is then submitted to experts for corrections,
extensions, and refinement. In the current version of OntoLearn, the output of the
system is a taxonomy, not an ontology, since the only information provided is the
kind-of relation. However, extensions are in progress, aimed at extracting other types
of relations from definitions and on-line lexical resources.
3rd Stage: Setting up a glossary online collaborative platform

2.3.

Once completed the first list of terms and definitions using a semi-automatic glossary
acquisition, the procedure selected to extend the glossary is the use of a Glossary
Collaborative Online Module (GCOM). At the same time, this tool allows the sharing
and utilization of the glossary. A methodology to implement the GCOM is defined: i)
GCOM requirements definition: data, safety and interfaces, ii) Existing Glossary
based tools analysis and iii) Selection of the solution to be implemented.
4th Stage: Glossary extension and sharing

2.4.

The last stage of the methodology comprises the extension and validation of the
glossary by means of the GCOM. The semi-automatic glossary acquisition procedure
generates a set of interrelated terms inside a domain starting from a group of
documents of that same domain. Although this procedure generates an important
number of definitions, it is common that some terms belonging to the research domain
may be excluded, either because they don't appear in enough number in the evaluated
documents or because they have appeared in later dates to the development of the
stage 2. Based on this, the project researchers must extend the glossary terms to
complete the final version of the glossary. Likewise, the project researchers must
unify their approaches regarding the generated definitions. Therefore, this stage
consists on a combined process of sharing-extension-validation using the newest ICT
and developed by all the researchers of the project. The stage may be split up in:
•
•
•

Step 1. Glossary sharing: The glossary must be uploaded in the GCOM in
order to share the definitions between the research community.
Step 2. Glossary extension: Then, the project researchers will extend the
glossary with new definitions.
Step 3. Glossary validation: The project researchers must check each term
and definition in terms of clarity and coherency.
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3

Application of the methodology

3.1.

Introduction

INTEROP is a Network of Excellence (NoE) whose primary goal is to sustain
European research on interoperability for enterprise applications and software. The
originality of the project lies in the multidisciplinary approach merging different
research areas which support the development of interoperable systems: architectures
and platforms, enterprise modelling, and ontology.
To speed up the glossary definition, the Department of Computer Science of the
University of Roma made available a battery of ontology building algorithms and
tools, the OntoLearn system [3] [2]. The OntoLearn system builds a domain ontology
relating domain terms to the concepts and conceptual relations of the WordNet4
lexicalised ontology. The final ontology is therefore an extended and trimmed version
of WordNet. In OntoLearn, WordNet acts as a “general purpose” upper ontology, but
other more specialised upper ontologies can be used, if available. Since the use of
WordNet as a reference ontology is not a current choice of the INTEROP project, and
since for the glossary acquisition task some additional feature was foreseen, we
conceived a partly new experiment, using some of the tools and algorithms provided
by the OntoLearn system, and some new feature that we developed for the purpose of
the task at hand. In this chapter the methodology and the results of this experiment are
described, that led to the acquisition of a hierarchically structured glossary of about
380 interoperability terms, subsequently evaluated by a team of 6 domain experts.
1st Stage: Purpose of the glossary for the INTEROP NoE

3.2.

Semantic unification is needed in order to facilitate the existing knowledge exchange
within the NoE. The creation of a glossary is then a critical task for the project.
Several INTEROP working groups have ascertained the need of identifying a glossary
of interoperability terms for a variety of tasks, e.g.:
•
•
•
•

Building a knowledge map and classifying knowledge domains.
Classifying partner’s competences for the INTEROP mobility matrix.
Providing a list of relevant domain concepts for educational objectives.
More in general, indexing with a set of common meta-data the various
deliverables, state of art, scientific papers and databases.

Finally, the glossary will be used as main information source to build an Ontology on
Interoperability. This ontology will allow structuring the knowledge all over the NoE,
facilitating the information retrieval and clustering on the collaborative platform.

4

http://www.cogsci.princeton.edu/~wn/
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3.3. 2nd Stage: Application of the semi-automatic glossary acquisition
procedure on the interoperability domain. The INTEROP experiment
For the purpose of the INTEROP glossary acquisition task, step 6 of the proposed
methodology has been omitted, since an interoperability Core Ontology was not
available, and the adoption of an available reference ontology (like WordNet) is not
agreed in the project. The preliminary objective in this phase of INTEROP was to
obtain a sort of partially structured glossary, rather than an ontology, i.e. a forest of
term trees, where, for each term, the following information has to be provided:
definition of the term, source of the definition, kind-of relation.
Step 1. Term extraction: The first step of the INTEROP glossary procedure was to
derive an initial list of terms using the evidence provided by interoperability-related
documents. The INTEROP collaborative workspace was used to collect from all
partners the relevant documents, among which, the proceedings of INTEROP
workshops and deliverables, highly referenced scientific papers, partners’ papers,
tutorials, etc. The OntoLearn TermExtractor module [3] extracted from these
documents 517 terms. A generic computer science glossary was used to remove
overly general technical terms and the list was then quickly reviewed manually to
delete clearly identifiable spurious terms. The final list included 376 terms.
Step 2. Generation of definitions: Given the list of terms, we activated step 2 of the
automatic glossary acquisition procedure. During this step, 28 definitions were not
found, 22 were generated compositionally, and the remaining terms were extracted
either from glossaries or from available documents. For each definition, we kept track
of the source (URL of the web page). For some term, more than one definition
survived the well-formedness and domain similarity criteria (step 3.1 of the
OntoLearn semi-automatic procedure), therefore the total number of definitions
submitted to the experts for revision was 358.
Step 3. Evaluation by experts: Six domain experts5 in INTEROP were asked to
review and refine the glossary. Each expert could review (rev), reject (rej), accept
(ok) or ignore (blank) a definition, acting on a shared database. The experts added
new definitions for brand-new terms, but they also added new definitions for terms
that may have more than one sense in the domain. There have been a total of 67 added
definitions, 33 substantial reviews, and 26 small reviews (only few words changed or
added). Some term (especially the more generic ones, e.g. business domain, agent,
data model) was reviewed by more than one expert who proposed different
judgements (e.g. ok and rev) or different revised definitions. In order to harmonise the
results, a first pass was conducted automatically, according to the following strategy:
If a judgement is shared by the majority of voters, then select that judgement and
ignore the others (e.g. if a definition receives two ok and one rev, then, ignore rev and
accept the definition as it is). If the only judgement is rej(ect), then delete the
definition. If a definition has a rej and one (or more) reviewed versions, then, ignore
the reject and keep the reviews. This step led to a final glossary including 425
5

The experts have been chosen according to their expertise in the three INTEROP domains.
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definitions, 23 of which with a surviving ambiguity that could not be automatically
conciliated. Therefore a second, short manual pass was necessary, involving this time
only three reviewers. After resolving ambiguity, one definition (the most
representative) per term was selected. Final glossary has 283 terms and definitions.
Step 4. Speed-up factors: The objective of the methodology is to speed-up the task
of building a glossary by a team of experts. Evaluating whether this objective has
been met is difficult, since no studies are available for a comparison. We consulted
several sources, finally obtaining the opinion of a very experienced professional
lexicographer6 who has worked for many important publishers. He outlined a threesteps procedure for glossary acquisition including: i) internet search of terms, ii)
production of definitions, and iii) harmonization of definitions style. He evaluated the
average time spent in each step in terms of 6 minutes, 10 min. and 6 min. per
definition, respectively. He also pointed out that conducting this process with a team
of experts could be rather risky in terms of time7, however he admits that in very new
fields the support of experts could be necessary. Though the comparison is not fully
possible, the procedure described in this paper has three phases in which man-power
is requested:
After term extraction (step 1), to prune non-terminological and non-domain relevant
strings. This requires 0.5 minutes per term. After the extraction of definitions (step 2),
to evaluate and refine definitions. We asked each expert to declare the time spent on
this task, and we came out with an average of 4 minutes per definition. Since some
definition was examined by more than one expert, this amount must be increased to 6
min. approximately. In a second-pass review, to agree on the conflicting judgements.
This depends on the number of conflicts, that in our case was less than 10%, mostly
solved automatically (section 3.3). Overestimating, we may still add 1 minute per
definition. The total time is then 7.5 minutes per definition, against the 16 declared by
the lexicographer for steps 1 and 2 of his procedure. In this comparison we exclude
the stylistic harmonisation (step 3 of the lexicographer), which is indeed necessary to
obtain a good quality glossary, but has not been conducted in the case of the
INTEROP experiments. However, since this phase would be necessarily manual in
both cases, it does not influence the computation of the speed-up factor. The above
evaluation is admittedly very questionable, because on one side we have an
experienced lexicographer, on the other side we have a team of people that are
certainly experts of a very specific domain, but have no lexicographic skills. Our
intention here was only to provide a very rough estimate of the manpower involved,
given that no better data are available in literature. Apparently, a significant speed-up
is indeed obtained by our procedure.
Generation of domain sub-trees. As remarked in the introduction, the glossary terms
must have some kind of hierarchical ordering, leading eventually to a formal
ontology. A hierarchical structure simplifies the task of document annotation, and is a
6

We thank Orin Hargraves for his very valuable comments.
To cite his words: “no commercial publisher would subject definitions to a committee for fear
of never seeing them in recognizable form again”

7
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basis for further developments such as automatic clustering of data (e.g. for document
classification), identification of similarities (e.g. for researchers mobility), etc. In
other words, it is a first step towards semantic annotation. To arrange terms in term
trees, we used the procedure described in steps 3.2 and 4.1.1 of the OntoLearn semiautomatic procedure. The definitions have been parsed and the word, or complex
term, representing the hyperonym (genus) has been identified. Given the limited
number of definitions, we verified this task manually, obtaining a figure of 91,76 %
precision, in line with previous evaluations that we did on other domains (computer
networks, tourism, economy). Contrary to the standard OntoLearn algorithm, we did
not attached sub-trees to WordNet, as motivated in previous sections. Overall, the
definitions were grouped in 125 sub-trees, of which 39 including only 2 nodes, 43
with 3 nodes, and the other with >3 nodes. Examples of two term trees are shown:
component

interacting
component

application
component

capability

system
artificial
intelligence
system
computer-based
system

computer
system

software
capability
communication
system

software
requirement

functionality

business
capability

competency

conceptual
functionality
service

network
knowledge
base, KB

business
application

agent

expert
system
enterprise-wide open systems
network
network

business
service
business
object
facility
(BOF)

security service
b2b connectivity

Fig 2. Sub-trees extracted from the Interoperability domain

In figure 2, the collocation of the term system might seem inappropriate, since this
term has a very generic meaning. However, the definition of system in the
interoperability glossary is quite specific: “a set of interacting components for
achieving common objectives”, which justifies its collocation in the tree. A similar
consideration applies to service in the bottom tree. An interesting paper [1] provides
an analysis of typical problems found when attempting to extract (manually or
automatically) hyperonymy relations from natural language definitions, e.g.
attachments too high in the hierarchy, unclear choices for more general terms, orconjoined heads, absence of hyperonym, circularity, etc. These problems are more or
less evident – especially over-generality – when analysing the term trees forest
extracted from the glossary. However, our purpose here is not to overcome problems
that are inherent with the task of building a domain concept hierarchy: rather, we wish
to automatically extract, with high precision, hyperonymy relations embedded in
glossary definitions, just as they are: possibly over-general, circular, or-conjoined.
The target is, again, to speed up the task of ontology building and population,
extracting and formalizing domain knowledge expressed by human specialists in an
unstructured way. Discrepancies and inconsistencies can be corrected later by the
human specialists, who will verify and rearrange the nodes of the forest.
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Conclusion. As already remarked, the glossary provides a first set of shared terms to
be used as metadata for annotating documents and data in the INTEROP platform.
Several features/improvements are foreseen to improve this initial result, both on the
interface/architecture and the methodological side. For example, annotation tools
must be defined and integrated in the INTEROP platform. The taxonomic structuring
of the glossary must be manually reviewed in the light of a core ontology to be
defined, and methods to include new terms must be provided. Finally, the use of terms
for document access, clustering and retrieval must be implemented and evaluated.
3rd Stage: Setting up the INTEROP Glossary Web Module

3.4.

Extending, accessing and using the glossary are collaborative and sharing activities
that need to be supported by specific tools. Furthermore, the spreading of the glossary
requires tools that can have a wide access by the research community. Currently, web
environments have proved to be a suitable solution to address interaction based
applications between several actors in different locations. The main features of web
environments are the use of standard interfaces, the ease of implementation, the
Worldwide access and the advanced interaction capabilities. These features provide
the required functionality in order to allow a controlled and validated development of
the future INTEROP Glossary. A methodology has been defined in order to facilitate
the definition of the technical and operational specifications of the Glossary Module.
Furthermore, this methodology is also aimed to select the software to support the
INTEROP Glossary Web Module (GWM in what follows). The stages of this
methodology are:
•
•
•

Stage 1. Define INTEROP GWM requirements: A set of requirements
will be defined related to the data and graphical user interface specifications.
Stage 2. Analysis of existing Glossary Web based modules.
Stage 3. Selection of the solution: Based on the previous analysis, the
software to support the INTEROP GWM will be selected.

Stage 1 was done based on the requirements defined by the project researchers.
Concerning to stages 2 and 3 some decisions were taken. Based on the general
specifications, the Glossary module must be integrated within the INTEROP
collaborative platform (PLONE-based system8) in order to take profit of the benefits
of the mutual existence of a glossary and a set of resources (documents, papers, etc.).
A search of glossary tools in the market has been performed. There exist some
glossary building tools and some OpenSource e-learning platforms that provide
glossary facilities, but none of them are integrated in PLONE. These solutions are
discarded. Furthermore, there does not exist any commercial software based on
PLONE to support the building of a glossary. This fact leads to consider the
possibility to develop by an external company an ad hoc software on PLONE to
support the Glossary extension and spreading.
8

http://www.plone.org
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4th Stage: Extending the INTEROP Glossary

3.5.

The INTEROP Project has foreseen 5 tasks to be developed in the next year:
•

•
•
•
•

4

Glossary Format and structuring: Currently, the glossary is a “flat” list of
terms and textual definitions. This flat structure may be inadequate for many
tasks. A first activity is to structure the terms in taxonomic order. Taxonomic
structuring of keywords is a first step towards concept-based search.
Glossary extension and updating: In this sub-task the procedures and
software tools for updating and extending the glossary will be defined.
Glossary Usages: New usages must be specified in the working groups.
Implementation of defined glossary-based applications.
Evaluation and assessment: Finally, an evaluation will be carried out to
check the consistency of the tasks developed.

Conclusions

A 4-stage methodology to create a glossary in a collaborative research project has
been defined. The new proposed methodology is based on an adaptation of a
methodology of the University of Rome for the semiautomatic acquisition of terms
and definitions starting from a source of documents related to the research areas of the
collaborative project. Based on this methodology, a first glossary of terms related to
the interoperability domain has been obtained inside the IST-508011 INTEROP
Network of Excellence. The requirements of a web tool to share and to permanently
enlarge the INTEROP glossary have been defined. An analysis of the existing
glossary tools has been carried out. As conclusion, an ad hoc tool will be developed.
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Abstract. Enterprises and networked enterprises need today effective
communication and exchange of distributed data and services under dynamic and context-dependent requirements. Semantic interoperability is
considered a key issue to enforce dynamic discovery and composition of
distributed data and services. In this paper we specifically address the
problem of service discovery and we present an ontology-based approach
for dynamic discovery in a highly variable environment when cooperative
enterprises interoperate to dynamically combine available services selecting the best possible offers in a given moment. The ontology structure
and its deployment are discussed.

1

Introduction

Enterprises and networked enterprises require advanced semantic interoperability methods and tools to enable cooperation and communication at application
level. In particular, semantic interoperability techniques are being proposed to
support data and service discovery and sharing [14]. Current approaches for service discovery address the treatment of dynamical aspects both with respect to
the continuous addition and removal of services in a highly variable environment
and with respect to different contexts in which a service could be invoked [5, 6].
Other works stressed the possibility of using Description Logics to implement
matching algorithms and reasoning procedures to enhance service discovery [7,
13]. Ontologies are considered as an enabling technology for the Semantic Web
and methods and tools for ontology definition are being studied for interoperability purposes. The use of ontology during service search allows for scalability
of the systems when a large number of services is considered. In [2] a service
retrieval approach based on the use of ontologies is presented. In [15] a service
ontology specifies a domain, a set of synonyms to allow a flexible search for the
⋆

This work has been partially supported by the MAIS (Multichannel Adaptive Information Systems [10]) FIRB Project funded by the Italian Ministry of Education,
University and Research, and by NoE INTEROP [9] IST Project n. 508011 - 6th EU
Framework Program.
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domain and a set of service classes to define the properties of services, further
specified by its attributes and operations. The service ontology also specifies a
service quality model that is used to describe non functional aspects. In [4] a
new technique for Web service discovery which features a flexible matchmaking
by exploiting DAML-S ontologies is proposed.
In this paper we specifically address the problem of service discovery and we
present an ontology-based approach for dynamic discovery in a highly variable
environment when cooperative enterprises interoperate to dynamically combine
available services selecting the best possible offers in a given moment. With
respect to existing approaches to ontology-based service discovery, original contribution of our approach regards: (i) the ability of abstracting service characteristics from their operating environment to be able to dynamically select services
on the basis of contextual features; in fact, our ontology has a three-layer architecture with different abstraction levels properly exploited to scale service discovery; (ii) the possibility of selecting services through semantic-based matching
algorithms according to a scored mechanism taking into account semantic relationships among services. The aim of the present work is to present how the use
of an ontology-based approach can support service dynamic discovery and selection. We propose an approach in which an ontology-based service description
is used as a basis for providing service retrieval in an enhanced UDDI Registry.
Instead of associating semantic information directly to services, semantic information is extracted from published services on the basis of a domain ontology
and used as a basis to provide advanced searching functionalities.
The paper is organized as follows: in Section 2 we propose a three-layer service
ontology architecture; in Section 3 we present a logical framework for service
ontology representation; in Section 4, service discovery based on the proposed
ontological framework is discussed and in Section 5 the architecture underlying
our work is presented. Finally, conclusions are discussed in Section 6.

2

The Service Ontology Model

The proposed service ontology architecture organizes services at different layers
of abstraction according to proper semantic relationships [3]. Semantic relationships, as explained in the next section, are the basis for a semantic searching
engine, to improve traditional service discovery mechanisms (mainly based on
keyword-driven search) with more sophisticated retrieval modalities based on
reasoning services. Basic components in our approach are:
– a set of concrete services, described by means of their WSDL interfaces, one
or more concrete bindings (for example, SOAP or HTTP binding) and one
or more endpoints (that is, the physical localization of the concrete service);
the service WSDL interface is described by means of the name of the service
itself, the names of its operations and the names of inputs and outputs for
each operation;
– an UDDI Registry, where concrete services are classified in terms of standard
available service classifications (for example, UNSPSC or NAICS); UDDI
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Registry offers searching utilities that are mainly keyword-based; one of the
aims of our work is to maintain backward compatibility with these existing
technologies and their searching functionalities;
– a domain ontology, where concepts used for operation and I/O entity names
are organized by means of semantic relationships, i.e., subsumption and equivalence; a weight is assigned to each kind of semantic relationship in the
domain ontology.
The conceptual model of the ontology is shown in Figure 1. The service ontology contains concrete services, abstract services and subject categories, organized
into three layers (called Concrete, Abstract and Category layer, respectively).
– Concrete services are directly invocable services and they are featured by
their public WSDL interface, which is used to group them on the basis of
their functional similarity (as explained in the following), and by bindings
to specific implementations.
– Abstract services are not directly invocable services, but represent the capabilities of sets of similar concrete services; abstract service capabilities are
also described by means of a WSDL interface and are obtained from the concrete service operations by means of an integration process; mapping rules
are maintained among the abstract capabilities and the original concrete operations; abstract services are related to each other by two kinds of semantic
relationships: (i) specialization/generalization, when an abstract service offers at least the same functionalities of another one; (ii) composition, when
the functionalities offered by a single abstract service can be provided also
by a group of other abstract services, considered in their totality; in this
case, the first services is often called the composite service, while the other
ones are called the component services.
– Subject categories organize abstract services into a standard available taxonomy (such as unspsc or naics) to provide a topic-driven access to the
underlying abstract and concrete services.
The three-layer service ontology is intended to enhance finding of generic services (abstract services) describing the required capabilities that can be actually
provided by several specific existing services (concrete services). Thus, abstract
services are intended to shorten the way towards a variety of alternative concrete
services that can be invoked. Both abstract and concrete services are described
by means of a functional description, that is, a set of capabilities (for the abstract service) or operations (for the concrete ones) with required inputs and
provided outputs. Context information and quality requirements can be further
considered to refine and filter the set of candidate concrete services. In addition,
subject categories give the user a mechanism for an easy access to the underlying
levels on the basis of standard topics.
Example 1 - Figure 2 shows a portion of three-layer service ontology in
tourism domain.
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Fig. 1. Conceptual model of three layer service ontology.

Fig. 2. A portion of three-layer service ontology in tourism domain.

Page 348

INTEROP-ESA'05

3

A Description Logic for representing services in the
ontology

In order to enhance semantic interoperability, Description Logics have been
adopted for representing services in the ontology and for reasoning in service discovery. Description Logics are knowledge representation formalisms with enough
expressiveness and inference procedures that are sound, that is, the termination
of the reasoning algorithms is guaranteed. We consider the SHOIN (D) Description Logic, that is the logical formalism to which the OWL DL ontology language
(a sub-language of OWL [11]) can be mapped directly [8]. We choose OWL DL
as the representation language for the service and domain ontologies because of
the expressiveness of its constructs and for the readability of its abstract syntax
influenced by frame-based languages. SHOIN (D) allows for the definition of
concepts and roles, defined on a domain D [1].
We start from a set of concept names (that are names of services and operations), each of them denoted by the letter A, a set of individual names, each of
them denoted by the letter i and a set of role names, each of them denoted by
the letter R; a concept C can be defined recursively as follows:
– a concept name A is a concept (called atomic concept);
– an enumeration of individuals {i1 , i2 , . . . in } is a concept;
– given two concepts C1 and C2 , C1 ⊓ C2 (conjunction), C1 ⊔ C2 (disjunction),
¬C and (C) are concepts;
– ∃R.C (existential role restriction) and ∀R.C (universal role restriction) are
concepts.
Moreover, the universal (⊤) and empty concept (⊥) are defined. In SHOIN (D)
it is possible to define:
– terminological equivalence (A1 ≡ A2 ) between atomic concepts;
– transitivity of the role R (T r(R));
– inclusion (C1 ⊑ C2 ) and disjointness (C1 ⊑ ¬C2 ) between concepts to express intentional knowledge about them;
– the inverse role R− ;
– not qualified cardinality constraints, that is, ≤ nR (which stands for ∃≤n y R(x, y)),
≥ nR (which stands for ∃≥n y R(x, y)) and = nR (which stands for ≤
nR ∩ ≥ nR).
We define an ontology ON T as a set of assertions on concepts used to formalize abstract and concrete services (as explained in the next section).
The semantics of concepts is defined by an interpretation I = (∆I , •I ),
consisting of an abstract domain ∆I and an interpretation function •I ; given an
atomic concept A, a role name R with arity n, a set of individuals {i1 , i2 , . . . in },
two generic concepts C1 and C2 , we have:
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AI
RI
iI
({i1 , i2 , . . . in })I
(C1 ⊓ C2 )I
(C1 ⊔ C2 )I
(¬C)I
(∃R.C)I
(∀R.C)I
(≤ nR)I
(≥ nR)I
(= nR)I
(R− )I
(T r(R))I

⊆ ∆I
⊆ (∆I )n
∈ ∆I
= {(i1 )I , (i2 )I , . . . (in )I }
= (C1 )I ∩ (C2 )I
= (C1 )I ∪ (C2 )I
= ∆I − C I
= {c ∈ ∆I | ∃d ∈ ∆I s.t.(c, d) ∈ RI ∧ d ∈ C I }
= {c ∈ ∆I | ∀d ∈ ∆I s.t.(c, d) ∈ RI ⇒ d ∈ C I }
= {x s.t. |{y.hx, yi ∈ RI }| ≤ n}
= {x s.t. |{y.hx, yi ∈ RI }| ≥ n}
= {x s.t. |{y.hx, yi ∈ RI }| = n}
= (RI )−
= (RI )+

The empty concept is mapped to the empty set, while the universal concept
is mapped to ∆I . An assertion A1 ≡ A2 is satisfied by an interpretation I if
(A1 )I = (A2 )I ; an assertion C1 ⊑ C2 is satisfied by I if (C1 )I ⊆ (C2 )I ; an
assertion C1 ⊑ ¬C2 is satisfied by I if (C1 )I ∩ (C2 )I = ∅. An interpretation
I that satisfies all the assertion in ON T is called a model for ON T ; a generic
concept C is satisfiable in ON T if ON T allows for a model I such that C I 6= ∅;
ON T logically implies an assertion between generic concepts if, for each model
I of ON T , the application of I to the assertion is satisfiable.
3.1

Service description

We consider the chosen Description Logic to represent the functional description of abstract and concrete services. To do this, we do not exploit the full
expressiveness of SHOIN (D), but we make a limited use of its constructs. We
consider subsumption, conjunction, disjunction and negation of atomic and complex concepts and existential restriction; in particular, we use four specific roles:
the role hasCategory to express the association link of a service with a subject
category, the role hasOperation to express the relationship of a service with its
operations or capabilities and the role hasInput (resp., hasOutput) to specify
that a given concept is the input (resp., the output) of an operation.
We describe the functional description of a service Sk as a conjunction of the
following parts:
– an atomic concept, to represent the service name we denote it as Name(Sk );
– a conjunction of concepts of the form ∃hasCategory.C, where C is a conjunction of concept names, to represent the associated subject categories; we
denote such conjunction as Categories(Sk );
– a conjunction of concepts of the form ∃hasOperation.OP , where OP is
a concept representing an operation of the current service; we denote such
conjunction as Operations(Sk ); each operation OP is described as the conjunction of:
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• an atomic concept, to represent the operation name; we denote it as
Name(OP );
• a concept of the form ∃hasInput.I, where I is a conjunction of atomic
concepts representing the inputs of the operation; each concept could also
be defined as an enumeration of individuals in the form ∃R.ℓ, where R is
the name of the input and ℓ = {i1 , i2 , . . . in } is the optional enumeration
of individuals; we denote the set of such concepts as Inputs(OP );
• a concept of the form ∃hasOutput.O, where O is a conjunction of atomic
concepts representing the outputs of the operation; each concept could
also be defined as an enumeration of individuals; we denote the set of
such concepts as Outputs(OP ).
Moreover, to distinguish among abstract and concrete services, we add to the
conjunction a new concept of the form ∃hasType.C, where C is an atomic concept abstractService or concreteService. Finally, for each abstract service
we can add a concept of the form ∃hasConcrete.CS, where CS is a conjunction of concepts corresponding to the names of concrete services associated to
the abstract one.
Example 2 - If we consider the abstract service ReserveFlight in Figure 2,
the following new concept is added to the ON T knowledge base:
ReserveFlight ⊓ ∃hasCategory.AirTransfer ⊓
∃hasOperation.(searchFlight ⊓ ∃hasInput.(departureCity ⊓
arrivalCity ⊓ departureTime ⊓ arrivalTime) ⊓
∃hasOutput.flightTicket) ⊓
∃hasOperation.(bookFlight ⊓ ∃hasInput.flightTicket ⊓
∃hasOutput.bookingConfirmation) ⊓ ∃hasType.abstractService ⊓
∃hasConcrete.(KLM ⊓ Alitalia ⊓ Lufthansa)
Semantic relationships among abstract services (specialization/generalization
and composition) are represented by means of subsumption (⊑) and disjunction
(⊔) constructs, that is:
– if an abstract service Sa1 is a specialization of another one Sa2 , then we add
Sa1 ⊑ Sa2 to ON T ;
– if an abstract service Sa1 is composed by a set of abstract services Sa2 , Sa3 ,
. . . San , then we add Sa2 ⊔ Sa3 ⊔ . . . ⊔ San ⊑ Sa1 to ON T .
Example 3 - In the service ontology shown in Figure 2 we have:
ReserveFlight ⊔ ReserveHotel ⊑ ReserveAirTravel
ReserveLowCostFlight ⊑ ReserveFlight
3.2

Service request description

We represent a functional request R as well as the functional description of a
service, with the only difference that in the request R the specification of re-
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quired subject categories could be optional.
Example 4 - We consider the request of a flight booking service for a trip from
Milan or Venice to Rome that allows for payment by credit card. The required
capabilities will be two: the first one to book a flight, inserting departure and
arrival city (defined by enumeration) and receiving the flight ticket, the second
one to pay the flight by credit card, inserting card information and receiving a
receipt via e-mail. The request R will be represented as follows:
∃hasCategory.(AirTransfer ⊓ TravelService) ⊓
∃hasOperation.(flightBooking ⊓
∃hasInput.(∃departureCity.{Milan,Venice} ⊓
∃arrivalCity.{Rome}) ⊓
∃hasOutput.flightTicket) ⊓
∃hasOperation.(paymentByCreditCard ⊓
∃hasInput.(creditCardHolder ⊓
creditCardExpiration ⊓ creditCardNumber) ⊓
∃hasOutput.(∃paymentReceipt.{email})

4

An ontological infrastructure for service discovery

In this section we show how to exploit the proposed ontological infrastructure to
enhance service discovery by means of a matching and ranking algorithm that
finds desired concrete services according to a set of functionalities required by
the user (that is, a request R) and ranks them with respect to their degree of
similarity with R. First of all, we give the definition of similarity coefficients
useful for matching a request R and an abstract service Sai . Then, we present
our matching and ranking algorithm for service discovery.
4.1

Functional similarity coefficients

The functional similarity analysis is supported by the domain ontology used to
annotate I/O entities and operation names, where concepts are organized by
means of weighted semantic relationships (equivalence with weight equal to 1,
subsumption with weight equal to 0.8).
The domain ontology is organized as a graph hN , Ei, where N is the set of
nodes (i.e., concepts) and E the set of edges (i.e., semantic relationships between
nodes). Each edge is represented in the form h(nh , nk ), t, wi, where nh ∈ N is
the source node, nk ∈ N is the destination node, t is the kind of relationship and
w ∈ (0, 1] is the weight associated to that kind of relationship. We call path p
between two nodes n, n′ ∈ N a finite ordered sequence he1 , e2 , . . . en i, where the
source node of e1 is n and the destination node of en is n′ . Between two nodes
in the ontology there can exist more than one path. We define P ⊆ 2E the set of
all possible paths in the ontology. The strength of a path p ∈ P is the value of
the function W : P → (0, 1] that associates to p the product of the weights of all
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the relationships belonging to it. We say that two terms n and n′ have affinity
(n ∼
= n′ ) if:
– there exists at least one path in the ontology between n and n′ ;
– the strength of this path is greater or equal to a given threshold; if there
exist more than one path, the one with the highest strength is chosen; the
affinity value A(n, n′ ) ∈ (0, 1] is equal to the strength of the path.
Given a request R and an abstract service Sai , we consider each pair of
operations opR and opi , one from R and one from Sai . The similarity between
opR and opi is evaluated considering the domain ontology, that is,
OpSim(opR , opi ) = A(nR , ni ) ∈ (0, 1]

(1)

where nR and ni are the concepts associated to the names of opR and opi . If a
path of relationships does not exist among nR and ni names, OpSim(opR , opi ) =
0. If OpSim(opR , opi ) 6= 0, then also similarity among I/O entities is verified
exploiting the domain ontology through the formula

ESim(opR , opi ) =

2 · Atot (IN (opR ), IN (opi ))
| IN (opR ) | + | IN (opi ) |
2 · Atot (OU T (opR ), OU T (opi ))
+
∈ [0, 1]
| OU T (opR ) | + | OU T (opi ) |

(2)

where Atot represents the total value of affinity between the pairs of I/O entities,
one from opR and one from opi (obtained by summing up the affinity values of
all the pairs of I/O entities with affinity) and | | denotes the cardinality of a
given set of I/O entities; the higher the number of pairs of entities with affinity,
the higher the value of ESim(opR , opi ).
The affinity evaluation between inputs and outputs must consider both associated concept names and optional enumerated values. For example, if we
consider two input entities I1 and I2 defined as ∃n1 .ℓ1 and ∃n2 .ℓ2 , respectively,
where n1 and n2 are concept names, ℓ1 and ℓ2 are enumerations of individuals,
we firstly evaluates A(n1 , n2 ), then we verify if for at least one of the two inputs
ℓ is defined; in such a situation, if ℓ1 ≡ ℓ2 then we put A(n1 , n2 ) := A(n1 , n2 ) ∗ 1,
else if ℓ1 ⊑ ℓ2 , then we put A(n1 , n2 ) := A(n1 , n2 ) ∗ 0.8. If ℓ is defined for only
one input, for the other one it is interpreted as “all possible values accepted”.
For each pair of operations, a global similarity coefficient GSim(opR , opi ) is
evaluated through a weighted sum of the values of ESim(opR , opi ) and
OpSim(opR , opi ):
GSim(opR , opi ) = α · ESim(opR , opi ) + β · OpSim(opR , opi ) ∈ [0, 1]

(3)

The weights α and β, with α, β ∈ [0, 1] and α + β = 1, are properly set
to assess the desired relevance of each kind of similarity, depending on flexible
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comparison strategies (generally, α = β = 0.5). Two operations opR and opi are
globally similar if the value of GSim(opR , opi ) is equal or greater than a given
threshold λ.
Finally, the degree of functional similarity between a request R and an abstract service Sai is computed as the ratio among the sum of GSim values for
each pair of globally similar operations in R and Sai and the total number of
required operations:
P
s,t GSim(opR , opi )
F SimR (R, Sai ) =
(4)
| operations in R |
for each opR of R and for each opi of Sai such that GSim(opR , opi ) ≥ λ.
Given a threshold φ, if F SimR (R, Sai ) ≥ φ then we can assess functional
compatibility, that is, isCompatible(R, Sai ).
We pose two main assumptions, derived from the meaning of semantic relationships between abstract services; the first one asserts that, if an abstract
service Sa1 is a specialization of another one Sa2 and Sa2 satisfies the user
request R, then also Sa1 satisfies R, that is
if ON T |= Sa1 ⊑ Sa2 ∧ isCompatible(R, Sa2) then isCompatible(R, Sa1)
The second assumption asserts that, if an abstract service Sa1 is composed
by a set of abstract services Sa2 , Sa3 , . . . San and Sa1 satisfies the user request
R, then R is also satisfied by the overall set {Sa2 , Sa3 , . . . San }, that is
if ON T |= (Sa1 ≡ Sa2 ⊔ Sa3 ⊔ . . . ⊔ San ) ∧ isCompatible(R, Sa1 ) then
isCompatible(R, Sa2 ⊔ Sa3 ⊔ . . . ⊔ San )
4.2

The FC-MATCH algorithm for service discovery

The algorithm is organized in four main phases as shown in Figure 3. During
the first one (rows (9)-(16)) subject categories optionally specified in the request
are used to reduce the set of candidate abstract services: only abstract services
that are associated to at least one selected subject category (marked(Sai ) in the
algorithm) are further considered for the evaluation of their functional compatibility with the request. If no subject categories are specified, then all abstract
services are considered in the next phase.
In the second phase (rows (17)-(23)), candidate abstract services are compared with the request R to evaluate their degree of functional compatibility
with R. Only abstract services Sai for which F SimR (R, Sai ) is equal or greater
than a given threshold φ are further considered.
In the third phase (rows (24)-(29)) semantic relationships between abstract
services are exploited to make more efficient selection of candidate abstract services, according to assumptions presented in Section 4. This phase can reduce
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(1) Algorithm FunctionalCompatibilityMatch
(2)
Input service ontology ON T , a request R, a threshold φ
(3)
Output a set CSC of pairs (Sci , score(Sci )), where Sci are concrete
services returned to the user, ranked with respect to score(Sci )
(4)
(5)
(6)
(7)
(8)

AS := set of available abstract services //initialization
foreach Sai ∈ AS
score(Sai ) := 0;
ASC := ∅ //set of candidate abstract services
CSC := ∅

(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

if Categories(R) 6= ∅ //category level filtering (optional)
foreach Sai ∈ AS
foreach Cath ∈ Categories(R)
if Cath ∈ Categories(Sai) then mark Sai
if marked(Sai ) then
add Sai to ASC;
remove Sai from AS;
else ASC := AS //if no categories are specified, all available abstract
//services are candidate services

(17)

(29)
(30)
(31)
(32)

AS := ASC; //maintain only abstract services associated to the
//selected categories, if specified
ASC := ∅;
foreach Sai ∈ AS //functional similarity evaluation
if F SimR (R, Sai ) ≥ φ then
score(Sai ) := F SimR (R, Sai );
add Sai to ASC;
remove Sai from AS;
foreach Saj 6= Sai such that ON T |= Saj ⊑ Sai then
//exploitation of specialization relationships between
//abstract services
score(Saj ) := score(Sai );
add Saj to ASC;
remove Saj from AS;
foreach {Saj } =
6 Sai such that ON T |= (⊔{Sai } ⊑ Sai ) then
//exploitation of composition relationships between
//abstract services
score{Saj } := score(Sai );
add {Saj } to ASC;
remove {Saj } from AS;
else remove Sai from AS;

(33)
(34)
(35)
(36)

foreach Sai ∈ ASC then //mapping from the abstract to the concrete world
foreach Sck ∈ concretes(Sai )
score(Sck ) := score(Sai );
add (Sck , score(Sck )) to CSC;

(37)

return CSC ranked with respect to score(Sci );

(18)
(19)
(20)
(21)
(22)
(23)
(24)

(25)
(26)
(27)
(28)

Fig. 3. The FC-MATCH algorithm.
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Fig. 4. The compat system architecture.

the set of abstract services for which the evaluation of F SimR (R, Sai ) coefficient
is needed, decreasing the complexity of the algorithm.
Finally, concrete services associated to the selected abstract ones are returned
to the user, ranked according to the degree of their functional compatibility with
the functional requirements (rows (31)-(35)). Future work will address further
refinement of the set of concrete services taking into account contextual information and QoS issues. In such a case, the value of score(Scj ) of each selected
concrete service Scj will be further modified according to contextual and QoS aspects. Notice that we addressed scalability purposes by exploiting the three-layer
structure of the service ontology (we progressively reduce the set of candidate
services by considering the organization of services into subject categories and
abstract services) and semantic relationships between abstract services.

5

The compat system architecture

Figure 4 shows the proposed architecture for the compat ontology-based system to enhance service discovery according to compatibility degree. The core
elements of the architecture are the Compatible Service Provider, the JENA
API and the JENA DIG Interface. The Compatible Service Provider implements the matching algorithm presented in Section 4 to find available concrete
services with respect to the user requests. The Compatible Service Provider
does not access directly the ontology, but it uses the JENA API, a Java interface that includes a subsystem for management of ontologies supporting OWL,
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DAML+OIL and RDF. JENA uses an internal model to represent ontologies, on
which it is possible to add a plug-in to perform reasoning tasks. An automatic
reasoner, RACER [12], has been developed to implement reasoning tasks on
SHOIN (D); it can be used by means of the Jena DIG-HTTP interface. The
Compatible Service Provider satisfies the request of a service both from a
human user, that can interact with the system by means of a Graphical User
Interface (GUI), implemented using Java Servlet and Java Server Pages technologies, and directly from a software application to automate service selection
and discovery.

6

Conclusions

In this paper we have addressed the problem of semantic interoperability in
service discovery to support enterprises in dynamically selecting the best possible
offers in a given moment. We have proposed a service ontology architecture and
a matching algorithm to exploit it in order to find concrete services according to
a given service request. We have also proposed a mechanism to rank the resulting
set of concrete services. In this paper we have considered only functional aspects
of services, while future works will address also a QoS-based and context-aware
selection of concrete services. The basic idea is to take into consideration QoS
and contextual aspects to filter concrete services selected by the FC-MATCH
algorithm. Negotiation techniques could also be considered in this phase. At
the moment, a prototype of the architecture shown in the previous section and
the experimentation in the domain of touristic information services are being
completed.
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Abstract. Companies are more and more focusing on their core competencies,
outsourcing business tasks to their business partners. In order to support
collaboration between business partners, adequate information systems need to
be built automating inter-organizational business processes. The bases for such
information systems are business components combining software artefacts
from different vendors to applications which are individual to each customer.
The crucial factors in identifying and building reusable, marketable and selfcontained business components are the appropriateness and the quality of the
underlying business domain models. This paper therefore introduces a process
for the identification of business components based on an enterprise ontology,
being a business domain model satisfying well defined quality criteria.

1. Introduction
The software components of an information system that support directly the
activities in an enterprise are usually called business components [1, 2]. All other
software components are considered either to deliver services to these business
components or to offer some general functionality. The identification of business
components thus is the first step in the development of an information system
according to current standards (component-based, object-oriented etc.). Needless to
say that this step is a very crucial one and that it consequently should be performed at
the highest possible level of quality. The starting point is the set of requirements that
have been elicited from the business domain. Requirements engineering is still a weak
link, although considerable progress has been made since it is being based on a
business domain model. These models offer a more objective starting point for
extracting requirements and a more objective criterion for evaluating them than the
traditional ‘waiter strategy’ [3]. In a very true sense however, this new approach to
engineering requirements only shifts the problem to an earlier stage instead of solving
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it. The crucial factor now is the appropriateness and the quality of the business
domain model. In [4] some quality criteria are proposed regarding a business domain
model, which we adopt for our current research:
• It should make a clear and well-founded distinction between the essential
business actions and informational actions. For example, requesting a supplier
to deliver articles is essential, but computing the amount of articles is
informational (it is no new fact, only the outcome of a computation).
• It should have the right granularity or level of detail. "Right" means in this
respect: finding the actions that are atomic from the business point of view.
They may be composite only in their implementations. For example, the
request to a supplier is atomic from the business point of view, but to perform
a request by postal mail, a number of non-essential actions have to be taken
like mailing the order form, transporting it and delivering it to the supplier.
• It should be complete, i.e. it should contain everything that is necessary and it
should not contain anything that is irrelevant. As will be shown in the sequel,
this requirement is probably the most hard to satisfy since it is common
practice in most organizations to perform several kinds of coordination acts
tacitly, according to the rule "no news is good news".
We will call a business domain model that satisfies these requirements an
enterprise ontology. The goal of the research that is reported in this paper is to
identify business components on the basis of an enterprise ontology. It builds on
previous work regarding enterprise ontology [5] and regarding business components
[6, 7]. The outline of the paper is as follows. In section 2, the method is presented that
we apply to arrive at a right ontological model of an enterprise and to derive from this
model the business components. In section 3, the method is applied to the example of
strategic supply network development (SSND), as reported in [8, 9]. On the basis of
the ontological model that is the outcome of section 3, we derive the corresponding
business components in section 4. Discussions of the findings as well as the
conclusions that can be drawn are provided in section 5.

2. The method and the example case
A precondition to component based development of application systems by using
business components is a stable component model. In order to obtain stable business
component models, a well defined identification process is necessary. The basis for
the identification of reusable, marketable and self-contained business components is
an appropriate and high quality business domain model. Such a model not only serves
to satisfy the requirements for a single application system but rather for a family of
systems – and therefore for a certain domain. In order to achieve that, we adapted the
Business Component Modeling (BCM) [6] process by modeling the business domain
using an enterprise ontology as introduced in section 1. An overview of the adapted
Component Based Domain Analysis phase of the BCM process is given in Fig. 1. In
this paper we concentrate on the Domain Scope and the Business Components
Identification sub phases and will not describe the Specification sub phase.
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Fig. 1 Component Based Analysis Phase of the BCM process

In the Domain Scope sub phase, the method that is used for constructing the
ontology of an enterprise is taken from DEMO (Design & Engineering Methodology
for Organizations) [10-12]. As is explained in [10, 11] a distinction is made between
production acts and facts and coordination acts and facts. The transaction axiom puts
these acts/facts together in the standard pattern of the (business) transaction.
Consequently, two worlds are distinguished: the production world (P-world) and the
coordination world (C-world). The complete ontological model of an organization in
DEMO consists of four aspect models (Fig. 2).
Organization Construction Diagram

Actor Transaction Diagram
Transaction Result Table

Actor Bank Diagram

CM

Bank Contents Table

Process Step Diagram

Object Fact Diagram

PM SM
Information Use Table

Object Property Table

AM
Action Rule Specifications

Fig. 2 The four aspect models

The Construction Model (CM) specifies the composition, the environment and the
structure of the organization: the identified transaction types and the associated actor
roles, as well as the information links between the actor roles and production banks or
coordination banks. The Process Model (PM) contains for every transaction type in
the CM the specific transaction pattern of the transaction type. Next to these patterns,
it contains the causal and conditional relationships between transactions. The Action
Model (AM) specifies the action rules that serve as guidelines for the actors in dealing
with their agenda. It contains one or more action rules for every agendum type. These
rules are grouped according to the actor roles that are distinguished. The State Model
(SM) specifies the entity types and fact types in the P-world, but only those object
classes, fact types and ontological coexistence rules that are contained in the AM.
In Fig. 2, the CM triangle is split by a dashed line in a left and a right part. This has
got to do with the logical sequence of producing the aspect models. First, the left part
of the CM can be made straight away after having applied the elicitation procedure as
discussed in [13]. It contains the active influences among actor roles, through their
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being initiator or executor of a transaction type. The CM is expressed in an Actor
Transaction Diagram (ATD) and a Transaction Result Table (TRT). Next, the Process
Step Diagram (PSD), which represents a part of the PM, is produced, and after that
the AM, which is expressed in Action Rule Specifications (ARS). The action rules are
expressed in a pseudo-algorithmic language, by which an optimal balance is achieved
between readability and preciseness. Then the SM is produced, expressed in an Object
Fact Diagram (OFD) and an Object Property Table (OPT). Next, the right part of the
CM is produced. It consists of an Actor Bank Diagram (ABD) and a Bank Contents
Table (BCT). Usually the Actor Bank Diagram is drawn as an extension of the Actor
Transaction Diagram. Together they constitute the Organization Construction
Diagram (OCD). After that we are able to complete the PM with the Information Use
Table (IUT).
Having defined the enterprise ontology, the complete information related to the
business domain is available in order to identify business components as denoted in
the Business Components Identification sub phase of the BCM process in Fig. 1. In
order to optimize the process of identifying high quality, reusable and marketable
business components the Business Components Identification (BCI) method is used.
BCI is based upon the Business System Planning (BSP) [14] method and has been
modified for the field of business components identification. BCI takes as input the
object classes and fact types from the SM and the process steps from the PM,
obtained from the domain scope phase and summarized in the Create/Use Table
(CUT), an extension of the IUT. Using a genetic algorithm a number of possible
solutions (component models) are generated in order to select the most suitable
solution fitting best to the specified quality factors. One of the most important quality
factors concerning component models is the minimal communication between
components. The result of the BCI is an abstract business component model with
defined dependencies between components.
To illustrate the domain scope and component identification sub phases with their
resulting diagrams and models, the BCM process is applied to the domain of strategic
supply network development in the next sections. The main tasks in the domain of
strategic supply network development derive from the tasks of strategic sourcing. The
most evident changes regard the functions with cross-enterprise focus. Purchasing has
become a core function in enterprises in the 90ies. Current empiric research shows a
significant correlation between the establishment of a strategic purchasing function
and the financial success of an enterprise, independent from the industry surveyed
[15]. One of the most important factors in this connection is the buyer-supplierrelationship. At many of the surveyed companies, a close cooperation between buyer
and supplier in areas such as long-term planning, product development and
coordination of production processes led to process improvements and resulting cost
reductions that were shared between buyer and suppliers [15]. In practice, supplier
development is widely limited to suppliers in tier-1. With respect to the superior
importance of supplier development we postulated the extension of the traditional
frame of reference in strategic sourcing from a supplier-centric to a supply-networkscope [8] i.e., the further development of the strategic supplier development to a
strategic supply network development. This refocuses the object of reference in the
field of strategic sourcing by analysing supplier networks instead of single suppliers.
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3. Constructing the ontology of the SSND case
This section contains the result of applying the method for constructing the ontology
of an enterprise, as presented above, to the SSND case. Space limitations prohibit us
to provide a more extensive account of how the models in the figures below are
arrived at. Also, we will not present and discuss the action rules. Fig. 3 exhibits the
Organization Construction Diagram (OCD). The Transaction Result Table (TRT) that
belongs to it is shown in Table 1.

Fig. 3. Organization Construction Diagram of the SSND case
transaction type
T01 offering
T02 engineering
T03 exploring
T04 evaluating
T05 concluding

resulting P-event type
PE01 supply contract C is offered
PE02 the BoM of assembly A is determined
PE03 supply contract C is a potential contract
PE04 supply contract C is evaluated
PE05 supply contract C is concluded

Table 1. Transaction Result Table of the SSND case

The top or starting transaction type is T01. Instances of T01 are initiated by the
environmental actor role CA01, which is a company in tier n-1 and executed by actor
role A01. This company asks for an offer regarding the supply of a particular product
P. In order to make such an offer, A01 first initiates a T02, in order to get the bill of
material of P. This is a list of (first-level) components of P, produced by A02. Next,
A01 asks A03 for every such component to get offers from companies that are able to
supply the component. So, a number of transactions T03 may be carried through
within one T01, namely as many as there are components of P. In order to execute
each of these transactions, A03 has to ask companies for an offer regarding the supply
of a component of P. Since this is identical to the starting transaction T01, we model
this also as initiating a T01. Now however, the executor of the T01 is a company in
tier n+1. Consequently, the model that is shown in Fig. 3 must be understood as to be
repeated recursively for every tier until the products to be supplied are elementary, i.e.
non-decomposable. Note that, because of the being recursive, an offer (the result of a
T01) comprises the complete bill of material of the concerned component of P.
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Every offer from the companies in tier n+1 is evaluated in a T04. So, there is a T04
for every ‘output’ T01. The result of a T04 is a graded offer for some component of P.
So, what A03 delivers back to A01 is a set of graded offers for every component of P.
Next, A01 asks A05, for every component of P, to select the best offer. The result is a
set of concluded offers, one for every component of P. This set is delivered to A01.
Lastly, A01 delivers a contract offer for supplying P, together with the set of
concluded offers for delivering the components of P. Because of the recursive
character of the whole model, this offer includes the complete bill of material of P,
regardless its depth. The OCD in Fig. 3 contains three external production banks.
Bank CPB01 contains the data about a company that are relevant for the evaluation of
offers. Bank CPB02 contains the different evaluation methods that can be applied. In
every instance of T04, one of these methods is applied. CPB03 contains identifiers of
all companies that may be addressed for an offer. Lastly, in the transaction result table
(Table 1), the supply of product by a (supplying) company to a (customer) company is
called a contract.

Fig. 4 Process Step Diagram of the SSND case

Fig. 4 exhibits the process step diagram of the SSDN case. It shows how the
distinct transaction types are related. From the state T01/pm (promised) a number of
transactions T03 (possibly none) and a number of transactions T05 (possibly none)
are initiated, namely for every first-level component of a product. This is expressed
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by the cardinality range 0..k. Likewise, from the state T03/pm, a number of
transactions T01 and a number of transactions T04 are initiated, namely for every
offer or contract regarding a first-level component of a product. The dashed arrows,
from an accept state (e.g. T02/ac) to some other transaction state, represent waiting
conditions. So, for example, the performance of a T03/rq has to wait for the being
performed of the T02/ac. Fig. 5 exhibits the object fact diagram and Table 2 the object
property table. Together they constitute the State Model of the example case.
PE03

C
C is a potential
contract

COMPANY

PE05

SC

C

CC

PRODUCT

P

SC supplies product P to CC

CONTRACT

ASSEMBLY

C is concluded

PE01

P

PE04

P is a part of A

C

C

A

C is evaluated

PE02

C is offered

A
EVALUATION
METHOD

M

C

C is evaluated with M

the BoM of
assembly A is
determined

Fig. 5 Object Fact Diagram of the SSND case
property type
< company information >
< contract terms >
sub_products(*)
#sub_products(*)
companies(*)
sub_contracts(*)
evaluation_mark
evaluation_marks(*)

object class
COMPANY
CONTRACT
PRODUCT
PRODUCT
PRODUCT
CONTRACT
CONTRACT
CONTRACT

scale
< aggregated data >
< aggregated data >
set of PRODUCT
NUMBER
set of COMPANY
set of CONTRACT
NUMBER
set of NUMBER

Table 2. Object Property Table of the SSND case

Properties are nothing more or less than binary fact types that happen to be a pure
mathematical function of which the range is set of, usually ordered, values, called a
scale. The OFD is a variant of the ORM model [16]. Diamonds represent unary fact
types that are the result of transactions, also called a production event type. They
correspond with the transaction results in Table 1. An ellipse around a fact type or a
role defines a concept in an extensional way, i.e. by specifying the object class that is
its extension. For example, the ellipse around the ternary fact type “SC supplies
product P to CC” defines the concept of contract. The ellipse around the production
event type “C is evaluated” defines the concept of evaluated contract. Lastly, the
ellipse around the role “A” of the fact type “P is a part of A” defines all assemblies,
i.e. all products that do have parts. The property types marked by “(*)” in the OPT are
derived fact types. The derivation rules are as follows:
sub_products (P) = {X | X is a product and X is a part of P};
#sub_products(P) = card(sub_products (P));
companies(P) = {X | X is a company and X supplies P to the ‘this company’};
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sub_contracts(C) = {X | X is a contract and the product of X is Z and the
product of C is Y and Z is a part of Y};
evaluation_marks (C) = {X | X is an evaluation mark of C};
object class or fact type
PRODUCT
product P is a part of product A
the BoM of assembly A is determined
COMPANY
< company information >
CONTRACT

< contract terms >
supply contract C is offered
supply contract C is a potential contract
supply contract C is evaluated with method M
supply contract C is concluded
EVALUATION METHOD
sub_products(*)
#sub_products(*)
companies(*)
sub_contracts(*)
evaluation_mark(*)
evaluation_marks(*)

process steps
T01/rq T01/pm T02/rq T02/pm T02/st T02/ac T03/rq T03/pm
T02/st T03/pm
T02/ac
T01/rq T03/pm T04/pm
T04/pm T04/st
T01/rq T01/pm T02/ac T03/rq T03/pm T01/st T01/ac T04/rq
T04/pm T04/st T04/ac T03/st T03/ac T05/rq T05/pm T05/st
T05/ac
T05/st
T01/ac
T03/ac
T04/ac
T05/ac
T04/pm T04/st
T02/st T03/rq T03/pm
T02/st T03/rq
T03/pm
T03/pm T03/st T01/st T03/ac T04/rq T04/ac
T04/st T04/ac T03/st T04/pm T03/ac
T03/st

Table 3. Create/Use Table of the SSND case

Table 3 exhibits the Create/Use Table of the SSND case. It consists of an
Information Use Table, extended with the process steps in which an instance of an
object type or fact type is created. These steps are printed in italics, as are the fact
types that are production event types.

4. Identifying Business Components for the SSND case
Based on the enterprise ontology introduced in the previous section and providing
a complete and formal description of the business domain, business components for
the domain of strategic supply network development are identified in this section and
the resulting component framework is introduced.
The underlying idea of business components combines components from different
vendors to an application which is individual to each customer. This principle of
modular black-box design demands reusable, marketable, self-contained, reliable and
manageable business components. Therefore the business components need to
provide services at the right level of granularity and a formal and complete
specification of its external view. The description of the specification step of the
BCM process is not within the scope of this paper. Instead, for the identification of
business components, an enhanced version of the Business Component Identification
(BCI) [6] method is applied to the SSND domain and is described next.
The basis for BCI builds the Create/Use table (see Table 3) of the enterprise
ontology. In a first step a matrix is built defining the relationships between the object
class respectively fact types and the single process steps, gained from the Create/Use
Table. The relationships are visualized inserting “C” and “U” in the matrix. “C”
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T03/pm
T05/st
T03/ac
T04/ac
T05/ac
T01/st
T04/rq
T01/pm
T01/ac
T02/st
T03/rq
T02/ac
T01/rq
T02/rq
T02/pm
T03/st
T04/pm
T04/st
T05/rq
T05/pm

c
u
u
u
u
u
u
u
u

c

u

u

u

company

company information

companies

evaluation method

evaluation_result

evaluation_results

the BoM of assembly A is determined

#sub_products

sub_products

product P is part of product A
u

u

c
u
u

c
c

u
u

u

u
u
c

u
u

c
u
u
u
c
c
u
u
u
u
u

u
u
u

u
u
u
u
u

product

supply contract C is offered

supply contract C is concluded

supply contract C is evaluated with method M

contract terms

contract

Process steps

sub_contracts

Object class
and fact types

supply contract C is a potential contract

denotes that the object class respectively fact types are created in a specific process
step and “U” denotes the usage of informational data by a given process step. In
changing the order of the rows and the columns and placing the “C” as far left and as
up as possible in the matrix, groups of relationships can be recognized (see Fig. 6).
These groups identify potential business components.

u

c

c
u

c
u
c

c

u
u

u

Manual execution:
External banks:

Business Components:

Fig. 6 Business Components Identification Matrix

In order to ensure optimal grouping regarding required metrics – such as minimal
communication between components, maximum compactness of components – an
optimization problem needs to be solved for which a genetic algorithm has been
developed. The genetic algorithm starts with a predefined solution (specific
assignment of process steps to components) and while iterating, generates better
solutions using mutation and crossing-over of the best generated solutions available.
For any iteration, the algorithm assigns each process step to a potential component (1,
2, 3, etc) and evaluates the potential solution with the following quality function:

q = ∑∑ e(m( ps, io), p ( ps ), r (io))
ps

(4.1)

io

ps: process step in the matrix (row)
io: information object (object class or fact type) in the matrix (column)
p(ps) a Ν : assignment of a ps to a component ∈ Ν
r(io) a Ν : assignment of an io to a component ∈ Ν
m(ps,io) ∈ {' c' , ' u ' , ' o'}: content of matrix entry (create; use; other)

(4.2)
(4.3)
(4.4)

e(m(ps,io),p(ps),r( io)) = 

(4.5)

ein (m( ps, io)) : p( ps ) = r (io)
eout (m( ps, io)) : p( ps ) ≠ r (io)
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0 : m( ps, io) =' u '∨ ' c'
0.1 : m( ps, io) =' o'

e in (m(ps,io))= 

(4.6)

0 : m( ps, io) =' o'

e out (m(ps,io))= 1 : m( ps, io) =' u '
+ ∞ : m( ps, io) =' c'


(4.7)

T03/pm (generate sub-contracts)
T05/st (define contract terms)
T03/ac (select sub-contracts)
T04/ac (request sub-contract selection)
T05/ac (conclude contract)
T01/st (offer contract)
T04/rq (aggregate sub-contract)
T01/pm (offer contract)
T01/ac (offer contract)
T02/st (execute BoM explosion)
T03/rq (request contract)
T02/ac (execute BoM explosion)
T01/rq (request offer)
T02/rq (execute BoM explosion)
T02/pm (execute BoM explosion)
T03/st (define best sub-contract)
T04/pm (evaluate contract)
T04/st (provide evaluation result)

company

company information

companies

evaluation method

evaluation_result

evaluation_results

the BoM of assembly A is determined

#sub_products

sub_products

product P is part of product A

product

supply contract C is offered

supply contract C is concluded

supply contract C is evaluated with method M

contract terms

contract

Process Steps &
Component Services

sub_contracts

Object class
and fact types

supply contract C is a potential contract

The evaluation function (4.5) evaluates for each potential solution any entry in the
matrix as follows. Entries which are a use or a create and located in a component are
evaluated with the value 0, anything else is evaluated with a 0.1 (see formula 4.6).
Entries outside a component which are a use are evaluated with 1 and a create with
+ ∞ (see formula 4.7). The quality function (4.1) calculates the entire sum over each
evaluation for all entries in the matrix. After all iterations the min(q) provides the best
component solutions for a given matrix, whereby different solutions with the same
min(q) may exist. That means that all creates are located inside a component, few
uses are outside of the components and few other (empty entries) are inside a
component, fulfilling the required metrics of minimal communication and maximum
compactness.

Supply Network Contract
Development

Product Manager

Evaluation
Manager

External banks:
Business Components:

Fig. 7 Identified SSND Business Components

The result of the BCI is an abstract business component model with already
defined dependencies between components. The dependencies are defined by the uses
which are located outside the components and which are substitute by arrows as
shown in Fig. 7. The first business component shown in Fig. 7 offers services for the
development of the contract offers for the whole supply network and is therefore
called supply network contract development. The second business component is
responsible for the specification of products and for the execution of the bill of
material explosion and is therefore called product manager. The last component
identified is the one responsible for the evaluation of the offered contracts.
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For the business components identified, the services they provide need to be
defined. Single process steps need therefore to be assigned to component services.
The mapping for the strategic supply network development domain is shown in Fig. 7
in the row process steps and component services. As can be seen, some process steps
are mapped one to one to business component services, e.g. T03/pm is mapped to
generate sub-contracts, or T05/st is mapped to define contract terms, whereas other
process steps are combined to one business component service e.g. T01/st, T01/pm,
T01/ac are all mapped to one and the same component service offer contract. Fig. 8
shows the refined business component model with the services defined for each
component.

Fig. 8 SSND Business Components with provided Services

The information for the mapping of process steps to business component services
is gained from the action rules of the enterprise ontology. A detailed description of the
mapping would go beyond the scope of this paper.

5. Conclusion
In this paper, we have addressed the problem of identifying business components,
defined as the highest level software components, i.e. the software components that
directly support business activities. Although component-based software development
may be superior to more traditional approaches, it leaves the problem of requirements
engineering unsolved. Put differently, the component-based approach provides no
criteria for determining that a set of identified components is complete (no component
is missing) and minimal (there are no redundant components). Next to that, it provides
no means for determining the point of departure, i.e. an appropriate model of the
business domain.
The method presented and demonstrated in this paper does solve these problems.
First, the enterprise ontology constructed by means of DEMO is an appropriate model
of the business domain. It satisfies the quality criteria as proposed in the introduction.
As a consequence, the identified business components do really and directly support
the business activities in which original new facts are created. Moreover, since the
process steps (cf. Fig. 4) are atomic from the business point of view, one can be sure
to have found the most fine level of granularity that has to be taken into account.
Also, one can be sure that this set of process steps is complete and minimal.
Second, the BCI method, based on the resulting models and tables of the enterprise
ontology, provides an automated approach for the identification of business
components satisfying defined metrics which are relevant for the development of
reusable, marketable and self-contained business components. The metrics defined in
this paper – being minimal communication between and maximum compactness of
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business components – are the basic metrics for the component-based development of
inter-organizational business applications focusing on the deployment of components
which can be on different enterprise systems. Additional metrics can easily be added
to the BCI method in extending the genetic algorithm.
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Abstract. The OMG Deployment and Configuration specification is an attempt
at standardizing the deployment process of component-based applications in
distributed environment. A software connector is an abstraction capturing
interaction among components. Apart from middleware independence,
connectors provide additional services (e.g. adaptation, monitoring, etc.) and
benefits, especially in the area of integration of heterogeneous componentbased applications. This paper presents an approach for using connectors in the
context of the deployment process defined by the OMG Deployment and
Configuration specification to overcome incompatibilities in different
component models and allow for deployment of truly heterogeneous component
applications.

1. Introduction
Component-based software engineering is a paradigm advancing a view of
constructing software from reusable building blocks, components. A component is
typically a black box with a well defined interface, performing a known function. The
concept builds on the techniques well known from modular programming, which
encourage the developers to split a large and complex system into smaller and better
manageable functional blocks and attempt to minimize dependencies between those
blocks.
Several ideas of the component-based programming have been embraced by the
software development industry and as a result, there are now several component
models, such as Enterprise Java Beans [12] by Sun Microsystems, CORBA
Component Model [8] by OMG, and .Net [5] by Microsoft, which are extensively
used for production of complex software systems.
There are also a large number of other component models, designed and used
mainly by the academic community. While most of the academic component models
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lack the maturity of their industrial counterparts, they aim higher with respect to
fulfilling the vision of the component-based software engineering paradigm. This is
mainly reflected in support for advanced modeling features, such as component
nesting, or connector support. While we are aware of a number of component models
used in academia, we are most familiar with SOFA [11,7] and Fractal [6].
Typically, component applications are modeled as distributed and platform
independent, with a particular execution platform selected during development.
However, the current trends in software industry concerning enterprise integration
may hint that platform independence on the level of design is not enough.
Our aim is to make possible creating heterogeneous applications which, in addition
to the above, can consist of components written using different component models.
This brings us two problems that need to be solved – 1) making the different
components work together, and 2) deploying the resulting heterogeneous application.
The two problems may seem orthogonal, but in fact they are connected due to the
nature of the differences between component models. These differences comprise
mainly component packaging format and deployment, component instantiation and
lifecycle management, communication middleware, hierarchical composition of
components, etc. To make the different components work together and create a truly
heterogeneous component application, we need to overcome those differences.
A key problem in making components from different component models work
together is communication. Connections in different component models have different
semantics and typically use different communication middleware to achieve
distribution. The contemporary solutions to this problem usually employ middleware
bridges (e.g. BEA WebLogic, Borland Janeva, IONA Orbix and Artix, Intrinsyc JIntegra, ObjectWeb DotNetJ, etc.) to connect components form different component
technologies, which only tackles the issue of different middleware and leaves out the
issue of different semantics and other (connection related) differences between the
component models.
We propose to use software connectors [1] to define the semantics for connections
between components from different component models. Based on requirements put on
a specific connection, the implementation of a connector can be automatically
generated or, if the semantics allows it, a suitable middleware bridge can be used to
mediate the connection.
Deployment of component applications is one of the most burning problems for the
majority of component models. The deployment process generally consists of several
steps, which have to be performed in order to successfully launch a component
application. Without deployment support and tools, a component model is unusable
for serious software development.
Most of the component models have addressed the deployment issue in some way,
but the differences between various component models have made it difficult to arrive
at a common solution. Therefore the deployment process for component applications
is specific to particular component technology and vendor. Worse, even applications
written for a standardized component technology have to be deployed in a vendor
specific way using the vendor’s proprietary tools (e.g. EJB).
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Client A

Server
component

Provided interface
Required interface
Component binding

Client B
Client C

Fig. 1. A model of a simple component application. There is a server component providing
two different services with two clients connected to one service and another client connected
to the other service.

The above situation makes the integration of components from different
component models and the deployment and maintenance of the resulting application
practically impossible.
A promising approach to deployment of heterogeneous component applications is
modeling the application in a platform independent manner and mapping the platform
independent model into the target environment to ensure interoperability. The first
step in this direction has been done by the Object Management Group (the body
behind CORBA and the CORBA Component Model [8]), who has published a
specification concerning deployment and configuration of distributed componentbased applications [9]. Following the MDA [10] approach, the specification presents a
platform independent models of the application, target environment, and the
deployment process, which are then expected to be transformed to platform specific
models suitable for specific component technologies and mapped to particular
programming environment.
Upon careful examination, though, the OMG specification stops short of providing
support for deployment of heterogeneous component applications. The failure rests
with the fact that the OMG expects the platform independent model to be mapped into
a single target environment at a time. In effect, this means that the specification can
be used to define a number of deployment mechanisms, but each of the deployment
mechanisms will only support a single target environment. Interoperability between
heterogeneous target environments is only provided at a conceptual level, which is
rather insufficient.
We believe that the specification should support deployment of heterogeneous
applications, rather than conceptually compatible but functionally incompatible
deployment mechanisms for heterogeneous target environments. We extend the OMG
specification to support deployment of heterogeneous component applications by
introducing connectors as bridges between the heterogeneous parts of an application,
and by extending the model to support construction of connectors during deployment.
Throughout the paper, we will use a model of a simple component application
depicted in Figure 1 as a running example. The rest of the paper is organized as
follows. Section 2 presents an overview of software connectors and their use in
overcoming the differences between component models. Section 3 provides a short
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Client A

Server
component

Provided interface
Required interface
Component binding
Distribution boundary

Client B

Server connector unit
Client connector unit

Client C

Fig. 2. A model of a simple component application using connectors to capture intercomponent interactions. Each connector is split into two parts respecting the distribution
boundary. In the case of the procedure call-based connectors (i.e. those used in the example)
there is typically one server unit and zero to many client units.

overview of the relevant parts of the OMG specification, and Section 4 demonstrates
the deployment of a heterogeneous application using connectors and the OMG model
of deployment process. We discuss related work in Section 5 and conclude the paper
in Section 6.

2. Software Connectors
Software connectors are first class entities capturing communication among
components. Although connectors may be very complex, modeled by complicated
architectures reflecting different communication styles [4], it is sufficient for the
purpose of this paper to view a connector as a number of connector units attached to
respective components (see Figure 2).
Apart from modeling and representing inter-component communication,
connectors have another important feature – it is possible to generate them
automatically based on higher level description expressed in terms of a
communication style and non-functional properties [4]. That allows a developer to be
concerned just with components’ business logic and not to deal with glue code
(containing often middleware dependent parts).
The whole trick of using connectors is to plug an appropriate connector instance
between every two components. However, as the concept of connectors is not
typically present in current component models, it is often necessary to extend them to
support connectors. That is easily done by hooking in the process of component
instantiation and binding. Upon instantiation of a component, we create the server
connector units and make sure that whenever component interfaces are queried a
connector reference to a corresponding server connector unit is returned (instead of
returning a reference directly to an interface). Similarly, whenever an interface is
being connected to another component, a client connector unit is created and bound
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Fig. 3. An overview of the component data model

using the connector reference. In our approach, the connector reference is a container
holding a set of server unit identities depending on available transport methods (e.g.
Java reference for in-address-space connections, RMI reference for RMI connections,
or IOR for CORBA connections).
The information what implementation is to be used for a particular connector unit
is contained in a connector configuration map. The map contains couples <interface
discriminator, connector unit implementation>. The interface discriminator specifies
uniquely either a server interface by 2-tuple <component, interface name> or a client
interface by 5-tuple <client component, client interface name, server dock name,
server component, server interface name>. Such a description reflects the fact that a
connector unit attached to a server interface is created in advance and can exist
standalone, while a connector unit attached to a client interface is created during
component binding when the binding target is already known.

3. Overview of the OMG D&C Specification
As mentioned earlier, the OMG Deployment and Configuration Specification is the
first step towards unified deployment of component applications. The specification
provides three platform independent models, the component model, the target model,
and the execution model. These models represent the three major abstractions used
during the deployment process, which uses these models to deploy an application.
For use with specific component models, the platform independent models should
be transformed to platform dependent models, capturing the specifics of the concrete
platform. A more detailed overview can be found in [3], and yet more details can be
found in the specification itself [9].
To reduce the complexity, the models are split into the data model and the
management (runtime) model, with the management models describing runtime
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Fig. 4. A detailed view of the component assembly description

entities dealing with the data models. The management models and not important in
the scope of this paper, therefore we will only deal with the data models.
3.1 Component Data Model
The component data model captures the logical view of the component application.
The high level overview component data model is depicted in Figure 3. The key
concept is a component package, which represents a reusable work product. A
component package is a realization of a specific component interface, and contains
possibly multiple implementations of the component interface. As a reusable product,
the package contains configuration of the encapsulated implementations, and
selection criteria for choosing an implementation by matching the criteria to the
capabilities of individual implementations.
The implementation of a component interface can be either monolithic, or an
assembly of other components. A monolithic implementation consists of a list of
implementation artifacts that make up the implementation. The artifacts can depend
on each other and can be associated with a set of deployment requirements and
execution parameters. The requirements have to be satisfied before an artifact can be
deployed.
An assembly of components, shown in Figure 4, contains references to other
component packages to serve as subcomponents of the assembly. The instances of
subcomponents are connected together using connections between endpoints defined
by subcomponents and external endpoints of the assembly. To allow for configuration
of an assembly, which in itself does not carry any implementation code, the
configuration properties of an assembly are delegated to its subcomponents through a
defined mapping.
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Fig. 5. An overview of the execution data model

3.2 Target Data Model
The target data model describes the computational environment into which the
application is deployed. The environment, termed domain, consists of computational
nodes, interconnects and bridges. Since the target model is not important in the scope
of the paper, we will not describe the model in greater detail.

3.3 Execution Data Model
The execution data model depicted in Figure 5 describes the physical structure of the
component application. The model is a flattened view of the original component
application model, and describes the application in terms of component instances,
connections between endpoints of the instances, and assignment of the instances to
computational nodes in the target environment
The component instances carry configuration properties which can be used to
influence the behavior of the component, and are in turn described in terms of
implementation artifacts. The artifacts, which are binary files containing
implementation code, can carry individual execution parameters, which can be used to
tell the computational node how to treat a particular implementation artifact. Since the
artifacts can be shared by multiple implementations, the execution parameters can be
also defined per implementation.
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3.4 Deployment Process
Prior to deployment, the component application must be developed, packaged, and
published by the provider and obtained by the user. The deployment process defined
in the specification then consists of five stages and is performed by a designated actor
called deployer.
Installation. During installation, the software package and its component data model
is put into a repository, where it will be accessible from other stages of deployment.
The location of the repository is not related to the domain the software will execute
in. Also, the installation does not involve transfer of binary files to the computational
nodes in a domain.
Configuration. When the software is installed in the repository, its functionality can
be configured by the deployer. The software can be configured multiple times for
different configurations. The configuration stage is meant solely for functional
configuration of the software, therefore the configuration should not concern any
deployment related decisions or requirements.
Planning. After a software package has been installed into a repository and
configured, the deployer can start planning the deployment of the application. The
process of planning involves selection of computational nodes the software will run
on, the resources it will require for execution, deciding which implementation will be
used for component instances, etc. The planning does not have any immediate effects
on the environment, but produces a description of the application in the execution
data model, termed deployment plan.
Preparation. Unlike the planning stage, the preparation stage involves performing
work in the target environment in order to prepare the environment for execution of
the software. The actual transfer of files to computational nodes in the domain can be
postponed until the launch of the application.
Launch. After preparation, the application is brought to the executing state during the
launch stage. As planned, instances of components are created and configured on
computational nodes in the target environment and the connections among the
instances are established. The application then runs until terminated.

4. Integrating Connectors with Deployment
We have presented two basic concepts that we intend to employ to support
deployment of heterogeneous component applications. Software connectors,
described in Section 2 will be used to overcome the differences between various
component models, while OMG D&C Specification, briefly introduced in Section 3
will be used to model the deployment process of a heterogeneous application.

Page 378

INTEROP-ESA'05

Using Connectors for Deployment of Heterogeneous Applications in the Context of OMG
D&C Specification
9

Since the OMG specification does not support the description of heterogeneous
component applications and does not directly support connectors, we have to find a
way to integrate the two approaches together. To use connectors with a component
application, there are basically two tasks that need to be done, and which need to be
integrated with the OMG deployment process:
1. At some point, the implementation of all connectors needs to be generated, which
comprises connectors for component bindings a) present in the initial architecture
of an application, and b) that can emerge at runtime as a result of passing a
reference to component interface
2. The connectors need to be instantiated and bound to their respective components
when launching an application. Additionally, the connector configuration map
must be prepared for each node to allow for later instantiation of connectors that
result from reference passing.
4.1. Preparing connectors
To generate a connector, a connector generator needs to have enough information
concerning the requirements for the communication the connector is expected to
mediate. The specification of connector features has the form of communication style
and non-functional properties. Each connection among instances of components in an
assembly can have different requirements.
The planning stage of the deployment process appears to be the most suitable
moment for generating connectors. The planning is performed by the deployer using a
planner tool. The input takes as input the component data model, describing the
component application, and the target data model, describing the target environment.
Using the tool, the deployer assigns instances of components to nodes in the target
environment and verifies that an instance can be placed on a particular node. The
planner tool has all the information required for generation of connectors, except for
the connection requirements.
The specification of connection requirements is not a part of the OMG
specification, which therefore needs to be slightly modified. To make the information
available, we have extended the AssemblyConnectionDescription in the component
data model class with another association named connectionRequirement. The
association is used to describe the connection requirements.
The connector-aware part of the planner can then communicate with a connector
generator [4] and provide it with necessary information. For each assembly
connection, the generator synthesizes the implementation artifacts and configuration
required to instantiate connector and returns the code fragments to the planner. The
connector-aware part of the planner then replaces the assembly connections in the
component data model with pairs of components encapsulating the connector units
connected to the original components.
This step in fact transforms the enhanced component data model (see Figure 6)
back into the original plain data model, which can be then transformed to deployment
plan according to the original specification, and for which the planner does not need
to be modified.
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Fig. 6. Application architecture after transformation of the enhanced description

What is important to note, though, is that while we transform connectors to
components in the context of the OMG specification, connectors are not really
components that would be present in the architecture of an application. Connectors
are instantiated at runtime, the instance depends on the type of server a connector unit
connects to, and their encapsulation in components as seen in the component data
model is merely an implementation convenience.
4.2. Instantiating connectors
The output of the planning stage is a deployment descriptor, describing the physical
structure of the application as assigned onto nodes in the target environment. The plan
is then broken into pieces following the distribution boundary and disseminated to
nodes. The runtime on each of the nodes uses the fragments of the deployment plan to
instantiate components and connector units. Depending on the type of the connector
unit one of the following actions is taken:
1. Server connector unit is instantiated and bound to its corresponding component.
The unit registers its reference (using a name obtained from execution parameters
in the deployment plan) in a naming service so as to be accessible by clients.
2. Bound client connector unit (i.e. representing a binding in the initial architecture) is
instantiated and its corresponding component is bound to it. The unit retrieves a
reference to a previously registered server connector unit from the naming service
(using a name obtained from the deployment plan) and establishes the binding.
3. Future client connector unit (i.e. a unit that does not exist in the initial architecture
but which can emerge at runtime as the result of reference passing) is stored in the
connector configuration map for later use.
Since the implementation of a client connector unit depends also on the server
component, there can be multiple implementations of a client unit. This is addressed
by providing all the implementations in the deployment plan as different artifacts
implementing one component and performing the actions 2 or 3 stepwise for the
single artifacts.
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5. Evaluation and Related Work
Our approach to deployment of heterogeneous component applications builds upon
two major concepts, the concept of software connectors, which is used to define
semantics of connections between components from different component models, and
the concept proposed by the OMG D&C specification, which unifies deployment of
component based applications on conceptual level, but which in itself cannot provide
for deployment of heterogeneous applications.
The original component data model present in the specification assumed direct
communication between components. That requires that the artifacts providing
component endpoints have to be connected together, which makes it impossible to
abstract away the middleware technology used for communication. We have made a
slight modification to the specification to enable specification of connection
requirements in form of communication styles and nonfunctional properties, which
can be used to generate connectors. This allows postponing the selection of
communication middleware until the planning stage of the deployment process, or
introducing logging, monitoring, or encryption into communication without changing
the original application or its description.
We have also described the integration of the connector generator into the
deployment process and pointed out places where the planner tool needs to be
modified to support the connector generator. By transforming the enhanced
component data model to the original component data model, we have avoided
excessive modifications to the planner tool. The transformation of component data
models is a generic process that can be used to enhance the expressive power of the
component data model as long as the advanced constructs can be transformed back to
the original data model.
To our knowledge, there is no other work concerning use of connectors and the
OMG specification to support deployment of heterogeneous component applications.
There are, however, a number of mature business solutions for interconnecting the
leading business component models such as EJB [12], CCM [8], and .NET [5]. A
common denominator of these models is the lack of certain features (e.g. component
nesting), which makes the problem of their interconnection a matter of middleware
bridging. Each of those component models has a native middleware for
communication in distributed environment (RMI in case of EJB, CORBA in case of
CCM, and .NET remoting in case of .NET).
Even though the bridges represent mature software products, they limit the
heterogeneity of the application by prescribing the use of specific communication
mechanisms for the components. The connectors, on the other hand, represent a high
level view on the connection between components, and allow for the bridges to be
employed in the implementation of a connector if necessary.
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6. Conclusion
We have presented an approach which we consider a step forward towards
deployment of heterogeneous component applications, which allows us to create
component applications composed of components implemented in different
component models. We have shown how to employ software connectors to overcome
the differences between component models and integrated the use of connectors with
the OMG D&C specification for unified deployment of component applications.
The presented solution is generic and platform independent, and can be used for
different component models. We have verified our approach on a prototype
implementation, which supports interconnection of components from SOFA, Fractal,
and EJB component models, and are currently developing basic tools for deploying
and execution of heterogeneous component applications. Mainly due to space
constraints, we had to omit some of the details, which can be found in [3].
In the future, we plan to enhance the connector generator and develop more
sophisticated tools, mainly the deployment planner and its integration with the
connector generator.
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Abstract. In this paper, we propose an integrated information retrieval system
for multiple KRISTAL-2002 systems for different areas or systems for the same
area with the different schemas by using the metadata information so that the
users can get the answers by once from the whole systems. Our approach
utilizes integrated metadata and mapping information between the metadata and
the actual database schema information of participating systems. Therefore, we
do not require modification of the participants for integration. We have
implemented and deployed the proposed system that integrates six different
databases distributed across multiple sites.

1. Introduction
Since the early 70’s, many organizations in diverse areas have been developing and
deploying information retrieval systems. Due to the availability of Internet, user
demand for integrated search through the information retrieval systems that have been
deployed has increased while the speed with which these systems are integrated does
not catch up with the user demand. Integrating the information retrieval systems in
each special area requires storing millions of bibliographic information either into
different tables through generalization as in relational database systems or into a
single table. The former approach may suffer from poor performance caused by JOIN
operations. The latter approach may have low space utilization because there is
significant duplicate information.
From service provider’s point of view, it is not appropriate to modify existing
information retrieval systems to build an integrated information retrieval system
because they may need to stop servicing. However, from user’s point of view, it is
tedious to visit, register and search each system manually whenever they need
information. In this paper, we propose an integrated information retrieval system (,
which we call Integrated Server) that does not require modification of participant
systems (, which we call Source Server). In the proposed system, mapping
information between integrated metadata and actual databases or tables of each source
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server is maintained and is utilized for integrated search. For integrated metadata, we
follow ISO/IEC 11179 metadata registry procedure.
In order to make the integration process simple, the source server administrator is
able to map the database schema of the source server to the meta-fields that will be
used for integrated search. In this approach, users are able to search distributed
information sources without considering their locations and the kinds of information
each server maintains. The user query, however, must be re-generated for each source
server based on the mapping information. This relationship is shown on Fig. 1.

Meta Fields
M1

M2

Actual Fields
…

Mn

A1

A2

…

An
Mapping
Information

Query: M1=”Data”
M1

M2

…

Mn

Actual Query: A1=”Data”
Fig. 1. Relationship between meta fields and actual fields.

We have implemented and deployed the proposed system using KRISTAL-2002
system, which will be explained in later section. We include six sources servers in
different areas that are currently servicing independently: Science Literature DB,
Scientific Technical Trend DB, Scientific Technical Report DB, Scientific Technical
Analysis DB, Patent DB and Human Resource DB.
The paper is organized as follow: Section 2 gives related work and Section 3
describes KRISTRAL-2002 system. Section 4 presents the proposed integrated
information retrieval system in details. Section 5 presents the prototype
implementation and finally, we conclude in section 5.

2. Related Work
There have been considerable efforts in developing algorithms and protocols for
integrating heterogeneous data distributed across multiple sources. However, schema
integration and schema mapping techniques dealing with discrepancies of schema
among distributed data sources require more research to address semantic
interoperability.
Techniques for web search engines and directory-based portal services are the
driving forces for advancing the information retrieval area. They must be able to
search a large amount of data with short queries given by users. To address the
problem, these techniques utilize ranking algorithms that use link information or
structural information of the documents. This type of information is not included in
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Fig. 2. The architecture of KRISTAL-2002.

the original documents. Crawling [18] is a new technique for web search engines. It
collects and indexes documents distributed across multiple sites and the primary focus
of crawling technique is how fast a given document can be included in the search
target. To be more effective, it must address issues related to collecting, storing
documents and serving user queries. Clustering [19] focuses on presenting accurate
information to users by combining related search results. It, however, must improve
performance and accuracy of clustering. Meta-searching technique ([20][21]) sends a
user query to multiple web search engines and presents the results after combining the
partial results obtained from them. It does not require web crawler or indexing a large
amount of documents. However, it must be able to combine the results effectively that
are found by different ranking algorithms of each source system.
Ontology ([8][9][10][11]) and similar researches address semantic interoperability
between metadata in consideration of mapping the meaning and the presentation of
source data into real-life objects and concepts. Examples of such research include
RDF [4], Schema Integration [14], Intelligent Integration of Information [15] and
Knowledge Sharing Effort [16], to name a few

3. KRISTAL-2002
KRISTAL-2002 is an information retrieval and management system developed by
Korea Institute of Science & Technology. It runs on both Windows and Unix systems.
KRISTAL-2002 consists mainly of five modules (Job Scheduler, FIRE, Data
Manager, Set Manager and Indexer) and they communicate one another through
sockets or pipes (Figure 2.). Job Scheduler distributes user requests to FIRE, which
conducts actual searching. Set Manager stores and manages documents found by
FIRE. Data Manager processes Document Update or Document Store requests from
Job scheduler. Once it completes the requests, it sends acknowledgement to the Job
Scheduler. If the operation is successful, it contacts Set Manager so that the Set
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Fig. 3. System architecture of the integrated information retrieval system.
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Fig. 4. Control and information flow between the source server and the integrated server.

Manager can update the documents it maintains. Indexer is able to analyze input
documents and extract indexing words that can best describe the documents. Indexer
supports analysis of Korean morpheme, English stamping, Chinese character
conversion and user-defined dictionary, to name a few. FIRE, Data Manager, Set
Manager and Indexer are integrated into a single daemon and it is able to manage
multiple databases.
KRISTAL-2002 database supports processing simultaneous user queries and
on/off-line data management and fast and safe backup. Searching and processing
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BLOB (Binary Large OBject) is time-consuming. To address this, KRISTAL-2002
utilizes multiple threads for distributed query processing. The primary components of
the databases are: Catalog, Document and Index, and Result Set. Catalog database
maintains schema information such as table structures, indexing methods and primary
keys and so on. Document and Index database is structured by a single or multiple
clusters and each cluster is composed of tables that have the same schemas. Cluster is
the basic unit of ranking. Each table in Document and Index database is composed of
documents, primary keys, and index database and the structure of the table is defined
by table schema stored in Catalog database. Result Set database maintains documents
found so that it can respond to user requests quickly.

4. System Architecture of the Integrated Information Retrieval
System

4.1 System Architecture
The proposed integrated information retrieval system is based on KRISTAL-2002 and
it utilizes metadata information registered by participating source servers. To address
the heterogeneity of data and schema information of each source server, metadata
maintained in the integrated server is used for structural integration. Furthermore,
standardized procedure proposed in ISO/IEC 11179 is employed for metadata registry
procedure. Schema information of each source server must be mapped into metadata
maintained in the integrated server. Therefore, schema that hasn’t been mapped will
not be considered for search process. Figure 3. shows the system architecture of the
proposed system.
The source server administrator manages the source server and the structural
information of the database maintained by the source server while MDR (MetaData
Registry) manager standardizes data elements for metadata registry. Integrated server
administrator manages and controls all the information of the whole system to support
rapid and effective user query processing. Each component of the system will be
explained in more details in later sub sections.
The control and information flow among the source servers and the integrated
servers is depicted in Figure 4. Each source server administrator registers necessary
information to the integrated server and the integrated server administrator authorizes
the source server administrator so that he or she can register the source servers. The
registered source servers must go through the same authorization process as with the
source server administrator to participate in the whole system. Once the registered
source servers are authorized by the integrated server, the source server administrators
are entitled to do schema mapping. As with previous steps, schema mapping done by
the source server must be confirmed by the integrated server. After these steps, the
source server is included for integrated search.
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Fig. 5. Web interface for source server registration.

4.2 Source Server Manager
Each source server can run its own database systems and are responsible for searching
and providing documents stored in the database when requested by the integrated
server. The source server administrator is able to add/remove the source server
to/from the set of source servers that will be included for integrated search, and to
map the database schema of the source server to the database schema of the integrated
server. All these operations are conducted through web interfaces.
4.2.1
Source Server Information Management
Figure 5. shows the web interface for source server registration. When URL column
on Source Server List is clicked, the information of the selected server will be shown
on Source Server Information Management and the source server administrator can
change information of the server or remove from the list. Status column on Source
Server List represents three different status information of the source servers:
Holding, On Service, Unavailable. Although the source server has been registered, it
is not included for the integrated search until it is confirmed by the integrated server.
During this period, the status of the source server is Holding. Once confirmed, the
status of the source server is On Service. If the source server cannot service
temporarily due to some reasons, for example, updating operating system of the
source server, the source server administrator can change the status of the source
server to Unavailable. When the source server returns to the normal condition, the
administrator can change the status of the server to “On Service”.
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Fig. 6. Web interface for schema mapping.

Fig. 7. Metadata information

4.2.2
Source Server Schema Mapping
Figure 6. shows the web interface for schema mapping for the source server. If
multiple source servers are managed by an administrator, only those source servers
whose statuses are On Service are listed on the web page. MetaField column
represents integrated meta schemas loaded from metadata registry and Label column
represents the names of the meta schemas. When values in MetaFields are clicked, the
detailed information of the meta field is shown on a different window (Figure 7.).
RealField represents database schema of the source server mapped into the integrated
meta schema. The values listed in the combo box are loaded directly from the source
server.
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Fig. 8. Source server administrator confirmation.

Fig. 9. Source server confirmation.

4.3 Integrated Server Manager
The role of the integrated server is to register metadata based on ISO/IEC 11179 and
to maintain integrated meta schema and mapping information registered by the source
servers. It also plays a role of entry point for the integrated search. Integrated server
administrator determines which source servers will be included for the integrated
search service and validity of schema mapping of the source servers. It monitors the
status of the source servers included in the service. When it is detected that some
source servers are not running correctly, the integrated server immediately exclude
the servers from the source server list.
4.3.1 Source Server Confirmation
Integrated server administrator is able to confirm the requests from the source server
administrators who want to participate in the integrated search service (Figure 8).
Once confirmed, the source server administrators are entitled to add their source
servers into the service (see 4.2.1.). For the source servers registered by the source
server administrator, the integrated server administrator needs to decide whether or
not to add them into the server list that will actually service end-users (Figure 9). Note
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Fig. 10. Source server schema mapping manager.

Fig. 11. Source server monitor.

that these two processes are different in that the former validates the source server
administrators while the latter validates the source servers that the valid source server
administrator registered.
4.3.2 Schema Mapping Management
Schema Mapping Manager of the integrated server determines integrated metadata
schema and given schema mapping registered by the source server administrator (see
4.2.2), it checks the validity of the mapping (Figure 10.). Each row in Figure 10
provides schema mapping information of all the source servers participating in the
integrated search service. ListView and SpecView columns determine which meta
fields will be shown to users after search completes. Typically, those fields marked as
ListView will give rough information of the selected documents while those fields
marked as SpecView will be used to provide more detailed information of the
documents. BasicSearch and SpecSearch columns determine which meta fields must
be compared against the given user query. We support two different modes for search
operation: Basic Search and Specific Search. In basic search, user query will be
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Fig. 12. Relationship between DQP and other modules in system.

compared to every target meta fields defined by the integrated server. However, in
specific search, the user is able to determine which meta fields he/she wants to
compare the query to.
When the actual fields of the source server is clicked, schema information of the
source server is shown and the mapped fields for the given meta field are shown
checked. By allowing multiple fields to be selected, we support ontology.
When an administrator clicks MetaField column, the detailed information of the
meta field, is loaded from meta data registry, is shown on a different window. The
information shown in Figure 6 is the subset of this information.
4.3.3 Source Server Monitor
Source Server Monitor monitors the status of the all the source servers participating in
the integrated search service (Figure 11.). O mark in the status column indicates the
source server is running normally. Otherwise, X mark will be shown. When the status
of a source server is marked as X, by clicking checkbox on the leftmost column, the
integrated server administrator can eliminate the selected server from the server list.
4.4 Integrated Query Processing

4.4.1 Distributed Query Processor (DQP)
Given the user query, DQP re-generates queries for source servers using schema
mapping information and sends them to the corresponding source servers. DQP
transforms user-input queries into Boolean or Vector queries. Figure 12. shows the
relationship between DQP and other modules in the system. For the user-input entries,
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Fig. 13. Web interfaces for integrated search service.

DQP first read schema mapping information of each source server. If the source
server has mapped the meta fields used for the integrated search into the actual fields
of the database it manages, DQP extracts the table names and the actual fields that
correspond to the user-input entries and regenerates new query as follows: [table
name: (actual field name: user-input entry)]. If user-input entries are connected with
AND or OR operations, then sub queries of the new query must be connected with the
same Boolean operators. The following table shows an example.
1) AND operation
[BIB: (B_PY:2004)] & [TOC:(T_TI:Distributed) & (T_YEAR:2004)]
2) OR operation
[BIB: (B_PY:2004)] | [TOC:(T_TI:Distributed) & (T_YEAR:2004)]

4.4.2 Distributed Data Set Integrated Manager (DDSIM)
DDSIM is responsible for collecting and displaying the search results to users (Figure
12.). For the documents found by the source servers, it extracts those fields specified
by schema mapping manager of the integrated server (See 4.3.2). Using the values, it
generates HTML documents.

5. Prototype Implementation
We have implemented and deployed the proposed integrated information retrieval
system. We have included six sources servers in different areas that are currently
servicing independently: Science Literature DB, Scientific Technical Trend DB,
Scientific Technical Report DB, Scientific Technical Analysis DB, Patent DB and
Human Resource DB.
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Fig. 14. Search results.

Two types of search services in the current implementation are provided: Basic
Search and Specific Search (Figure 13.). In basic search mode, users enter query
words in a single text area of the web page. Users are able to select target source
servers, the number of documents per page and the maximum search time. The userinput entries are compared against all of the meta fields marked for BasicSearch (see
4.3.2). When there are multiple meta fields for basic search, they are connected with
OR operators. Unlike basic search mode, in specific search mode, users are allowed to
select target meta fields that will be compared to the user-input entries. These target
meta fields are those meta fields that have been marked for SpecSearch by the
integrated server administrator (see 4.3.2). In addition, the Boolean connectors also
can be determined by users.
Figure 14. shows the search results. Once the searching process completes, DDSIM
shows only the summarized information of the selected documents. If the user wants
more detailed information, he/she clicks the document and can obtained detailed
information. The actual fields of source servers used for displaying documents are
defined dynamically by the source server administrator (see 4.3.2)..

6. Conclusion
In this paper, we proposed an integrated information retrieval system that does not
require modification of existing information sources. The proposed system consists of
Source Server Manager, Integrated Server Manager, MetaData Registry Manager,
Distributed Query Processor and Distributed Data Set Integrated Manager. We have
implemented and deployed the proposed system and tested and verified it using six
source servers that use different database schema.
Future work includes developing a system that does not assume that participating
source servers are running the same database system.
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Abstract. Service-Oriented Architecture (SOA) using Web services is considered as
the state-of-the-art approach to support interoperability between distributed systems and therefore facilitates complex interactions between heterogeneous and
autonomous systems both within the enterprise and for cross-organizational collaboration. Message-based interactions are seen as the core building block in this new
document-centric computing paradigm. Building SOA-based applications is a complex undertaking, design patterns and frameworks have an important role to play to
ease the process and to provide high interoperability. This paper reviews interoperability challenges and possible solutions to address them then it reports our experiments with Web Services Message Bus (WSMB), a lightweight service-oriented
integration framework for dependable Web services interactions using broker pattern. The main goal that guided the framework’s deign is to maximize interoperability through a scalable mediation service to cope with the inherit heterogeneity of
systems involved. We discuss the system architecture, some implementation issues
and report our experiences in building WSMB as well as some initial performance results.

1. Introduction
The increasing move towards extensive automation of business pro cesses coupled with
the need for agile inter-enterprise cooperation over the Web, has fuelled interest in Service
Oriented Architecture (SOA) as business processes are likely to involve high number of
participants with diverse and incompatible technologies. SOA is an approach for designing, architecting and delivering interoperability-centric and loosely coupled integration
where software capabilities are seen as services delivered and consumed on demand [1].
Message-based interactions using an orchestrated sequence of message exchanges
(rather than invoking methods on interfaces) are seen as the core building block for appli-
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cations using this emerging computing paradigm as they provide the glue that ties services together [1].
Web services offer a strong foundation for software interoperability through the core
open standards of XML, SOAP, WSDL, and UDDI. Moving Web services beyond simple
point-to-point applications to Internet-scale application-to-application interoperation,
requires a paradigm shift from RPC-based/object-based architecture to a loosely-coupled,
message-focused and service-oriented architecture. This paper contributes to an improved
understanding of Web services interoperability challenges. It presents WSMB, as a lightweight integration framework that mediates Web services interactions to enhance interoperability and reliability. WSMB adds value and directly addresses some of the most critical
issues surrounding the enterprise-grade deployment of Web services.
The rest of this paper is organized as follows. Section 2 discusses background material
about Web services interoperability challenges and solutions while Section 3 discusses
related work. Section 4 describes the architecture and features of WSMB. Section 5 presents initial evaluation results and discusses interoperability and performance aspects of
WSMB. Section 6 finally concludes the paper and provides some thoughts on future work.

2. Background and problem area
Interoperability between systems is becoming more challenging in the Web era b ecause
the increased level of connectivity, the information space is large and dynamic, the data
formats and semantics are becoming more diverse, systems are autonomous and there is a
need for integration to be simple, fast, secure and adaptable to changes.
Interactions between heterogenous and autonomous applications require interoperability at three layers: communication, content and business process layer [4]. Interacting
applications need to agree on their joint business process (e.g., documents format, contracts), the content of the exchanged documents as well as the communication protocol to
exchange messages.
The communication layer (Transport) provides protocols for exchanging messages
among applications (e.g., HTTP, JMS...). The objective of interoperability at this layer is to
achieve seamless interactions over various communication protocols (e.g., RMI, JMS,
DCOM…). Gateways could be used to mediate between heterogeneous protocols.
The content layer (Data) provides languages and models to describe and organize information. The objective of interoperability at this layer is to resolve semantic and structural heterogeneity issues in order to achieve a seamless integration of data formats, data
models, and languages, through reconciliation/transformation among disparate representations, vocabularies, and semantics.
The business process layer (Services composition) is concerned with semantic consistency in business processes such as ordering, billing, or shipping, by explicitly defining
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the implications of processing of messages and what responses are expected, etc. The
objective of interoperability at this layer is to allow autonomous and heterogeneous partners to advertise their terms and capabilities, and engage in peer-to-peer interactions.
The objective of achieving software interoperability at different layers has been there
for years and still remained a main research focus. Before Web services came into picture,
there have already been number of prior technologies like EDI (Electronic Data Interchange), CORBA (Common Request Broker Architecture), DCOM (Distributed Component
Object Model) and Java RMI (Remote Method Invocation) with limited success. Neither of
the existing technologies could gain broad industry supports and acceptance due to their
complexities (e.g., CORBA, DCOM), cost factors (EDI), or platform/language specifics
(e.g., RMI). Nevertheless, these attempts have yielded tightly coupled systems that are not
suitable for B2B integration [3]. Web services promises to overcome these limitations by
promoting standards-based interoperability and loose coupling.
Web services are software components that expose some computational or data offering capabilities in a standard format and accessible using standard Internet protocols [1].
Web services interactions are based on exchanging standards-based XML documents
(i.e., message-based interoperability). Interoperability is one of the main features that Web
services promise. Along with its open standards, Web services permit seamless communication between applications in a platform and language neutral way.
Simple Object Access Protocol (SOAP) is one of the most important standards in building a backbone infrastructure for Web services communication [9]. SOAP deals with objects serialized to plain text and not with remote object references, distributed garbage
collection has no meaning and is not covered. For the same reason, SOAP clients do not
hold any stateful references to remote objects. Due to these characteristics, using SOAP,
disparate components implemented in different programming languages and different
technologies can talk to each other in a distributed, decentralized environment, as long as
component frameworks can issue and process XML messages.
In a fully autonomous collaboration, a Web service can be viewed as a black box that is
able to exchange messages conforming to well-defined schemas. This gives interacting
partners more local control over implementation and operation of services, and flexibility to
change their processes without affecting each other.
However, the capabilities of current Web services frameworks are limited and do not
address the potential mismatches that hinders Web services interoperability, particularly
data mismatch (data structure and semantic), protocols mismatch (the interacting applications might use different protocols) and semantic mismatch (the interacting parties might
interpret the same information in different way). We propose a mediation layer named Web
Services Message Bus (WSMB) that bridges differences in communication protocols, data
formats and in future work will extend the framework to support the reconciliation of incompatibilities in business protocols and processes .
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3. Related work
Several ongoing efforts recognize the need to extend the current technological infrastructure to foster wider adoption of Web services and SOA. In our early work [5], we tried
to explore enhancing Web services by introducing Message Oriented Middleware (MOM)
in the architecture. We came to the conclusion that it is unlikely that Web services can
simply adapt existing MOM technologies to achieve higher QoS properties, given that
they try to address interoperability on a scale at whic h conventional technologies have
failed. Hence there is a clear need for new wide-area messaging infrastructure to enhance
service delivery in web-centric environment. WSMB is a first step towards achieving this.
Its design was initially inspired from ideas introduced by the Web services Invocation
Framework (WSIF) [6] but it adds more advanced QoS features as well as support for message-oriented interactions instead of RPC-based invocations promoted by WSIF. Web
services are also an active area of standard ization; our approach builds upon the building
blocks of these standards and seeks to refine them by providing early implementations.
The efforts around Enterprise Service Bus (ESB) [8] are closely related to our work but
their focus is on Enterprise Application Integration (EAI). In our approach we contribute
to the realization of ESB vision while putting more focus on decentralized architecture, and
broadening ESB application space as well as validating its feasibility and benefits.
Our future work will leverage the outcomes of Harmonized Messaging Technology
(HMT) project [9] which is working on defining a formal and generic specification language to express and capture rules and constraints that govern messaging-based interactions.
WSMB aims to extend and leverage the principles of messaging systems as well as the
emerging Web services standards to support more interoperable and manageable Web
services interactions using a decentralized architecture. The next stage of our research is
to complete the development of the framework and to develop a number of services to fully
test the features of WSMB.

4. WSMB – A highly interoperable middleware for Web services
WSMB is an important architectural component for SOA-based applications. It is a service
intermediary that enhances the delivery of Web Services by providing run-time support for
reliable messaging, routing, monitoring and managing Web Services. It can be used internally and in B2B scenarios. WSMB aims to facilitate large scale deployment of Web services in a secure, reliable and consistent manner by offering the following features:

Page 399

INTEROP-ESA'05

§

Multi-protocol services to bridge interfaces and protocol differences. This is motivated by the difficulty to dictate specific protocols and policies to business partners.
Therefore, WSMB infrastructure acts as a service façade exposing services via number of protocols and policies that can be declaratively defined and enforced. For example, for secure access, a Web service client can choose between HTTS and WSSecurity over http.
§ Protect applications from emerging and rapidly evolving Web services standards:
WSMB provides an extensible infrastructure to abstract away and implement standards compliance without application changes.
§ Protect servers from overload by queuing or redirecting messages when the average
response time goes beyond a certain threshold that is configured on a specific Web
service using WSMB management console. Interested parties can also subscribe to
violation alert notifications by e-mail or SOAP action. For example, a trigger could be
configured for an order processing service to raise an alert when more than 10 orders
are being processed per second or if order processing takes more than 5 seconds.
WSMB could then be configured to respond to the trigger by queuing orders or by
processing high value orders first. This allows WSMB to perform basic load balancing
and fail-over.
This paper concentrates on the interoperability features of WSMB.
4.1 Architecture overview

Figure 1. WSMB architecture overview

Figure 1 illustrates WSMB architecture. Though WSMB is implemented by using the
basic Message Oriented Middleware (MOM) concepts [13], it serves as a bus, analogous
to computer hardware bus system, rather than a normal queuing system. This bus architecture emphasizes on the integration capability among connected applications (e.g., Service
clients, Web service endpoints, MOM application, etc).
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The core idea of WSMB is to act as a bus which conveys SOAP messages from one
end to another regardless the transport protocols (e.g., HTTP, JMS) being used in either
ends.
4.2 WSMB communication layer interoperability
HTTP is considered as the standard transport protocol for exchange SOAP messages.
Consequently, Most of the current Web services frameworks like Axis are almost exclusively geared to synchronous invocation over HTTP which might not be suitable for applications with high reliability requirements.
As a middleware bridging between clients and Web service providers, WSMB provides
a configurable framework for reliable Web services interactions. WSMB provides various
channels to access the registered Web services (each service is bound to one or more
channels). The incoming message is assessed on arrival through the channel to determine
the destination service. Filters bound to the destination service –if any- intercept and
manipulate both request and response messages (e.g., transform old-format messages into
new formats). The message is then passed through a reliability layer where it is checked for expiration, duplication, and ordering- and then it get queued for pro cessing. WSMB
then dispatches the message to the destination Web service and the response is passed
back to the requester via the same path. The diagram in Figure 2 shows WSMB communication layer interoperability.

Client

SOAP

HTTP
JMS

SOAP

WSMB

...

SOAP

JMS
HTTP
...

SOAP

Target
Web
services

Figure 2. Supporting multiple transport protocols enhances interoperability

WSMB handles interception of messages and protocol bridging to allow interactions
over multiple communication protocols (e.g., HTTP, JMS, MSMQ…). The choice of the
appropriate protocol to use can be decided based on the required Quality of Service (QoS)
and available infrastructure. WSMB allows the Web service client to choose the desired
transport without directly interfacing any deployed middleware that transports SOAP.
From the schema of the endpoint URL of the destination Web service (e.g., jms :) WSMB
transparently uses the appropriate communication channel. Our goal here is to allow a
client to transparently send a message to queue as it would to an http-based endpoint.
WSMB demonstrates the ability to effectively switch between transports protocols by
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simply altering the target endpoint from a HTTP URL, to a listener waiting on JMS or
WebsphereMQ queue in synchronous and asynchronous fashion.
Multi-protocol support helps to preserve interoperability while leveraging existing infrastructure. For instance, a purchase order encapsulated in a SOAP message could arrive
using HTTP then WSMB could place the SOAP message in a message queue to be to be
pickup, validated, prioritized and processed by an order processing workflow system. The
requesting process will eventually receive a SOAP message confirming or rejecting the
order through WSMB mediation. This allows shielding external users and partners from
the internal implementation details while keeping data losses to a minimum.
4.2 WSMB content layer interoperability
WSMB infrastructure is based on interception (Figure 3). At start-up it loads the configuration and starts a pool of listeners to begin receiving messages. The listeners read
messages from different channels and then call a series of configurable handlers to manipulate both request and response messages (e.g., transform old -format messages into
new formats) as instructed by the configuration settings. Messages travels along a configurable pipeline made of a series of operations for processing and relaying messages .
WSMB support two types of operations generic (like validate a message against a schema,
transform a message with XSLT, split, route, encrypt/decrypt message…) and specific (like
a custom handler to evaluate or enforce a business rule). Operations can be assigned to
different nodes in the infrastructure. Each node receives the messages into a private
queue, and processes them through a configurable sequence of handlers, after that the
message(s) could leave the node to a certain destination or set of destinations.
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Figure 3. SOAP handler pipeline mechanism enhances content level interoperability

5. Evaluation and discussion
5.1 Performance Evaluation
Our performance tests aimed at comparing the direct invocation using SOAP-over-HTTP
with channelling interactions through WSMB.
We run independent tests with increasing number of clients, and fixed the number of requests sent by each client to 50 requests per client. The graph in Figure 5 summarizes
some of the results.
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Figure 1. Multiple clients send multiple requests

Looking at the graph, we can observe that direct SOAP-over-HTTP using Axis slightly
outperforms channelling SOAP messages through WSMB. However, Axis cannot handle
more than 70 clients. Whereas scalability of WSMB still grows up to 200 clients. So messaging through WSMB is more resilient and the response time is more predictable.
5.2 Interoperability Evaluation
SOAP over HTTP is commonly used to invoke Web services. In this evaluation, we discuss an alternative approach to convey SOAP messages to the target Web service (i.e.,
SOAP-over-JMS).

Scenario 1 – SOAP/JMS: Invoking Web service deployed in Oracle AS J2EE 10g
In this scenario, we deployed a NewsService [14] in OC4J.
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Figure 6: SOAP/JMS with OC4J
The above figure illustrates the work flow of the scenario.
NewsService is a JMS Document Style Web Service which exposes a JMS Queue (News
Queue) as a Web Service. This service accepts messages (clients send messages by invoking the 'send()' operation of the Web Service), extracts the news content from the message, persists to the data source and finally publishes to a JMS Topic (News Topic).
The JMS Topic (News Topic) is also exposed as a JMS Document Style Web Service
and hence all clients can subscribe to this Topic and receive news items. This is done by
invoking the 'receive()' operation of the Web Service.
The above scenario illustrates the interoperability features of WSMQ with a comme rcial
Web services container.

6. Discussion and Conclusion
In this paper we argue that XML-based messaging accompanied by a uniform accessible and manageable communication bus fulfils the interoperability and scalability requirements among services in a generic and dynamic manner.
W e presented an initial design and prototype implementation of WSMB, a lightweight
messaging framework using broker pattern, it builds on current standards to meet the interoperability and manageability requirements of Web services based applications. WSMB
is a first step towards the realization of an interoperable and QoS-aware integration infrastructure to move SOA beyond simple point-to-point service integration by facilitating
large-scale implementation of the SOA principles with suitable service levels and manageability. The fundamental principle behind WSMB is abstracting away interoperability features so they can be configured and enforced instead of being hand-coded into the service
logic. This results in a greater flexibility and a better maintainability and reuse. While not
claiming to be a sliver bullet, WSMB has achieved (in non-invasive way) some success in
enhancing interoperability through virtualization of communication protocols and endpoints as well as the provision of a configurable SOAP handlers pipeline to ease the reconciliation of content layer mismatches. However, the framework needs to be improved by
adding support for semantic transformation, content-based routing, and advanced reconciliation services using ontological information to allow increased interoperability.
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Abstract. A model driven engineering (MDE) approach is positioned w.r.t.
collaborations of multiple agents acquiring information society technology
(IST) capabilities. Our focus is on the stakeholders of work systems, their
adaptive cycles, and their aligned assets, computation independent models in
particular. When referring to the state-of-the-art in the software application
interoperability area, three “missing” fragments of the domain model for the
IST Infrastructure are explored: a Total Asset Methodology (TAM), an
Extended Generic Activity Model (EGAM), and a concept for TOken-based
eXecution In Knowledge Spaces (TOXIKS).

1 Introduction
This paper positions a model driven approach in the context of cultural historical
activity theory [20] and IT-reliant work systems [4]. It considers society, enterprises
and persons as goal-oriented agents that acquire IT capability (also called IST
instruments or IST infrastructure)[11]. Earlier preliminary results on architecture
descriptions for an information infrastructure[12] are extended. Relevant state of the
art is vast and a systematic recollection does not fit in the available pages for this
paper. Interested readers are referred to INTEROP state of the art reports, or to the
listed references. Focus in this paper is on fragments in the domain model that
complement the current Model Driven Engineering “received view” and its modelling
foundation. Particular focus is on the early phases of IST instrument acquisition in
IT-reliant work systems. Total Asset Methodology (TAM) and Extended Generic
Activity Model (EGAM) have a focus on generic requirements, for society and its
members. The TOken-based eXecution In Knowledge Spaces (TOXIKS) execution
concept has a focus on how TAM and EGAM can deliver.
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2 Goal-oriented Agents, IST Instruments and Infrastructure
An IST infrastructure consists of the information models, data, and information
processing services and tools that are shared by the different autonomous agents
that collaborate or interact in a community or society. The trend towards an
ubiquitous information infrastructure builds on the connectivity and low-cost highperformance computing and communication facilities provided by computers, the
Internet and wireless communications, ranging from Bluetooth to satellite-based. An
IST infrastructure is defined for and embedded in a society to support (all) the
society’s members and communities.
The term society has the meaning of “all people, collectively, regarded as
constituting a community of related, interdependent individuals”. A community is “a
group of people having interests or work in common, and forming a smaller (social)
unit within a larger one.” This definition thus covers enterprises, public bodies,
municipalities, nations, sports clubs, schools, hospitals, etc. All members of the
society are persons with equal rights. Each person may belong to several
communities. A community has no member outside society.
An ubiquitous IST infrastructure will support interactions that involve at least
three kinds of agents and their IST instruments. At each level, one can apply the
concepts of the IT-reliant work system.
Humans or micro-agents use personal IST instruments. Their win conditions
include a.o. empowerment, legal security, efficient operations, optimal propagation of
change, minimal inconsistencies, data protection and privacy[6].
Meso-agents such as businesses, universities, public bodies or any other kind of
organisation, have mission-oriented IST instruments. Their success depends on the
support that its members receive for their relevant actions, conform the processes or
collaborations that have been enacted within it, conform the society’s law or rules.
E.g., the certification of a new type airplane by the relevant authorities, or the carrying
out of tax payments and elections. Change must happen smoothly, without disrupting
the community’s processes, and with a minimal burden to its members.
Society, the (socio-industrial) eco-system in which micro-agents and meso-agents
exist, has an IST infrastructure to share information, publicly, for certain missions, or
in the context of contracts. The society as a whole pursues compliance to its enacted
institutions and agreed upon policy goals (e.g. fair trade and protection of property in
the global society). It could have goals such as rapid implementation of new “rules”
or charters and it could use the subsidiarity principle to organize its institutions and
ensure that each problem is addressed at the level at which it is common for all the
lower-level stakeholders.
Each pair of agent and instrument has become a “software/data/knowledge
intensive system” for which the standard IEEE 1471-2000[13] defines architecture.
Typically, each agent will deploy applications serving its interests. Maybury for
instance, describes Collaborative Virtual Environments for distributed analysis and
collaborative planning for intelligence and defense[16]. The DIISM conferences have
been dedicated to the design of the information infrastructure systems for
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manufacturing and engineering enterprises[5]. Virtual communities in relation to Peerto-Peer collaboration architectures are discussed in[15].
Section 3 proposes a synthetic change framework and adapted modelling
primitives. Section 4 addresses missing fragments of the domain model for the IST
Infrastructure.

3 Anchoring IST Instrument Acquisition by Models
The current state of the IST infrastructure is that physical view aspects of its
architecture are better understood than the conceptual view aspects. A crisp problem
statement can be found in DODAF [10,page 3-1]: Requirements were often
developed, validated, and approved as stand-alone solutions to counter those
specific threats or scenarios, not as participating elements in an overarching system
of systems. This approach fosters an environment in which DoD Components make
acquisition decisions that, in a joint context are not fully informed by, or
coordinated with other components. ..acquisition pipeline that is inefficient, time
consuming, and does not support interoperability ...Additionally, acquisition
management focuses solely on materiel solutions and does not adequately or fully
consider the profound implications that changes in joint Doctrine, Organization,
Training, Leadership & education, Personnel, and Facilities (DOTMLPF) may hold
for the advancement of joint warfighting.” This statement points at the broad-scope
context in which interoperability problems emerge. Anchoring the IST instrument
acquisitions w.r.t. available assets, including the goals, needs, domain models and
context of work of the acquiring agents, is one of the drivers for the Total Asset
Methodology (TAM). The TAM promise is that acquisition decisions can prevent
the emergence of semantic interoperability problems, thus limiting the need for
curative approaches [18] to legacy systems. The OMG-proposed Model Driven
Architecture (MDA) puts the model, a specification of the system functionality, on
the critical path of software development, prior to the implementation of that
functionality on a specific technology platform. Beyond OMG-MDA, TAM aims for
an end-to-end role of computation independent domain models in the re-engineering
of work systems and the acquisition of IST instruments.

3.1

Computation Independent Models in Work System Change Projects

Intuitively, the vision of model driven engineering can be linked to a combination of
Boehm’s Win-win Spiral model [7] and Kruchten’s 4+1 view model [14] of (software)
systems architecture. This combination proved effective in several change projects in
companies. The collaborative foundation of the Win-win spiral ensures that the endusers drive the IT capability acquisition. The model also introduces milestones to
anchor the acquisition process, and to assess and mitigate risks. The 4+1 view model
is adopted because the re-engineering of IT-reliant work systems are situated in an
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engineering context where a large portion of specifications (expressed as models),
software systems and data, and hardware systems are (re-)used and/or have to interoperate (in a software intensive system), and evolve over time.
For the specification of the domain of IT-reliant work systems we introduce
Activity Patterns as a modelling formalism. It has traits of High Level Petri nets but
adopts the concepts of Cultural Historical Activity Theory. UML Class diagrams are
used for entity modelling. All models in the conceptual view are computational
independent models (CIM) in the sense of MDA. The platform specific models (PSM)
are part of the physical view.
Assume now that there is an existing work system (AS-IS) with identified
stakeholder needs. Then the re-engineering spiral in Figure 1 is model enabled:
stakeholder needs are identified, analysis and design phases deliver an extended or
new system specification, often with refinements in the logical view and the activity
patterns. Development and implementation deliver the TO-BE physical realization
meeting the identified needs. The logical view models, activity patterns and system
specifications are soft assets, maintained and available for future change projects.

Conceptual Views

views & models

(MDA: CIM)
Logical view
(entity model)
UML class diagram

Activity Patterns

Development View
Subject
View

Activity
View

A S-I S
has
certain

Object View

System
Specification
(connecting several
Activity patterns and
entity models)

TO -BE
stakehol derneeds

responds
to

Physical view
(MDA: PSM)

(re-) engineering spiral

Fig. 1. A re-engineering spiral anchored by views and models

3.2

Introducing Activity Patterns

Cultural-Historical Activity Theory (CHAT) is suitable to perform contextual analysis
for cognitive processes in which the cognition is embedded in broader institutional
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structures and long-term historical trajectories of development and change[20].
Concepts and tools that the society has developed during its history culturally
mediate interactions of the human in the world. For analyzing an activity, we must
consider its subject, the entity performing the activity, and its object, the necessary
entity that allows realizing the outcome. A tool can be anything used in the
transformation process, including both material tools and cultural mediators. The
cultural mediators or artifacts that individuals (subjects) use also carry the typical
intentions and objectives of people in specific situations. CHAT regards enterprise
and society development as a process of remediation: the substitution of old
mediating artifacts (for instance sentences on papers and in documents) with new
artifacts (including the IST instruments), which better serve the needs of the activity
concerned. Remediation means that the external objects are seen in a new context.
Drawing on the CHAT conceptual framework the Activity Pattern modelling
formalism articulates three primitive building blocks: the activity block (rectangular),
the object block (oval) and the subject block (pentagonal). Between blocks of the
same kind, the arc (+ ) denotes a sub-block relationship (e.g., a sub-object is part of
an object). An arc associating an activity block to an object block denotes an
involvement (of the object in the activity). Directed arcs may be used to express that
an object is the output or the input of an activity. An arc associating a subject block
to an activity block denotes a participates relationship (active involvement, the
subject performs the activity). A subject structure consisting of a hierarchical
structure with several subject blocks, can be used to describe an organisational
structure: in this case the subject blocks represent organisational elements or units.
An activity structure (a hierarchical structure with several activity blocks)
corresponds to a work break down structure. A product structure can be represented
as an object structure (a hierarchical structure with several object blocks). Activities
can take objects as input and produce outputs. For activities, the distinction between
reliance on assets (stock) and the consumption or production of objects (flow) is
represented by connecting the arc to a different side of the rectangle: left or right side
for flow; bottom side for reliance on assets. Subject blocks are linked to the topside to
express participation in the activity. In this paper we do not address the allocation of
activities to subjects.
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Fig. 2. The building blocks and arcs of Activity Patterns
A first characteristic of the activity pattern is its generic aspect: all blocks are
open, and can be refined at any time. For a given work system, multiple activity
patterns must be specified. The transitions of asset tokens (e.g., a databases) or
moves of flow token (e.g., a cases) are synthesized from the specifications of multiple
activity patterns. While the Activity Pattern has similarities with many other models,
its distinguishing features include symmetric treatment of object, activity and subject,
compositional properties that reflect epistemic pluralism, and a decoupled token
based execution concept explained later in the paper. In what follows we liberally
build upon the semantic constructs of Colored Petri nets to explain TOXIKS.

4

Total Asset Methodology for the IT-reliant Society

To explain TAM for IT-reliant agents in an information society we use GERA phases
(Generic Enterprise Reference Architecture, Annex A to ISO 15704) to describe the
agent’s adaptive cycle. Regarding the model enabled aspect of TAM, we use the
OMG MDA terms. After briefly introducing relevant elements from these frameworks,
two specific themes are highlighted to illustrate the value-focussed flexible interoperation of agents: (i) EGAM as a decisional reference model that emphasizes the
frequent need for change in the work systems, and (ii) TOXIKS as an execution
concept that reconciles stability in operations with dynamism in the knowledge
spaces.
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Fig. 3. GERA phases, assets and IST instruments for society and its members

4.1 Asset Alignment in the IT-reliant Society
The GERA phases (ISO FDIS 15704 - Annex A GERA) are used to distinguish the
phases in the adaptive cycles in which the S-, E, and P-agents cope with new
necessities. It is convenient to introduce S-GERA, E-GERA and P-GERA phases and
name them: S-identification (S_I: Identification for Societal level), E-identification (E_I:
Identification for Enterprise level) and P-identification (P_I: Identification for Person
level), etc. The asset alignment activity is indicated for the objects supporting the
respective GERA phases. All GERA phases for the society, enterprise and person
agents may be ongoing. Each phase maintains specific assets to produce its outcome.
The activity patterns in Figure 3 are in the Conceptual View of Figure 1. The arrows
in the lower part of Figure 3 give an abstract picture of the socio-industrial ecosystem, its members and their IST instruments in the Physical View. The observed
meso-agent variety in society is in the physical view. It is a result of “close-tobiological” evolution as comprehensively described by McCarthy et al. [17].
For any goal-oriented agent, the adaptive cycle is overseen by a planning process.
Russell Ackoff defines planning as “a process that involves making and evaluating
each of a set of interrelated decisions before action is required, in a situation in
which it is believed that unless action is taken a desired future is not likely to
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occur, and that, if appropriate action is taken, the likelihood of a favourable
outcome can be increased” [2].

4.2

TAM for IT-reliant work systems: Model Driven Engineering

The adaptation of IT-reliant work systems faces two huge hurdles[11]: socio-diversity
and techno-diversity. To illustrate these hurdles, consider the society goal of
reducing greenhouse gas emissions. The diversity at the operational layer is evident:
gasses are emitted in a myriad of different situations. The people and businesses that
are within the scope of any measure use multiple technologies and (software)
solutions. This complicates the enactment of measurement and trading schemes such
as proposed in Kyoto Protocol implementation schemes.
For overcoming similar hurdles, businesses have made explicit (externalised) their
structure and operating procedures, especially with a focus on computer support for
improved operations. These trends have already given rise to the large-scale use of
enterprise models and the use of several dimensions to manage the complexity of
enterprises applying ICT [3]. Enterprise Architecture tools are gaining importance in
the market, and focussed architectural frameworks are being developed [10].
In the TAM road towards a knowledge society, the model and data assets will play
a key role in designing and implementing policy measures in a calm manner, in
accordance with the relevant legal principles, and for the available technology. As
consolidated models are (becoming) available for the socio-technical contexts of
work, any adaptive cycle (project) will deliver a “delta-specification” to realize a
particular new scenario in a given socio-technical context. For a given subject (S, E or
P) and its work system, the models at the three MDE layers (computation
independent, platform independent and platform specific) result from different GERA
phases, and are part of different asset layers. In the planning perspective each asset
layer offers its own contribution to the reduction of risks[9] and to the system design.
The Computation Independent Model (CIM) shows the system in the environment in
which it will operate, and thus helps in presenting exactly what the system is expected
to do (Concept). It is useful as an aid to understanding a problem and for
communication with the stakeholders, it is essential to mitigate the risks of addressing
the wrong problem, or disregarding needs. The use of platform independent and
platform specific models (PIM and PSM) mainly matter when IST instruments are part
of the solution.

4.3 A Decisional Reference Model
The model driven engineering (MDE) has no internal mechanism to identify problems
in the work system. For the goal driven agent, IST instrument acquisition should be
problem driven and asset enabled. In general, a problem refers to a situation,
condition, or issue that is unresolved or undesired. In society, a problem can refer to
particular social issues, which if solved would yield social benefits, such as increased
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harmony or productivity, and conversely diminished hostility and disruption. In
business a problem is a difference between actual conditions and those that are
required or desired. We assume that the values held by society are related to the socalled livelihood1 assets: human, natural, physical, social assets in addition to
financial assets. Given an indicator system, performance objectives are expressed
and evaluated for a work system (object system) that performs a function. The
environment is the source of inputs and the sink (market) for the outputs. The model
in Figure 4 is called an Extended Generic Activity Model (EGAM) because it also
includes the reflective activities that influence the operations of an object system.
The governance activity, the management activity and the analysis&design activity
support reflective functions of determining/setting the artefacts (objectives, problem,
etc.) linked from their right-hand side. A quantitative difference between objectives
and performance data signals a problem to the management activity. In pull-based
change, the management activity will call upon the analysis&design activity to
analyse the problem of the object system, to create new designs (TO_BE model &
technology), and to compare performance. Governance and management activities
decide about the implementation and acquisition of new capability proposed by the
analysis and design activity in a management or governance advice (m_advice or
g_advice).
In particular, the activities are defined as follows:
• The object-system operation: The operational processes that are performed by the
object system, and for which performance objectives are expressed and evaluated,
• The environment processes: The processes of the environment in which the object
system operates or performs a function – the environment is the source of inputs
and the sink (market) for the outputs. Also resources originate from the environment, and wastes are deposited there (not in the figure),
• The governance activity: The activity in which objectives (stylistic and
performance) are expressed for the object system, taking into consideration
relevant constraints (natural, social, etc.) that exist for the capital assets in the
factory’s environment, it gives a mandate to the management activity.
• The management activity: The activity in which the operations of the object
system are monitored and controlled. If one or more performance targets are not
met, a problem is signalled to the analysis & design activity,
• The design and analysis activity: In this activity, performance problems of the
object system are analysed, redesigns performed and evaluated, and advices given
to the management or governance activity deciding which solution to adopt.

1

Your livelihood is the job or other source of income which gives you the money to buy things
that you need in your daily life. (Collins Cobuild English Language Dictionary). Means of
living or of supporting life; subsistence (Webster’s New World Dictionary.)
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Fig. 4. The Extended Generic Activity Model (EGAM)

4.4

Token based Execution in Knowledge Spaces (TOXIKS)

Work systems must be adaptive to survive. EGAM draws one possible picture of the
adaptive cycle. GERA draws another one. In the vision of TAM, multiple models and
data must be reused. These models must also evolve. How can work system
operations be liberated from the tyranny of the models in systems modelling? This
question generalizes the question on instances and classes asked by Parsons and
Wand[19]. TOXIKS is a tentative answer that draws on Bunge’s distinction between
ontology and epistemology[8] and generalizes the emancipating guidelines of
Parsons and Wand. In essence, the token or instance is seen as an ontological
construct, and the activity pattern or class as an epistemic entity. Such
interpretations are generalized to transitions (actions, as instances of “class-like”
activities), and to subjects (actors or agents as instances of subject-classes). A
Knowledge Space is composed of some domain models (in UML), some activity
patterns, and system specifications that specify transitions and related token classes
over the activity patterns and the domain models (as in Colored Petri nets). Hence, a
knowledge space is an epistemic construct. It usually is shared within an enterprise, a
community, a science discipline, or culture.
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Fig. 5. Operations under Changing Knowledge Spaces.
A Knowledge Space is expressed as a CIM model, and defines meanings for
operations and tokens as sketched in Figure 5. The knowledge spaces allows
epistemic pluralism: multiple knowledge spaces coexist for a single object of analysis
or discourse. Events in the work system are interpreted differently in the knowledge
spaces pertaining to business (management), the workers, and societal monitoring
systems, a.o. The workflow or work system operations (system row) is token based
and has an ontological status. The token game is relatively stable and bound by laws
in the hosting ontological stratum[1]. In contrast the knowledge spaces are highly
adaptable, expandable and even dispensable for the operations. Their purpose lies in
planning, though.
The development of the knowledge spaces is “driven” by the adaptive cycle
initiated in a management or governance activity: a problem is identified. As part of
an advice, the analysis&design activity proposes a scenario that solves the problem
(pull style) or explains a promise (push style). The execution of the IT-reliant agent’s
MDE-GERA phases inludes the scripting of scenario’s by specifying δCIM models
w.r.t. the consolidated reference CIM models and by selecting suitable knowledge
spaces (CIM’=CIM+δCIM); the δCIM is mapped to δPSM models; the δPSM models
are included in the action prescriptions that will control the event flow and support
the reporting demands. For instance, if there is a need for additional (new)
measurements of ongoing event streams (ontologically, the same work system
operations or primary process), then the measurements are defined as δ-actions for
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selected events. Information about these events is recorded in accordance with the
(new) interpretative structures (knowledge spaces, epistemic commitments) defined in
δCIM and mapped to δPSM.

5

Conclusion and Future Work

This paper has proposed consistent fragments of the computation independent
models of the domain that goal-oriented agents and their IT-reliant work systems
share. The proposed models may evolve into assets in an IST infrastructure. A Total
Asset Methodology (TAM), an Extended Generic Activity Model (EGAM) and an
execution concept (TOXIKS) have been proposed. TOXIKS reconciles ontological
invariance with epistemic pluralism and dynamism, and thus is a necessary feature of
TAM at work. The validity of the proposed models and concepts must be further
demonstrated. MDE-GERA style planning and development processes must be
performed with aligned assets, multiple scenario’s must be scripted with respect to
these assets, and TOXIKS must be tested in IT-reliant work systems.
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Abstract
The healthcare domain is in urgent need for solutions to making clinical and
administrative systems, perhaps belonging to different healthcare units, interoperable
and hence making them deliver timely and correct information as needed in particular
situations. Process manager technology allows making all actors (humans or information
systems) involved in healthcare processes communicate along these processes. The
paper argues that process manager technology is essential for achieving interoperability
in healthcare, but that some serious problems need to be overcome to realise its full
potential. A number of design solutions to address these problems are proposed.

1 Introduction
Healthcare personnel, such as nurses, physicians, administrators and managers, need a vast amount of
clinical and administrative information to fulfil their tasks and to deliver high-quality, secure and efficient
patient care [Haux et al, 2004]. To achieve such goals, the information must be on time, correct, up-todate, and presented in a format that facilitates interpretation. Information about the patient may, however,
be spread out in the organisation, not giving a complete picture in one single place of the care of the
patient (i.e., the patient’s medical history, current diagnosis and planned investigations and therapies).
Therefore, integrated information systems are fundamental in healthcare. The trend in Europe towards
specialised and distributed patient care has also made it important to integrate information from different
healthcare units, such as home healthcare, primary care, hospitals and laboratories.
Non-integrated information in healthcare may lead to:
• That the business operations is more costly than it would have to;
• That information needed for treating some patient does not reach the healthcare unit in time;
• That information is false or outdated;
• That information is distributed to non-authorized personnel;
• That the source of information is not recorded.
Therefore there is a need for:
• Solutions that facilitate analysis and improvement of healthcare processes that cross boundaries
between healthcare units;
• Solutions that facilitate integration of IT systems
• Solutions that facilitate analysis of security aspects (e.g., availability, confidentially, and
accountability) as well as quality aspects of the information.
A possible solution would be to introduce a process manager. Process managers transparently integrate
existing IT system by executing graphical process diagrams that visualise the integration. The process
diagrams executed in the process manager also reflect and support healthcare processes within and among
healthcare units. Focus on healthcare processes can provide a more efficient care, by reducing unnecessary
and redundant activities, and by placing the patient at the centre of healthcare, since, after all, the patient
process is the most important healthcare process, see for example [Vissers, 1998].
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Despite the promises of process managers, they face a number of shortcomings that need to be addressed.
In this paper, we will address three of these issues:
- Business orientation. Process diagrams are typically expressed through low level concepts like control
flow structures and message passing. Such concepts are not easily understood by domain experts
and users, who instead prefer to understand processes through business oriented notions like
value exchanges and resource flows.
- Traceability. Constructing a process diagram includes taking a number of design decisions that
affect the structure of the diagram. It should be possible to trace these design decisions back to
explanations and motivations expressed in business terms.
- Information correctness. The process manager does not maintain control over external applications,
which means that these applications can be updated without the process manager being notified.
As a consequence, there may be incorrect and conflicting information in the distributed system.
The purpose of this paper is to propose a number of design solutions that will address the issues of
business orientation, traceability, and information correctness. The solutions are based on experiences
from two case studies, a project in the telecom domain (Process Broker project) [Johannesson et al, 2001]
and a project in the healthcare domain (VITA Nova project) [Perjons et al, 2004; Wangler et al, 2003], in
which process manager technology was used.
The paper is structured in as follows: Section 2 gives an overview of process manager technology. Section
3 introduces a method used in the healthcare case study (Vita Nova project) in order to provide a context
for the design solutions introduced. Section 4 describes three design solutions. Section 5 concludes the
paper by presenting how the design solutions address the identified issues and gives suggestions for
further research.

2 Process Managers
Various approaches to managing the integration of IT systems have been developed such as distributed
objects (CORBA), message brokers and Internet portals [Linthicum, 2001]. Recently, Web Services have
appeared as a new approach to integrate IT systems through XML documents over Internet protocols
[Oellermann, 2001]. However, with the exception of some recent developments of Web Services, such as
BPEL4WS, these technologies mostly function as interfaces to existing IT systems and do not lend
adequate support to the business processes. Therefore, a new type of process oriented integration
architectures have been developed, referred to as process managers (sometimes business process management
systems, process brokers, or process automation systems), which closely reflect the business processes (in
healthcare: healthcare processes), see Figure 1 [Dayal et al, 2001; Linthicum, 2001; Johannesson el al,
2001].
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Figure 1. The process manager may be viewed as a layer of abstraction above the IT systems. The process manager both
visualises and manages the communication between the IT systems and human actors via e.g. desktop computers.
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Somewhat simplified, the process manager functions as an extra abstraction layer (see the “process
manager” layer in Figure 1) above the existing IT systems and integration technology, like Corba and Web
Services [Linthicum, 2001]. The process manager is, hence, a software product that visualises and executes
the communication between the IT systems and between the IT systems and the human actors.
In this paper, we make a distinction between healthcare processes, application processes and e-processes,
see Figure 2. This distinction facilitates the understanding of the process manager’s functionality and the
relationship between the developed diagrams, described in Section 3.
By healthcare process we mean a partial order of manual tasks, which are performed by human actors and
based on (business) rules. Examples of manual tasks are “treating a patient”, or “using a computer”.
Healthcare processes are complemented by business rules. An example of a business rule is that “patients
have to pay in advance of the examination”. Another example is that “before a patient gets a new
medicine the responsible physician must check which previous experiences the patient has with
medication of the same type”.
The application process comprises the set of actions (scripts) executed in the IT systems, and the logic
determining how to react to events triggered by communication with human beings and other IT systems.
The application processes, like healthcare processes, also include business rules, determined by the
healthcare unit. The healthcare unit may also replace and automate business rules included in healthcare
processes by using IT systems. This means that some of the business rules, which are the basis for manual
tasks, can be transferred from the healthcare processes to the application processes. For instance, an IT
system, instead of a human actor, could check the patient’s medical record in order to investigate the
patient’s experiences of a certain drug.
To understand an organisation in depth, both the business and application processes need to be modelled
[Rayport et al, 1995, Steneskog, 1999], since both types of processes contain the organisation’s business
rules. Steneskog [1999] states that we may need different modelling concepts and techniques when
modelling business processes and application processes (“application processes” are called “virtual
processes” in Steneskog’s terminology). Steneskog [1999] means that application processes are more
difficult to identify, since they are hidden in the software code.
Finally, by e-process we mean a certain type of application process, which is executed in a process manager.
An e-process is essentially a series of message exchanges with the environment, comprising also the
interaction logic that controls the communication with various IT systems and human beings, as well as
those business rules that can be automated, see Figure 2.
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Figure 2. The distinctions between business processes performed by human actors, e-processes executed by the process
managers, and application processes executed by other IT systems.
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The benefits of a process manager are many. The communication between the IT systems and between
the IT systems and the human actors may be changed at any time. This can be done by changing the eprocess, which is executed in the process manager. The process manager also contains specific tools for eprocess design and change. Since the process manager executes the graphical diagrams, it also facilitates
monitoring the e-process. The process diagrams can then be used to study the state of the instances of a
single patient process while it is running, e.g., to check the transfer of information concerning a particular
treatment for the specific patient between two or more healthcare providers. It is also possible to let the
process manager simulate process scenarios in order to come up with an optimal communication pattern.
Much effort is presently spent on developing process manager technology. Some products that use this
philosophy are Vitria Technology’s BusinessWare, IBM’s Websphare MQ Workflow , Microsoft’s Biztalk
Server, and Visuera Integration AB’s Visuera Process Manager (PM). Furthermore, message brokers and
application servers enhance their functionality with graphical process model management, to get closer to
process manager functionality [Linthicum, 2001].

3 Method support for process managers
In the Vita Nova projects, the Visuera Process Manager [Visuera, 2004] was used, together with a method
in which Business Model Language (BML), a graphical process modelling language for modelling and
executing e-processes. BML, was integrated with UML Activity diagrams, which describes the healthcare
processes.
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Figure 3. Healthcare processes (modelled using UML Activity diagram), e-process (modelled using BML) and
integrated IT system in different swim lanes.
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BML [Johannesson et al, 2001; Wåhlander et al, 2001 ] has similarities with Specification and Description
Language (SDL), but is more adapted to IT systems integration. BML’s metamodel consists of a limited
number of concepts; the main are: “receive message”, “send message”, “automated task”, “choice”, “start
timer” and “timer expired”. In Visuera Process Manager, BML is used directly as an implementation
language and replaces, to some extent, ordinary programming languages.
UML Activity diagram s are used for modelling the healthcare processes. By adding swim lanes (in UML
2.0 called partitions) to the method, diagrams of different healthcare processes can be related, e.g, the
patients’ process, nurses’ process and physicians’ process.
In Figure 3, two different swim lane models, the home healthcare processes and the primary care
healthcare processes, are specified. For each healthcare unit the different healthcare processes (patient,
nurse and physician) are specified using UML Activity diagrams. These diagrams are related to each other
and to the e-processes, represented as BML diagrams. The BML diagrams will be executed in the process
manager. Finally, the e-processes are related to the IT system, which the e-process integrate. In Figure 3
the relations (i.e., message passing) between the healthcare processes, the e-processes and the IT systems
are visualised as dotted lines. Note that IT system from different healthcare units also are integrated via
the process manager (see A in Figure 3).
The different IT systems’ application processes were not modelled in the Vita Nova projects. Such a task will
probably be time consuming since experiences from the Vita Nova projects showed that a several existing
IT system were poorly documented. However, a major idea in the Vita Nova projects was to transfer the
business rules from the applications to the e-processes, which will create a flexible integration solution.

4 Design solutions
In this section we present a number of design solutions, i.e., laboratory solutions which are not yet
implemented in industry. However, they have been partially validated in the Process Broker and Vita
Nova project. The design solutions are described by the following form:
• Context – describe the situation/circumstances to situate the targeted interoperability
problem
• Problem – an explicit statement of the interoperability problem concerned
• Solution – describe the implemented practice (proposed solution) to solve the problem
defined
• Strength – the strong point of the solution and its possible limitation
4.1 Value based process modelling
Context
Conceptual models have become important tools for designing and managing complex, distributed and
heterogeneous systems, e.g. e-commerce and e-health [UN/CEFACT, 2003]. In e-commerce and e-health
it is possible to identify two basic types of conceptual models: business models and process models. A
business model focuses on the what in a system, identifying agents, resources, and exchanges of resources
between agents. Thus, a business model provides a high-level view of the activities taking place in ecommerce and e-health. A process model, on the other hand, focuses on the how in an e-commerce or ehealth system, specifying operational and procedural aspects of business communication. The process
model moves into a more detailed view on the choreography of the activities carried out by agents
[Gordijn et al, 2000].
Problem
In order to realize interoperability between services and systems, it is required to make their underlying
processes interoperable. Designing and understanding the interrelationships between a numbers of
complex interacting processes can be a difficult and time consuming task. Furthermore, it is often difficult
to understand why a process model has been designed in a certain way and what consequences alternative
designs would have.
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Solution
Process models should be given a declarative foundation by basing them on business models that describe the exchange of value.
Two instruments for a declarative foundation of process models are process patterns and activity dependencies. A process
pattern is a generic template for a set of interrelated activities between two agents, while an activity dependency expresses a
sequential relationship between two activities [Bergholtz et al, 2004].
There exist many different kinds of patterns for business processes. These include basic workflow patterns
[Aalst el at, 2003], transaction patterns as in ebXML [UN/CEFACT, 2003] and more complex patterns
like the Action Workflow pattern [Winograd el at, 1986]. Such patterns provide a basis for a partial
ordering of the activities taking place in a business process. However, the ordering derived from such
process patterns only provide a starting point for designing complete business process diagrams, i.e., it
needs to be complemented by additional interrelationships among the activities in the process diagram to
be designed. These interrelationships should have a clear business motivation, i.e., every interrelationship
between two activities should be explainable and motivated in business terms. We suggest formalizing this
idea of business motivation by introducing the notion of activity dependencies. An activity dependency is a
pair of activities, where the second activity for some reason is dependent on the first one. We identify four
different kinds of activity dependencies, each one providing a particular reason expressed in business
terms, for the interrelationship between the activities.
Flow dependencies. A flow dependency [Malone et al, 1999] is a relationship between two activities, which
expresses that the resources obtained by the first activity are required as input to the second activity. An
example could be a retailer who has to obtain a product from an importer before delivering it to a
customer. Another example could be that a healthcare unit needs to have a delivery of a certain resource
type before a therapy could be performed.
Trust dependencies. A trust dependency is a relationship between two activities, which expresses that the first
activity has to be carried out before the other one as a consequence of low trust between the agents.

Informally, a trust dependency states that one agent wants to see the other agent do her work before
doing his own work. An example could be a car dealer who requires a down payment from a customer
before delivering a car. Another example could be that a patient’s insurance company has to pay the
healthcare unit before a therapy could be performed.

Control dependencies. A control dependency exists when one agent wants information about another agent
before establishing a contract with that agent. A typical example could be a company making a credit
check on a potential customer. Another example could be that a healthcare unit needs to check with
another unit about a patient’s status, before treating the patient.
Negotiation dependencies. A negotiation dependency expresses that an agent is not prepared to establish a
contract with another agent before she has established another contract with a third agent. One reason for
this could be that an agent wants to ensure that certain resources can be procured before entering into a
contract where these resources are required. Another reason could be that an agent does not want to
procure certain resources before there is a contract for an activity where these resources are required. An
example could be that a healthcare unit need to establish a contract with another healthcare unit before
promising to perform a therapy.
A business process diagram can be understood and designed based on process patterns and activity
dependencies. Designing a business process diagram is not a trivial task but requires a large number of
design decisions. In order to support a designer in this task, we propose an automated designers assistant
that guides the designer through the task by means of a sequence of questions. The questions can be
divided into four steps, see Figure 4.
Step 1 during which the business model is established. The information gathered in this phase is about
the agents involved in the business process, the resources exchanged between them, and the
activities through which these resources are exchanged. The result from this step is a business
model.
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Step 2 during which information about the (partial) order between the activities is gathered. The result
from this step is an ordering of the activities in the execution phase of a process model.
Step 3 during which information about existing negotiation dependencies is gathered. The result from this
step is an ordering of the activities in the negotiation phase of a process model.
Step 4 during which the communicative acts needed to handle the activities are introduced and the
(partial) order between them is established. The result from this step is an ordering of activities
that crosses the negotiation and execution phases.
Step 5 during which set of production rules needed to be applied on introduced patterns with respect to
execution, negotiation and process orders.

Step 1

Step 2

Step 3

Step 4

Step 5

Business Model

Execution Order

Negotiation Order

Refined Order

ProcessModel

Q-A Session

Q-A Session

Q-A Session

Q-A Session

Auto Generation

Figure 4. Steps of the Designer Assistant
Strength
Process models that are given a declarative foundation based on business models would provide
justifications, expressible in business terms, for design decisions made in process modelling, thereby
facilitating communication between systems designers and business users. Following the layered approach
of section 2 and 3, we have by introducing the value concept added a third level, the business model,
describing the value foundation of the business. Graphically this can be viewed as in Figure 5.
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Figure 5. A business model layer added above the healthcare processes. The business model provides
justification to the design decisions made in process modelling.
4.2 View based process modelling
Context
Process diagrams have become an important tool for specifying and analysing the business processes and
the e-processes, which are constructed to be executed in process managers. However, when integrating
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different IT systems many different aspects need to be taken care of. For example, exception handling
makes up a large part of an integration specification, i.e., the specification need to take into account
different situations when IT systems do not respond in an expected way. The description of exceptions
easily obscures the main business logic. Furthermore, it is possible to distinguish among several kinds of
stakeholders involved in system integration projects: domain experts such as business managers, owners
of external IT systems, business and technical designers, and operators that handle the day-to-day
operations. Different stakeholders require different views of the integration specification, while at the
same time they need to be able to communicate with each other using a common specification.
Problem
System integration specifications often results in highly unstructured and complex process diagrams, specifying the
integration between the IT systems. These diagrams are also used by different stakeholders, which are only
interested in viewing special parts of the diagrams.
Solution
Process diagrams visualizing the integration of systems should be structured through a series of views. These series of views
should start with a customer oriented view, or some other actor’s view, on the business level and add more and more details
moving from a business perspective to a more technical perspective [Johannesson et al, 2001].
The different views of process diagrams are described below and illustrated by means of a healthcare case,
in which a patient wants to order an investigation. The order is send to an IT system, System A, which
offers the patient date and time for the investigation and if the patient accept the date and time, update the
order. However, if the patient does not pay tax in the county to which the healthcare unit belongs, a
healthcare unit manager first has to accept the order.

Customer
[Order answer]

[Order]

Customer process

Figure 6. Patient interaction (View 1)
View 1. Patient interaction. This view models the interactions between the integrated system and the patient,
i.e., the messages exchanged by the patient and the integrated system as well as the flow of control, see Fig
6. Note, Figure 6 (and 7) only visualise the process diagram from a static point view, i.e., the control flows
are not visualised. Process diagrams visualising the control flows are described in [Johannesson et al,
2001]. Note that a patient could be a nurse, physician or any other healthcare provider, or a customer in
another domain (therefore we use the term “customer” in the figures).
View 2. System requests. This view is an extension of view 1 and describes how the integrated system
produces the messages and sends them to the patient, i.e., answers the patient’s requests. Therefore, the
designer must determine how the messages sent by the integrated system to the patient are to be
produced, i.e., this view must also model the interaction with the IT systems and human being to be
integrated. For every IT system and human being integrated, an interface process needs to be constructed, see
the two process diagrams at the bottom of Figure 7. The design rule is: one interface process describes
exactly one IT system’s or human actor’s interaction with the system.
In the simplest case, only one system produces the message to the patient. In some cases, it is convenient
to introduce two or more levels of sub processes. If the sub process to be specified requires interaction
with several IT systems, the designer should construct a synchronization process, in the middle in Fig. 2, which
invokes its own sub processes and synchronizes these. Following Figure 7, if the patient is not a tax payer
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in the region, the synchronization process sends a message to both Interface process a and b. Interface
process b sends a massage to the Manager, which has to accept the order or not.

Customer
[Order answer]
[Order]

Customer process
[Order answer2]
[Order2]

Synchronisation process
[Manager answer]

[Question manager]

Interface process b

[Update answer]

[Update]

Interface process a
[Update answer2]

[Manager answer2]

[Update2]

[Question manager2]
App A
Manager

Figure 7. System request (view 2)
View 3. Exception handling and resource releasing. First, this view specifies the exception handling. Views 1 and
2 specify only the normal course of events. In view 3, the process diagrams specify how to handle
exceptions, i.e. situations where an external IT system or a human actor has not replied to a request within
a pre-specified time limit. Secondly, this view describes resource releasing. When a process cannot be
completed as intended, it becomes necessary to release the resources that have been reserved or booked
during the process.
View 4. Notifications. This view adds all notifications messages. We have identified three situations where
notification messages are required. First, when an exception has occurred, it is customary to inform an
operator about this event so that he or she may take appropriate action. Secondly, a notification about
essential states of affairs may be sent to a maintenance process which redundantly stores the information.
The need for such a maintenance process is described in Section 4.3. Thirdly, a notification can be sent to
a data warehouse, which uses the information for strategic analysis and decision.
Strength
The views presented above can be used for two reasons. First, it could help the designer to construct the
process diagrams. A designer could utilize the views by first constructing a process diagram according to
view 1 and then gradually refining it until a set of diagrams in view 4 is obtained. Therefore, the views can
be seen as steps in a method for designing process diagrams. Secondly, it can be used for presentation
purposes to show or hide parts of process diagrams. Business oriented users can choose to see only the
top view or views, while technical designers and implementers can proceed to the lower views. Even for
the latter category of stakeholders, the layered views can help to understand a system by allowing the
focus on an essential business perspective first and thereafter proceed to a technical perspective. Different
categories of users, for example customers/healthcare providers, business and technical designers, have
the possibility of suggesting input on the right level in the modelling process. Business designers probably
want to concentrate on the important parts of the business processes to clarify how they want the main
business logic to work. The views presented above may apply to the healthcare process as well as the eprocesses.
4.3. Master storage for process managers
Context
Integration of IT systems can be supported by many different architectures. One architecture for
integrating IT systems is the point-to-point solution where every IT system is directly connected to every
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other IT system, see Figure 8 (left). This solution could work for a small number of IT systems, but as the
number of IT systems increases, the number of connections quickly becomes overwhelming. By using a
central message broker, see Figure 8 (middle) or process manager, see Figure 8 (right), this complexity is
reduced, i.e., the number of interfaces will be reduced, tools to facilitate the format conversions can be
applied, and the visualisation added by the process manager enables different categories of people to take
part in the process design.

IT system A

IT system A

IT system A

IT system B

IT system B
IT system B

IT system C

Message Broker

Process Manager

IT system C
Application
IT
system D A

IT system D

IT system C

Human Role

Figure 8. Point-to-point solution to the left, and many-to-many solutions in the
middle (a massage broker) and to the right (a process manager).
Problem
Integration of IT systems is a complex task and it is seldom possible to integrate every IT system at one
occasion. Therefore, integrated IT systems can still communicate with external systems, which are not part
of the integrated solution. These IT systems can be updated without the message broker or process
manager being notified. For example, information about a patient can be changed by mistake when an
external system communicates with IT system connected to the integrated solution.
Solution
When integrating different IT system, for example by using a message broker or process manager, a master storage should be
developed that duplicates part of the data in the integrated IT systems [Johannesson et al, 2001].
Strength
There are several reasons for maintaining redundant information in a master storage. First, it is possible
that the integrated IT system can be updated without the message broker or process manager being
notified. By using an internal storage the system has complete and correct data saved in one place.
Secondly, if the patient or customer service quickly requires information about, for example, an order, the
system does not have to query several IT systems; it only has to query the master storage. It is not unusual
that information about a patients or customer is distributed over several IT systems. In that case, the
internal storage is from a performance perspective, an important improvement of a system.
Thirdly, the opportunity to notify an internal storage of important events that occur in the system, makes
it possible to create a data warehouse that is updated in real-time. A message broker or process manager
can support data movement in real-time and it thereby can provide business managers with constantly
new information, which can be aggregated.

5 Conclusions
In section 1 we introduced the following issues that need to be addressed: Business Orientation, Traceability,
and Information correctness.
Business Orientation is about describing the business processes in business terms. This is addressed
through both the value and view based process modelling. These design solutions focus on business
oriented concepts like value, customer and provider, instead of going directly into procedural details. This
allows a stakeholder to get a high level overview of the process expressed in familiar business terms.
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Furthermore, when the stakeholder wants to get deeper into the details of the process she can use the
views of the models to hide details irrelevant for her present purposes.
Traceability is about understanding and tracking the reasons for design decisions in a process model. This
is also addressed through the value based process modelling. Reasons for process design are based on
value concepts complemented by action dependencies and process patterns. These allow a stakeholder to
understand specific process designs in terms of higher level concepts, which also provides a basis for
generating and comparing alternative designs,
Information correctness is about maintaining a consistent and correct view of the information in the
entire distributed system in spite of local autonomy. This problem is addressed by the master storage
design solution, which offers an additional storage for ensuring information correctness.
We believe that the proposed design solutions will provide important benefits for process modelling and
managers, thereby strengthening one of the most promising approaches for interoperability. Further work
will include the identification of additional process patterns as well as empirical validation in healthcare IT
systems.
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Abstract
In a nutshell, the mission of Knowledge Web is
to strengthen the European industry and service
providers in one of the most important areas of current computer technology: Semantic Web enabled
e-work and e-commerce. We will concentrate our
efforts around the outreach of this technology to industry. Naturally, this includes education and research efforts to ensure the durability of impact and
support of industry. Therefore, the main objectives
of Knowledge Web are: Outreach to Industry, Outreach to Education and Coordination of Research.

1

Summary of Activities

Knowledge Web (KW) is a 4 year Network of Excellence
project funded by the European Commission 6th Framework
Programme. Knowledge Web began on January 1st, 2004.
Supporting the transition process of Ontology technology
from Academia to Industry is the main and major goal of
Knowledge Web.
The mission of KnowledgeWeb is to strengthen the European industry and service providers in one of the most important areas of current computer technology: Semantic Web
enabled E-work and E-commerce. The project concentrates
its efforts around the outreach of this technology to industry.
Naturally, this includes education and research efforts to ensure the durability of impact and support of industry. Therefore, Knowledge Web devotes its efforts to the following main
areas:
• Outreach to Industry. The main objective of Knowledge
Web’s outreach to industry area is to promote greater
awareness and faster take-up of Semantic Web technology within Europe in full synergy with the research activity. This outreach will help to reduce time needed to
transfer the technology to industry and to market.
• Outreach to Education. Knowledge Web aims to work
towards the establishment of a Virtual Institute for Semantic Web Education (VISWE), which will act as the
principal focus for educational activities on Semantic
Web.
• Coordination of Research. The objective of Knowledge
Web will be to ensure that the research as performed by

the leading groups in this area will be sufficiently coordinated to avoid both duplication and fragmentation. Such
coordination is particularly important for the Semantic
Web: since it is an inter-disciplinary area, joint collaborations among and across various research communities
is necessary. The objective of Knowledge Web is to coordinate the European research effort to make Semantic
Web and Semantic Web Services a reality.
The Knowledge Web consortium is coordinated by the
University of Innsbruck, Austria and consists of 18 leading
partners in Semantic Web, Multimedia, Human Language
Technology, Workflow and Agents.
At the end of its first year the Knowledge Web network
is in good shape. Partners are doing integrated research on
the themes defined in the JPA: scalability, heterogeneity, dynamics, web services and language extensions. The network
has started an exchange program for researchers to work for a
prolonged period at another institute. At this early stage there
are already visible signs of impact, such as the W3C note on
the semantic-web rule language SWRL. One look at the proceedings of the 2004 International Semantic Web Conference
in Hiroshima (acceptance rate: 22%) makes clear that Knowledge Web partners are (the) key players in this field. Another
sign is the fact that a Knowledge Web participant won the
2004 Semantic Web Challenge (a contest for semantic web
applications, see http://challenge.semanticweb.
org/), beating for example a large NASA project. In addition, the network is starting outreach activities, including
setting up an growing industrial board. The outreach activity
is focusing on realistic use cases and showcase applications.
Network partners also play a key role in the new W3C Semantic Web Best Practices and Deployment Working Group,
which is in the process of producing low-entry advisory notes
for application developers. Finally, the network has been active in creating an educational infrastructure, such as a pool
of learning modules and the organization of a highly-praised
summer school in Spain. Overall, the network is in pole position to make the Semantic Web work.

2

Important Work Areas :: Industry

We are dedicated to promoting greater awareness and faster
take-up of Semantic Web technology within Europe in full
synergy with the research activity in order to reduce time
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needed to transfer the technology to industry and so to market. We have established an industry board as an effective
communication channel between industry and academia, in
order to: understand industry needs and difficulties of migrating Semantic Web technologies to industry; survey and profile the existing ontologies, tools, infrastructures etc.; make
recommendations, guidelines and standards to help industry
organize, design and implement their migration into Semantic
Web technology enabled IT systems; and promote awareness
of the added value of the Semantic Web technologies in the
increasingly competitive knowledge economy.
Industry Board
We have established an industrial board composed of industrial organizations that should benefit from ontology technologies (both technology push and technology pull organizations). The current board consists of 28 industry member.
The members of our Industry board are given a privileged
access to our network of top leading expertise and upstream
technology. We aim to increase this number by 50 members
every year, resulting in 200 members (at least) by the end of
the project.
Understanding industrial needs
We are actively working on collecting and analyzing use and
business cases from industry. Our analyses will on the one
hand show how semantic web technologies have or could
have solved (hypothetically) concrete business issues, on the
other hand evaluate the applicability of semantic web technologies in real business cases. We are mainly focusing on
testifying the utility of the current semantic web tools, interoperability of tools and services, and ontology content evaluation and usability.
We are currently busy capturing best practices of the best
applications using empirical evidence given by the Industry
partners on the board and from our own objective evaluations.
Promotion of ontology technologies
Several technology show events have been organized (and
planned) with the aim of promoting the main achievements
to public and private institutions. These events take the form
of international forums where speakers from both industry
and academia are invited to present their view on the topics
addressed by Knowledge Web.

3

Important Work Areas :: Research

The network is actively working in the important research areas required to make the Semantic Web a reality for European
and global commercial enterprises and for the benefit of European society. Work on making the tools and infrastructure
has been actively tackled by X number of institutions from
Y different countries in Z meetings involving W researchers
to: scale the semantic web to the size of the web; able to deal
with the diversity and heterogeneity of the semantic web; able
to embrace the dynamic and changing nature of the semantic
web; and able to support a distributed communitys development and maintenance of the semantic content necessary to
populate a semantic web. In-depth and wide-spread analysis
of the state of the art for all these research areas have been
completed and published.

Development of standards
Building on the success of the W3C Web Ontology Language OWL, standardized chiefly through the efforts of the
OntoWeb thematic network, a unified framework has been
developed and published by Knowledge Web in which the existing (and future) proposals of integrating different sorts of
rule based language with OWL can be compared. This will
feed the W3Cs Semantic Web activity standardisation efforts,
and is directly linked with the work of the FP6 REWERSE
NoE.
A virtual research community
As part of its activity to sustain a vibrant pan-organisation research environment we have established a topic-oriented researcher exchange (T-REX) program to enable long-term impact.
The short-term goal of T-REX is to encourage, support
and manage primarily the exchange of researchers across all
Knowledge Web members, but also to encourage exchanges
with external parties. The long-term goal of T-REX is to
strengthen the European research area by establishing strong
and lasting links across research organizations.

4

Important Work Areas :: Education

A conventional learning unit repository is now available at
L3S (http://ubp.learninglab.uni-hannover.
de/EducaNext/ubp). In order to collect existing learning
units about the Semantic Web and related topics, a questionnaire was prepared and distributed among all KnowledgeWeb
partners. Based on the feedback to the questionnaire, a first
set of educational metadata has been selected, which has to
be specified by each provider of learning units. A first set
of over 30 learning units has already been inserted into the
delivery platform and can be booked by interested users.
As a pilot implementation of semantic add-ons to the
conventional learning unit repository we deployed Magpie, http://kmi.open.ac.uk/projects/magpie,
a tool which supports no-cost semantic web browsing and
helps a user to make sense of material on the web. Magpie operates by making use of domain ontologies to dynamically annotate texts. Starting with the published materials in
the repository, Magpie supports the user in interpreting complex scientific materials by extracting key aspects and dynamically linking them to resources outside the repository and
to semantic web services. These resources capture declarative knowledge agreed to be of significance by the particular
knowledge community - in this case that of Semantic Web
Studies (SWS).
First experiments using Magpie in the learning and teaching context have been conducted in the domain of climatology. We expect that lessons learned in this pilot will provide
further data to shape the design and implementation of the
advanced semantic platform for learning, which is the main
focal point of our work in the upcoming months.
Virtual Institute for Semantic Web Education (VISWE)
VISWE is intended as an umbrella for all education area activities within Knowledge Web, i.e. it is intended to be the
organizational umbrella for the summer school and also to
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be responsible for the learning unit repository. It has been
agreed that VISWE shall be founded as an association according to German civil law which ensures endurability of
the Knowledge Web educational activities even after the end
of the project. VISWE will, however, not take responsibilities
for the content being stored in the platform, as the copyright
for these materials will remain with the authors of the learning units.

5

by KW partners. The portal has highly visibility and it is in
the second position in Google at the time of writing this report. The first prototype of the Knowledge Web Semantic
Portal has the following functionalities:
• Knowledge Presentation. This is done by means of userdefined visualizations of ontology classes, relations and
instances with different browsing permissions for portal users. The knowledge stored in the portal can be accessed with menus generated automatically from ontologies that are synchronized, and can be viewed differently
according to the various types of information stored in
them.
• Knowledge Editing. This portal allows inserting, updating and removing class instances, their attributes and relation instances, in multiple inter-linked ontologies and
with different edition permissions for the portal users.
• Knowledge Search and Querying based either on keywords or on the structured information provided by the
ontologies inside the system.
• Administration Services, which allow managing the semantic portal users, the editing and visualization permissions, and some other portal needs.

User Involvement, Promotion and
Awareness

The industry board of Knowledge Web comprises 28 highly
dedicated members.
Several meetings are planned to
strenghten the links between these members and the Knowledge Web project.
Among the very successful events which contribute to the
notoriety of Knowledge Web are the summer school organized last summer. The participation of Knowledge Web
members in various programme committees, W3C working
groups and its organization of events (like next ISWC in Galway) contribute to the visibility of the network.
FP6 integrated projects SEKT, DIP, and Knowledge web
have created the SDK cluster for facilitating the coordination
between these projects and promoting them. This cluster revolve around two interest groups dedicated to Ontologies and
Semantic web services. It also organizes the two first European Semantic Web Conference. Knowledge Web cooperates
with the Rewerse NoE on industry, research and education activities. It also has cooperations with FP6 projects AgentLink
III and Ontogrid and FP5 projects Ontoweb, Esperonto and
SWWS.
Summer School 04
The SSSW-04 took place in July in Cercedilla (Spain) under
the direction of Prof Enrico Motta (Open University, UK) and
Prof. Asun Gomez-Perez (UPM, Spain). The SSSW series
of summer schools has established itself as the key educational event in the area of semantic technologies and it is no
surprise that we have received many testimonials from students, tutors and invited speakers. As an example, Prof. Jim
Hendler, head of the W3C working group on ontology languages and one of the invited speakers to SSSW-04, pointed
out that the week he spent at the summer school was the ”most
fun I’ve had in a long time (academically speaking)” One of
the key reasons for the success of the school is its constructivist approach, which is in contrast with most other summer
schools. Hands-on sessions allow the students to familiarize
themselves with key technologies, while team-based work on
a week-long project gives them the possibility to explore research ideas in collaboration with other students and with the
support of the tutors. At the end of the school the students
present their work and prizes are awarded for the best efforts.
The Knowledge Web Semantic Portal
Since March 1st 2004, the public version of the KW
portal has been running at http://knowledgeweb.
semanticweb.org/. The portal includes a public area
with public information to be used by anybody interested in
knowledge technologies, and also a restricted area to be used

The Knowledge Web Semantic Portal is able to manage
multiple ontologies. To use this semantic portal as a tool
for monitoring the Knowledge Web NoE, the first draft of
the ontologies includes information about the project (milestones, workpackages, etc.), the organizations participating,
the people involved in the project, the documents related to
the project (deliverables, minutes, etc.), and the events associated with such project. That is, currently, five domain-specific
ontologies (Documentation, Event, Organization, Person and
Project) have been developed to be included in the Knowledge Web Semantic Portal.

6

Future Work

The network is currently performing a self-assessment which
will lead to a new JPA. At this stage it is safe to say that we do
not foresee major changes in the network. There will however
be some natural focus changes. Whereas the research work
packages have mainly worked internally in the first year, we
expect to see more cross fertilization between work packages
in the second year. Also, the exchange program is expected
to grow significantly, possibly also including visits from employees of industry board members to network partners as
well as exchanges with other IST networks. With respect
to outreach, the network is expected to focus even more on
showcase applications to demonstrate clearly the added value
of semantic-web technology to foster uptake by newcomers.
We expect more organizations to join the industry board, including nonprofit organizations. There will also be a steady
flow of Knowledge Web output to the various standards bodies. The summer school will be continued but the network
will consider organizing also educational activities for members of the industry board. In addition, educational modules
will become available, supported by semantic-web technology. We are looking forward to the second year of the network.
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Interoperability Contributions of CrossWork
Nikolay Mehandjiev1, Iain Duncan Stalker1, Kurt Fessl2, Georg Weichhart2
1

School of Informatics, the University of Manchester, UK
mehandjiev@manchester.ac.uk
2

Profactor Produktionsforschung GmbH, Austria

Effective cross-organisational collaboration enables a company to focus on its core
business within a dynamic network of partners providing complementary expertise.
This allows companies of all sizes to pursue immediate opportunities in the marketplace through participation in virtual organizations and dynamic supply chains. Such
collaboration-based business models, however, place substantial demands on software infrastructures to ensure robust intersystem communication, meaningful information exchange and successful coordination of processes and activities. Interoperability at all levels is paramount and significant advances in enabling software technologies are needed to support this.
Interoperability issues are addressed by several EC-funded projects under the 6th
Framework Programme. The focus here is on the specific contributions of one of
them, CrossWork*, which pursues the automated creation of cross-organisational
workflows to support opportunistic collaborations among members of Networks of
Automotive Excellence. These collaborations, also known as task groups or virtual
enterprises, are formed to pool together resources in the pursuit of business opportunities, for example responding to a call for tender, and are characterised by their decentralised decision-making and transient nature.
Effective collaboration among task group members is a key success factor. This
includes coordination of activities distributed amongst members, supported by crossorganisational workflows. Such workflows have to be formed in concert with the
formation of the task group in a dynamic and opportunistic fashion.
Achieving such level of process interoperability relies on frictionless information
exchange between the information processing infrastructures of the group members,
or interoperability at the systems level, within the context of compatible legal and
organisational structures predicating interoperability at the business level. Any successful collaboration is informed and underpinned by a shared understanding and this
reveals a fundamental need for semantic interoperability at the information level and
beyond.
Within this context, CrossWork focuses on the issues at process interoperability
and semantic interoperability levels. We see interoperability as a systemic property
of the set of collaborating entities, which arises in the context of their collaboration,
rather than as an individual property of system components. We are therefore focused
*

The RTD project Crosswork (www.crosswork.info) is partially supported by the European
Community under the Innovation Society Technologies (IST) programme of the 6th Framework Programme, contract IST-507590.
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on interoperability issues arising when two or more entities attempt to coordinate
their activities and communicate in a meaningful manner. This has impacted the
mechanisms chosen to underpin CrossWork’s approach to interoperability as follows:
Semantic interoperability in CrossWork is based on the use of ontologies and
meaning negotiation processes to achieve common ground among interacting group
members and a shared ontological committment. This results in a core ontology
shared by all group members, and peripheral ontologies which are specific to subgroups or to individual organisations. Novel negotiation protocols, informed by the
theory of utility, and ontology mapping mechanisms enable the evolution of the central and the peripheral ontologies: for example, to incorporate new capabilities and
services within the task team. Automatic reasoning within this context is underpinned by the use of Formal Concept Analysis [3] and Lattice Theory [1]. The
resultant model [5], which we call devolved ontologies, integrates centralised and
distributed approaches to ontology engineering.
Process interoperability in CrossWork relies on the use of collaborating software
agents to achieve the goal-driven dynamic formation of both the team and the
workflow needed to coordinate team activities. Intelligent agent technology can provide the capabilities for deliberative reasoning; dynamic goal-oriented behaviour; and
explicit declaration of interaction intent and structure. Agents are therefore used to
represent collaborating business entities, providing natural representations in software
for business autonomy, information hiding, self-interested behaviour and coalition
formation. Agents are also a natural choice for linking with the ontology-based
approach to semantic interoperability, because they employ sophisticated
communication mechanisms based on explicit declaration of intent and ontological
commitment, and provide the negotiation and reasoning capabilities necessary to
maintain a devolved ontology model.
CrossWork is based on the outcome of the EC-funded project MaBE (Multi-agent
Business Environment), a distributed, service oriented architecture and middleware.
MaBE supports both syntactic and semantic interoperability between partners in a
virtual enterprise, using a simplified version of the devolved ontologies model [2] to
inform the semantic interoperability mechanisms. It also provides support for the
processes of negotiating and changing interoperability agreements and structures in
open eBusiness environments. The MaBE consortium has decided to distribute the
MaBE kernel via a public board under an open source license model (LGPL). The
MaBE middleware is based on a widely established open source agent platform
named JADE (Java Agent Development Environment), which is also organised via a
public board using an LGPL licence model. Both initiatives work closely with the
standardisation organisation FIPA (Foundation for Intelligent Physical Agents).
Technically, Crosswork extends MaBE to enable interoperability at process level.
At the same time it serves as an application of MaBE, testing its capabilities to
achieve automatic coordination of distributed, cross-organisational development
processes in the domain of automotive manufacturing. Software agents are used to
represent group members in the formation of both the group and the workflow which
is to then coordinate the activities of this group. The team and workflow design [6] is
based on the principles of Gero’s FBS design framework [4] and executed as a combination of distributed planning and pattern-based workflow composition approaches.
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This takes into account local rules and processes of collaborating partners whilst
preserving their business autonomy and allows hiding of information regarding their
business processes.
The process relies on the use of the standard process modelling framework XRL
[7], which is based on Petri Nets. This provides the necessary formal basis to enable
reasoning over models and constraints, and predictive analysis regarding their consistency and performance.
The dynamics of the resulting system involving humans and computers require
novel approaches to dynamic user interface generation, providing necessary and sufficient information to the individual users at different locations. Role-based enactment of business-logic and security is also used to provide the necessary level of
abstraction and ease of maintenance.
These core contributions provide the necessary complement of techniques for
seamless collaboration and process integration within the target context of distributed
and dynamic coordination of work.
The CrossWork’s consortium has been chosen to provide key expertise in research, requirements and development in all these areas by including research centers,
universities, automotive companies and systems integrators. Nine organizations
joining the consortium are: Atos Origin sae (Spain, systems integration); University
of Manchester (United Kingdom); Profactor Produktionsforschungs GMBH (Austria,
research center); Technology Universiteit Eindhoven (The Netherlands); Växjö
Universitet (Sweden); Institute for Communications Engineering Kepler University
Linz (Austria); Exodus SA (Greece, software development); Intier Automotive Ebyl
Interiors GMBH (Germany, automotive industry); OÖ. Technologie und
Marketinggesellschaft m.b.H. (Austria, automotive industry).
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Networked Organisations –
Research into Standards and Standardisation
NO-REST: An FP6 IST Project
Knut Blind, The Fraunhofer Institute for Systems and Innovation Research, FhG-ISI
Kai Jakobs. Aachen University, CoSc Dept, Informatik IV

1 Background
Systems supporting e-commerce do not emerge in a vacuum, but are intimately
linked with a wide range of existing systems. Their purpose is to ensure effective
interoperability between systems that are developed and operated in different
arenas of control (in different organisations or in businesses and the home). This
means that the issue of technical interoperability becomes accentuated. However, in
addition to this there are issues of organisational interoperability, of interoperability
of the business semantics and process models. In order to achieve this, one needs to
ensure that the way that information is handled at all ends is compatible with the
nature of the co-operation. The interpretation and handling of the information
transferred through, stored and manipulated by these systems needs to be
effectively co-ordinated. This adds another layer of complexity as, again, there is no
central authority to enforce such co-ordination. Standards play an important role in
this situation, for example, as templates for business processes or in providing
mechanism for translation. There may, however, also be severe side-effects of
standardisation since it can be expected that inter-organisational technologies exhibit
strong network externalities which may lead to unwanted lock-in to particular
business models.
The project NO-REST focuses on the study of the evolution of standards, and their
implementation, in a dynamic environment, and on the mutual influences between
them. To this end, NO-REST will look at the application of standards, and will
analyse how standards, and their implementations, are subject to change incurred by
the environment within which they are implemented. Moreover, the origin of
standards (i.e., SDOs, consortia, etc.) will be analysed with respect to the impact this
origin may have on a standard’s market success. The environment within which a
standard will be implemented has many facets, some of which may change over
time. These include, for example, the IT environment, business models and
processes, as well as relations with customers, suppliers, and business partners, etc.
The implementation of a standard needs to be adaptable to changes in such an
environment. As a result, the original implementation will likewise change over
time, and may well become incompatible to the original standard. This effect may be
observed in many different local environments, potentially yielding a number of
incompatible implementations of a standard. NO-REST will analyse this
development, and will devise an analytical framework for a causal model of such
changes. This, in turn, will help understand the nature of these changes and will
allow for the formulation of adequate counter-measures or – even better – for the
derivation of conclusions for developing standards in the future and possible
mechanisms to feed back these changes continuously into dynamic standards
building.
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Once the dynamic elements in the life cycle of a standard have been understood, the
project will develop a methodology for an integrated impact assessment of a
standard. This will be based upon, and integrate, the insights gained thus far. This
will enable an assessment of the likely impact a given standard may have in an ebusiness / e-government environment.

2 Project Tasks - A Brief Outline
Based on the above background and the objectives of the project, the conceptual
structure of the project assumes the existence of a market place for standards and
standardisation processes. Accordingly, the project will focus on both the supply
side and the demand side of standards for networked organisations, and on their
interaction, which causes the dynamics of standards. Consequently, the following
three aspects of standards and standardisation will be investigated by NO-REST.
2.1

Demand for and Supply of Standards

These two aspects were originally supposed to be looked at separately. However, it
soon turned out that, for many considerations, this dichotomy is artificial in
standards setting. This is not least due to the fact that the same stakeholders who
have identified a demand for standards will also be involved in its supply, by
participating in, or possibly even initiating, a standards development process.
Looking at the origins of standards, the institutional setting and the internal
mechanisms of the different standards setting bodies (SSBs, including SDOs,
consortia, industry fora) have been analysed, as well as various other characteristics
which may have an impact on the uptake and performance of a standard in the
market place. Since we observe an increasing competition between the different
suppliers of standards products and related services, not least caused by the need to
cope with the ‘dynamics’ of standards and the progress in IT infrastructure
technologies, new organisations evolved and former traditional ‘business’ and
organisational models are substituted by new – often Internet-based – models. For
example, by now even national SDOs have introduced remote access to
standardisation processes.
The analysis includes also the adaptability of SSBs in the sense of how well the
individual organisations cope with, and possibly influence, changes of the
environment within which they have to function. Also, aspects such as the
‘credibility’ of a standards-setting organisation in a specific technical domain will be
analysed.
To complement the above, the project will also analyse the impact of the
environment within which networking organisations are integrated. Derived from
their objectives, including business models, and the relevant framework conditions,
we will derive their demand for standards. Work will also include a study if, and
how, the business model of the implementing organisation has an impact on an
implemented standard.
2.2

The dynamics of standards

The various factors that impact the emergence and the implementation of a standard
are being identified and analysed. These activities also integrate the work described
above and the outcome of a critical review of the existing relevant literature.
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Moreover, the gradual modification of (the implementation of) a standard through
its adaptation to a specific environment has been examined, as well as the resulting
feedback to the standardisation organisations and possible further generations of the
former standard (if any). Taken together, these research results will yield a good
understanding of the dynamics of standards, i.e. how their implementations change
over time due to external influences. The new model about the dynamics of
standards reminds of the discharge of the linear model of innovation by non-linear
models taking into account various feedback loops. Appropriate measures for
preserving the compatibility and interoperability of the various different
implementations will be devised.
2.3

Impact assessment

The above three working steps provide the basis for the development of a dynamic
model of standardisation and standards. Although in the dynamic evolution of
standards we have already considered the impacts on the standardisation process
itself, the objective here is to assess the impact of (the implementations of) standards
and their dynamics on both private and public networking organisations at the
micro-level, and their comprehensive impact on the systems or macro-level. In a first
step, the relevant impact dimensions have been identified. In a second step, we are
designing assessment tools for both ex-post and ex-ante impact assessments. Finally,
we will select appropriate examples to perform an impact assessment in practice.
The feasibility, methods, and results of this impact assessments will be evaluated.
Based on these experiences, final guidelines for tools for an impact assessment will
be proposed and distributed among the relevant stakeholders in standardisation
processes.

3 A Preliminary Sample Finding
As project work is still under way, and the final outcome will not be available for
another couple of months, this chapter will only present one preliminary finding.
Perceived Relation Between a Standard’s Source and It’s Success in the Market
Standards emerge from very different sources, ranging from sufficiently powerful
individual companies to voluntary global standards developing organisations. Each
of these entities has its own rules and bylaws, works in a specific environment,
attracts a certain group of stakeholders, and can be described by a unique set of
attribute types and values (which has been done).
It could be hypothesised that stakeholders select a specific SSB for (some of) their
future standardisation activities based on best matches between an SSBs
characteristics and their own business models, strategies, and/or technical needs.
Likewise, it could be assumed that a stakeholder’s selection of a specific standard
(out of a set of competing ones) will be based on similarly objective criteria (such as,
for instance, functionality, technical fit, performance, etc).
On the other hand, one could also suspect that other, less tangible reasons may also
play a role in such selection processes. Fore example, aspects like individual
preferences and prejudices of working group members, reputations of a
technology’s source, technologies that are considered ‘hot’, even media hype, may
have considerable impact. One typical example here is the common wisdom that the
outcome of the formal SDOs’ process is of ‘higher value’ than the outcome of an
industry consortium (recently, the number of those who subscribe to the opposed
view has been increasing, though).
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Accordingly, the impact of an SSB’s perceived ‘credibility’, or reputation, on the
success of its products in the market has been studied. That is, the more ‘intangible’
factors that may have an impact in the process of selecting either a platform for
standards setting, or a standard for implementation, have been analysed.
A set of hypotheses on the intangible factors that may play a role in the selection of
an SSB or a standard has been developed, partly based on a review of the relevant
literature. These hypotheses have been translated into a questionnaire which served
as the basis for a survey (analysis of which is still ongoing). In some respect, the
outcome of this survey is at odds with some elements of ‘common wisdom‘.
So far, it would appear that companies who need to either implement or set
standards are not that much interested in issues like ‘consortium vs SDO’. In fact, it
seems that this distinction is hardly valid any more. This conclusion is further reenforced by the fact that several respondents mixed up formal SDOs and consortia.
This is understandable if one considers that the rules and regulations of several (of
the long established) consortia (such as, e.g., OASIS or W3C) can hardly be
distinguished from those adopted by many SDOs. Likewise, within e.g. ETSI, a
company’s number of votes depends on the membership fee it is paying, an aspect
typically associated with consortia.
Rather, considerable importance is assigned to the processes adopted by an SSB.
Here, IPR aspects seem to play the most important role. More generally, an SSB’s
characteristics need to be compatible with a company’s strategy and its business
model. Accordingly, preferences will frequently depend on the characteristics of the
individual case; there’s hardly any general ‘SSB of choice’ (with the possible
exception of ‘specialist’ SSBs, which are – at least temporarily – the sole occupants of
a market segment (e.g., the ATM Forum)). Obviously, SDOs enjoy a competitive
advantage in cases where regulatory requirements call for ‘formal’ standards.
However, given the above, this increasingly artificial distinction may need to be
revisited.
Finally, the important role the individual can play in the process has been
highlighted by many. Whilst difficult to evaluate, it may be worthwhile – and
indeed inevitable – to integrate this aspect into any future evaluations of an SSB and
its processes. Thus far, the outcome of the study also re-enforces the analysis on the
links that exist between stakeholders, business models, standards, and SSBs.
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Methods for the Analysis of Supply Network Processes
at European SMEs
Markus Rabe
Fraunhofer IPK, Pascalstr. 8-9,
10587 Berlin, Germany,
markus.rabe@ipk.fraunhofer.de

Abstract. Business Process Modelling (BPM) is a well-understood method to
analyse enterprise processes. As today more and more essential processes are
conducted across the enterprise borders, this induces additional challenges in
terms of different languages, process types and ontology. This paper indicates
techniques which support such cross-enterprise BPM. The work reported has
been conducted in three company networks including SMEs within different
European regions, identifying potentials and constraints for a more sophisticated supply chain control.

1 Introduction
The SPIDER-WIN project (with financial contribution of the European Commission,
IST Project 507 601) [1] aims to achieve efficient, simple and context-aware SME
co-operation in supply networks with low-level local software requirements, focussed
on the exchange of order status changes. This is achieved by an ASP platform with
asynchronous data exchange between the platform and the enterprises.
In order to prepare the definition of the required functionalities and interfaces,
three supply networks from different European regions have been analysed. In the
preparation phase, reference models and documents have been developed as the base
for the local studies. In the analysis phase, similarities between the different workflows have been identified.

2 Modelling Techniques Applied
Due to the process orientation of the project’s subject, a process oriented approach is
required. Therefore, the Integrated Enterprise Modelling (IEM) Method [2] has been
applied. Through the object oriented approach of the IEM the use of reference classes
is very efficient, simplifying the task of defining common terms, structures and attributes.
Reference models are a very efficient means to increase the efficiency of modelling, to raise the quality level of the developed models, and to improve the reusability
of the models. Such reference should include class structures, template models and a
manual which describes the correct and efficient use of the reference models as well
as the validity and constraints of the model [3]. Especially for distributed systems,
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where different persons perform the modelling task at different locations, reference
models can improve the work, significantly [4]. The Supply Chain Operations
Reference Model (SCOR) is a reference model, too, as it incorporates additional
elements like standard descriptions of processes, standard metrics and best-in-class
practices [5].
Before starting interviews, a reference model based on IEM methodology and
SCOR terminology was developed, in order to guarantee that all information and
requirements detected can be systematically documented within one single, consistent
model. A Guideline Document Suite includes a description of the processes, variables
and metrics to be considered as well as supporting documents and document
templates. The guidelines supported the structure and completeness of the interview
as well as the comparison of the results from the different supply networks.

3 Results
First, the single company models have been established. They have then been merged
to models of the three different supply networks, thereby identifying additional potentials and challenges at the company interfaces. In total, 103 sub-models (“levels”)
have been established, with a total of 1852 process elements.
Based on the study results, a “general model” of the as-is-situation could be extracted from the three network models, which describes general and specific process elements, systematically documented within one single, consistent model. It contains the
SCOR compliant process names, specific “information categories”, relations between
processes and information categories and further application rules. Therefore, by
comparison of a specific supply chain model with the general model, the specifics of
the supply chain can be identified.
The study has demonstrated, that a well-adapted reference model is an important
base for the conduction of cross-enterprise business process studies. The IEM Method
turned out to be a very efficient means for this purpose, allowing to switch the terms
between two languages (the native interview language and English). The reference
class trees significantly improved the development of models with comparable structures, without urging the interviewers into pre-defined processes. SCOR was a good
base to establish common understanding between the coaches.
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Project Main Goals
Research in the interoperability domain in Europe remains insufficiently structured, is fragmented, sometimes
overlapping. There is no global vision of research consistency, no co-ordination between European research
centres, university laboratories or other bodies. This situation is not only true for research, but also in the training
and education areas.
Consequently, the primary goal of INTEROP is the sustainable structuring and shaping of European research
activities on Interoperability for Enterprises Applications and Software and the emergence of a lasting European
Research Community that will influence standards, affect policy and solve recurrent problems in networked
enterprises.

Key Issue
The Interoperabilty is seen as the capability of a system or a product to work with other systems or products
without specific effort from the user. For INTEROP, it means the capacity of an enterprise software or application
to interact with others.
Today enterprises and organizations must be able to adapt to market changes through efficient outsourcing and
collaboration strategies. Collaborative business requires reliable exchange of commercial, financial and technical
data as well. Legacy ERP, SCM, LCM and CRM enterprise applications commonly manage the information
required for collaboration, but the software itself was for the most part conceived and programmed to be run within
specific organizational boundaries.
Even if many applications use unified technologies, business and data models remain heterogeneous. Despite
standardisation efforts, describing and orchestrating business processes across multiple systems is at best a
semi-manual process.
Meanwhile, IT budgets are shrinking and new intrinsically interoperable systems are unfeasible for most IT
directors.
In Europe, the cost of non-interoperability is estimated to 40% of enterprises IT budget. Reducing this factor of
cost is one of the keys of European industry’s competitiveness.

Application integration license revenue

System implementation budget
Misc.
20%

B$

Integration
40%

Hardware
10
%
Imp.
Services
20
%
(Source: the Yankee Group 2001)
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Technical Approach

The originality of the project is to take a multidisciplinary approach by merging three research areas supporting
the development of Interoperability of Enterprise Applications and Software:
- Architecture & Platforms: to provide implementation frameworks (A&P),
- Enterprise Modelling: to define Interoperability requirements and to support solution implementation (EM),
- Ontology: to identify Interoperability semantics in the enterprise (ONT).

Knowledge integration for Interoperability research
Architectures & Platforms

INTEROP

Enterprise
Modelling

Ontology

INTEROP work programme comprises the following activities :
•

Integrating Activities
- INTEROP Knowledge map
- INTEROP method of work and collaboration platform
- Mobility of researchers
- Method for Scientific Integration and Assessment
•

•

Joint research activities
- Common Enterprise Modelling Framework in distributed
environments
- Generation of customised Enterprise Software from
Enterprise)
- Ontology-based Integration of Enterprise Modelling and
Architecture & Platforms
- New architectures and platforms for Interoperability

Spreading of Excellence activities
- Training by e-learning
- Dissemination and Communication
- Transfer of research to Industry

Expected Achievement / Impact
The main expected achievement of INTEROP is the emergence of a durable European research community on
interoperability of enterprise applications and software by setting up a virtual laboratory on Enterprise
Interoperability with maximum research and industrial audience.
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The provision of e.learning services and the set up of an European Master on Interoperability will impact the
awareness of Interoperability requirements and spread excellence in the field.
To ensure a significant industrial impact, in particular through future standardisation, INTEROP specifically and
explicitly interacts with FP6 IST ATHENA Integrated Project “Advanced Technologies for interoperability of
Heterogeneous Enterprise Networks and their Applications” ( www.athena-ip.org ).
From a scientific point of view, the value-added by INTEROP is the achievement of the knowledge integration
process which will turn three initial disciplinary components (Architectures and Enabling technologies, Enterprise
Modelling and Enterprise Ontologies) into a new multi-disciplinary knowledge corpus specifically addressing
Interoperability of Enterprise application software.

Coordinator Contact Details
Name
Organisation

Telephone
Email
Website

Prof. Jean-Paul BOURRIERES, Project Manager
University Bordeaux 1 – Laboratoire d’Automatique et de Productique – GRAI
351, cours de la Liberation,
33405 Talence, France
+33 (0)5 40 00 37 52
interop_coordinator@drimm.u-bordeaux1.fr
www.interop-noe.org

Project details
Contract Number : IST 508011
Project Name: Interoperability Research for Networked Enterprises Applications and Software
Priority/ Priority Component : Sixth Framework Programme - Priority 2 - Information Society Technologies (IST).
INTEROP NoE addresses “Priority 2.3.1.9. Networked businesses and governments” both focusing on
‘Management of dynamic collaborative networks’ and ‘Technologies for interoperability’.
Commission support European Contribution : 6.5 M€ on 36 months - Total Budget : about 12 M€
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ATHENA – ADVANCED TECHNOLOGIES
FOR INTEROPERABILITY
OF HETEROGENEOUS ENTERPRISE NETWORKS
AND THEIR APPLICATIONS

Rainer Ruggaber
SAP Research, SAP AG
rainer.ruggaber@sap.com

Abstract: Organisations are engaging in more and more sophisticated business networks
to improve collaboration. These business networks can range from more static
relationships like Supply Chains to very dynamic networks like virtual organisations. A
prerequisite to enable business networks is the interoperability of the participants
systems and applications. ATHENA is an Integrated Project funded by the European
Commission under Framework Programme 6 that addresses Interoperability of
Enterprise Systems and Applications proposing a holistic approach. ATHENA will
provide technical results like reference architectures, methodologies and infrastructures
complemented by business results that provide ROI calculations and impact predictions
for new technologies. This paper provides insights into ATHENA and how proposed
approaches and expected results support business networks.
Keywords: Interoperability, Reference Architectures, Business Processes, Enterprise
Modelling, Semantics, Services

1.

INTRODUCTION

One of the trends in the global market is the
increasing collaboration among enterprises during
the entire product life cycle. This trend requires,
that enterprise systems and applications need to be
interoperable in order to achieve seamless business
interaction across organisational boundaries, and
realise networked organisations.
The European Commission considers the
development of interoperability of enterprise
applications and software as a strategic issue for
European companies to strengthen their cooperation
and gain competitiveness in the global market. In
the context of the EU Framework Program 6 (FP 6)
the integrated project ATHENA (Advanced
Technologies for Interoperability of Heterogeneous
Enterprise Networks and their Applications) has
been funded [1]. It consists of a set of projects and
is to lead to prototypes, technical specifications,

guidelines and best practices that form a common
European repository of knowledge.
ATHENA takes a holistic approach to solving the
Interoperability problem taking a technical as well
as a business viewpoint into account. Previous
activities in that space led to fragmented solutions
addressing only part of the problem. From a
standards viewpoint in the B2B space there is rather
a proliferation than a lack of standards.
ATHENA itself is driven by industry scenarios and
requirements. Industrial users in the consortium
provide examples from aeronautics, automotive,
telecommunications and the SME space. The
approach of ATHENA is to go from the specific
scenarios provided industrial users to generic
requirements applicable to a whole industry.
ATHENA looks at the scenarios provided by
industrial users in detail and then tries to abstract to
industry scenarios common for an industry by
identifying commonalities and differences.
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Currently users from the automotive, aerospace,
telecommunication equipment and furniture
industry are participating in ATHENA.
The main section of this document gives an
introduction into ATHENA and discusses the
research activities and the expected outcomes in
detail.

2.

specific characteristics, and their coverage of the
anticipated ATHENA approach, methods, and
tools. These criteria apply to scenarios provided by
partners before the start of ATHENA and to future
scenarios.
For each selected business scenario, the partners
will provide detailed descriptions. These
descriptions will be analysed and compared in order
to identify commonalities and differences. The
description will be based on a common
methodology to capture user requirements.
One of the initial tasks (Dynamic Requirements
Definition) in Action line B is to provide this
methodology to users in order to be able to
systematically capture user requirements.
The selection of processes and industries
identified in the initial phase will be extended
during the course of the project. At first, the
scenarios of Supply Chain Management,
Collaborative Product Development, e-Procurement
and Portfolio Management will be investigated.
Industrial requirements that are not fully covered by
available scenarios will be anticipated through the
Community Building Activities in Action Line B.
This continuous process of identifying further
industries and processes ensures that the quality of
scenario selection will be maintained for the whole
duration of ATHENA.

ATHENA INTEGRATED PROJECT

Action Line C:
Management

Action Line B:
Community Building

Industry Sector

C1: Programme
Administration

C2: Scientific
Co-ordination

2.2 R&D projects
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…

B4: Dynamic Requirement Definition
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B3: Business Interoperability Research
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Semantic Support

ICT System

B1: Community Creation

Knowledge

B2: Knowledge Sharing

Business

ATHENA Interoperability Framework

Action Line A: Research
and Development

The ATHENA IP (Integrated Project) [2] aims to
enable interoperability by providing reference
architectures,
methods
and
infrastructure
components.
In
ATHENA
Research
&
Development will be executed in synergy and
collaboration with Community Building: research
will be guided by business requirements defined by
a broad range of industrial sectors and integrated
into Piloting and Technology Testing as well as
Training. ATHENA consists of three action lines
in which the activities will take place [3]. In Action
Line A, the research and development activities
will be carried out. Action Line B will take care of
the community building whereas Action Line C
will host all management activities [2]. Relations
between the three action lines are shown figure 1.

C3: Exploitation

C4: IT Infrastructure

Fig.1 Interaction of ATHENA Action Lines
2.1 Approach
Scenarios play an important role in ATHENA as
sources of requirements and for the validation of
results. Scenarios represent the industrial sectorspecific implementation of a process and capture
industry-specific requirements of a given process.
Industry-independent characteristics are described
on the process level and are abstracted from the
industry-specific scenarios. Scenarios used for
validation of results need to be extended with
business issues, software and infrastructure, and
operational applications used in enterprises.
Amongst other criteria, they will be selected based
on their general relevance to current and future
business paradigms, their general (i.e. industryindependent), industry specific and company-

In Action Line A six research topics/projects were
defined for the first stage of the IP. The definition
of these R&D projects was based on the roadmaps
elaborated by IDEAS (see Section 3.4):
- Enterprise Modelling in the Context of
Collaborative Enterprises (A1) aims at developing
methodologies for management and modelling of
situated processes, flexible resource allocation and
assignment.
Furthermore,
it
investigates
methodologies for work management and execution
monitoring. For externalising the dynamic
dependencies between participants and processes,
methodologies of content based routing and
collaborative processes will be developed. This
project will enable scalable Enterprise Modelling
methodologies and infrastructures, repository
services and portal server services for “benefit
driven Enterprise Modelling involvement”.
- Cross-Organisational Business Processes (A2)
deals with modelling techniques to represent
business processes from different organisations on
a level that considers the privacy requirements of
the involved partners. Such models will have two
perspectives: an enterprise modelling perspective
that assigns a process to its context in the
enterprise, and a formal aspect to perform
computational transformations in order to allow for
re-use of a process in a cross-organisational
environment. Such models need to be enriched
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through ontological information and need to be
executed through IT systems, such as workflow
management systems. These systems need to be
enabled to operate efficiently in an architectural
environment that adapts to particular business
scenarios.
- Knowledge Support and Semantic Mediation
Solutions (A3) aim at the development of methods
and tools for the semantic enabled enterprise, with a
focus on supporting enterprise and application
software interoperability. A key objective is to
build an integrated software environment that is
able to manage the semantics of different
abstraction levels that can be found in an enterprise.
Focus is to use formal semantics, organised in
domain ontologies, to annotate the business
processes and the software components in order to
reconcile the mismatches that may be encountered
in unanticipated cooperation activities.
- Interoperability Framework and Services for
Networked Enterprises (A4) is concerned with the
design and implementation of the infrastructure
supporting interoperability in scenarios adopting
the Integrated Paradigm (i.e. where there is a
standard format for all constituent sub-systems) by
enriching existing state-of-the-art interoperability
architectures with enterprise semantics and models
derived from the Enterprise Interoperability
Infrastructures of the organisations involved. The
project will provide methodologies and develop
seamless and configurable inter-connection
software components. The resulting toolset will be
the basic set of software and engines that is to
prepare any enterprise in the adoption and
exploitation
of
interoperability
support
infrastructures.
- Planned and Customisable Service-Oriented
Architectures (A5) is to develop the understanding,
tools and infrastructures required for serviceoriented architectures which can be achieved more
easily through the planning and later customisation
of solutions for better application to user scenario
requirements. Although the project will consider
available business services, an increasing emphasis
will be given to the development of an environment
for easier application development that natively
provides better customisation.
- Model-driven and Adaptive Interoperability
Architectures (A6) is to provide new and innovative
solutions for the problem of sustaining
interoperability through change and evolution, by
providing dynamic and adaptive interoperability
architecture approaches. The project aims to
advance the state-of-the-art in this field by applying
the principles of model-driven, platform
independent architecture specifications, and
dynamic and autonomous federated architecture
approaches, including the usage of agent
technologies.

2.3 Remarks
Though the programme as a whole adopts a holistic
perspective on interoperability, there is an initial
emphasis of individual projects on individual
building blocks rather than on achieving solutions
that address interoperability in a holistic manner.
However, the individual results of the projects
taken together will eventually be combined to an
integral solution.
Four out of six initial research projects (projects
A1, A2, A5, and A6) address relatively focused
topics. Project A3 is rather supportive in its focus
on semantic issues that will be evaluated and used
by all other projects. Finally, project A4 integrates
the results and methodologies reached in the other
projects. This project is a first reconciliation
attempt that will provide an integral solution
resulting in the ATHENA Interoperability
Framework.
Major impacting results from ATHENA could be
stated as follows:
- A generic, common platform for Networked
Organisations, integrated by an open Infrastructure.
- Interoperability services to assist enterprise
designers, knowledge workers and system
developers in composing and adapting executable
solutions, reusing knowledge and software
components.
- Specific platforms built to support the research
projects, the communities, use-cases, scenarios,
test-beds, training and learning facilities, and
collaborative experimentation.
2.4 Research Environment
ATHENA builds on results and experience of the
thematic network IDEAS - Interoperability
Development of Enterprise Applications and
Software [5]. Goal of IDEAS was the definition of
a roadmap for Interoperability of Enterprise
Systems and Applications [4]. This roadmap was
used in ATHENA to define the R&D Projects
described in the previous section.
Furthermore, besides ATHENA the European
Commission approved a Network of Excellence
addressing a similar problem space: INTEROP
(Interoperability
Research
for
Networked
Enterprises Applications and Software) [6] aims at
integrating expertise in relevant domains for
sustainable structuration of European Research on
Interoperability
of
Enterprise
applications.
ATHENA is closely related to INTEROP.

3.

CONCLUSION

This paper presented the EU project ATHENA that
addresses Interoperability of Enterprise Systems
and Applications. Its holistic approach and the
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individual research approaches and expected results
were presented. Ongoing work focuses on research
activities, building prototypes and applying them to
pilot implementations.
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Abstract: In a context of different administrations procedures integration and
distributed responsibilities, the capacity of interaction between different agencies
regardless of in home nomenclature or language would be a must. Semantic
Interoperability Technologies will allow this kind of multicultural environments by
the fact of standardising the concepts under a business area and after that,
providing definitions based on these concepts for the different procedures provided
for all the entities on the system. Once all the procedures on a system are defined
according to these standardised concepts, automatic search based on concepts
would be a take off point for enabling non supervised information systems
interaction and automatic service discovery.
On this article we will put the focus on providing an extended overview about
semantic interoperability technologies from the relying concepts to practical
experiences which are going on. After providing the overall technological picture,
the focus will be granted to semantically enabled web services as one of the most
promising approaches to allow the final deployment of these technologies as key
enablers of agencies integration. Finally a pragmatic overview will be provided
through the presentation of typical use cases and the description of practical
experiences coming both from the research and enterprise world. Closing the
article, a conclusions section would be provided showing current advantages and
weaknesses of semantic technologies.
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1

Introduction

Public services within the European countries are demanding increasingly more
interconnections among them nowadays. Integration and distributed responsibilities of the
agencies involved in the government administrations are required very intensively.
The variety of environments to be interconnected and different types and standards of the
information make the integration of heterogeneous administration procedures a complex task.
Besides, automatic search processes would be a key feature to allow sharing the common
knowledge and services among the interconnected communities.
Semantic Technologies provide a solution to implement the described environments. In this
paper, we will focus on providing an overview of interoperability applied to semantic
technologies and some practical experiences implemented within European projects.
In the context of public services, the tendency is to move towards a more distributed and
interconnected process environment. The new term eGovernment, short for electronic
government, includes this way of proceeding and implementing public services.
eGovernment uses the information and communication technology in public administrations
combined with organisational changes and new skills in order to improve public services and
democratic processes and strengthen support to public policies. The potential of eGovernment
goes far beyond the early achievements of online public services[1].
The reorganization, modernization and reinvention of government means inter-linking the
existing systems to benefit from the exchange of information. Interoperability enables
sharing information and knowledge and exchanging data. Different departments and remote
institutions involved in the eGovernment will be able to work in a transparent manner.
Interoperability also involves some concerns regarding organisational issues, such as coordinating processes that span not only intra-organisational boundaries, but also co-operate
with partner organisations that may well have different internal organisation and operations.
Interoperability has been carried out within the European Union by the development of the
frameworks and practical experiences applied to public services. These frameworks require
data import / export procedures which respect both the integrity of the data and the structure
of the exchanged documents, as well as secure procedures such us identity proof, authenticity
proof and certification’s procedure. Security is highlighted as an important issue to take into
account when deploying these frameworks.
The eGovernment solutions are widely supported by Web Services as a way for agencies,
other governments, businesses and citizens to make queries and discover the interoperable
information available in their systems.
A Web service is implemented as an application that exposes a function accessible using Web
technology that adheres to Web services standards. This is a significant feature since Web
services are developed for and deployed onto any platform using any programming language.
In practical terms, Web services can announce themselves across the Internet and expose their
functionality to other applications.
There is a strong momentum to bring Web services technology into the mainstream of
network computing. They are seen as fuelling the next major wave of e-business growth and
process efficiencies.
Web services appear to become more widely adopted in coming years, allowing much broader
integration. Increasingly, developers will require automated systems for service discovery,
enabling further Web services interaction with even human effort.

Page 465

INTEROP-ESA'05
However, traditional web services solutions encounter some problems such as information
overload, poor content aggregation and limit searches since are only based on syntactic terms.
Additionally, the inexistence of web service repositories force manual intervention in the
discovery web services.
The fundamental roots to these problems are the lack of semantic definitions in individual
systems, the lack of semantic integration between data, and the lack of semantic
interoperability across disparate systems.
The solution to these issues are achieved with the addition of semantic descriptions to the
traditional web services and their dynamic discovery.
Semantic technologies appear in this context to extend beyond the capabilities of the current
Web and existing information technologies, enabling more effective collaborations and
interconnection among systems. eGovernment benefits from these approach when
interconnecting the agencies and discover their services in a transparent manner. Service
requests are responded by search processes, conceptual frameworks and performing
intelligent reasoning.

2

Semantic Technologies

Semantic technologies provide a very innovative implementation for eGovernment solutions
to solve the necessities within public services to exchange and interoperate among the
different agencies regardless their location or nature of their information. Semantics add the
key feature to standardise the information as concepts and to enable automatic service
discovery. Information is given explicit meaning, making it easier for machines to
automatically process and integrate information available on the Web.
The difficulty in ensuring flexible discovery and service initiation, as well as operational use
of information exchanged with Web services, has led to incorporate semantic technologies to
the traditional web.
One of the exponents of semantic technologies is the Semantic Web. It is an extension of the
current World Wide Web, not a separate set of new and distinct websites. It builds on the
current Web adding further capabilities by defining machine-processable data and relationship
standards along with richer semantic associations.
Building a Semantic Web is the next phase of the current web and adheres the semantic
benefits to the already broadly used web services.
Figure1 bellow shows a conceptual stack for the Semantic Web, illustrating how semantic
technologies can be added to extend the capabilities of the current web.
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Figure 1: Semantic Web Conceptual Stack
In Figure1 it is shown at the bottom level of the architecture the web protocols used in
standard web, such as HTTP and SOAP. On top of this level data is stored in databases
representing information in the form of documents, services...The semantic web is then
achieved adding the following level in the stack by interoperability frameworks which adopt
some of the semantic standards (RDF, OWL …) These frameworks are not static documents
since they may have to be adapted over time as technologies, standards and administrative
requirements change. Finally, on top of the semantic web conceptual stack there are semantic
brokers and semantic agents which allow automatic service discovery, inference and content
management.
The addition of these layers on top of the traditional web architecture build up the semantic
web which will be capable of representing, acquiring and utilizing knowledge over the web.
When representing knowledge in semantic web, an ontology is used to describe and represent
the interrelationships of the information. An ontology adds semantic features to the traditional
information available in the web.
Moving from traditional web to semantic web is supported by a number of available tools to
automate the process of adding knowledge and incorporating semantic descriptors from the
defined ontology to the existing web services. Additional information can also be inferred by
agents using the semantics defined.
In Feb 2004, The World Wide Web Consortium released the Resource Description
Framework (RDF) and the OWL Web Ontology Language (OWL) as W3C
Recommendations. RDF is used to represent information and to exchange knowledge in the
Web. OWL is used to publish and share sets of terms called ontologies, supporting advanced
Web search, software agents and knowledge management.
RDF, Resource Description Framework, is used to describe any Internet resource such as a
Web site and its content. An RDF description (referred as metadata) can include the authors
of the resource, date of creation or updating, the organization of the pages on a site, key words
for search engine data collection, subject categories, etc
OWL, Web Ontology Language, is a markup language that enables ontology sharing via the
Web.
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Ontologies are used by people, databases, and applications that need to share domain
information. Ontologies include computer-usable definitions of basic concepts in the domain
and the relationships among them. They encode knowledge in a domain and also knowledge
that spans domains. In this way, they make that knowledge can be reusable.
An ontology is formed by a set of concepts, their attributes and relationship among them,
describing knowledge about a specific domain, and being intelligently shared between people,
databases and applications.
Following is an example of an ontology which is defined in a XML file with owl extension:
<?xml version="1.0" ?>
<rdf:RDF
xmlns="http://osm.cs.byu.edu/CS652s04/ontologies/OWL/carads.owl#"
xmlns:carads="http://osm.cs.byu.edu/CS652s04/ontologies/OWL/carads.owl#"
xml:base="http://osm.cs.byu.edu/CS652s04/ontologies/OWL/carads.owl#"
xmlns:example="http://osm.cs.byu.edu/CS652s04/ontologies/annotatedPages/carSrch1_semweb.html#"
xmlns:owl="http://www.w3.org/2002/07/owl#"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" xmlns:xsd="http://www.w3.org/2001/XMLSchema#">
<owl:Ontology rdf:about="">
<rdfs:comment>OWL ontology example </rdfs:comment>
<rdfs:label>Car Advistisement Ontology</rdfs:label>
</owl:Ontology>
<owl:Class rdf:ID="CarAds">
<rdfs:label xml:lang="en">CarAds</rdfs:label>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasMake" />
<owl:minCardinality
rdf:datatype="http://www.w3.org/2001/XMLSchema#nonNegativeInteger">0</owl:minCardinality>
</owl:Restriction>
</rdfs:subClassOf>

</owl:Class>

…

<owl:DatatypeProperty rdf:ID="featureValue">
<rdfs:domain rdf:resource="#Feature" />
<rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string" />
</owl:DatatypeProperty>
<owl:ObjectProperty rdf:ID="hasMake">
<rdf:type rdf:resource="http://www.w3.org/2002/07/owl#FunctionalProperty" />
<rdfs:domain rdf:resource="#CarAds" />
<rdfs:range rdf:resource="#Make" />
</owl:ObjectProperty>
<owl:ObjectProperty rdf:ID="featureFor">
<owl:inverseOf rdf:resource="#hasFeature" />
</owl:ObjectProperty>
<owl:DatatypeProperty rdf:ID="carAdsValue">
<rdfs:domain rdf:resource="#CarAds" />
<rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string" />
</owl:DatatypeProperty>

…

<CarAds rdf:ID="CarAdsIns1">
<carAdsValue
rdf:datatype="http://www.w3.org/2001/XMLSchema#string">001</carAdsValue>
</CarAds>

</rdf:RDF>

…
The ontology expresses the domain knowledge in the form of concepts which are defined by
classes (owl:Class tags); subclasses which define the hierarchy and relationships of these
concepts (owl:subClassOf tags); attributes of the concepts which are defined by properties
(owl:DatatypeProperty, owl:ObjectProperty tags) and instances of the classes, which are the
actual information values (CarAdsIns1 in the example above).
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In the context of web services, Web Ontology Language (OWL) led to the definition of
another standard to cater for the web services requirements. The standard is called OWL-S.
OWL-S supplies a core set of markup language constructs for describing the properties and
capabilities of their Web Services in unambiguous, computer-interpretable form. OWL-S
markup of Web services will facilitate the automation of Web service tasks including
automated Web service discovery, execution, interoperation, composition and execution
monitoring. Following the layered approach to markup language development, the current
version of OWL-S builds on top of W3C’s standard OWL.
OWL-S enables declarative advertisements of service properties and capabilities that can be
used for automatic service discovery. It can also perform automatic invocation of a web
service by a computer program or agent, given only a declarative description of that service.
There is an API that includes the semantics of the arguments to be specified when executing
the web services, and the semantics of that is returned in messages when the services succeed
or fail.
OWL-S also allows automatic web service composition and interoperation of web services to
perform some complex task, given a high-level description of an objective. It provides
declarative specifications of the prerequisites and consequences of application of individual
services , and a language for describing service compositions and data flow interactions.
The description of a web service in OWL-S consists of the following layers:
− a Profile, which tells "what the service does",
− a Process Model, which tells "how the service works",
− and a Grounding, which tells "how to access the service".
Following the layered approach to markup language development, the current version of
OWL-S builds on top of OWL. The following example gives the upper part of the ontology
with the concepts of service, profile, process and grounding.
<!-- Service -->
<owl:Class rdf:ID="Service">
<rdfs:label>Service</rdfs:label>
<rdfs:comment>See comments above</rdfs:comment>
</owl:Class>
<!-- Service Profile -->
<owl:Class rdf:ID="ServiceProfile">
<rdfs:label>ServiceProfile</rdfs:label>
<rdfs:comment>See comments above</rdfs:comment>
</owl:Class>
<!-- Service Model -->
<owl:Class rdf:ID="ServiceModel">
<rdfs:label>ServiceModel</rdfs:label>
<rdfs:comment>See comments above</rdfs:comment>
</owl:Class>
<!-- Service Grounding -->
<owl:Class rdf:ID="ServiceGrounding">
<rdfs:label>ServiceGrounding</rdfs:label>
<rdfs:comment>See comments above</rdfs:comment>
</owl:Class>

Each of the classes defined in this top layer are defined in 3 different .owl files following the
owl standards:
− Service.owl: sets all the properties of the service <owl:ObjectProperty>
− Profile.owl: definition of the Profile class. Details of the service are specified, such as,
service profile, service name, contact, text description, contact information, functionality
description (hasParameter, HasInput, hasOutput , hasPrecondition, hasResult), profile
attributes (serviceParameter, serviceCategory) …
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− Process.owl: process parameter Class with details such as participants, inputs, outputs,
preconditions and results.
− Grounding.owl: grounding instances and definitions for grounding (protocol and
message formats, serialization, transport, and addressing).

3

Applications in eGovernment

Web services are the most chosen implementation in the eGovernment context. Several
European projects are in progress providing solutions to implement the administration
procedures and interaction with citizens.
The European project SWAD (Semantic Web Advances Development in Europe [20]) aims to
highlight practical examples of where real value can be added to the Web through the
Semantic Web. SWAD provides real examples of how the Semantic Web can address
problems in areas such as: sitemaps, news channel syndication ; thesauri, classification, topic
maps; calendaring, scheduling, collaboration; annotations, quality ratings, shared bookmarks;
Dublin Core for simple resource discovery; Web service description and discovery; trust and
rights management ; and how to mix all these together.
Some other projects in the context of eGovernment interoperability are described bellow:
• Integrate an Open System City Platform: it provides interactive city-wide online
applications and services for users that make all aspects of what is “going on” in the city
available to everyone ([11] Intelcities).
• Enable local governments to manage their policies in a transparent and trustable way
through an actual evaluation of services performance and of citizens satisfaction and
expectations ([12] Qualeg).
• Ontology-based methodology/platform for facilitating consistent composition,
reconfiguration and evolution of eGovernment services ([13] Ontogov).
• Open, secure, interoperable and cost effective eGovernment platform for municipal
eGovernment applications ([14] Emayor).
Increasingly more IT companies are including semantic solutions in their commercial
products. They include features to convert information and terms in different languages,
authenticate data or point out inference between the data. Following there is a few reference
to some of them:
• Siderean [21] offers a search engine product using advances Semantic Web principles
to create a frame-of-reference for users to navigate digital information and find
information that might otherwise miss using conventional solutions.
• Iona [22] explores semantic integration using existing integration techniques to
neutralize the barriers caused due to inconsistent naming and typing. Iona software
products make applications and platforms interoperable with high performance and
enterprise qualities of service.
• Kalido [23] delivers consolidated views of corporate performance without requiring
operational systems to be standardized. It offers enterprise data warehousing software
that enables complex organizations to obtain a single, consistent view of data.
• Semagix [24] offers a sophisticated application development platform, which utilises
semantic technologies to empower enterprises. It allows to represent context-or
subject-specific knowledge; that is, facts, concepts and inter-relationships between
individual pieces of information. It does this through creating and populating a
knowledge store, or ‘ontology’ from a range of user-specified internal and external
sources, including both structured and. free-text documents information. The tool adds
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considerable value in areas such as Enterprise Information Management, Enterprise
Information Integration and Enterprise Content Management.
3.1 A practical experience: TERREGOV
The TERREGOV project is an European Union funded project which aim is to enable local
governments to deliver online services, specially in the Social Care environment, in a
straightforward and transparent manner regardless of the administrations actually involved in
providing those services.
Semantic enrichment of web services is the philosophy developed by TERREGOV in which
web services and plain text documents are described using an ontology. Such an ontology
provides a language-independent mechanism to support the automatic discovery of an answer
to a citizen’s request regardless of administrations or organization. A constraint is that all
information exchanged has to be achieved through the translation of data into the unique
ontology for TERREGOV and always based on semantic knowledge of information in
accordance with rules for interconnectivity and dynamic discovery.
Access to web services could be transparent but with restrictions because of the different
legislative constraints and authorization limits in the different administrations involved.
TERREGOV´s requirements include the use of standards for implementing web services;
use of ontologies for structuring knowledge, allowing to describe web services
unambiguously, implementing human-machine interfaces, indexing and retrieving
information; use of natural language processing for automating partially the ontology
developments and improving the human-machine dialogs.
Overall, the goal of the project is to deliver eGoverment services in a transparent manner.
The TERREGOV solution provides ontologies used for organizing the relevant knowledge,
and indirectly driving the business processes. They will be useful in different tasks, namely:
(i) structuring knowledge for knowledge management, leading to the enrichment of web
services meta-data with semantic descriptors; (ii) driving Human-Machine dialogs; (iii)
semantic indexing/retrieval of text and documents.
The implementation of the project takes place in different European pilots in which
administrations in the context of social care are involved.
The most expected use case of TERREGOV is that a civil servant, point of contact between
citizen and public administration, is asked about a problem. In order to solve it and to report
the solution to the citizen, the civil servant, through the use of TERREGOV solution, can
collaborate with other civil servants and experts to get hints; get access to the specific
knowledge base, and search for information; discover the best service for the specific citizen’s
case and invoke the execution of the selected service and monitor its execution.
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Figure 2: Terregov project: environment diagram
The citizen can call on a range of services helped by an administrative agent or civil servant to
make requests to public services. With search tools based on a semantic approach and natural
language, the civil servant or the citizen will be able to call e-procedures at a local, county,
regional or national level.
Each administration is responsible for defining the web services it wants to offer. The
functionalities include the dynamic discovery of the Web Service using semantic description
and searching. It also includes an interface that allows electronic registration and entry of
citizen’s data. This interface will include complete tools to extended with semantic
capabilities like an electronic agenda for notes and appointments, an email connection service
with other civil servants for information exchange, automatic printing of documents or
automatic generation of letters for citizens and connection with database systems.
A registry of citizens’ personal data and their completed requests are stored in databases.
Then the TERREGOV web service will automatically offer a specialized referent based on a
citizen’s own criteria and will update the citizen’s record. The file is stored in the database
and is sent electronically to a buffer zone. Storing the queries made to the system could help
TERREGOV in learning about the efficiency of requests, optimum indexing of web services
and strengths/weaknesses of connection among administrations. The answer is generated
through workflows to get dynamic discovery of services.
TERREGOV adopts the principles of a service oriented architecture (SOA[19]) based on
interoperable components with dynamic support for finding services. The idea is strengthened
by the fact that information, services and administrations are spread over several information
systems. The architecture contains a set of collaborative tools for eGovernment web services
semantically enriched.
The solution is built on a multi-layer approach where citizens from any location and using
different languages can access the services. This view is in line with the Clearing House
approach, where a global server providing different applications over a common back-office
is used to solve interoperability and semantic problems.
The figure bellow illustrates the functional architecture used in TERREGOV.

Page 472

INTEROP-ESA'05
Terregov Clearing House

Terregov
Pilot Applications
CivilServants
Community of
Practice

Citizens?

Providers?

Maintenance
Tools

App Logic / XML / WebServices

Business components
Dynamic WorkFlow
Semantic
Query Server

Dynamic Service
discovery agent

Semantic Enhanced
Data and services
Content and Knowledge
adquisition modules
Meta Data

Free Text

Social Ontology
Terregov
Repositories

Administration Services / Information

Users

Back-Office

Front-End

Figure 3: Terregov´s functional architecture
The Frond End layer is composed of different applications demanded from the system. The
platform is potentially extensible to enable later integration of new applications.
A set of pilot applications and a community of practice are defined as well as an additional
administration interface.
The Back Office layer is the internal group of subjacent technical modules. It integrates all the
infrastructure required in order to operate on top of different organizations. Interoperability
between the different Administrations is carried out by defining flexible eGovernment
interoperable web services combined in end-to-end process workflows. The orchestration of
these web services provides an open, standards-based approach for connecting them together
to create higher-level business processes. The use of the standard BPEL provides sufficient
information to bind the web services together, such that they can be automatically invoked,
processed and orchestrated. Once the business process has been encoded in BPEL, it can be
submitted to a BPEL compliant orchestration engine, and that engine can then execute the
encoded process.
The semantic enhanced data and web services from the registry are enriched with semantic
descriptions from ontologies by a Web Services Semantic Binder module. These can come
from various sources and fusion tools will merge them to make them compatible.
Finally, it is worth highligting the fact that TERREGOV is potentially an important step
towards the next generation of Internet-based interoperables services enriched with semantic
descriptions. Up to now, most services offered no semantic description of their input, outputs,
or of how to use them. The use of ontologies to describe various aspects of the services will
permit to make explicit these descriptions, and allow for computer-based interoperability
within eGovernment environments.

4

Conclusions

From this study one can infer that web services and ontologies have very little in common.
Indeed, approaches and formalisms are very different. Web services are developed within the
web technology and are grounded on a firm XML basis. Ontologies were developed in the
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field of artificial intelligence and use more esoteric formalisms. However, ontologies are
beginning to migrate towards the web environment. In addition, web services lack a semantic
layer despite the existence of meta-data, which makes web services and ontologies
complementary. Efforts are being produced to match semantic approaches with web services
techniques. It can be also concluded the existence of a number of available open source tools
in each domain. Since the field of semantic description and enrichment of Web Services is
rather recent, knowledge about this approach is not yet widespread, and there are very few
applications already deployed that use such semantic information.
Semantic solutions in the eGovernment domain are being implemented in slow progress
evolving along with the advance in semantic technologies.
Practical experiences show difficulties to standardise the structure of the public
administrations involved in the eGovernment interoperability. Efforts should be put during the
first stages of the implementation of the solutions to define the structures as abstract as
possible. There are also legislative constraints and authorization barriers that should not be
discarded to be able to access the web services in a transparent manner.
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ABSTRACT: This paper presents an overview of current practices and development initiatives in the field of
Enterprise Architecture, focusing on their underlying concepts and principles. The paper gives a brief historic
overview of the field, followed by a description of ongoing initiatives to transform from enterprise architecture methodologies used by consultants and managers to architectures that also guide and support new ways
of developing, executing and managing computing solutions.
To conclude the paper presents an outline of existing architecting research approaches, and draws some preliminary conclusions. Based on this survey, some recommendations for future research are discussed.

1 INTRODUCTION

businesses today. However, architecture frameworks still have a focus on the information aspects
of the business and little if any treatment of the
knowledge aspects.

Enterprise architectures are developed for more
efficient operations of a business venture. Enterprise architecture models are developed to give business managers a better understanding of the things
the enterprise owns, operates, and produces so they
can make better business decisions. Likewise, industrial and military planners need architecture models so they can understand what they have, what they
don’t have, and what capabilities they need to have
to fill the gaps. This information is used to make
better decisions about which capabilities to develop
with limited budgets. The features and functions to
be provided by hardware and software systems are
often described in architecture models in such a way
that the proposed systems can be evaluated for how
much they contribute to increased effectiveness of
business and war-fighting operations.

1.2 Context
Enterprise architecture (EA) is a simplified and aggregated representation of the basic structure and organisation of the enterprise. It is a plan which shows
the main features and characteristics of the enterprise and its assets that are to be analysed, justified
and agreed before the detailed technical design. It is
shared and discussed enterprise-wide at a high level
of abstraction between all stakeholders.
In the current industrial and economic context,
enterprise systems need to be constantly and
smoothly re-engineered to respond to changing market demand and technological evolution. Enterprise
architecture, considered as the foundation of enterprise systems, has emerged as a ‘tool’ to help stakeholders to manage system engineering and changes.
It is not only an IT issue, but also strategy, business
and knowledge ones.

1.1 Background

Enterprise architectures gained popularity when
John Zachman developed his framework for dealing
with large information systems. [Zachman87] These
frameworks originally focused on data processing
1.3 Practises
using mainframe computers, so their emphasis was
Enterprise architecture, as an integrating enterprise
on the data aspects of a business. Later there was an
concept is today developed and delivered as methemphasis on information processing in the business
odology models. For decades, shipbuilding and con(during the so-called Information Age). In the past
struction industry have used architecture in the dedecade there has been an increasing interest in
sign and construction of their product families. Their
“knowledge management” and services, since it has
“architecture” utilizes standard symbols that can be
been recognized as a key ingredient in the success of
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of their
(target) EA is to maximize a set of business goals
industry for carrying out detailed design, construcand objectives given a set of constraints, conditions,
tion and engineering work.
and challenges. The purpose of an "as-is" architecThe enterprise engineering community by comture (baseline) is to document the current arrangeparison has never had the advantage of this type of
ment such that a transition to the desired target state
“time tested” structure. Instead, since the beginning,
can be determined. Furthermore, the baseline could
many heterogenous architecture proposals have been
have been optimized for a prior set of constraints,
developed. They are often overlapping approaches
conditions, and challenges and any changes to these
and the underlying concepts are not explicitly deusually demand a change to the current architecture.
fined. Different architecture description languages
are not interoperable between them. These languages
2.1.2 Enterprise architecture as a ‘skeleton’
are either too detailed or lack expressive significance
Independently of business goals or strategies, EA is,
to represent system features. Similarities and differfirst of all, the foundation of enterprise systems. Acences between architectures can not be perceived by
cording to ISO 15704 (2000), an architecture is a deusers; and this creates obstacles for its correct underscription of the basic arrangement and connectivity
standing in industry and finally its acceptance and
of parts of a system (either a physical or a concepuse. The lack of a generally agreed terminology and
tual object or entity). The software community also
semantically enriched knowledge corpus in this doconsiders that architecture is the fundamental ormain is also a bottleneck for its efficient application.
ganization of a system embodied in its components,
2 ARCHITECTURAL PRACTICES
2.1 What is an enterprise architecture
Giving a precise and concise definition on Enterprise
Architecture (EA) is challenging. Confronting to the
demand of customers, James Martin (2004) lists the
following requirements to define EA: (1) must be
one sentence; (2) may elaborate from that single sentence to make certain clarifications; (3) must be understandable by executives; (4) must be useful to
those who will develop the EA; (5) must be applicable to a government organization; (6) must be put
into context of baseline and target EAs; and (7) must
provide the executives with the proper expectations
of what can be delivered to them and what they can
use it for.
Usually, architecture has various meanings depending on its contextual usage (Open Group,
2000): (1) A formal description of a system at component level to guide its implementation; (2) The
structure of components, their interrelationships, and
the principles and guidelines governing their design
and evolution over time; (3) Organizational structure
of a system or component.
Generally speaking, EA should be organized in a
way that supports reasoning about the structural
properties of the system. It defines the components
that make up the overall system, and provides a plan
from which the system can be developed.

their relationships to each other and to the environment and the principles guiding its design and evolution (IEEE 1471, 2000). Specifically, software architecture is ‘a set of software components, externally
visible properties of those components, and relationships among them’ (Florijn, 2002). More generally
an architecture must:
- have properties that can be verified with respect
to user needs (ex. open or closed architecture, interoperable or not, centralised or decentralised…).
- be simple so that business people can easily understand, check, analyse, discuss as a ‘language’
shared at corporate level.
- have a style (by comparison with construction
where architecture can represent some particular
characteristics of a building such as ‘gothic’, ‘romaine’…). EA should be able to characterise enterprise systems (ex. ‘fractal’, ‘holonic’, or ‘agile’...).
2.2 Enterprise architecture methodologies

ISO 15704 (2000) has considered that there are two
and only two types of architectures that deal with enterprise integration:
System architectures (sometimes referred to as
"type 1" architectures) that deal with the design of a
system, e.g. the system part of an overall enterprise
integration;
Enterprise-reference projects (sometimes referred
to as "type 2" architectures) that deal with the organisation of the development and implementation
of a project such as an enterprise integration or other
enterprise development programme.
2.1.1 Enterprise architecture vs. business objectives
In other words, type 1 architecture represents system or sub-system in terms of its structure and beEA does not start with technology, but a strategic
haviours. The type 2 architecture is actually frameframework, the vision, goals, and priority business
work aiming at structuring activities/tasks necessary
activities. According to James Martin (2004), an EA
to design and build a system. For example, Zachis a specific arrangement of business objectives, feaman’s architecture is type 2 architecture.
tures and functions. The purpose of a "should-be"
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Some other works make distinction between conceptially conflicting concerns of different stakeholders.
tual and technical architectures. The conceptual arWithout the architecture, it is highly unlikely that all
chitecture is derived from business requirements;
the concerns and requirements will be considered
and are understood and supported by senior manand met (Open Group, 2000).
agement. The technical architecture provides the
technical components that enable the business
2.3.2 Enterprise architecture as a ‘blueprint’
strategies and functions.
Like in construction, EA allows to create a vision of
Sometimes conceptual architecture is also called
the future system. This vision is represented as a
functional or business architecture; and technical arhigh level solution structure (Florijn, 2002) that lays
chitecture, ICT architecture. TOGAF (Open Group,
down the foundation for design. It is a kind of
2000) considers four types of architecture which are
‘skeleton’ focusing on essential features and characsubsets of EA: Business architecture, Information
teristics of the system. Forces and weakness can be
Technology architecture, Data/information architecthen more easily detected and analysed.
ture; and Application (systems) architecture.
Considering architecture as a high level solution
Lillehagen et al. (2002) advanced the concept of
is remarkable. Usually engineering design is divided
‘knowledge architecture’. Separation between busiin preliminary and detailed designs. Preliminary deness, knowledge and ICT architectures should be
sign is also called architecture design. During the
seen as a design principle (Tinella, 2003).
preliminary design phase, only solution types are defined. For example, ‘prefer matrix organisation than
hierarchical one’; ‘privilege wireless network than
cabled one’, etc. Working on high level solution also
facilitates the use of deign principles which is another adjacent research subject.

In software engineering, EA is viewed in a different
way. Malan (2002-b) mentioned three types of architectures: (1) conceptual architecture (identification
of components and allocation of responsibilities to
them); (2) logical architecture (design of component
interactions, connection mechanisms and protocols;
interface design and specification…); (3) execution
architecture (assignment of the runtime component
instances to processes; how physical resources are
allocated to them). In some other approaches for example (IEEE 1471), enterprise architecture is seen as
a complementary architecture to software architecture, to document system-wide organisation and
business context in which software operate.

2.4 Some tentative clarifications
2.4.1 Architecture vs. infrastructure
An infrastructure is not architecture; an infrastructure is a system which may have architecture. At the
origin, the concept ‘infrastructure’ is used in urban
engineering referring to some common services of a
city. For example, water supplies, electricity network, transport, etc. Similarly, Enterprise infrastructure is a set of services common to all enterprise activities such as ‘information exchange, data storage,
communication services, local area network, etc.
Ring (2003) also considered that ‘An infrastructure provides such common functions such as; a) ensuring the location of modules within whatever coordinate system is pertinent, b) providing access or
interconnection, c) providing isolation, and d) ensuring stability throughout a dynamic scenario of traffic, wear, contextual changes and internal innovations’.
Separation between EA and infrastructure is desirable. When EA evolves as business changes, the
infrastructure should not be re-engineered every
time. On the other hand, when technology evolves,
new services can be implemented without the necessity to modify the enterprise architecture.

2.3 The benefits of enterprise architecture
The concept of architecture is closely related to engineering. There should be significant difference between a system built with architecture and one without. Architecture allows managing complexity and
risks due to various factors such as technology, size,
interface, context and stakeholders. Design large
scale systems (like enterprise) requires high level
abstractions. It means we need a mechanism to allow
organising enterprise system at sub-system and
module levels.
2.3.1 Architecture vs. stakeholders expectations

EA at high level of abstraction is a means of communication with and among stakeholders. It allows
representing stakeholder’s expectations in terms of
features of enterprise system rather than document2.4.2 Architecture vs. architectural framework
ing detailed requirements on functions, data or resources that will be specified in the later stage.
The term ‘architectural framework’ is a different
The role of the architect is to address concerns,
concept from system architecture. In (CIO, 1999), an
show how the concerns and the requirements are goarchitecture framework is defined as an organizing
ing to be addressed, and by showing the trade-offs
mechanism for managing the development and
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(Open Group, 2000) also considers architectural
(d) SIMA
framework as a tool to use for developing a broad
(e) San Francisco
range of different architectures.
(f) CORBA
The framework contains: (1) a method for design(g) Federal Enterprise
ing a system in terms of a set of building blocks, and
(h) Treasury Enterprise
for showing how the building blocks fit together; (2)
(i) C4ISR
a set of tools and a common vocabulary; (3) a list of
(j) Archimate
recommended standards and compliant products to
implement the building blocks.
A new framework was in 2003 developed by the
The term ‘architectural framework’ is also close
US Department of Defense called the DOD Archito another adjacent concept which is ‘modelling
tecture Framework [Dodaf04]. DODAF is an evoluframework’, for example the CIMOSA modelling
tionary upgrade of the C4ISR Architecture Frameframework is type 2 architecture.
work both of which prescribe three views of the
architecture: Operational, Technical and Systems.
2.4.3 Enterprise architecture vs. enterprise model
Another adjacent concept to EA is enterprise model
(EM). EM describes the EA from various viewpoints
in detail to allow specifying and implementing the
systems. EA is not executive entity, but an enterprise
model can be.
In other words, the focus of EA and enterprise
model is different. EA amplifies significant characteristics or features of a system; while enterprise
model describes and specifies the system.
Lillehagen (2002) considers that an enterprise
model will have an Enterprise Architecture, and Enterprise modelling languages have meta-models that
are components of the EA at the knowledge layer.

3.1 The DoDAF Framework
Architecture products are graphical, textual, and
tabular views that are developed in the course of
building a particular architecture description. DODAF is composed of three main views as depucted
in the figure below.

2.5 Distinguish architectural decisions
Another adjacent subject is architectural decisions
i.e. decisions to take to arrange architecture in this
way rather than that way. Architectural decisions are
those that must be made from an overall system perspective. According Bass (1997), those decisions
identify the system’s key structural elements, and
their relationships, and they define how to achieve
significantly architectural requirements. Indeed, enterprise engineering involves many decisions, some
are architectural, and most of them are not. The rationale is to show how the decisions are architectural. Malan (2002-a) points out that if you can
achieve the requirement by deferring the decision to
a lower level, it is not architecturally significant, and
the decision is not an architectural one.
3 ARCHITECTURE FRAMEWORKS
There are many architecture frameworks available to assist the architects in doing their work [Martin 2004]:
(a) Zachman
(b) Gartner Group

DODAF specifies 26 standard products to be
used to develop architecture descriptions with a
common approach. The products are shown in the
table below.
View
Type

Framework
Product

AV-1
AV-2
OV-1
Operational
OV-2
OV-3
OV-4
OV-5
OV-6a
OV-6b
OV-6c
OV-7
SV-1

All
Views

SV-2
SV-3
SV-4
Systems SV-5
SV-6
SV-7
SV-8
SV-9
SV-10a
SV-10b
SV-10c
SV-11

Tech-

nical
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TV-1
TV-2

Framework Product Name
Overview and Summary Information
Integrated Dictionary
High-Level Operational Concept Graphic
Operational Node Connectivity Description
Operational Information Exchange Matrix
Organizational Relationships Chart
Operational Activity Model
Operational Rules Model
Operational State Transition Description
Operational Event-Trace Description
Logical Data Model
Systems Interface Description
Systems Communications Description
Systems-Systems Matrix
Systems Functionality Description
Operational Activity to Systems Function Traceability Matrix
Systems Data Exchange Matrix
Systems Performance Parameters Matrix
Systems Evolution Description
Systems Technology Forecast
Systems Rules Model
Systems State Transition Description
Systems Event-Trace Description
Physical Schema
Technical Standards Profile
Technical Standards Forecast

The major products in DODAF are related
to
Now a relevant question to ask is what extent of
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each other through a set of simple relationships. A
“knowledge modeling” is addressed by these
change on any product can propagate to other prodframeworks. The result of several analysis is that
ucts. It is important to maintain all products in such
none of them support active knowledge modeling,
a way so that they are all consistent with each other.
that is they are all collections of static information
views. They are offline methodologies with no direct
connection to systems execution or business or field
3.2 The AFEAF Framework
operations.
The US Air Force has recently developed an enterprise architecture framework [AFEAF] to bridge
the gap between DODAF and FEAF. The AFEAF
4 ARCHITECTURAL APPROACHES
has three levels (or “perspectives”): Architecture
Reference Models level, Mission Area and Cross4.1 Architectures for enterprise integration)
Mission Area level, and Program and Node level.
These three perspectives are illustrated below along
The architecture frameworks are concerned with
with how the DODAF and FEAF map into these
concepts and principles for integrated enterprise
levels.
modelling and engineering. They do not deal with
Relevant
Architecture
Frameworks
Federal
Enterprise
Architecture
Framework
(FEAF)

DOD
Architecture
Framework
(DODAF)

AF Enterprise Architecture
Descriptions

the representation of how an enterprise is structured
or operated. In other words, they do not represent
processes, data, organisation etc. Rather, they define
the key concepts that are necessary to describe enterprise systems so that models built are consistent
and easily integrated across stakeholders.

Relevant
Reference
Models & Views

Architecture Perspectives
Architecture Perspectives

Air Force
Architecture Reference Models

Mission Area & Cross Mission Area
Architecture
Architecture
Views
Views
& Products
&
Products

Five Reference
Models
(Adapted from FEAF)

Operational View

4.1.1 Early architectural initiatives

Technical View
System View

During 80’s, research were carried out in Europe and
U.S.A. to develop enterprise architectures. Among
them the most known: the Purdue EnterpriseReference Architecture (PERA) (Williams 1991),
the GIM architecture (Chen and Doumeingts, 1996),
the Computer Integrated Manufacturing Open System Architecture (CIMOSA) (Amice 1993) etc.
These architectures are mainly developed along the
system life cycle to show what must be done to
model, design and implement an integrated enterprise system.
The Zachman architecture is another example of
these initiatives. It structures various enterprise
modelling and engineering concepts according to
‘the perspectives of various stakeholders involved in
the enterprise engineering effort. This is because different stakeholders use different levels of abstraction
to consider an enterprise and expect different deliverables.

Program & Node
Architecture
ViewsViews
& Products
Architecture
&
Products

The most commonly known framework for enterprise modeling is the Zachman Framework for information systems. [Zachman87, Zachman92,
Cook96] The framework is a matrix consisting of
six columns and five rows. The columns represent
the six interrogatives of What (data), How (function), Where (network), Who (people), When
(time), and Why (motivation). The rows represent
the five perspectives of the Planner, Owner, Designer, Builder, and Subcontractor.
The Federal Enterprise Architecture Framework
provides “an organized structure and a collection of
common terms by which Federal segments can integrate their respective architectures into the Federal
Enterprise Architecture.” [FEAF] The Federal Enterprise Architecture Framework is based on Zachman framework and is shown in the figure below.

4.1.2 IFAC/IFIP Task force to develop GERAM
The IFAC/IFIP Task Force on architecture for enterprise integration has studied some existing architectures to propose harmonization. The result is Generalised Enterprise-Reference Architecture and
Methodology (GERAM) (Bernus, 1997). GERAM
identifies, in its most important component called
GERA (Generalised Enterprise Reference Architecture), the basic concepts to be used in enterprise engineering and integration.

Many have examined DODAF [Ring 2004] and
the frameworks listed [Martin 2005] to determine to
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of knowledge in various forms and formats. It can
Two institutional standardization bodies active to
cover not only the ICT layer, but also the knowledge
develop type 2 architecture standards are: CEN
and business layers.
TC310/WG1 and ISO TC184 SC5/WG1. Main outputs achieved are: ISO 15704 (1998) - Requirements
for Enterprise Reference Architecture and Method5 ARCHITECTING PRINCIPLES
ologies, and ISO/EN I9439 (2003) - Enterprise Integration – Framework for Enterprise Modelling.
Architecting principles are rules to use when elaboHowever, these works are not well known in indusrating enterprise architectures. Architecting princitry and not widely used.
ples may be generic i.e. apply to all enterprises (reflecting some best practices), or specific (reflecting a
level of consensus among the various elements of a
4.1.4 New Initiatives
particular enterprise, and form the basis for making
Another significant framework is TOGAF. It confuture decisions). Sometimes too many principles
tains two main parts: The Architecture Development
can reduce the flexibility. Many organizations prefer
Method (ADM) and Foundation Architecture with
to define only high level principles, and to limit the
generic functions or services on which specific arnumber to between 10 and 20 (Open Group, 2002).
chitectures and building blocks can be built. The Architecture Development Method is a recommended
5.1 General principles
approach to building TOGAF compliant architectures.
General enterprise architecture principles can be
All the frameworks and approaches mentioned
found in the literature such as for example (UNCC,
2003): (a) Business processes drive technical infra4.2 Architectures of enterprise systems
structure, (b) Primary purpose of architecture is to
There are few works done at the conceptual level
facilitate rapid change, (c) EA must emphasize reusconcerning system architectures, except some partial
able component building blocks, (d) Architecture
approaches dealing with for example, manufacturing
must be enterprise-wide, (e) EA must optimize the
data (ISO 15531, MANDATE), enterprise-control
enterprise system as a whole, etc.
system interfaces (IEC 62264), etc. These apOpen Group has proposed similar kind of principroaches are developed in a very detailed level so
ples ranging from business to data, application and
that they are more reference models rather than entechnical principles (Open Group, 2002). Once again
terprise system architectures. More recently the
these principles are at high level of abstraction. They
European Technical Specification (CEN TS 14818:
are no directly related to architecture features and
Decisional Reference Model) was approved. It is
properties. Moreover, they don’t provide examples
based on the GRAI approach and shows a basic deshowing how to implement the principles.
cision-making structure defined at a fairly high level
Another approach can be found in the Governabstraction.
ment of Canada’s Federated Architecture (2001)
where some principles were proposed, for example:
Most of bottom-up system approaches are concerned
(1) Reduce integration complexity to re-engineer apwith ICT architectures or infrastructures. For examplication systems to be "highly modular" and
ple, ENV 13550 - Enterprise Model Execution and
"loosely coupled" to be able to reuse components;
Integration Services (EMEIS) is a European experi(2) Adopt holistic approach with a (whole of entermental standard. It focuses on services to allow exeprise) approach; (3) Business event-driven systems;
cution of an enterprise model to control industrial
(4) Plan for growth and construct for growth and
processes.
expansion of services (known requirements) across
Other standards concerning IT architectures are:
enterprise; (5) Robustness, responsive, and reliable
ISO 13281.2 -Manufacturing Automation Programwith appropriate redundancy to protect against sysming Environment (MAPLE), Open Management
tem failure, etc.
Architecture (OMA) known as CORBA developed
More generally speaking, when developing EA, the
by Open Management Group.
principle of fitness-for-purpose should be followed.
The functional architecture of MAPLE focuses on
It means that the architecture should be developed
manufacturing application interconnection and inonly to the point at which it is fit for purpose.
teroperation, it is not an enterprise-wide architecture.
CORBA architecture also supports application inte5.2 Technical principles
gration focusing on issues affecting distributed obCockburn (2003) have proposed some architecting
ject-oriented systems.
design principles, for example: (1) Create an interSome research work towards intelligent infraface around predicted points of variation (because
structure has been reported in (Lillehagen, 2002). An
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things change, and we must protect the system
integThe following steps summarize some proposed
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rity across changes); (2) Separate subsystems by
approaches towards developing active knowledge
staff skill requirements; (3) Make one owner for
modeling support for architectures design and operaeach deliverable (People get confused if ownership
tional architecting:
is unclear); (4) The program is totally program
driven, with the user interface just one driving pro1) Provide an integrated visual knowledge
gram (because user interface requirements change a
modeling and execution platform
lot); (5) Provide a single point of call to volatile in2) Develop services for active knowledge modter-team interfaces (Protect developers against reeling, supporting design and re-iteration
work due to an interface change), etc.
3) Develop services for model-driven solutions
Malan (2002-b) also suggested three principles to
and work execution
develop a ‘Minimalist Architecture’: (1) if a decision
4) Develop knowledge management services
could be made at a more narrow scope, defer it to
5) Re-engineer and integrate present framework
the person or team who is responsible for that scope;
domains and views
(2) only address architectural decisions at high6)
Mode-generate easy to use workplaces for all
priority architecturally significant requirements; (3)
stakeholders to engage in architecting, operas decisions are added to the architecture, they
ating and managing their knowledge
should be evaluated from the point of view of their
impact on the overall ability of the organization to
The major contribution of this research and deadopt the architecture.
velopment
is the integration of a knowledge modelIn TOGAF (2000) some principles underlying the
ing
techniques
and services, and the introduction of
design and successful use of specific architectures
a
common
platform
for use in development of enterwere proposed, for example: (1) An architecture
prise architectures and solutions and work execution.
need only specify those services that it requires; (2)
Elements of an architecture may specify one, more
than one, or only part of a service; (3) Elements of
an architecture should be defined in terms of stan7 RECOMMENDATIONS FOR RESEARCH
dards relevant to the services they specify; (4) Elements of an architecture should be reused from all
Research is needed on active knowledge modelthe categories of the Architecture Continuum and
ing as part of an overall architecture development
should support reuse of solution elements of the Soprocess. The following steps summarize a proposed
lution Continuum; (5) Elements of the solution (or
approach for introducing active knowledge modeling
implementation) should be reused from all the cateand integrated modeling and execution platforms.
gories of the Solutions Continuum; (5) An architecture must be followed, or it is useless: formal IT
1) Understand the nature, context and benefits
Governance practices are therefore recommended.
of active knowledge modeling
2) Define a methodology and language for active knowledge modeling
6 ACTIVE KNOWLEDGE MODELING
3) Develop a knowledge modeling technique,
an integrating platform and services
An active knowledge modeling approach will in
4) Apply approach to the existing Architecture
the future be part of most architecture frameworks,
Framework models
approaches and solutions.
5)
Evaluate suitability and benefits of approach
Existing frameworks and approaches are mostly
and solution.
describing abstracted views of the systems domains,
but many initiatives will be launched in 2005 to deThese steps are being considered by partners and
velop approaches and platforms for business and
stakeholders that have experiences and competence
knowledge architectures and enterprise domains.
in both TOGAF and DODAF. Concerning enterprise
systems architectures, more development of some
Enterprise
reference architectures at higher abstraction levels is
Domains
also needed. This would help re-use of some mature
Wisdom
Wisdom
solution types to save time and cost of enterprise enKnowledge
Knowledge
gineering projects.
Information
Information
It seems interesting to develop simple architecData
Data
ture representation language that allows to better exSignals
Signals
hibit key characteristics of enterprise systems at high
System
abstraction level. Current enterprise modeling lanDomains
guages (IDEF for example) seem not well adapted to
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and
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Verlag, Berlin, pp. 175-189.
clarification between enterprise architecting and enChen, D., Doumeingts, G. (1996), The GRAI-GIM reference
terprise modeling are necessary using some concrete
model, architecture and methodology, in: Bernus P. et al.
examples. The two approaches and application areas
(Eds.) Architectures for Enterprise Integration, Chapman &
are closely related.
Hall, London.
Moreover differentiations between various archiCIO, (1999), Federal Enterprise Architecture Framework, Vertectures in terms of properties and features also need
sion 1.1, September 1999, The Chief Information Officers
to be explicitly identified so that comparison and
Council.
choice can be more easily made at a high level of
Cockburn, A. (2002), On the Interaction of Social Issues and
abstraction and early stage of design. The frameSoftware Architecture, http://members.aol.com/acockburn,
works and their views must become active or living
Humans and Technology (arc@acm.org).
knowledge related to work throughout life-cycles.
ENV 13550 (1995), Enterprise Model Execution and IntegraIt is also necessary to continue the effort of hartion Services (EMEIS), CEN, Brussels.
monization. At least, a standard terminology is
Florijn, G. (2002), Software Architecture - Introduction &
needed. This requires establishing collaboration beOverview, (slides), SERC, 2002.
tween enterprise modeling community developing
Government of Canada (2001), www.cio-dpi.gc.ca/fapbusiness oriented architectures, and software engipaf/documents/iteration/iterationtb_e.asp
neering people concerning the IT oriented ones.
IEEE 1471-2000, Recommended Practice for Architectural DeArchitecture design principles were not develscription of Software-Intensive Systems.
oped to a satisfactory level that brings significant
ISO 15704:2000(E), Industrial automation systems - Requireimprovement to enterprise architecting. Further rements for enterprise-reference architectures and methodsearch is also needed in this area. Developing archiologies.
tecting principles can be bottom-up based on best
ISO/EN I9439 (2003) - Enterprise Integration – Framework for
practices, and/or top-down by studying some theoEnterprise Modelling.
retical paradigms.

8 CONCLUSIONS
This paper has tentatively reviewed basic concepts
and principles of enterprise architectures. A survey
on some main architectural frameworks and approaches is presented. To day, the architecture concept is not sufficiently exploited as a high level solution structure defining solutions types. One of the
reasons is the lack of proper architecture representation formalisms providing characteristic features and
properties of enterprise knowledge dimensions and
domains.
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Abstract. This paper presents an interoperability framework for enterprise applications and software systems. The framework provides a foundation for
model-driven development of software systems supporting the business interoperability needs of an enterprise. This is achieved through a set of reference
models that addresses interoperability issues for conceptual integration, technical integration and applicative integration of software systems.

1 Introduction
Enterprises today face many challenges related to lack of interoperability. Enterprise
applications and software systems need to be interoperable in order to achieve seamless business across organisational boundaries and thus realise virtual networked
organisations. IEEE [1] defines interoperability as “the ability of two or more systems
or components to exchange information and to use the information that has been
exchanged”.
Model-driven development (MDD), and in particular OMG’s Model-Driven Architecture® (MDA®1) [2], is emerging as the state of practice for developing modern
enterprise applications and software systems. The MDD paradigm provides us with a
better way of addressing and solving interoperability issues compared to earlier nonmodelling approaches. However, developing correct and useful models to address
interoperability is not an easy task. We believe that there is a need for an interoperability framework that provides guidance on how MDD should be applied to address
interoperability.
In this paper we present initial results from ATHENA [3] and INTEROP [4] in defining an interoperability framework for model-driven development of enterprise
applications and software systems. The framework provides a foundation, consisting
of a set of reference models, for how to apply MDD in software engineering disciplines in order to support the business interoperability needs of an enterprise.

1

Model Driven Architecture® and MDA® are registered trademarks of the Object Management Group
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The paper is structured as follows: In section 2 we provide some background information. In section 3, the main body of this paper, we present the interoperability
framework and its reference models for integration. In section 4 we discuss the usage
of the reference models in an example scenario focusing on inventory replenishment.
In section 5 we describe some related work. Conclusions and future work are presented in section 6.

2 Background
We use the term model-driven development (MDD) to refer to model-driven systems
development in a broad sense. The OMG MDA can be seen as a specific implementation of MDD with respect to software systems development. However, while the
OMG MDA is heavily focused on software integration technologies, we see MDD as
a new architectural approach for developing software systems based on requirements
derived from enterprise and business models. Interoperability solutions should be
driven by business needs first and software solutions second.
Model-driven development in our view represents a business-driven approach to
software systems development that starts with a computation independent model
(CIM) describing the business context and business requirements. The CIM is refined
to a platform independent model (PIM) which specifies services and interfaces that
the software systems must provide to the business, independent of software technology platforms. The PIM is further refined to a platform specific model (PSM) which
describes the realisation of the software systems with respect to the chosen software
technology platforms. In addition to the business-driven approach, a model-driven
framework should also address how to integrate and modernise existing legacy systems according to new business needs. This approach is known as architecture-driven
modernisation (ADM) in the OMG.
In order to structure the various models developed and used within an enterprise
we adopt the recommendations of IEEE 1471 [5] which provide a terminology for
structuring descriptions of systems according to viewpoints. Viewpoints help to separate the specification into views that address different areas of concern for different
stakeholders. A view can be represented by a set of visual models expressed using a
modelling language such as UML [6-8]. The interoperability framework described in
this paper adopts the following terms from IEEE 1471 standard:
− System: A collection of components organised to accomplish a specific function or
set of functions.
− Stakeholder: An individual, team, or organisation (or classes thereof) with interests
in, or concerns relative to, a system.
− Concern: Those interests which pertain to the system's development, its operation
or any other aspects that are critical or otherwise important to one or more stakeholders. (In this paper we will also use the term aspect as a synonym for concern.)
− View: A representation of the whole system from the perspective of a related set of
concerns.
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− Viewpoint: A specification of the conventions for constructing and using a view. A
pattern or template from which to develop individual views by establishing the
purposes and audience for a view and the techniques for its creation and analysis.
− Model: A representation of an entity in the real world.

3 Interoperability Framework
The interoperability framework presented in this paper is designed to fulfil these
design rationales:
− Identification of interoperability issues related to software models, using a holistic
approach where software architectures and enterprise architectures can be related.
− Identification of the relevant software architecture components, and explaining the
relationships between these components.
− Integration of model-driven software development processes.
− Structuring of software technologies, frameworks and methodologies which can be
found today.
The interoperability framework itself is structured according to the three main integration areas defined in ATHENA [3]:
1. Conceptual integration which focuses on concepts, meta-models, languages and
model relationships. It provides us with a foundation for systemising various aspects of software model interoperability.
2. Technical integration which focuses on the software development and execution
environments. It provides us with development tools for developing software models and execution platforms for executing software models.
3. Applicative integration which focuses on methodologies, standards and domain
models. It provides us with guidelines, principles and patterns that can be used to
solve software interoperability issues.
For each of these three areas we developed a reference model to describe and support
the application of model-driven development of software systems.
3.1 Reference Model for Conceptual Integration
The reference model for conceptual integration has been developed from a MDD
point of view focusing on the enterprise applications and software system. A computation independent model (CIM) corresponds to a view defined by a computation
independent viewpoint. It describes the business context and business requirements
for the software system(s) under consideration. A platform independent model (PIM)
corresponds to a view defined by a platform independent viewpoint. It describes
software specifications independent of execution platforms such as WebService,
J2EE, .net, agents and P2P technologies. A platform specific model (PSM) corresponds to a view defined by a platform specific viewpoint. It describes the realisation
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of software systems in the chosen set of execution platforms. Figure 1 shows this
relationship with respect to an enterprise system, where the CIM is embedded within
the enterprise, the PIM is embedded within a computational system, and the PSM is
embedded within an execution platform, which itself is embedded within the computational system. The figure also shows how the MDA and ADM could be perceived
as a “top-down” and a “bottom-up” approach to software development and integration.
The models at the various levels may be semantically annotated using ontologies
which help to achieve mutual understanding on all levels. The use of reference ontology will also aid us in doing model transformations and mappings between and across
the three model levels. We also see the usage of interoperability patterns for horizontal and vertical integration.
Models are used to describe different concerns of a software system. We have
identified four categories of system aspects where specific software interoperability
issues can be addressed by conceptual integration.
1. Service aspects: Services are an abstraction and an encapsulation of the functionality provided by an autonomous entity, e.g. a software component. Services are
typically provided through well-defined interfaces or contracts that specify their
usage and behaviour.
2. Information aspects: Information aspects are related to the messages or structures
exchanged, processed and stored by software systems or software components.
Business concepts are represented in software as information messages or structures that are provided or required by services and processes.
3. Process aspects: Processes describe sequencing of work in terms of actions, control flows, information flows, interactions, protocols, etc. They can be applied to
business aspects (e.g. workflow management) as well as technical aspects (e.g.
communication protocols).
4. Non-functional aspects: Extra-functional qualities that can be applied to services,
information and processes.
These four aspects can be addressed at all three CIM, PIM and PSM levels. Specific
concerns regarding them can be made explicitly visible through visual models defined
by viewpoints used by different stakeholders within an enterprise. Other categories of
aspects may be introduced, but we feel that the four identified here will provide a
good baseline for discussing conceptual integration.
All of the elements discussed above are integrated into figure 1 where we look at
horizontal and vertical integration between two enterprise systems A and B. The same
principles could of course be applied when addressing integration between multiple
enterprise systems.
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Fig. 1. Reference model for conceptual integration

We will use this reference model to address model interoperability, where amongst
other things meta-models and ontologies will be used to define model transformations
and model mappings between the different views of an enterprise system. In literature
[9, 10] different dimensions of system design are identified:
− System abstraction: This dimension of system design reflects the abstraction in
terms of implementation independency and is addressed by MDD.
− Genericity: is an important design rational and has impact on the adaptability and
reusability of the system components.
− Viewpoint: System models represent a complex and strongly interrelated network
of model entities. To address different issues and for complexity reduction different viewpoint on the model are used. This viewpoint may also be regarded for interoperability.
− Composition: Systems are iteratively composed in a hierarchy from individual
objects to the system in the enterprise context. On each of this aggregation layers
the entities have to be interoperable
− Time: The system itself is modified in status, configuration and design.
− Model abstraction: Meta-models help to describe and analyse the used models
These dimensions can be used to analyse software systems or help to structure the
system modelling process and to catalyse design decisions. Each of these dimensions
may support interoperability achievements or could represent a challenge of interoperability. Figure 2 graphically organises these integration dimensions around the four
identified system aspects defined in the interoperability framework.
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Fig. 2. Integration dimensions with respect to the four system aspects

We need to be aware of these integration dimensions when analysing how to achieve
model interoperability. When looking at two or more different models we need to ask
ourselves questions such as: Do the models describe the same or different set of concerns. Do the models describe a generic problem or specific problem? Who are the
stakeholders, what is the intended use of the models, and how are the different models related through different viewpoints? How are the models composed, and what are
the relationships to sub-models? Are we looking at a fairly static or a highly dynamic
model of a certain aspect of the system? Are the models on the same abstraction level
or different abstraction levels? These questions are important with respect to the
model-driven development being applied. If we are not conscious of how the different models relate to each other we will not be able achieve model interoperability.
3.2 Reference Model for Technical Integration
The reference model for technical integration has been developed from a serviceoriented point of view where a software system provides a set of services required by
the businesses and users of the enterprise. Services implemented by software should
provide functionality to support e.g. business transactions, business collaborations
and business processes, and business tasks performed by users.
The architecture of the enterprise applications and software systems can be described according to a 4-tier reference architecture where each tier provides different
software services required by the enterprise. The software system itself is coupled to
a service bus that provides the necessary communication infrastructure required to
deploy a distributed system. Infrastructure services such as composition, mediation,
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matchmaking and transformation that enables interoperability between software systems should be provided in such an environment. In addition we see that registries
and repositories will play an important role in integrating software systems. We see
the need for a model repository for managing models of various kinds, a service registry for managing naming, directory and location of services, an execution repository
for managing information and state needed in the execution of software services and
processes, and a data repository for managing results and traces of the executions.
We use the service bus as an architectural pattern for handling technical integration
of software systems. Figure 3 shows how a service bus comes into play when integrating two (or more) enterprises systems. The service bus will make use of infrastructure services, and registry and repository.
Enterprise A
(Physical World)

Enterprise B
(Physical World)

Business
Transactions
Business
Collaborations

Business
Collaborations

Business
Processes

Users

Business

Users

Business

Vertical
Integration

Vertical
Integration
Model
Mgmt.

Service
Mgmt.

Exec.
Mgmt.

Data
Mgmt.

Software System

Infrastructure Services

User Services

Business Services

Resource Services

Service Bus

Service Bus

Service Bus

Resource Services

Business Services

Registry/Repository
User Services

User Interface Services

Business
Tasks

Business
Processes

User Interface Services

Business
Tasks

Business
Transactions

Software System

Fig. 3. Reference model for technical integration

A software system can be structured according to a tiered architecture. We have defined a reference architecture that separates the architecture of a software system into
four logical tiers. The reference architecture consists of a local user-space called the
user service domain, and a shared transactional business-space called the business
service domain. The four tiers are as follows:
1. User interface tier provides presentation and user dialog logic. Sometimes, it is
useful to make the presentation and user dialog separation explicitly, in particular
to support reuse of user dialog on multiple platforms with different graphical capabilities, e.g. Web, PDA and Mobile phones.
2. User service tier provides the user’s model, which may include user session logic
and user-side representations of processes and information. It is an abstraction for
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a set of business services, making the business service provision (and the communication mechanisms) transparent to the user interface tier.
3. Business service tier provides components that represent business functionality
and pervasive functionality (vertical vs. horizontal services). This tier provides enterprise-level services, and is responsible for protecting the integrity of enterprise
resources at the business logic level. Components in this tier can be processoriented, entity-oriented or workflow-oriented. For performance reasons, entityoriented components are typically not exposed outside of this tier.
4. Resource services tier provides global persistence services, typically in the form
of databases. Resource adapters (e.g. JDBC or ODBC drivers) provide access,
search and update services to databases and its data stored in a database management system (DBMS) like Oracle or Sybase.

Business Service
Domain

User Service
Domain

In addition to these four tiers we need a service communication bus so that services
deployed at the various tiers can interoperate both within a tier and across tiers.
User
Interface
Tier
User
Service
Tier

LA

LS

Business
Service
Tier
Resource
Service
Tier

RA

RA

Legend
Service
LA Local Adapter

LS

Local Storage

RA Resource Adapter

Database
Inter-service
communication

Service Bus
(Middleware
Services)

Fig. 4. 4-tier reference architecture for software system architectures

3.3 Reference Model for Applicative Integration
The reference model for applicative integration has been developed based on work
related to enterprise architecture frameworks and software architecture frameworks
[11]. Here we look at how enterprise models and software models prescribed by enterprise modelling and software modelling approaches can be integrated into the overall framework. Enterprise and software models can be related in a holistic view, regardless of modelling language formalisms, by the use of meta-models. This is impor-
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tant in order to understand the dependencies between the different models and views
of a system, and will help us in achieving interoperability.
The MDD methodology for software system development needs to follow a structured approach where interoperability requirements from business operations in a
networked enterprise drive the development of software solutions. This means that
MDD methodology for software systems needs to be related to enterprise architectures. A specific part of the methodology needs to address how the MDD concepts
and the technical software components are reflected in a model world of the enterprise. Figure 5 shows how the model world, reflecting the applicative integration, is
related to the reference model for conceptual integration and the reference model for
technical integration. Enterprise and software models can be built to understand and
analyse the physical world of an enterprise.
An enterprise model describes a set of enterprise aspects, which amongst other
things includes descriptions of the business operations that we refer to as business
models. These business models provide a context for the software solutions that needs
to be developed and integrated, and thus needs to be reflected in the software model.
Software models describe how software systems are used to support the businesses
of an enterprise. The software models further refines the business models in terms of
software specification and software realisation models. The business model, the
specification model and the realisation model for a software system should include
descriptions of the four system aspects identified in the reference model for conceptual integration. The software models can be classified as CIM, PIM or PSM models
according to a MDD abstraction.
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Fig. 5. Reference Model for Applicative Integration

The model world corresponds to the set of models prescribed by a MDD methodology. In our interoperability framework we have identified a set of models that we see
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useful in achieving interoperability. However, we also acknowledge the fact that this
is just a baseline. Different enterprises must be able to develop their own software
views that they see purposeful in each business operation. It is important that the
applicative integration supports the development of a set of shared views amongst
different stakeholders and provides means for managing the dependencies between
these views. In order to satisfy these criteria we believe a viewpoint-based integration
approach must be chosen. This allows incorporating viewpoints, which are implicitly
or explicitly defined by other enterprise or software modelling approaches into an
applicative framework. The number of viewpoints to be used depends on the nature
of the system and its stakeholders.
In ATHENA [3] we will develop interoperability profiles that provide specific
guidelines for how to apply model-driven development of software systems in four
different business domains; Supply chain management where stable supply chains
and dynamic supply networks will be considered. Collaborative product development
in which cross-functional and cross-organisational teams collaborate in product development. e-Procurement focusing on electronic purchasing and selling of goods
and services. Portfolio management focusing on project classifications, selection,
prioritisation, and resource allocation. In each of these business domains we find
domain-specific dictionaries, thesauri, nomenclatures and coding that will have impact on the development and usage of domain-specific reference ontologies. Furthermore, industry standards, and legislations and regulations given by the national legislative assemblies must also be taken into consideration. Each of these domains may
prioritise specific software concerns and aspects differently and require their own
custom-tailored views or models.
We have identified three basic viewpoints that can be used as a starting point for
viewpoint-based integration of software systems; Context viewpoint focusing on the
business context of the software system, system viewpoint focusing on the specification of the main components of the software system, and realisation viewpoint focusing on the implementation of the software system. Figure 6 illustrates the viewpoint
metaphor exemplified using the three basic viewpoints. A business analyst is concerned with aspects related to the business context of the software system within the
networked enterprise. The business view includes e.g. business process models. A
system architect is concerned with aspects related to the specification of the software
system. The specification view includes e.g. service and interface models. A software
developer is concerned with aspects related to the realisation of the software system.
The realisation view includes e.g. interaction and data models
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Fig. 6. Illustration of the three basic viewpoints and their corresponding views

4 Example – Inventory Min/Max replenishment scenario
As a part of the work of defining the framework presented in this paper a student
project was performed over a couple of months. The task for the students was to take
an example integration scenario and create a set of models that were sufficient to be
used for further transformations into new models and code. The goal was to be able to
generate a running business process performing the integration scenario. The target
platform for execution was BPEL running on IBMs BPWS4J2 server. In addition to
creating models and code the students were to come up with observations of shortcomings in the different tools, methods and modelling languages. The experiences
from this exercise were brought into the process of defining the framework presented
in this paper.
The scenario that was chosen was “Inventory Min/Max replenishment” as defined
by the Automotive Industry Action Group (AIAG) [12], related to supply chain management. The idea behind this process is to let the supplier see the inventory level of
the customer with minimum and maximum levels of inventory for a specific inventory item. Based on this information the supplier can perform inventory replenish2

BPWS4J, http://www.alphaworks.ibm.com/tech/bpws4j
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ment so that the actual inventory level for an item is “automatically” kept between the
minimum and maximum levels defined. The document defines the process and the
information passed using the UN/CEFACT Unified Modeling Methodology [13].
At a high level one can say that there were three main models. Initially the partition into these three main model types was taken from [14], but indicated below,
these are easily mapable to the aspects defined in this paper;
1. Activities, a model that defined the Min/Max process including actors, activities
and information flow. This model describes the process aspects as defined in the
interoperability framework.
2. Interactions, a model that defined the different computational services that would
be part of the automated process and how they interact using defined interfaces.
This model describes the service aspects as defined in the interoperability framework.
3. Information, a model that defined the information that was passed between the
different activities and services in the process. This model describes the information aspects as defined in the interoperability framework.
No models describing the non-functional aspects were created in this exercise. All of
the models created can be viewed as platform independent models.
One of the ideas behind the framework is that different languages or notations can
be used to define the needed models. In order to discuss pros and cons of different
methods and notations it was chosen to create 2 sets of models, one using the Business Process Modelling Notation (BPMN) [15] and one using the Business Process
Definition Metamodel (BPDM) [16]. These would be used to generate the needed
BPEL and WSDL descriptions using the UMT3 tool for code generation.
BPMN models for the scenario were created using the Metis4 tool from Computas.
BPDM has defined a UML 2.0 profile for definition of BPDM models. In this exercise the Enterprise Architect5 tool from Sparx Systems was chosen since just about
was the only tool that had support for UML 2.0 at the point in time that this exercise
was carried out. Due to limitations in the chosen tools it was hard to export the model
information to a format that could be used by the UMT tool. It would be possible to
implement, but this would mean spending resources on something that would not
really add value to the exercise. To get around this problem it was chosen to create a
UML 1.4 model based on the BPDM and the BPMN model using the ACE-GIS UML
profile [17, 18]. From this model information UMT was able to generate BPEL and
WSDL information that had to be manually crafted to be executed by the execution
engine. The resulting web services (as executed by the execution engine) are business
services as defined in the business service tier of 4-tier reference architecture described in section 3.2.
The approach of modelling process, service and information aspects, as defined in
the framework, does provide enough domain information in order to create platform
specific models.
3

UML Model Transformation Tool, http://umt-qvt.sourceforge.net/
Metis, http://www.computas.com/metis
5 Enterprise Architect, http://www.sparxsystems.com.au/ea.htm
4
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5 Related Work
The IDEAS Interoperability Framework, developed in the IDEAS project [19], provides four different areas for structuring interoperability issues of enterprise applications; Business layer focusing on business environment and business processes.
Knowledge layer focusing on organisational roles, skills and competencies of employees, and knowledge assets. ICT systems layer focusing on applications, data and
communication components. Semantic dimension, cutting across the three identified
layers, focusing on supporting mutual understanding on all layers.
The ECMA/NIST (European Computer Manufacturers Association/National Institute of Standards and Technology) has developed a reference model for distributed
system integration [20]. The ECMA/NIST approach separates integration into four
different categories; Data Integration addressing the degree to which tools are able to
share common data and information. Control Integration addressing the degree to
which tools are able to interact directly with each other, by requesting and providing
services. Process Integration addressing the degree to which the user’s working process and use of tools can be guided by a model of the work process and the methodology to be followed. Presentation Integration addressing the degree to which a userinterface program might provide access to the functionality needed by the user
through a common look and feel.
E-Commerce Integration Meta-Framework (ECIMF) defines recommended interoperability methodology, and the technical specification and base tools needed to
prepare specific comparisons of concrete frameworks [21]. The proposed ECIMF
methodology for analysis and modelling of the transformations between e-commerce
frameworks follows a layered approach. In order to analyse the problem domain one
has to split it into layers of abstraction, applying top-down technique to classify the
entities and their mutual relationships.
The Reference Model for Open Distributed Processing (RM-ODP) [22-25] is an
ISO standard focusing on open distributed processing systems. RM-ODP divides the
specification of ODP systems into five different, but related, viewpoints. The viewpoints in RM-ODP are: enterprise viewpoint (focuses on purpose, scope and policies), information viewpoint (focuses on information processing and relationships
between information objects), computational viewpoint (focuses on functional specification and decomposition), engineering viewpoint (focuses on how to solve distribution issues), and technology viewpoint (focuses on specific technology and solutions).
The interoperability framework presented in this paper addresses much of the same
interoperability elements identified in the above framework and approaches, but relates them more closely to software models in a model-driven development environment.
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6 Conclusions and future work
We will conclude this paper by addressing each of the objectives or design rationales
for the development of the interoperability framework.
− The reference model for applicative integration clearly indicates that software
solutions cannot be developed in isolation if the goal is to achieve interoperability
between business units within and across virtual networked enterprises. The software development process and models must be related to the enterprise and business needs of an enterprise. We believe that a viewpoint-based integration approach provide a good foundation for relating different models and views in a holistic approach where software architectures and enterprise architectures can be related.
− The reference model for technical integration provides a 4-tier reference architecture for describing software systems as a set of services addressing business and
user needs. These software services are connected using a service bus that provides
infrastructure, registry and repository services for integrating software.
− The reference model for conceptual integration provides a basic understanding of
MDD concepts that can be integrated into model-driven software development
processes.
− Finally, we believe that the reference models provided can be used to structure
software technologies, frameworks and methodologies which can be found today.
The reference models described will be used in the development of more structured
methodologies focusing on different business domains as well as the development of
infrastructure, registry and repository services to enable interoperability between
software systems. In particular we will look into the specification of a set of UML 2.0
profiles for the four system aspects identified in the reference model for conceptual
integration.
This work is carried out in the context of ATHENA [3] and INTEROP [4].
ATHENA is an Integrated Project supported by the European Commission and
INTEROP is a Network of Excellence supported by the European Commission. The
main research challenge of both projects is to address interoperability for enterprise
applications and software.
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Abstract. New forms of cooperation like collaborative business scenarios require a deep but flexible integration of enterprises. In order to manage interorganizational business processes, existing concepts for business process management need to be adapted and extended. In this paper a framework is presented, that shows how cross-enterprise processes can be planned, implemented
and controlled. The framework is based on the differentiation of global knowledge within the network and local knowledge of each participating company.
Another important part of it is the process life-cycle model that serves as a
guideline for the process-oriented setting-up and operation of cooperations. By
the use of graphic representations of BPM-models and intuitive metaphor-based
model-generation and -visualization tools a broad acceptance for the interorganizational BPM-effort can be achieved.

1

Innovation through business process interoperability

The growing importance of cooperation is a result of globalization in combination
with the disappearance of political borders and above all technological advances
caused mainly by the Internet [1], [2]. Thus, enterprises have to react to the raised
innovation pressure and facilitate flexible collaboration on a global scale by aligning
their business processes. The borderless enterprise has been the subject of scientific
discussion for years [3], [4] and the collaborative production of goods and services
has been established as a crucial factor in the consciousness of economic entities. The
opening of the organizations’ borders is no longer regarded as a necessary evil, but
rather as a chance with strategic importance. [3]
Current approaches that address solutions to specific problems of dynamically interacting organizations are summarized under the term “Business Integration”; the
field of investigation is referred to as “Collaborative Business (C-Business)” [5]. CBusiness describes the Internet-based interlinked collaboration of all participants in an
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added-value network – from the raw material supplier to the end-consumer [6]. It
allows a comprehensive information exchange not only between employees but also
between departments and even between enterprises and encourages creative cooperations at all levels. As first case-studies show, the increase in added-value is out of
proportion to the amount of participants in the network. Unlike former concepts, as
e.g. E-Procurement, which focused only on small parts of the value chain, C-Business
incorporates all stages of added value [7].
While the technological interoperability[8] on the one hand and the lifecycle of cooperation [9] on the other hand have already been intensively researched, too little
consideration is given to the interconnecting business management concepts. A rethinking from the pure technology-driven implementation or profit-driven business
model discussion to an integrated view that spans from the conceptual level to the
system blueprint is needed. From a conceptual point of view business processes have
proven to be the ideal design item in conjunction with the use of graphical methods.
These models can then be transformed into Information and Communication Technology (ICT) -based specifications. With the use of open, standardized technologies, such
as web services, they enable Business Process Automation, i.e. the automatic negotiation of process interfaces.
For these purposes a proposal for a Cross-enterprise Business Process Management
Framework is developed in this paper, based on the findings the two overlapping
research projects InfoCitizen and ArKoS, that are introduced later on.

2

The foundation of the Collaboration Framework

Compared to traditional business processes, the complexity of interorganizational
processes has risen considerably as a result of the numerous possibilities of interaction as well as the strategic, structural and cultural differences between the partners
[11]. The allocation of performances and resources of the business partners, the determination of responsibilities for material and financial exchange relationships as
well as the information and data exchange over interfaces have to be planned, arranged and “lived” together. Thus the demands on Business Process Management
(BPM) increase.
Existing BPM methods and phase models are used as a foundation in the architecture presented here, which had to be adapted to the specifications of collaborative
scenarios. Especially because of its completeness of vision and its proven practicability, both in the scientific and the economic context, the “ARIS House” [12] is accepted as a generic framework for business process management and serves as a basis
for further considerations. The ARIS House describes a business process, assigning
equal importance to the questions of organization, functionality and the required
documentation. First, it isolates these questions for separate treatment, in order to
reduce the complexity of the field of description, but then all the relationships are
restored using the Control View introduced for this purpose.
The Cross-enterprise Business Process Management Architecture is presented
here in a three-tier framework that is connected through control loops, following the
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concept of business process excellence of Scheer [13], which consists of a model to
track a complete lifecycle model of business process management, including modeling, real-time control and monitoring of business processes. The first layer focuses on
the collaboration strategy. In the centre of the second layer, C-Business Process
Engineering, there are design, optimization and controlling of both enterprise spanning and internal processes. The third layer, C-Business Execution, deals with the
(operational) implementation of business processes in value-added networks as well as
their support through information and communication technologies. The structure of
the layer model is clarified in Figure 1.

Fig. 1. Architecture for Collaborative Business Process Management

2.1

Views on Business Process Models

As described above, the framework is based on the ARIS House and divides it into a
vertical axis of global knowledge of all collaboration partners and a horizontal axis of
local knowledge of the single participants (cf. Fig. 2). The organisation view and the
output view are global knowledge because a goal-oriented collaboration is impossible
without them.
At the time the interaction occurs between two partners, local knowledge is shared
(bilaterally) between the partners, i.e. additional information, like data structures and
semantics, are exchanged. Updates of the local knowledge do not influence the network as network knowledge has to be available for all partners. This information is
stored in the description of interfaces between the process modules of the partners (cf.
section 2.3). Changes in the global network knowledge and as a consequence changes
in the output and organization view have to be accessible to all partners immediately,
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for example if a company leaves the network or if a product or service is no longer
available within the network.
Global and local knowledge merge gradually in the step-by-step development of CBusiness process engineering. Following the distinction between global and local
knowledge, a language is needed for the exchange of these knowledge fragments.
Because the necessary detail functions and data schemes of the respective enterprise
are determined in the data and the function view, these are treated from a micro perspective. They are characterized by an intensive internal interdependence, whereas
externally a standardized encapsulation has to be provided. Interfaces of the data and
function views to other network participants become visible in the process view in
form of attribute correlations to process modules and concern the technological field
of the cooperation during the realisation much more intensely than the conceptual one.
This technique enables the generation of public (visible to network partners) and
private (enterprise-internal) views and levels of detail for management, process
owner and IT-experts out of a C-Business model.

Fig. 2. Global and local knowledge in value-added networks

2.2

C-Business Strategy

Enterprise spanning business processes are not planned in detail at the strategic level,
but are designed as concentrated, high-level process modules. Thus, they combine the
public knowledge about the collaborative processes that is shared by all participants.
C-Business scenario-diagrams that are used e. g. by SAP Ltd. for the description of
my-SAP.com collaboration scenarios, aim at the representation of the cooperation of
different enterprises and participants by means of an easily understandable method
and the documentation of the value-added potentials resulting from it [14]. The responsibility for each process step, indicated by swimlanes, is of central importance to
the determination of the scenario. This method is integrated into the ARIS concept and
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combined with methods of (classical) business process and data modeling used at the
C-Business Process Engineering layer.
The question of core competences in the enterprises is directly associated with the
question which processes remain in the enterprise and which are supposed to be assigned to partner enterprises or collaboratively operated [15].
2.3

C-Business Process Engineering

On this layer each partner considers their part in the inter-enterprise process. Each
party models its own internal processes. The event-driven process chain (EPC), that
has been developed for the last 15 years at the Institute for Information Systems,[12]
is used for the design of the process flow within an enterprise (local view). A possibility to reduce complexity and to focus on special aspects is the use of different views
like data, organizational, function or output view.
The global view on the collaborative process is generated in order to manage the
common processes and to reduce the complexity of integrating the participating organizational units into one virtual unit. In doing so it is important that the partners provide
access to all relevant information described as global knowledge beforehand and at
the same are able to hide their business secrets. Both aims are achieved by enhancing
the EPC with a new construct, the process module [16]. It serves as an abstraction for
more detailed sub-processes that contain the local knowledge and thus encapsulates
crucial process information. Additionally the object-type interface is introduced. The
interface contains relevant information about data and input/output structures in order
to match and interconnect process modules.
The view concept presented in section 2.1 allows generating different views on the
collaborative process depending on the degree of collaboration. In some cases closely
interlinked collaboration partners allow each other inspection of their internal EPC
models or parts thereof. By consolidating the processes at their interfaces a detailed
collaborative process that can be used for further optimization and implementation
emerges. More often the partners expose only parts of their individual processes to the
partners because of the reasons above-mentioned. Thus, they grant access to their
process knowledge at the process module level. A high-level public view of the collaborative process consisting of process modules and their interfaces is created. The
information whether the detailed EPC or the high-level process module should be
disclosed in a certain public view is stored as an attribute in each process module
object.
The collaboration partners have to continuously compare the result of the implementation with their goals and adjust deviations. Hitherto the management has obtained its knowledge about the company’s success from figures of the past, e.g. cashflow, trading volume or profit made. The causes for fluctuations, requiring immediate
counter measures, were not discernible. Until the problem was recognized, valuable
time has elapsed. Therefore new measurement categories, which allow a reliable and
contemporary evaluation of process efficiency, are required. The information needed
cannot be extracted from the record and transaction oriented applications alone. Key
performance-indicators must be defined based on records, logfiles, time stamps etc.
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These can be measured and analysed by means of intelligent tools [15]. The controlling function is a must when there is a high degree of uncertainty as with C-Business
projects. The management can permanently control the implementation of the strategic
collaboration configuration and promptly evaluate whether the expected added-value
potentials have been reached.
2.3.1
Tool-based, intuitive generation of process models
Discussing business processes means discussing abstract and mental formations as
well. When the process-owner has to communicate the process to co-workers or even
to partners within the network, the notional construct has to be visualized. This task is
called process visualization; an effort to refine the mental representation of a process
by using available media like images, texts or animations.
The main concern of process visualization is to achieve a common understanding of
collaborative processes among all persons involved in the business process. Additionally, in collaborative environments the use of views as described above is supported
effectively by a visualization system. An innovative approach to this is to record the
process while reenacting it. This can be achieved with the aid of tools, e.g. the
INTERACTIVE Process ModelerVR from Interactive Software Solutions. The tool
provides an intuitive Internet-based communication platform to record business processes interactively and in a decentralized way. In particular functionally responsible
employees describe the business processes by playing them through within a virtual
environment (cf. Fig. 3).

Fig. 3. Automatic generation of a process model

The recording of the employee’s activities in the virtual working environment is
transformed into a semi-formal process models needed for the analysis and evaluation.
The automatically provided process models are based on the method EPC and can be
handed over to a process modeling repository, for example the one of the ARIS Toolset, to process the models. By doing so information loss due to communication errors
between knowledge carriers and method experts is reduced to a minimum. In addition,
modeling errors can be recognized and eliminated easier and faster on a much broader
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basis and errors resulting from formalisation of the surveyed process by method experts are avoided. Furthermore, expensive method training courses and the use of
modelling experts can be reduced to a large extent.
2.3.2
Tool-based communication of process models
Within the process execution phase the implementation of target processes, the
evaluation of the existing processes and the permanent optimization of processes require an adequate visualization of the processes in order to establish a common understanding of the processes among all persons involved. Otherwise, specialized divisions´ employees with knowledge of the operations often take a rather passive role.
This holds especially true for interorganizational processes.
In order to achieve the demanded participation by employees in validation and discussion of the process concepts produced in reorganization projects the business processes are visualized close-to-reality. By the intuitive representation weak points and
opportunities for improvements can be identified and used for the construction of
optimized target processes.The new form of business process visualization can serve
to reach a quality improvement of conventional semi-formal business process modeling methods.
When the optimization should go across corporate frontiers the challenge gets more
demanding, because of the higher complexity, as described in section 2. The distributed modeling approach, combined with the use of close-to-reality metaphors can
cause an immense boost for the success of business process management within distributed modeling environments.
2.4 C-Business Process Execution
Instead of closed systems that have been used so far, C-Business requires the integration of different applications. Component based architectures that are process-driven
and rely on fully developed standards and interfaces can be seen as a state-of-the-art
approach to overcome these problems [17]. The term “process-driven” emphasizes the
importance of the process models created on the preliminary layer. On the execution
layer these models are used e. g. for the orchestration of web services. Orchestration
in this context describes the composition of business objects in a process flow. In
detail it defines the complex interaction between business objects, including the business logic and execution order of the interactions and the exchange of messages between them.

3

Collaborative Business Process Management Lifecycle

The lifecycle -model presented in this section serves as a manual for the processoriented setting-up and operation of cooperations. Using a consistent phase model and
standardized modeling methods increases transparency and structuring of cooperations
and creates a basis for communication between participants, including management
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that lays down strategies, process-owners in the departments and IT-experts that integrate the different application systems.
Despite the increased complexity of network processes in comparison to internal
processes, those involved have to adapt to constantly occurring changes in a fast and
flexible way. The model is a fusion of classic phase-models with lifecycle -models of
virtual enterprises [18]. The resulting dynamic model is consistent with the structureoriented Cross-enterprise Business Process Management Architecture (cf. section 2)
and represents a cyclical approach.
Protecting internal know-how is of paramount importance to the network participants, even though the business process knowledge has to be used jointly. Following
the view concept presented in paragraph 2.1, this implies that the lifecycle alternates
between phases that focus on global and on local issues in order to reach a coherent
solution (cf. Fig. 4).
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Fig. 4. Collaborative Business Process Management Lifecycle

3.1

Pre-phase and reconfiguration

Prior to the use of the architecture is the awareness of one or more enterprises that
they can profit by collaboration with complementary core competence partners. The
decision if and with which enterprises a C-Business scenario should be implemented is
taken by every single enterprise individually and rationally; for this reason it depends

Page 506

INTEROP-ESA'05

highly on the expected economical profit of the individual partner. In this model, it is
assumed, that a set of potential network participants is given.
After conducting the cooperation the companies regroup or split and reconfigurate
themselves. The lifecycle returns to its starting position “awareness”.
3.2

Main-phases

In the first phase Strategy Partner Analysis or formation phase, also referred to as
initiation and agreement of the enterprise network, the collaboration partners are determined by the shared goals of the collaboration and the aspired win-win situation of
all partners. The joint aims of the collaboration have to be defined as synthesis of the
individual aims.
To facilitate the collaborative service or product delivery, graphical methods, like
product models, are used in this stage for the determination of a common service or
product bundle. They simplify and put the often implicit objectives into concrete
terms. In addition to the characteristic features of a service or a product over its entire
lifecycle , the organizational units participating in the production are contained in a
product model [19]. By means of product trees enterprises can conceal detailed service descriptions in an internal view that puts special focus on the organizational aspects of the product offered by the partners. In an external view they just provide the
information required for the configuration of the common service bundle in form of
product bundle models [20].
Having completed the strategy finding, in the second phase, Local To-BeConcept, an existing or a new (local) as-is model and the (global) to-be concepts are
compared. According to predefined conditions about collective product creation,
intra-organizational business processes can be derived. Each partner considers their
part in the inter-enterprise process. Starting with process modelling and optimisation
over process controlling up to implementation, the processes involved are aligned with
the requirements of the collaborative scenario agreed on in the former phase.
In the third phase Global To-Be-Concept coordinated public parts are allocated
over the network, establishing a collective to-be concept. Every partner is able to
connect their own private model with every other public process model. Every partner
gains their partial view of the collaborative process or in other words a virtual process
chain of the whole collaboration is designed. The Business Process Modeling Language (BPML) can be considered as an appropriate exchange-language. Global
knowledge is described in a public interface, which can be provided by a BPMN representation. The public processes as well as the message formats and contents can be
formally defined by B2B protocols like RosettaNet or ebXML. Furthermore the semantic combination of models of the different partners is necessary. As long as ontology-based approaches don’t reach a productive state this combination process is a
manual action.
The integrated collaborative business process model enables all partners to configure their application systems locally in a fourth phase called Local Implementation.
Reference systems for interfaces are provided by interface definitions of the collective
to-be concept.
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Now every partner is prepared for the execution of interactions within the collaborative framework. That is the transition to the fifth phase Collaboration Execution.
Based on bilateral bases interacting information systems are able to communicate by
using the standardized protocols and interfaces. The transactions are arranged and
executed. The aim of this phase is to support collaboration through the appropriate use
of ICT. That requires primarily the configuration of interfaces and the implementation
of interorganizational workflows; at the same time the permanent monitoring and
adaption of the collaboration, based on business ratio defined in the conception phase,
must be assured. [6]
In order to automate inter-organizational processes the conceptual models are transformed into formal models that are used as configuration data for the orchestration of
business objects. The applications of the partners have to communicate bilaterally to
negotiate the interface specifications based on the formal models, defined in the repository. The local knowledge is generated by this negotiation for a certain situation.
After this collaboration task has ended no updates of configuration changes etc. are
reported to any other party except at the time when a new direct interaction occurs. In
this context multiagent systems offer a solution to achieve an automated or at least
semi-automated interface-configuration [21], [22].
With the use of XML the technological basis for interoperability has been established, the interoperability between the semantic business process definitions however
is still missing. Efforts like BPMI’s Business Process Modeling Notation (BPMN)
promise standardization for the management of inter-organizational business processes that involve different applications, departments and business partners [10].
Therefore a mapping mechanism has been developed allocating EPC-elements to
BPMN constructs. Besides, a wide acceptance of the Business Process Execution
Language for Web Services (BPEL4WS) by BEA, IBM, and Microsoft as well as the
newly finalized specification of the Web Services Choreography Interface (WSCI)
mainly driven by BEA, Intalio, SAP and Sun show the importance of a second standardization level for interoperability [23]. While BPMN is more focused on the conceptual level, the latter two focus on the transformation into the system-level by orchestrating web services.

4 Towards an Intuitive Cross-enterprise Business Process
Management
In this paper a framework and a lifecycle model were developed, that provide a generic solution concept, which transfers business recommendations into ICT-solutions
based on a holistic business process management approach and supported by intuitive
tools. The greatest demand for further research can be seen in the formulation of transformation methods especially in a methodologically sound transfer of process models
into ICT-configurations. Another aspect that requires further research is the use of
supporting tools that ease the task of exchanging process models between different
enterprises and to distinguish between private and public knowledge. User-specific
views on the business process models will enable new user groups to use BP-models,
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as the example of intuitive metaphor based process modeling points out. Moreover
ICT can support actively business process management by checking, verifying or even
automatically negotiating consistency and interoperability of models.
The described conceptual design of inter-enterprise business processes and the
open research questions are currently elaborated in the research project “Architecture
for Collaborative Scenarios (ArKoS)”[24], funded by the German Federal Ministry of
Education and Research (BMBF). As a proof of concept the presented distributed
process enactment was implemented in a agent-based software prototype and evaluated in a four countries showcase by the EU-funded project “InfoCitizen”[25].
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Abstract. Development of distributed enterprise solutions can be a complex
and time consuming process, involving many concepts, tools and configuration
issues before and during coding and deployment. This paper presents UML
Model Transformation Tool (UMT) - an open source tool that uses UML models to support a model-driven development process. The tool enables a transformation architect to define transformations to do code generation, reverse engineering or model-to-model mappings. A number of transformations have
been developed, including transformers for EJB and XDoclet, XML Schema
and Web Services (WSDL, BPEL4WS). We identify a set of desired properties
for UML transformation tools and evaluate UMT against these. These properties and the UMT approach are related to the ongoing activities within the Object Management Group for developing transformation specifications.

1

Introduction

In order to achieve interoperability across enterprises, it is essential to develop new
services and to define transformations between data and applications. These development processes are more efficient when using model-driven techniques. Modeldriven development has been around for decades, supported by various modeling
languages, case tools and methodologies. For a long time, this landscape was characterised by the variations in languages and non-standardised ways of modeling. The
appearance and standardisation of the Unified Modeling Language (UML) changed
this by giving us a common form of expression, and many tools that support the same
language. The model-driven architecture (MDA®) initiative from Object Management
Group (OMG) has given further motion for tools and techniques that can bring
model-driven development some steps further.
The OMG MOF 2.0
Query/Views/Transformations RFP (QVT) [1, 2] process is trying to define a standard for model-to-model transformations. The OMG MOF Model to Text Transformation Language RFP [3] process is trying to define a standard for generating text
from models, e.g. for code generation. These standards will lead the way for tools that
hopefully will comply to the same set of standards for model driven development.
Model-to-model transformation, code generation and reverse-engineering are essential to succeed with model-driven development. The process requires highly
skilled developers that can operate on many abstraction levels and with many tech-
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nologies, which calls for new roles in the development process, such as a transformation architect. We define a transformation architect to be a developer that design and
implement transformations. These tasks tend to be complex and need to be supported
by good tools. Making good tools for model transformation however, is not a trivial
task. Some tools today provide code generation functionality, such as ready-made
code generation templates and scripting functionality. These are often hard to customize, and tightly linked with the modeling tool and uses a proprietary language or API.
In this paper we introduce the UML Model Transformation Tool (UMT) that meets
some of the demands of the transformation architect. Although several model-driven
transformation tools have been developed in the last few years, there lacks a proper
framework that can be used to evaluate the quality of transformation tools. An important question arises: Is it possible to identify a set of fairly objective and easily checkable requirements that measures the quality of a model-driven transformation tool?
This paper attempts to identify such requirements and use them to evaluate UMT.

2

Requirements

This section identifies a list of requirements for a UML transformation tool and its
transformation language. Many of these requirements are already identified by OMG
and by previous research papers. We discuss the relationship to related work in sections 5 and 6. Each requirement is defined as a desired property that is either satisfied
or not, and a motivation is given for why the property is important. The transformation language itself is considered particularly important. At the same time it is very
difficult to identify neutral requirements for a transformation language. As with other
programming languages it is often a matter of taste. We have identified seven desired
qualities of the transformation language, which are either satisfied or not. We believe
that there could be a fair consensus in the IT community that these transformation
language requirements are desirable, although the list may not be complete and it
could be discussed if they should have different weights.
Quality of transformation language.
• Commonly-used language. A language is considered well-known if has been
widely used for a number of years or it recently has gained massive attention and
practical, successful usage. A language that is well-known and commonly used
has well-established tools and a community that knows how to use the language.
New, proprietary languages have a higher learning curve and require more effort
to adopt.
• Inheritance. A language supports inheritance if transformations can be specialized or refined to make new transformations. This ability makes it quicker to define new transformations and to maintain changes that are relevant to many transformations.
• Graphical notation. A language supports graphical notation if the transformations can be specified graphically. This requirement is considered particularly
important for UML-to-UML transformations where both source and target are
graphical models. The graphical models provide a higher-level view on the transformation that is easier to communicate than the lexical counterpart.
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•

Lexical notation. A language supports lexical notation if the transformations can
be specified lexically. This is needed in order to handle complex or detailed
transformations, as the graphical notations tend to have a scalability problem.
• Declarative. A language is declarative if it supports statements that specify what
the transformation shall do rather than giving a procedural description on how to
do it. Furthermore a declarative language does not operate on the state of the
computer system, and does not allow the programmer to change the value of a
variable or declaration. This makes the language side-effect free, and hopefully
the number of errors in the written code is reduced.
• Bidirectional. A language is bidirectional if it supports the definition of a transformation that is applicable two-ways. This requirement is not satisfied if this
must be established in two separate transformations. The advantage is easier
specification and maintenance of bidirectional transformations.
• XML support. A language has XML support if it provides built-in support to
consume or produce XML, such as special support for handling general XML
elements, attributes and namespaces. This requirement is important for the UMLto-text and text-to-UML due to wide-spread usage of XML specifications and
data formats.
Text-to-UML (reverse engineering). This means the ability to specify reverseengineering transformations from text/code to UML models. This is important since
much of the existing legacy code, web services etc. exist without a relation to higherlevel, graphical UML models that can improve documentation and be further exploited in a model-driven setting.
UML-to-UML. This means the ability to specify transformations from a UML model
to another UML model. This is important in order to transform between platformindependent models and platform-specific models.
UML-to-text. This means the ability to specify transformations from a UML model to
code, documentation or other text format. This is important in order to achieve code
generation as a basis for implementation of a running system as well as for documentation purposes.
UML tool independence. UML tool independence is the ability to support transformation of models represented in several UML tools. This requirement is desirable so that
the solution is not tied to a single UML tool.
No proprietary intermediate structures. This requirement is not satisfied if the transformation specification requires the knowledge of an intermediate, proprietary structure. Such an additional structure increases the complexity for the transformation
architect.
Traceability. This means the ability to provide explicit traces of every target element
back to the corresponding source elements. This makes it easier to understand the
transformation as well as modifying the transformation and the source model in order
to get better results.
Metamodel-based. This means that the source and target metamodels are explicitly
defined and exploited in order to drive the transformation specification. In the context
of UML, the metamodel language is OMGs Meta Object Facility (MOF) [4]. Metamodel-based is desired so that it can be ensured that the transformation specification
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is correct and to check if all the elements in the source metamodel have been handled
by an explicit transformation rule.
There are many other aspects that should be considered when a transformation architect chooses a transformation tool such as pricing, robustness, usability, and vendor dependability. These requirements are not considered important in this context
since these can always be improved with lots of resources put into a product. The
requirements identified here aims at evaluation towards the best transformation tool
architecture and functionality.

3

UMT

UML Model Transformation Tool (UMT) is an open source tool available at
Sourceforge with a Lesser GNU Public License. UMT is designed to support UML
model transformation tasks only and it is not a modeling tool. Thus it needs to be
used in combination with a UML modeling tool. An important design goal for UMT
is to be UML tool independent. Since many UML tools support import and export of
XML Metadata Interchange (XMI) [5] documents, it was chosen to use XMI also for
UMT when importing and exporting UML models.
Figure 1 shows the architecture of UMT. Internally, UMT uses an intermediate
structure called XMI Light, which eliminates unnecessary complexity from the XMIrepresentation. XMI Light is a simplification of XMI and a common denominator for
a set of XMI versions. The simplification is only with respect to the representation
form as the information content is the same in XMI Light as in XMI when handling
UML models (Figure 2). XMI version 1.0 suffered especially from not having XML
Namespace support and being DTD based instead of XML Schema. All element
names needed to be globally unique, which lead to very long element names and poor
readability of the XMI. With the introduction of XML Schema in XMI 2.0, this problem is gone. Still XMI Light is more readable, since it is specialized for UML representation, while XMI is generated from the more general MOF model. Although the
readability of newer XMI versions are approaching the same readability as XMI
Light, the use of XMI Light as the intermediate format still has the advantage that it
can be integrated with tools only supporting old XMI versions. More importantly, the
transformers are isolated from changes to the external XMI format. When new XMI
versions arrive, all that needs to be done is to implement a mapping from the new
XMI to XMI Light, and every transformer can be left untouched. Note that the transformers still need to be changed if one wants to exploit the new constructs in
UML/XMI or if some of the old constructs are removed in the new UML/XMI. UMT
currently supports UML structural models (class models) and activity models in terms
of mappings between XMI and XMI Light for this subset of the complete UML standard. Other kinds of UML models or UML 2.0 are not supported yet. Diagram layout
is also not handled by UMT, since this is not part of the current XMI standard. OMG
is working on a Diagram Interchange Format as a part of UML 2.0. UMT supports the
three main kinds of transformations: UML-to-text, UML-to-UML and text-to-UML.
We briefly describe the processes of these transformations:
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Figure 1. UMT architecture

MyCla ss
m yAttrib ute : Intege r [1]

XMI 1.2

XMI Light
<datatype id="dt_Integer" name="Integer"/>
<class abstract="false" id="class_MyClass" name=“MyClass">
<attribute cardinality="1..1" name=“myAttribute" type="dt_Integer"/>
</class>

<UML:Class xmi.id = 'sm$1264eab:fe524af40b:-7fd4' name = 'MyClass' visibility = 'public'
isSpecification = 'false' isRoot = 'false' isLeaf = 'false' isAbstract = 'false‘ isActive = 'false'>
<UML:Classifier.feature>
<UML:Attribute xmi.id = 'sm$1264eab:fe524af40b:-7fd5' name = 'myAttribute'
visibility = 'public' isSpecification = 'false' ownerScope = 'instance‘ changeability = 'changeable'>
<UML:StructuralFeature.multiplicity>
<UML:Multiplicity xmi.id = 'sm$1264eab:fe524af40b:-7fd6'>
<UML:Multiplicity.range>
<UML:MultiplicityRange xmi.id = 'sm$1264eab:fe524af40b:-7fd7' lower = '1‘ upper = '1'/>
</UML:Multiplicity.range>
</UML:Multiplicity>
</UML:StructuralFeature.multiplicity>
<UML:StructuralFeature.type>
<UML:DataType xmi.idref = 'sm$1264eab:fe524af40b:-7fc7'/>
</UML:StructuralFeature.type>
</UML:Attribute>
</UML:Classifier.feature>
</UML:Class>
<UML:DataType xmi.id = 'sm$1264eab:fe524af40b:-7fc7' name = 'integer' visibility = 'public‘
isSpecification = 'false' isRoot = 'false' isLeaf = 'false' isAbstract = 'false'/>

Figure 2 Simple class representation in XMI Light and XMI 1.2
UML-to-text transformation. UML models are exported to XMI from a UML tool.
XMI is converted to XMI Light by UMT. The transformation architect then implements a new transformer or runs an existing transformer from XMI Light to the desired text or code format. The transformer is written as standard XSLT or Java with
input source as XMI Light.
UML-to-UML transformation. UML models are exported to XMI from a UML tool.
XMI is converted to XMI Light. The transformation architect then implements a new
transformer or runs an existing transformer from XMI Light to XMI Light. The transformer is written as standard XSLT or Java where both source and target is XMI
Light. The produced XMI Light can then be imported in a UML tool.
Text-to-UML transformation. A transformation architect implements a new transformer or runs an existing transformer with input source as the text or code-format to
reverse engineer, and the target is XMI Light. Note that an XSLT transformer for this
can only be written when the input is XML. XSLT can produce any text, but requires
XML as input source. The produced XMI Light is then transformed by UMT to XMI,
which can be imported in a UML tool.
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Several transformers have already been specified and implemented within UMT
and thus proves that transformation in UMT works in practice, e.g. UML to J2EE,
UML to and from WSDL [6] , UML-model to BPEL4WS [7]. A part of the latter
transformation is shown here to illustrate usage of UMT. The target is a web-serviceoriented workflow description represented by a BPEL4WS document. The source is a
UML activity model. This example concentrate on one part of the transformation,
from a web service activity to a BPEL4WS invoke statement, and the reader is guided
through the transformation steps. Figure 3 shows the UML web service activity in
UML (Get Wind Information) on the left side, and the corresponding XMI Light
description generated by UMT on the right side.
<ActivityGraph nam e ="UM L2004">
< PseudoState kind ="initial“… />
< PseudoState kind ="final“… />
< Activity nam e ="Get Nearest Airport“… />
< ObjectFlow nam e ="cityNam e“… />
< ObjectFlow nam e ="windInform ation“… />

cityName : string

< ObjectFlow nam e ="airportCode“ … />
< ObjectFlow nam e ="airportCodeInfo… />

<<WebServiceCall>>
Get Nearest Airport

< Activity name ="Get W ind Information“
airportCode :airportCode

stereoType ="W ebServiceCall">
< outgoing targetId =“final-ID"/>

<<WebServiceCall>>
Get WindInformation
{provider=CapeScience,
operation=getWind,
service=AirportWeather,
wsdl=AirportWeather.wsdl,
portType=Station}

< outgoing target ="windInformation“… />

<<transformation>>
argO=icao

< incom ing sourceId =“Get Nearest Airport-ID"/>
< incom ing source ="airportCodeInfo“… />

airportCodeInfo :getWind

< taggedValue tag ="provider" value ="CapeScience"/>
< taggedValue tag ="operation" value ="getW ind"/>
< taggedValue tag ="service" value ="AirportW eather"/>
windInformation: windInformation

< taggedValue tag ="wsdl" value ="AirportW eather.wsdl"/>
< taggedValue tag ="portType" value ="Station"/>
</ Activity >

</ActivityGraph >

Figure 3 From UML activity model to UMT’s XMI Light
<stylesheet>
<template name="ActivityGraph" .../>

<template match="Activity">
<choose>
<when test="@stereoType='WebServiceCall'">
<variable name="operation"
select="taggedValue[@tag='operation']/@value"/>
<variable name="portType"
select="taggedValue[@tag='portType']/@value"/>
<out:invoke partner="{$provider}-{$operation}"
portType="{$portType}"
operation="{$operation}">
<call-template name="inputOutputDataObjects"/>
</out:invoke>
...
</choose>
<call-template name="outgoingFlows">
<with-param name="current" select="."/>
</call-template>
</template>
<template name="genDataTransformations".../>
</stylesheet>

<process
<sequence>
<receive name="cityName".../>
<invoke operation="GetNearestAirport".../>

<invoke portType="Station"
outputVariable="windStr"
operation="getWind"
inputVariable="airportCodeInfo"
partner="CapeScience-getWind"/>
<reply name="windInformation".../>
</sequence>
</process>

Figure 4 From XMI Light to a BPEL4WS document using XSLT
The transformation architect will provide Java or XSLT code to transform instances of XMI Light into BPEL4WS. In this example we use XSLT (Figure 4). The
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left part shows the XSLT code and the right part shows the resulting BPEL4WS
document. A single template rule matches all XMI Light Activity tags. Inside this
template there is a conditional when branch that is executed for all Activities with
stereotype named “WebServiceCall”. Here, a BPEL4WS invoke tag is emitted directly and is assigned proper attribute values taken from the UML tagged values that
specify the exact web service operation to invoke and its incoming and outgoing
object flow.

4

Evaluation of UMT

Table 1 shows an evaluation of UMT towards the requirements identified in section 2. To show if UMT is a significant contribution, we also compare it with related
tools and languages published in the literature. The other efforts are further explained
in section 5. UMT is shown with XSLT as the chosen transformation language. If
Java is used instead, then inheritance will be satisfied while declarative and XML
support will not be. None of the other approaches support all the three transformation
types (UML-to-UML, UML-to-text and text-to-UML). The commonly-used language
and XML support are also major benefits of the UMT approach compared to the other
approaches. The weakest parts of UMT compared to the others are not being metamodel-based and the use of a proprietary, intermediate structure.
Table 1 Comparing UMT with other tools and languages
Requirements
Commonly-used
language
Inheritance
Graphical notation
Lexical notation
Declarative
Bidirectional
XML support
Text-to-UML
UML-to-UML
UML-to-text
UML tool independence
No proprietary intermediate structures
Traceability
Metamodel/MOF-based

5

UMT
w/XSLT
yes

ATL

YATL

BOTL

MOLA

UMLX

VMT

no

no

no

no

no

partly

no
no
yes
yes
no
yes
yes
yes
yes
yes
no

yes
no
yes
no
no
no
no
yes
yes
yes
yes

no
no
yes
no
no
no
no
yes
no
yes
yes

no
yes
no
yes
yes
no
no
yes
no
yes
yes

no
yes
no
no
no
no
yes
yes
no
no
yes

no
yes
no
yes
no
no
no
yes
no
yes
yes

yes
yes
yes
no
no
no
no
yes
no
no
yes

no
no

no
yes

yes
yes

no
yes

no
yes

yes
yes

yes
no

Related work

OMG have initiated the standardization of two transformation initiatives, MOF 2.0
Query/Views/Transformations (QVT) [2] and MOF Model to Text Transformation
Language (MTT) [3]. QVT will provide a standard language for transformation between MOF-based models, and MTT will provide a language for transformations
from MOF models to text. The MMT process has just started and the first proposals
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are expected early 2005, while QVT is approaching its final stages. The QVT-Merge
Group [1] will work on a final joint proposal from the different submitters. They have
currently proposed a pattern-based language with ability to define the transformation
partially with a graphical notation and refinement in a textual notation. It includes a
new pattern matching language and use of OCL as the query language. The outcomes
of QVT and MTT have identified many of the same requirements that we have used
in section 2. While the OMG activities aim for MOF-based transformations, we have
a specialized framework for transformations involving UML models only and we also
target reverse-engineering.
Sendall and Kozaczynski [8] identify desirable properties of a UML-to-UML
transformation language. In addition to the ones proposed in this paper, they suggest
efficiency of the transformations and a way to “define the conditions under which the
transformation is allowed to execute”. We consider efficiency to be essential for
transformations that are used dynamically as part of a system run time, but not essential as part of system development. Gardner and Griffin [9] and Langlois and Farcet
[10] both have proposed recommendations for the final QVT specification. Both
propose a declarative language for querying. Gardner and Griffin propose a hybrid
transformation language of declarative constructions for simple transformations and
imperative for complex transformations.
Patrascoiu [11] proposes the YATL transformation language to do model-to-model
transformations. It is a hybrid textual language that uses OCL expressions for querying UML models and new imperative constructions to create target instances. Bezivin
et al [12] propose the textual ATL transformation language that builds on OCL. The
paper suggests that ATL specifications may be compiled into many executable transformation languages such as XSLT. Bichler [13] proposes model-to-text transformations based on XMI as the input. An intermediate XML format is used to simplify the
XMI and the XSLT operates on this simplified XML representation of the XMI content. This is the same approach as with UMT. We have additionally shown how this
architecture can be used to do text-to-model and model-to-model transformations and
UMT has a graphical user interface to configure and run the transformations.
The transformation languages mentioned above are all textual. There are also several promising alternatives of graphical transformation languages targeting model-tomodel transformations. Braun and Marschall [14] present BOTL as a UML-based
transformation language for doing UML-to-UML transformations. It uses graph
transformation rules to specify bidirectional transformations. Kalnins et. al [15] suggest MOLA as a graphical model-to-model transformation language, which is an
iterative language with loops, sequences and branches. This is combined with transformation constructs for pattern matching and instantiation of the target instances.
Stein et. al [16] propose a new graphical notation based on UML as an alternative.
Willink [17] proposes a graphical transformation language UMLX to do model-tomodel transformations. UMLX transformations are defined as UML extensions integrated with input and output instance class diagrams. Such a specification is then
transformed into XSLT that executes the transformation between XMI instances.
Sendall [18] suggests VMT as a graphical UML-to-UML transformation language,
which is based on graph matching for source and result selection, metamodel rules,
OCL constraints and UML activity models to compose transformations.
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A majority of the MDA transformation approaches so far deal with model-tomodel transformations. A few efforts also deal with transformation languages and
tools for code generation and reverse engineering. Paige and Radjenovic [19] have
shown how to use the TXL tool for text-to-text transformation and proposes to use it
also for model-transformations. A transformation definition consists of specifying the
grammar of the input and output format as well the transformation rules. By letting
TXL take XMI as the input, output or both, it can also operate on UML models. A
possible improvement of this approach could be to specify the grammar of XMI Light
in TXL and use XMI Light as the input or output text format.

6

Discussion

In this section we discuss our set of requirements and the design choices of UMT
against related work. Many of the requirements seem to have consensus in the MDA
community, but a few of our requirements are more original or debated and will get
most attention in this section.
In this paper we describe a set of requirements and a model transformation tool
that unifies the three transformation kinds (model-to-model, code generation and
reverse engineering) in one tool. The advantage is that the transformation architect
can use one tool and the same transformation language for all the demands. The disadvantage is that the three different kinds of transformations are different and one
unified approach may not be suitable. This needs further investigation. The OMG’s
MTT [3] also aims for unification by proposing that the MTT is an extension of the
forthcoming QVT standard. Text-to-model transformation is not yet identified as
subject for standardization.
UMT has been designed to support only models expressed as UML. QVT and
MTT on the other hand will support any kind of MOF-based model. The advantage of
the UML specialization is a simpler, easier-to-use framework for transformation with
UML models. The disadvantage is less flexibility.
UMT’s design for UML tool integration through XMI is a result of the tool independence requirement. This requirement has also been identified by Langlois and
Farcet [10] as a recommendation for the finalization of QVT. This will require an
exchange format for the outcome transformation language from QVT. They recommend that the UML Action Semantics [20] shall be used for interchange of the imperative parts of the transformation language.
The transformation framework of UMT uses transformations implemented in Java
or XSLT [21]. Most of our transformations in UMT have been written in XSLT and
not Java. We recommend XSLT over Java as a transformation language, since XSLT
is a declarative language that is specialized for doing transformations when the input
is XML. Note that the output can be any text, such as Java code. There are several
criticisms towards XSLT as a transformation language. Czarnecki and Helsen [22]
states that: “XSLT quickly leads to non-maintainable implementations because of the
verbosity and poor readability of XMI and XSLT”. UMT has addressed the problem
of complex and verbose XMI, by transforming it into XMI Light so that transformation architects can deal with a readable XML representation of a UML model. Several
papers have criticized XSLT for being too low-level [23, 24]. There are a few ap-
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proaches that deal with an improved XSLT syntax that does not use XML ([25] and
www.gigascale.org/caltrop/NiceXSL). It is also debated if XSLT is an imperative or
declarative language, although it is “generally regarded as being declarative” [26]. In
our evaluation of the quality of XSLT as a transformation language, we have defined
it as a declarative language due to the non-ordered pattern rules and the side-effect
free capability.
We have identified declarative to be a desired property of a transformation language. There is a strong tendency that most agree that this is a desired property, but it
is discussed to what extent. Some researchers propose a declarative transformation
language or claim it is a desired property [27], others say the transformation language
should be a hybrid between imperative and declarative [10, 11]. For QVT the current
proposal [1] suggests to use the declarative OCL at least for the querying part. Although Patrascoiu [11] proposes YATL as a hybrid transformation language he states
that “The recommended style of programming is declarative.” In our view, a declarative language gives a natural way to specify relations between source and target. It is
normally higher-level than imperative and side-effect free, which reduces the risk of
errors in the code. The main disadvantage is that most programmers have more experience using imperative languages such as Visual Basic, C++ and Java.
Several papers including Bézivin et. al. and the QVT-Merge Group [1, 12, 23, 24],
have suggested OCL-based model to model transformations. It is however questionable if OCL code gets unmanageable for complex transformation specification and if
it is suited also for model to text and and text to model transformations. Stein et. al.
[16] show that OCL “quickly leads to complex query statements even for simple
queries”. OCL was also originally designed to express model constraints by defining
invariants, pre- and post-conditions. A dedicated transformation language could be
more desirable.
There are several recent proposals for graphical transformation languages [1, 1317, 23]. All of these concentrate on model-to-model transformations. It should also be
investigated if graphical notations apply when text is the input or output in the transformation. The graphical notations tend to have a scalability problem when the transformations become complex or extensive. Thus it is essential to have the ability to
zoom in and out when viewing and editing graphical transformation models as well as
having a relation between a graphical notation and a lexical notation.
We have added the requirement of XML support in a transformation language
since XML is the de-facto standard for exchange formats and for specifications on the
Web. Bidirectionality is considered as a desired property by many authors [9-11, 14],
although Patraiscou [11] proposes a unidirectional since “otherwise it cannot be used
for large scale models”.

7

Conclusions and future work

Most of the MDA research so far has been focused on model-to-model transformations. The UMT tool has the capability to do such transformations for UML models
including UML-to-text (code generation) and text-to-UML (reverse engineering)
transformations. By these three capabilities the tool enables a transformation architect
to specify and execute all kinds of transformations needed for successful model-
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driven development. UMT’s applicability has been proven by several implemented
transformations in the last few years, from UML to J2EE and XDoclet, WSDL-toUML and UML-to-WSDL [6], UML-to-BPEL4WS [7].
We have identified a set of fairly objective and easily checkable requirements that
can be used to compare transformation tools and transformation languages. These
requirements may not be complete and it should also be discussed if they should be
weighted. But it is a first step towards an evaluation framework for transformation
tools. An important future step would be to identify benchmark cases, at least one for
each of the three kinds of transformations. Then one could apply the same transformation cases to the different tools to see which provide the most elegant solution.
Our evaluation of UMT against the requirements of section 2 reveals desired properties that are not satisfied. One of these is the graphical notation for the transformation language of which much promising work has been suggested for model-to-model
transformations. One or more of these graphical notations could be built on top of
UMT or integrated with UMT and then be applied to case studies to reveal if there are
any shortcomings or scalability problems. Furthermore it is a question if a graphical
notation also could be successfully applied to transformations of code generation and
reverse engineering. Future work also need to reveal if the same transformation language is best suited for all the three main kinds of transformations or if they are so
different that two or three different transformation languages are better.
Acknowledgements. The work reported in this paper is carried out in the context
of MODELWARE, an EU IP-project in FP62003/IST/2.3.2.3.
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Abstract. The research reported in this paper extends current
knowledge of problems related to syndicate data incorporation into
data warehouses (DWs). It does so by employing an interview study
towards syndicate data suppliers (SDSs). The result gives a
contextualization of syndicate data incorporation problems, from a
supplier perspective, by contrasting the problems experienced by user
organizations. The results show that the user organizations and the
syndicate data suppliers have unresolved interoperability issues.
Specifically with respect to the business and knowledge layers,
whereas the interoperation on the ICT-systems layer seems to been
prioritized and therefore achieved a higher degree of interoperability.
Keywords. Data Warehousing, Syndicate data, Syndicate data supplier

1 Introduction
Organizations have problems with their initiatives on incorporating syndicate data
into data warehouses (DWs) and therefore, they are not able to fully exploit the
potential thereof (Strand et al., 2003 and Strand and Wangler, 2004). For clarification,
a DW is a: “subject-oriented, integrated, non-volatile, and time variant collection of
data in support of management’s decisions” (Inmon, 1996, p.33). From a user
organization perspective, these problems have been categorized and verified, whereas
the supplier side of the problem, i.e. how they interoperate with the user
organizations, and tensions between the suppliers and the consumers1, is unexplored
(Strand et al., 2005). The syndicate data supplier (SDS) perspective is important, as
the user organizations incorporate most of their external data from these specialized
data suppliers (e.g. Strand et al., 2003). Therefore, we present the results of an
interview study towards SDSs, partly aimed at contrasting the enhanced list of

1

For the rest of this paper, user organization and consumer will be used interchangeably to
denote an organization that buys syndicate data from one or several SDSs.
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syndicate data incorporation problems experienced by user organizations (Strand et
al., 2005), with the viewpoints, experiences, and work routines of the SDSs.
Contrasting the problems experienced by the consumers, from a SDS perspective, is
important for at least three reasons. Firstly, it allows for an evaluation of the
interoperability between the user organizations and the SDSs. Syndicate data
incorporation is a multi-facetted undertaking, covering organizational as well as
technological aspects and therefore such an interoperability evaluation may cover all
three layers given by Chen and Doumeingts (2003): the business layer, the knowledge
layer, and the ICT systems layer. Secondly, it extends the current body of knowledge
of syndicate data incorporation into DWs, by describing tensions and collaborations
between the consumers and the SDSs. Thirdly, it contributes with important details
when developing a hands-on support for organizations incorporating syndicate data
into their DWs (as suggested by Strand and Wangler, 2004), by including details on
e.g. how they establish business relationships with their customers and to what degree
the SDSs allow the user organizations to tailor the syndicate data.
In articulating our findings, we identify a number of important collaborations and
tensions between the consumers and the SDSs, indicating that the two parties are
rather mature in their interoperability on the ICT-systems layer, whereas more
attention should be given the interoperability on both the business- and knowledge
layers.
The rest of the paper is organized as follows: Section 2 describes briefly some related
work. In Section 3, the research method is described and motivated. Section 4
presents the analysis of the interview study. Section 5 gives the results of the paper. In
Section 6, we summarize the paper and outline future work.

2 Related Work
Kimball (1996) gives the first instances of the concepts syndicate data and SDSs.
However, he does not define syndicate data. Therefore, we have adopted the
following definition from Strand et al. (2005): “Business data (and its associated
metadata) purchased from an organization specialized in collecting, compiling, and
selling data, targeted towards the strategic and/or the tactical decision making
processes of the incorporating organization”.
Furthermore the syndicate data incorporation problems, experienced by the user
organizations, are given in Table 1. The problems are categorized according to the
activities of the external data incorporation process, i.e. identification, acquisition,
integration, and usage. (For a more detailed description of the process activities we
refer to Strand and Wangler, 2004). These activities are not unique for syndicate or
even external data (external data is a more general concept, including syndicate data
as a subtype, due to its acquisition from specialized data suppliers. Other external data
may be acquired from e.g. industry organizations or business partners (Strand et al.,
2003)). On the contrary, they may be considered as rather generic, since they are also
included in most data warehouse development processes, regardless of whether the
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data has an internal or external source (e.g. Inmon, 1996; Hammer, 1997; Hessinger,
1997; and Damato, 1999). Still, the process of including syndicate data (or external
data) differs from the process of incorporating internal data in two ways: 1) the data is
acquired from outside the organizations and thereby crosses organizational
boundaries, which may cause other types of problems than those experienced with
internal data (Oglesby, 1999, Strand and Wangler, 2004) and 2) syndicate data is
bought from special suppliers and therefore have a monetary cost associated (Kelly,
1996, Kimball, 1996).
Table 1. The enhanced list of syndicate data incorporation problems (adopted from Strand et
al., 2005).

Identification problems
Id.1 – Identifying new entrants
Id.2 – Overlapping suppliers’ capabilities
Id.3 – Overlapping data or products/services
Acquisition problems
Ac. 1 – Acquiring incomplete data sets
Ac.2 – Varying data source stability
Ac.3 - The syndicate data is expensive
Integration problems
In.1 – Demanding to design and maintain transformation processes
In.2 – Diverging data representations and structures
In.3 – Assuring data consistency
In.4 – Missing data identifiers
In.5 – Diverging time-stamps
In.6 – Conflicting data from multiple sources
In.7 – Hiding data quality issues in commercial ETL-tools
In.8 – Varying source content
Usage problems
Us.1 – Misunderstanding the meaning of data
Us.2 – Missing metadata
Us.3 – Lacking routines for data quality assurance
Us.4 – Making decisions on outdated data
Us.5 – Trusting the data
Us.6 – Contradicting data from multiple sources
Us.7 – Ignoring syndicate data for DW purposes
Us.8 – Restricting laws and regulations

3 Research Approach
The research approach of this work is to conduct an interview study towards SDSs.
The interview study partly focused on contrasting the syndicate data incorporation
problems in Table 1, towards the SDSs’ perspectives, experiences, and work-routines.
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For being able to contrast the answers from the suppliers, with these problems, the
interview questions were constructed from an opposite perspective with respect to the
problems. For example, one of the problems given in Table 1 is that organisations
find it demanding to design and maintain transformation processes Problem – In.1.
As a consequence, the question stated towards the SDSs was: to what degree do you
allow your customers to tailor the data so that it fits with their own needs? (question
translated from Swedish). In addition, follow-up questions were also stated, when the
respondents answered the questions too generally or in an avoiding manner, or to
broaden the material and acquire illustrative examples. Therefore the interviews may
be considered as semi-structured (Williamson, 2002).
The interview study included 9 interviews covering 8 different SDSs. Due to the
strong competition and strong relation between different companies, all respondents
wanted to stay anonymous and they will only be denoted as Respondent 1-9. In
addition, as all companies sell data for many different purposes, the respondents have
answered the questions with respect to specific data or services/products targeted
towards DW incorporation. Furthermore, Company B was covered by two
respondents due to their broad coverage of different databases and services. In
addition, in one of the interviews, two respondents were participating. There answers
were therefore separated in the transcript and they are denoted as 8A and 8B,
respectively. The interviews were conducted via telephone and the interviews were
taped and transcribed. The interview lasted in an average of 90 minutes and the
transcripts of the interviews ranged from 3560 to 7334 words (5356 words in
average). The transcripts were then returned to the respondents for validation,
allowing them to, for example, correct misunderstandings or complement their
answers. When the transcripts had been validated, they were included in the analysis.

4 Contrasting Problems Experienced by User Organizations
In this section, we contrast the problems in Table 1 with the viewpoints, experiences,
and work-routines of the SDSs. Some of the problems were impossible to respond to
by individual suppliers, e.g. Problem 3.6 – Conflicting data from multiple sources.
(All questions and quotations are translated from Swedish). Instead, these problems
have been contrasted with the authors summarized understand of the particular topic,
based on the statements of all or some respondents.
4.1 Contrasting the identification problems
Id.1 – Identifying new entrants
All respondents claimed that the industry is under a strong competition, even though a
few suppliers are benefiting from a monopoly situation. All respondents also stated
that due to the strong competition, they exercise a strong supplier-push towards the
consumers. Every supplier had internal resources or bought outsourced capacities for
conducting sales initiatives towards prospects or established customers.
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Id.2 – Overlapping suppliers’ capabilities
The analysis of the suppliers’ data, products or services shows that many suppliers are
capable of delivering approximately the same data and services. As a consequence, a
majority of the suppliers indicated that they naturally compete with data and services
offered, but equally much with other, competitive means, like e.g. availability, degree
of refinement, and support. Above all, a majority of the respondents claimed that the
refinement aspect, i.e. the intelligent combination of the customers’ internal data and
novel, relevant syndicate data added by the suppliers, was considered as the main
competitive edge for the suppliers.
Id.3 – Overlapping data or products/services
The analysis shows that most of the suppliers strived towards offering different
standardized sets or packages of data, of which the user organizations must select one
or several for procurement. Normally, the data sets or packages are overlapping and
the different sets are arranged according to the amount of data contained. As a
consequence, the consumers sometimes are forced to procure a more expensive and
extensive data set, with respect to content, for being able to acquire a specific
parameter or attribute. However, a majority of the suppliers also claimed that they
allow a high degree of tailoring of the data, since the customers have such varying
demands. To illustrate, Respondent 6 gave the following statement: “We try to have
standardized solutions, but it has been shown that our customers have very varying
demands, so for being able to compete, flexibility is a key-word. Therefore, we try to
build a generic platform that allows flexibility towards each and every customer”.
4.2 Contrasting the acquisition problems
Ac. 1 – Acquiring incomplete data sets
The analysis shows that all respondents accounted for a high data quality awareness
and claim that it is a prerequisites for being able to survive at the market, because
“without a high quality of the data, you are out of the market” (Respondent 8b). Most
suppliers also conducted tool-based automatic data verifications, e.g. verifying that
every record identifier had a corresponding record or that the data sets are complete
and a majority also conducted manual data verifications, e.g. contacting organizations
if important data are missing.
Ac.2 – Varying data source stability
The analysis shows that the root of this problem is handled very differently by the
suppliers. Some of the respondents acquired the internal data from their customer,
refined it, and sent it back via FTP to the customers. With this approach, the problems
should not appear, as the user organizations are not the active part going in and
downloading data from e.g. a web-hotel or a FTP-mailbox. A majority of the
suppliers also applied alternative distributed techniques, like CDs/DVDs or e-mail
attachments, which also avoids this type of problem. However, a few organizations
required the customer to be the active part and access FTP-mail-boxes or Web-hotels.
Ac.3 - The external data is expensive
The analysis shows that most suppliers claimed that the pricing of the external data is
under a strong pressure and upon a question related to the competition of the market,
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Respondent 5 states: “it is very hard […] and the price for the raw data is fast
approaching the marginal cost”. Consequently, and naturally, the suppliers and the
user organizations have varying opinions on whether the syndicate data is expensive
or not. More interestingly, the suppliers indicated two other reasons for why the
consumers may consider syndicate data as expensive: 1) most respondents claimed
that the ordering competence is very varying among the user organizations, which
may result in data acquisitions that do not meet the actual needs or expectations, and
2) a majority of the suppliers claimed that the consumers do not exploit the full
potential of the data they buy.
4.3 Contrasting the integration problems
Generally, one may claim that the suppliers have a very good understanding of the
problems related to integration and some of the suppliers have taken another approach
to the data transformation problem, by receiving the data from the user organizations
and integrate and refine it on the supplier side, before returning it back to the user
organization. A few respondents even claimed that they constantly kept mirrors of the
users’ data, which they were periodically updating, e.g. customer master dimensions.
Still, a majority of the suppliers do apply the more traditional approach of data sales,
i.e. the suppliers distribute the data to the consumers, which cater for the integration
efforts, either as the only approach or upon the customers’ choice. Therefore most
issues or examples given further on are related to the traditional approach.
In.1 – Demanding to design and maintain transformation processes
An analysis shows that all suppliers allow for some degree of tailoring of the data, but
one should also be aware that the degree of tailoring is vastly shifting. A majority of
the suppliers claimed that they allow for a high degree of tailored acquisitions, but it
should also be brought forward that most of these tailored acquisitions still are based
upon standardized outtakes of data, which do delimit the customers’ abilities to totally
customize their acquisitions. Respondent 3 was even more outspoken and claimed
that: “The abilities to tailor the data are big, BUT, in practice we rarely do that
because it is a question of how we should use our resources. It is always risky to
tailor data acquisitions, as they create a maintenance need that becomes very costly
for us”.
In.2 – Diverging data representations and structures
Some of the respondents exemplified on internal codes for e.g. arranging companies
according to industries or business, which diverged from the governmentally
established code. They proposed structuring and analysis issues for introducing novel
codes. A majority of the suppliers also promoted the XML as a key standard, as it
allows for more flexible structuring and restructuring of the data. For example,
Respondent 5 stated that “XML in combination with the Internet is, for us that have
been writing communication protocols, like a dream come true. It is a complete
dream” Furthermore, A few respondents indicated that they cooperate, or planned to
collaborate, with software suppliers on special certificates. The underlying idea was
that SDSs and software agree upon different representations of data and thereafter
certifies these representations, meaning that a user organization following the
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certificate, i.e. procure the software from the particular vendor and the data from the
particular SDSs, do not have to transform the syndicate data being incorporated.
Thereby, the user organizations drastically reduce the resource they have to spend on
data transformations and integration.
In.3 – Assuring data consistency
This issue was very difficult for the suppliers to relate to, as they normally do not
know the internal systems structure at the customer side. However, a few respondents
briefly indicated that one may question if the consumers really have a full control of
their internal systems or if they have designed their systems so that the syndicate data
updates are reflected all-over.
In.4 – Missing data identifiers
Besides the general comment given in the introduction to this section, the analysis of
the study gives no further details on why this problem occurs. Still, a majority of the
suppliers have specifically pinpointed the importance of identifiers for their internal
data quality verifications and storage.
In.5 – Diverging time-stamps
Since this is very much related to how the user organizations design their integration
processes, the suppliers could not comment upon this. Still, in those cases where the
non-traditional integration approach is applied, the suppliers should cater for a correct
time-stamping.
In.6 – Conflicting data from multiple sources
Due to the reference to multiple suppliers or sources, the respondents could not
contribute with any details to this problem. Still, one may imagine that organizations
encounter this problem, if combining demographic data from one supplier and
economic data from another, since some of these suppliers have overlapping
data/services.
In.7 – Hiding data quality issues in commercial ETL-tools
Since this is very much related to how the consumers design their integration
processes, the suppliers could not comment upon this. Still, in those cases where the
non-traditional integration approach is applied, the SDSs should cater for a correct
time-stamping.
In.8 – Varying source content
All respondents claimed that they are very careful with changing the data and most
have contracts with the user organizations, regulating e.g. data content, data format,
data structures. Still, based upon the answers of the respondents, one may derive that
approximately 50 % of all DW customers acquire the syndicate data on-demand,
instead of subscribing to it. Such customer may end up in problems, as they may have
ETL-processes that have been out-dated due to the fact that the suppliers have
changed the data formatting they allows or the data content they deliver.
4.4 Contrasting the usage problems
Us.1 – Misunderstanding the meaning of data
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In order to prevent that the consumers misunderstand the meaning of the data, a
majority of the suppliers worked together with the user organizations in projects,
when starting up a business relationship. Since the incorporation of syndicate data
into DWs is a rather extensive undertaking, the project form was considered as a
necessity for being able to establish all the needs of the user organizations. To
exemplify, Respondent 6 stated that “most important in such a project is to establish a
specification of the customers’ needs, since we may then use the specification as a
validation instrument and show the customer how the data contributes and which
needs it fulfil”. However, some of the respondents gave the impression of working in
more loosely coupled supplier-consumer constellations, where no detailed contacts
are established between the two parties and in such cases one may assume that
misunderstandings arise, especially since most respondents claimed the order
competence of the consumers as strongly varying.
Us.2 – Missing metadata
All respondents claimed that metadata was included with the data that was distributed
to the customers. In addition a few respondents claimed that they have a metadata
service, which the users could use for verifying the meaning of the data incorporated.
Us.3 – Lacking routines for data quality assurance
As indicated previously, all respondents were shown to be very data quality aware
and a majority of the suppliers spent a lot of resources on conducting automatic and
manual data quality verifications. A few respondents even claimed that they hire
external organizations, labelled data quality verifiers, to manually verify that the data
is correct. For example, by phoning private persons and ask if their names are spelled
correctly or by contacting companies and verify that a certain person still is the
manager of a certain department or division.
Us.4 – Making decisions on outdated data
This problem transcends from the data sources of the SDSs and some of the
respondents claimed that their sources are sometimes rather slow on generating
procurable data. For example, it may take one and a half year before a SDS gets the
annual accounts of an organizations or it may take more than a month before an
established organization is registered in the SDSs’ databases and possible for user
organizations to get informed of. Respondent 8 further exemplified that: “it happens
that our customers inform us that they have found an organization or a part of an
organization that we do not have in other systems”. Still, a majority of the suppliers
have not acknowledged this as a problem and that it mostly comes down to the
routines of the user organization on whether they make decisions on out-dated data or
not.
Us.5 – Trusting the data
The suppliers had problems to give any particular details to this, but they indicated on
an average that 50% of their customers were subscribing the data and that the
customers acquiring on-demand tended to be rather faithful, which could be seen as
an indication that the consumers trust their suppliers. Naturally, the selection of the
respondents effects the response regarding this problem, since the suppliers
participating were established and with a good reputation. Still, most of the
respondents claimed that they were actively working for having a constructive
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relationship with their customers and a majority of the respondents exemplified on
novel data or products/services that were a result of long business relations.
Us.6 – Contradicting data from multiple sources
Due to the reference to multiple suppliers or sources, the respondents could not
contribute with any details to this problem. Still, one may imagine that organizations
encounter this problem, if combining demographic data from one supplier and
economic data from another, since some of these suppliers have overlapping
data/services.
Us.7 – Ignoring external data for DW purposes
A few respondents indicated that many organizations have problems bridging
different parts of the organizations as the systems are stow-piped, making the
syndicate data updates isolated or fragmented. Respondent 1 gave the following
illustrative example: “An organization may have 7-8 registries that do not interact, so
there are many integration benefits that may be achieved. For example, an
organization may have a customer registry, a supplier registry, a prospect registry,
and a competitor registry, which are not integrated in any way. If merging these
together, into e.g. a DW, one may find that a supplier is also a customer and a
supplier may also be a prospect in other occasions. There I think it is a lot that needs
to be done”. A majority of the respondents also claimed that incorporating syndicate
data into DWs is a rather novel concept, compared to acquiring syndicate data for
more operative purposes, e.g. verifying the customer address of a single customer or
acquiring the solidity of a particular organization. Thereby, many user organization
are rather immature when it comes to incorporating syndicate data in DWs and
therefore do not have the experience for being able to fully exploit the potential
thereof. However, most of the respondents claimed that the syndicate data
incorporation will inevitably steer into a DW direction, as the combination of DW
technology and syndicated data caters for novel and powerful abilities to perform
various types of business analysis. Furthermore, a majority of the respondents also
claimed that they try to influence organizations to make better use of the syndicate
data, by indicating the possibilities of incorporating into DWs, if the user
organizations were not already exploiting that possibility.
Us.8 – Restricting laws and regulations
A majority of the respondents informed the consumers on what they may legally do
with the data, whereas some of the suppliers clearly stated that it is up to the user
organizations to stay updated on law and regulations. In addition, all respondents
established contracts with the consumers, in which they, amongst other things,
regulated for what purposes the syndicate data may be applied. For example, all
suppliers stated in their contracts that the data they sell may not be applied for
establishing competing business, i.e. the consumers are not allowed to sell the data in
their turn. The laws and regulations, combined with the contracts established by the
suppliers, may also be hinderers for the user organizations to fully exploit the
potential of the data acquired (see problem Ac.3), as the consumers may not dare to
apply the data for other purposes than those regulated in the contracts, since the
regulations and laws are very complex and requires a lot of resources to stay updated
with.
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5 Results
The analysis of the problems gives a lot of details related to the suppliers’ viewpoints,
experiences, and work-routines related to their part of the problem and thereby
contextualize the problems from a SDS perspective. In addition, the analysis also
reveals some collaborations and tensions on all three interoperability layers of the
organizations, which facilitate or hinder interoperability between the user
organizations and the SDSs. These collaborations and tensions are given below:
Collaborations:
§ The user organizations and SDSs collaborate in projects, when incorporating
syndicate data into DWs, as these initiatives are rather demanding undertakings,
stating technological challenges, as well as organizational challenges.
§ The consumers and data suppliers are collaborating on developing novel services,
based upon the demands of the user organizations or based upon the
competencies of the suppliers, knowing what types of data or services the
organizations may benefit from.
§ The suppliers are very data quality aware and collaborate with the consumers on
identifying missing data.
§ The suppliers know that the user organizations have problems with their data
quality verifications and therefore have a strong focus on assisting the consumers
with these issues.
§ The user organizations seem to be rather pleased with their suppliers and satisfied
with their services, as approximately half of the consumers are subscribing on
syndicate data for longer time-periods and the suppliers consider their customers
as rather faithful.
§ The data suppliers collaborate with the user organizations in order to assist them
in exploiting the potential of the syndicate data as efficiently as possible.
Tensions:
§ The SDSs strive towards standardized data sets or packages, since it facilitates
the maintenance thereof and is cost efficient, as tailored solutions become
expensive for the SDSs to maintain, especially if every single customer would
like to tailor their acquisitions of data. Unfortunately, the standardization
sometimes forces the user organizations to procure more expensive and extensive
standardized data sets, than they actually need, for being able to acquire a specific
parameter or attribute.
§ The suppliers are conducting a strong marketing and sales push towards the
consumers for buying novel data, despite the fact that they know that the user
organizations do not exploit the potential of syndicate data already being
incorporated.
§ The suppliers regulates the consumers with contracts, which may hinder the user
organizations to fully exploit the potential of the data acquired, as they may not
dare to apply the data for other purposes than those exactly stated in the contracts,
since the contracts are very complex and requires a lot of resources to stay
updated with.
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§ The consumers and the suppliers have very diverging opinions on whether the
syndicate data is expensive or not and pricing issues may naturally cause tensions
between the user organizations and the supplier.
§ The suppliers state that the ordering competency is very varying among the user
organizations, but still some of them outsource their marketing and sales
initiatives. Thereby, it becomes even harder for the consumers to actually acquire
the most appropriate data, since this intermediate actors distances the user
organizations from suppliers.
§ User organizations spend a lot of internal resources on transforming syndicate
data and pays for non-relevant data, as the suppliers strive towards standardized
data sets.
It is interesting to reflect upon the tensions and collaborations as some of them
contradict each other, e.g. on one hand the suppliers conduct a strong push for selling
novel data and at the same time they assist the consumers to fully exploit the potential
in already acquired data. In addition, five out of six tensions are relatable to the
business and knowledge layers. Together these indicate that the two parties are rather
immature in their interoperability on these layers, whereas on the ICT-systems layer,
covered by the acquisition and identification problems, only one tension were
identified, and it was a consequence of incorporating data according to the traditional
approach, instead of letting the suppliers handle the integration and refinement. As
another example for a higher maturity on ICT-systems layer, the mirroring of the
customers data could be given, showing that the suppliers and the user organizations
interoperate to produce the best possible result.

6 Summary and Future Work
As indicated in the introduction, a SDS contextualization of the syndicate data
incorporation problems experienced by the consumers served several purposes.
Firstly, the contextualization allowed for evaluating the maturity of the
interoperability between the SDSs and the user organizations. As shown in the results,
the more organizational oriented aspects need more attention, as most of the tensions
were of such a kind. Therefore, it is reasonable to conduct further research aimed at
improving the interoperability between them. Consequently, one should focus on the
tensions and try to solve the causes generating these tensions, by e.g. trying to
develop models for calculating and making the pricing of the syndicate data for DW
incorporation more obvious. Secondly, the contextualization gave general tensions
and collaborations between the two parties. Future work could be devoted to
deepened and detail the descriptions of and causes for these tensions. Finally, the
contextualization contributed with important details for a hands-on support for
organizations incorporating syndicate data into their DWs (as suggested by Strand et
al., 2005), by including details on e.g. how they establish business relationships with
customers, to what degree they allow the organizations to tailor the data, and how
they respond to suggestions for novel services. The development of such a hands-on
support is now being undertaken and will be presented in the shape of detailed
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guidelines or heuristics, accompanied with descriptions of the problem context and
possible solutions.
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Abstract. In this paper we describe the conformance testing model of the open
interfaces developed and applied in the PlugIT project in Finland during 20032004. Conformance testing is needed to integrate different software products
without a vast amount of extra adaptation work, and to improve software interoperability. The model has been developed and evaluated with co-operation of
several healthcare software companies and hospital districts. The clinical context management interface specification is used as an example in this paper.

1 Introduction
The number of information systems and integration needs between these systems is
large in healthcare organizations. For example, in Kuopio University Hospital there
are more than 180 information systems which have to communicate with each other.
At the moment, new systems are integrated to existing ones by tailoring them separately. This is extremely expensive in the long run. If systems have open, standardbased interfaces their interoperability improves, introduction and integration become
easier and less local adaptation work is needed. Also, conformance testing is needed
to examine if the systems really conform to the standards or other specifications.
When certificates (brands) are issued to specification-based software, software developers can use them in marketing and documentation. Also, customers, such as healthcare organizations can benefit from the specifications and brands. They can append
specifications to the invitations for tenders and require specification-based software.
Software components, which conform to specification can be easily integrated with or
replaced by other components.
ISO/IEC defines that conformance is the fulfilment of a product, process or service
of specified requirements [8]. A conformance clause is defined as a section of the
specification that states all the requirements or criteria that must be satisfied to claim
conformance. Conformance testing is a way to verify implementations of the specification to determine whether or not deviations from the specifications exist [10]. Con1
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formance testing is necessary, but not sufficient, for interoperability, because conformance clauses (or specifications) typically only cover some aspects of interoperability.
In conformance testing software products are black boxes; only the interfaces and
their relationship to the specifications are examined. In other words, when the software, which offers functionality or services through an interface receives an input, it
is tested if the interface can handle and respond to the input correctly.
Conformance testing has been studied quite a lot but there is no proper interfacebased testing service available. Australian Healthcare Messaging Laboratory (AHML)
[1] has a conformance testing service for the testing of single healthcare messages.
The Software Diagnostics and Conformance Testing Division (SDCT), part of NIST's
(National Institute of Standards and Technology) Information Technology Laboratory
[12] develops software testing tools and methods that improve software quality and
conformance to standards. They have made efforts mainly to the XML-based messages and their conformance. Health Level 7 conformance SIG (Special Interest
Group) [5] provides a mechanism to specify conformance for HL7 messages and provide a framework for facilitating interoperability using the HL7 standard.
Even if, conformance testing has been studied quite a lot around the world, it has not
been performed very much in Finland. In the PlugIT project (see
http://www.plugit.fi/english/index.html) we noticed that conformance testing of open
interfaces in the healthcare software products need to be examined and elaborated.
Thus, we have developed a conformance testing model to test open interfaces. The
model consists of four phases: an initial phase, testing performed by the developer,
testing performed by the testing lab, and certificate issuing (see Section 4). In our
model a HL7 standard, CCOW, is adapted to and only the most essential parts of it
have been included to the minimum level specification (see Section 2.2). We have
also developed reference implementations to test and evaluate the test cases for conformance testing. Although, we have studied healthcare information systems and their
integration similar integration needs can be found in, and our model is applicable to
the other domains or integration models.
However, it should be noticed that conformance testing can not be used as verification. Conformance testing only increases the probability that applications are implemented according to the interface specification. Normal software inspections and testing processes must be performed by the developer before conformance testing.
The rest of the paper is organized as follows: In Section 2 the background of the integration and specifications are described. Related work in conformance testing is referred in Section 3. Our conformance testing model is described in Section 4. Discussion and challenges in conformance testing are discussed in Section 5.

2 Background
2.1 Integration Level in Finland
National Project to Secure the Future of Healthcare in Finland has given recommendation in spring 2002: ”The interfaces between healthcare systems shall be made
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obliging to all healthcare actors by degree by the Ministry of Social Affairs and
Health by the year 2007.” The PlugIT project was one step forward by contributing to
the implementation of the recommendation by developing solutions for common services and clinical context management, which can be nationally standardized. PlugIT
(2001-2004) was a research project, which aimed at decreasing the introduction
threshold of healthcare software applications by developing efficient and open standard solutions for integrating them in practice. The results are promising [9]. We have
noticed that conformance testing is needed to assure that the applications follow interface specifications so that the application integration and introduction can be done
without any extra adaptation or development work. We have developed a model for
testing the open interfaces. In the model the applications are given certificates (or
brands) if they are in accordance with the interface specification. Specifications developed in the PlugIT project are discussed in Section 2.2 and our model in Section 4.
2.2 Interface Specifications
New means for interoperability have been developed in the PlugIT project by developing healthcare interface specifications for clinical context management (Context
manager and Context data interfaces) and common services (User and access rights
interface, Patient data interface, and Terminology interface). The developed context
management interface specification (see Table 1) is a simplified specification of
CCOW (Clinical Context Object Workgroup) standard. CCOW is a vendorindependent standard developed by the HL7 organization to allow clinical applications to share information at the point of patient care [3]. CCOW allows information
in separate healthcare applications to be synchronized so that each individual application is referring to the same patient, encounter or user. However, CCOW is too extensive and complex to use in context management in healthcare information systems in
Finland. That is why, only the most essential and worthwhile parts of the CCOW
standard, i.e. user and patient context management, are included in the minimum level
specification.
Table 1. Minimum level context management interface specification

Interface
ContextManager

Method
JoinCommonContext(string
applicationName)

LeaveCommonContext
(long participantCoupon)
ContextData

SetItemValues(long
participantCoupon, string[]
itemNames, string[]
itemValues)
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Raises exceptions
AlreadyJoined,
TooManyParticipants,
GeneralFailure,
NotImplemented
UnknownParticipant,
GeneralFailure,
NotImplemented
UnknownParticipant,
NameValueCountMismatch,
BadItemNameFormat,
BadItemType, BadItemValue,
GeneralFailure,
NotImplemented
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GetItemValues(long
participantCoupon, string[]
itemNames)

UnknownParticipant,
BadItemNameFormat,
UnknownItemName,
GeneralFailure,
NotImplemented

During the PlugIT project, reference implementations have been implemented and
two companies have released commercial implementations of the context
management solution. HL7 Finland Association has accepted minimum level context
management interface specification as a national recommendation. The specification
will be further developed in the SerAPI project [11] and HL7 Finland Common
Services SIG (Special Interest Group).
At the moment conformance testing has been performed against the minimum level
context management interface specifications, but in future also the other interfaces
(e.g., common service interfaces produced by the PlugIT project) will be covered.
Examples in this paper deal with context management interfaces.

Fig. 1. Relationship between software (below) and specification (above), and conformance testing model in the PlugIT project

The relationship between the software and specifications, and the conformance
testing model in the PlugIT project is illustrated in Fig. 1. In the figure, specification
is above the dashed line and software is below. Specifications are in different states.
At first, specifications are drafts. When a draft specification is accepted by management group it becomes an accepted version of the specification. If an accepted specification is published it becomes a publicly available specification. Software has three
states, available, implemented or conformable to specification. An available state
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means that there exists the software but it does not necessarily have any implemented
interfaces accordant to the specifications. An implemented state means that the specified interfaces have been implemented to software. When the developer has implemented interface implementations to the software, testing has to be performed to verify conformance to the specification. A Certificate issuer / Testing lab performs
conformance testing and if the software passes the tests the software becomes conformable to specification state and the brand can be issued to the software. The model
is described in more detail in Section 4.

3 Related Work
Australian Healthcare Messaging Laboratory (AHML) [1] is part of the Collaborative
Centre for eHealth (CCeH) at the University of Ballarat. AHML provides message
testing, compliance and certification services for developers and vendors, system
integrators and users within the healthcare industry. Clients can send electronic
healthcare messages via Internet to the AHML Message Testing Engine. Messages
are tested against healthcare messaging standards. Test cases are built using
messaging standards and client-specific requirements, if any. Test history is saved and
test reports can be viewed in detail or in summary level.
The Software Diagnostics and Conformance Testing Division (SDCT), part of
NIST's (National Institute of Standards and Technology) Information Technology
Laboratory is working with industry by providing guidance on conformance topics,
helping to develop testable specifications, and developing conformance tests, methods
and tools that improve software quality and conformance to standards [12]. SDCT has
especially focused on developing XML conformance test suites, and has also written
guidance on how to write better specifications.
Health Level 7 (HL7) Conformance SIG (Special Interest Group) attempts to
improve interoperability and certification processes [5]. HL7 provides a mechanism to
specify conformance for HL7 Version 2.X and HL7 Version 3 messages and provide
a framework for facilitating interoperability using the HL7 standard. The problem
with HL7 standards is that they are too complex to use in practice and the users are
unable to ascertain compliance with standard against their specific needs. As a
solution HL7 has developed message profiles, which add specificity to existing
messages and identifies scenarios by providing a template for documenting particular
uses of HL7 messages. In our model a HL7 standard, CCOW, is adapted to and only
the most essential parts of it have been included to the minimum level specification.
Applications can use several interaction styles in application integration, such as
direct database access, database-based interoperability adapters, interoperability tables
or API-based interfaces with broker techniques [6]. Furthermore, for example, in a
layered architecture integration can be performed in workspace, business logic or
resource tiers, and every tier has its own special features. We use API-based,
workspace tier interface integration in our conformance testing model.
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4 Conformance Testing in the PlugIT project
4.1 General
We have developed and used a conformance testing model in the PlugIT project
during 2003-2004. Carnahan et al. [2] have introduced that interaction among roles
and activities in conformance testing process can be illustrated by a diamond where
each role (seller, certificate issuer, testing lab and control board) is in the corner of the
diamond. In the PlugIT project certificate issuer and testing lab were not separate
roles. Thus, we have adapted the idea and describe the interaction by a triangle.
Interaction among roles and activities in conformance testing model in the PlugIT
project is illustrated in Fig. 2 (adapted from [2]). A buyer (customer) requires from a
seller (developer) that a product is conformable to the specification, and asks the
developer to append the brand to the invitation for tenders. The developer develops an
application with certain interface implementations and applies for the brand to the
application. The testing lab/certificate issuer (=PlugIT project) performs interface
testing and issues the brand if the application successfully completes the conformance
testing. The control board is answering queries and disputes related to the testing
process. The developer is responsible for the product even if it had got the brand and
passed the conformance testing.

Fig. 2. Interaction among roles and activities (adapted from [2])

The brand is issued to the product which conforms to the specification. To have the
brand means that the product has passed the conformance testing process of the open
interface specifications. The criterion for issuing the brand is that all the test cases
(100%) for required features have to be passed. The brand also means that the product
is supported by adequate documentation describing how to introduce, configure and
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use the integration solution in the product. The brands have been issued by the PlugIT
project. Conformance testing does not remove responsibility from the developer. The
developer has to perform normal system and integration testing and documentation
before applying for the brand. Conformance testing assures that the interface operates
in a tested environment with tested test cases. However, it can not guarantee operation
in different environments, as the platform (or infrastructure) of the software is not
covered by the integration specification. Developers can use brands in documentation
and marketing. Customers can require brands in invitations for tenders.
The brand includes the following information:
− the software product and the version of the software product,
− the interface specification and the version of the specification,
− the level of conformance, if the specification has different conformance levels (e.g.
minimum, basic, advanced), and
− date and signatures.
4.2 Phases of the Model
The conformance testing model consists of four phases: An initial phase, testing
performed by developer, testing performed by a testing lab, and issuing the brand.
The phases will be further discussed in the following subsections.
4.2.1 Initial Phase
In the initial phase, the developer informs the testing lab/certificate issuer that the
integration solution is implemented into the product. The developer has to define to
which product version the brand is being applied, which interface specifications and
what level of conformance is implemented, and who is the contact person for the
brand issuing process. The developer delivers the product interoperability description
of the implementation to the certificate issuer. The product interoperability
description includes all the things concerning interoperability, integration, and
introduction, but it does not include any inner details of the implementation.
However, implementation-specific additions, expansions, deviations and removals of
the specification, if any, must be stated clearly, so not causing contradictions when
integrating the implementation with other software. The description includes also
instructions for the introduction, installation and configuration. Additionally, it is
recommended that the description has usage examples of the integration
implementation.
4.2.2 Testing Performed by the Developer
The developer can start this phase when normal integration and system testing, and
inspections have been performed and passed. The aim of the conformance testing performed by the developer is to assure conformance and to fix failures before applying
for the brand. Developer tests the product with test cases received from the testing lab
and with own test cases. It is essential that only the interfaces in the specification are
tested, not the whole implementation and implementation-specific features. In the
PlugIT project reference implementation of the context management server was developed to support the testing of the client part. Test cases (see Section 4.3) were de-
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veloped using the black box testing method and the reference implementation. Test
cases were sent to the developer for the self testing.
4.2.3 Testing Performed by the Testing Lab/Certificate Issuer
The aim of the testing in the testing lab is to complement testing, to ensure conformance to the specification, and to make sure that the implementation is functioning in
practice. PlugIT project itself acted as both testing lab and certificate issuer. Testing
was organized in practice using reference implementations. Testing environments
were both in developer’s development environment and customer’s introduction environment.
Not all the same test cases as in the previous phase are necessarily retested. Which
of the test cases have to be retested depends on resources and situation, such as reliability of the developer, and how critical the interface is. We need to study this further
to get as reliable and adequate test cases as possible. It is also possible to test the
product together with the other products which have already gained the brand. If the
testing is passed, a test report, which includes the summary of the test cases and their
pass/fail information, is generated (see Section 4.4). Also the documentation is
checked if it contains necessary information for the introduction of the integration solution.
4.2.4 Issuing the Brand
The last phase in the conformance testing model is the brand issuing. If all the tests
have been passed and the documentation is adequate the certificate issuer issues the
brand and delivers it to the contact person of the developer. Test reports are made
public and published, for example, on the web page, with the permission of the developer.
4.3 Test Cases
In this Section we give some examples of the context management test cases used in
conformance testing in the PlugIT project. The basic context management operation
flow follows, for example, the following path:
− A client application joins the context management (JoinCommonContext).
− The client application asks a user context (GetItemValues).
− The client application asks a patient context (GetItemValues).
− The client application changes the patient (SetItemValues).
− The client application updates the patient context (SetItemValues).
− The client application leaves the context (LeaveCommonContext).
Test cases are generated based on the previous path and on error situations. Each
test case includes definition, precondition, input, output, and pass/fail information.
Input is in URL format and is suitable for testing of the interfaces. Some of the values
must be replaced with site-specific or application-specific parameters, such as IP address and application names. Some test cases can have an input value that is an output
value of another operation, such as participantCoupon is an output value of JoinCommonContext and an input value for SetItemValues. Examples of the test cases in
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conformance testing are described in Tables 2-4. First there are two general context
management operations: joining the context and getting the values from the context.
Next there is a typical failure where the coupon, which is used to the identification of
the session, is used after leaving the context.
A test input (see Table 2) and its different parts are built up as follows:
http://url.fi/cm?interface=ContextManager&method=JoinCommonContext&param=...

Network address of
the called component

Interface

Method

Parameters

In the previous test input the Context Manager (cm) component is located in the
network address http://url.fi/cm and its interface ContextManager and method JoinCommomContext are called with certain parameters.
Table 2. JoinCommonContext

Definition:
Precondition:
Input:
Output:
Pass/Fail:

Client application joins the context management.
Application name must be accepted and another application has not
joined the context with the same application name.
http://193.167.225.119/cm.pp?interface=ContextManager&method
=JoinCommonContext&applicationName=LoginMaster
participantCoupon=11900200

Table 3. GetItemValues

Definition:
Precondition:
Input:

Output:
Pass/Fail:

Client application asks the patient context
Application has joined the context, item has been set, participantCoupon has been received when joined.
http://193.167.225.119/cm.pp?interface=ContextData&method=Ge
tItemValues&participantCoupon=11900347&itemNames=Patient.
Id.NationalIdNumber
itemValues=Patient.Id.NationalIdNumber|220345-XXXX

Table 4. Coupon used after leaving the context

Definition:
Precondition:
Input:

Output:
Pass/Fail:

Coupon used after leaving the context.
Application has left the context, participantCoupon has been expired.
http://193.167.225.119/cm.pp?interface=ContextData&method=Ge
tItemValues&participantCoupon=11900347&itemNames=Patient.
Id.NationalIdNumber
e.g. exception=GeneralFailure&exceptionMessage=General failure
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4.4 Test Report
If conformance testing is passed the test report, which includes the information about
the implementation under test, implementation-specific settings and special considerations, and test cases with the pass/fail information, is published. The information of
the implementation under test describes the product and its version, the interface
specification and its version, the role of the application in the integration, names of
the testers, and date. Application-specific settings and special considerations could be,
for example, accepted application and item names (optional features in context servers), address of the service, number of joining applications, and installation instructions. Additionally, any special information, which must be taken into consideration
in integration is informed. Test cases are reported similarly as in Section 4.3. Inputs
and outputs are written to the log file but they are not in the public test report.
4.5 Present State of the Model
The conformance testing model has been developed and evaluated with co-operation
of several healthcare software companies and hospital districts. The evaluation has
been performed for a context management server implementation. At the moment,
there are several commercial implementations of the context manager, of which one
has received a brand for the context management implementation. Conformance testing revealed different interpretations of the context management specification. They
were corrected to the product in question, and clarified in further versions of the
specification. At the moment, we are studying the conformance testing processes
more and our model is further elaborated.

5 Discussion and Challenges in Conformance Testing
The conformance testing model developed in the PlugIT project is on one hand a light
and rapid model and on the other hand it assures that products conform to the requirements of the specifications. However, the model is not complete. Some challenges, which have to be solved before applying the model further, are described here.
Software product versions are introduced in rapid cycles. How to do the reevaluation of the product? Rosenthal et al. [10] have presented that a brand could be
issued for a longer period (e.g. 2 years) if no errors are found in conformance testing.
In our case, new software versions can be released, for example, once every two
week. Thus the brand has to be renewed much more often and re-evaluation has to
perform automatically using, for example, web-based testing services.
The test data can not be real patient (or production) data. We have to create test
cases which correspond as much as possible to the real (patient) scenarios. However,
to be able to create such scenarios we need to have good domain knowledge. In our
case, the testing model has to be flexible enough to cover both testing the client and
server parts of context management solutions, and also other types of service interfaces, such as common services. The conformance testing model has to also support
testing of the workflow. Therefore, test cases have to constitute a flow of test cases, in
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which the order of the execution matters. All these different types of solutions require
different test cases.
Some requirements of the solution (e.g. context server) are implicit. For example,
the context management interface specification does not clearly state, that setting context from one workstation must not affect contexts set from other workstations. However, it is a basic requirement for server-based applications, which contain workstation-specific data, such as context management. Thus, integration specifications
must contain enough information about the requirements for the solutions, in addition
to mere interface signatures.
Some parameters are acquired during the execution chain of the test case. Some of
them are static for a given environment, but several are specific to the applications
used or to the implementation of the server. A standard way of identifying and classifying this sort of parameters for test case definitions is needed. Furthermore, some requirements for the parameters can not be easily tested. For example, the specification
states, that the participantCoupon parameters returned by the service must be unique
during the execution of the service. Complete testing for such uniqueness would require far too many different test cases in practice.
Extension points in specifications (such as an optional feature for context servers to
accept only some named applications), which are not required features must be tested,
if the specification has conformance levels for such extensions. Thus, the integration
specifications and standards should be developed to express clearly, which options are
implementation-specific or optional. In addition, specifications should provide guidance on how should implementation-specific features be documented and used.
In our context management case, the contents of the parameters in test cases are
quite simple and have well-specified semantics. However, when testing complex data
structures (e.g. patient records), value sets for the parameters, and interpretations of
different operations and data elements must be precise. Versioning of these value sets
(e.g. different versions of disease classifications) further complicates the interoperability and conformance testing.
If software customers coherently require standard-based ("branded") interfaces in
invitation for tenders, the quality and interoperability of solutions is improved. This
does not prevent free competition, but promotes standardization in widely-used interfaces and reduces local “fixes”. However, customers need advice when gathering and
setting their requirements. Interface specifications do not currently contain all the
needed information, including basic requirements, conformance levels, and different
types of parameters, which must be conformed to. Questions of the customers have to
be answered and quality of interoperability specifications improved in order to get
software customers to demand certified and interoperable software products.
As we can see, interface standards are only one part of interoperability. There can
be products that conform to the specifications but are not interoperable. There can
also be products that do not exactly conform to the specification but can be interoperable with other products [4]. Thus, when developing interface specifications and conformance testing models all the things influencing integration and interoperability
have to be taken into consideration and specified. One step in this direction is integration profiles by IHE initiative (Integrating Healthcare Enterprise) [7]. IHE integration
profiles offer a common language that healthcare professionals and software developers can use in communicating requirements for the integration of products. Integration
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profiles describe real-world scenarios or specific sets of capabilities of integrated systems.
Our conformance testing model has been successfully used in conformance testing
of healthcare application interfaces. Although the model is simple and the test cases
as well as the specification are inadequate for comprehensive interoperability, the
model is a good starting point to develop more efficient model for conformance testing. The model will be further elaborated in our next projects, OpenTE and SerAPI. In
the OpenTE project testing environments for several web-based testing services, for
example, CDA R1, CDA R2, minimum level context management, and common service interfaces will be developed. We have to also resolve how to handle conformance testing for healthcare application integration in national (even international)
level in future and who will issue the brands.
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Abstract. This position paper describes the objectives of project “SFIDA” (cofunded by the Italian Government), aiming at developing a GRID-based interoperability platform able to support next generation Supply Chain Management
applications specifically addressing the needs of SMEs belonging to industrial
districts and dynamic supply networks. Next generation SCM applications are
intended in SFIDA to be based on componentization (e-services), intelligence
(mining), collaboration (c-business) and customer business-processes orientation. The platform and the next generation SCM applications running on top of
it will be tested in various typical industrial cases, spanning from automotive,
textile, food, white goods and media retail.

1

Introduction

This position paper summarizes the main objectives of “SFIDA”, a project co-funded
by the Italian Ministry of Research, University and Instruction (MIUR). The project
started on 1st January 2005, so it is currently only possible to describe its goals and to
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show how they address the area of interoperability of enterprise software and applications.

1.1 The Context
Project SFIDA is driven by a long-term view in which SMEs belonging to industrial
districts and supply chain will be fully enabled to establish and run collaborative business relationships with their partners, beyond technological, economic, cultural and
political barriers. This “plug & do business” view represents an ambitious challenge to
the IT industry, requiring it the capability to provide new solutions and enabling platforms allowing SMEs to synchronize the business processes and the inter-operability
of their systems.
Recent progresses and efforts in the systems integration area proved that without
considering also the business context in which they are inserted, and without considering also knowledge management, use and sharing issues, it would be extremely difficult to have them accepted by final users [21].
Notwithstanding this model, even if made inter-operable, it is still based on IT
products licensing, which is valid for medium-big companies, but which represents a
great barrier for SMEs, due to the fact that very often SMEs need only a small portion
of the functionalities that big “monolithic” solutions offer, while they have to pay for
the entire product. On the other hand “ad-hoc” solutions require a long set-up and
configuration process that are often more expensive than a license.
Moreover SMEs communities have specific classes of problems that currently are
not being addressed, like:
1 they are not able to overcome the problems related with the establishment of
faithful relationships amongst various actors when a direct human contact is
not present
2 the lack of IT-based added value services to support cooperation amongst
SMEs, in particular to model their applicative domain
3 the lack of efficient co-operative models for the “virtual” world
4 their inability to use existing technologies to improve inter-dependencies inside
and outs ide the company

1.2 The Process-Oriented Collaborative Model
SFIDA is planning to support the collaborative business processes of SMEs, having identified the following steps as necessary in order to achieve a “collaborate to
compete” objective [22]:
1 to focus on “strategic competences” (organizational, procedures, technical,
human capital, etc…) through “self-awareness” mechanisms
2 to expose such competences in a structured way, to other (possible) partners
3 to compose competences exposed by other partners according to semantic interoperability rules, ensuring knowledge sharing independently of a specific
cultural or linguistic context
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4

to manage a collaborative process, by measuring and monitoring performances
parameters, and by supporting business operations by processes synchronization, knowledge sharing and exchange, cooperative work, and IT systems interoperability
Anyway, even if such points are basically accepted and felt relevant by SMEs,
there are still economic, social and cultural barriers [23] that are slowing down the
adoption of such model.
For this reason SFIDA is planning to develop a new methodology, specifically targeted to SMEs belonging to Italian industrial districts and supply chains, leveraging
on cultural similarities deriving from geographic proximity, and by providing specifications for IT systems to support SMEs in the process of “becoming collaborative”.
More in particular, the idea is to define a new IT solutions development paradigm
based on a new IT service-based model oriented to collaborative processes.
The they key aspects of such development paradigm are:
1 a components-based view of enterprise applications
2 a components seamless and flexible composition and integration
3 de-centralized architectures with central (or hierarchical) coordination
4 the adoption of an “e-business Grid Computing” platform.

1.3 GRID Computing as the Enabling Technology
Grid Computing concerns essentially a range of technologies intended to abstract
and support resource cooperation and data sharing between groups of platforms [1].
These may be complex distributed architectures, whose nodes are parallel machines of
any kind, including PC/workstation clusters. In general such platforms are characterized by heterogeneity of nodes, and by dynamicity in resource management and allocation. A key issue of Grid computing technologies is the ability of dynamically bridging a suitable subset of resources and services to support the execution of large-scale
applications. Among them, “naturally” distributed applications are of major interest.
These applications are composed of different software modules, which exploit different
needs in terms of geographic localization and disclosure proprieties of data and code,
hardware architecture, O.S., and software developing tools.
Enabling technologies for Grid-aware application include:
? A high-level programming environment and toolkit supporting the development of
configurable code and the binding of legacy code. This environment should enforce the minimization of developing cost by enabling the (static and dynamic) reconfiguration of the application to target different customer scenarios, while exploiting an optimal/maximal performance/cost ratio over a broad class of hardware
platforms. The programming environment should also cope with legacy code by
providing the programmer with a suitable set of adaptors for standard software
technologies (Corba, CCM, Java Beans, DCOM, etc.)
? An advanced run-time support for developed code able to seamlessly adapt the
application structure to the current platform status. It should transparently man-
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age faulty events and performance degradations of the underlying platform, which
should be considered the standard behavior of a large-scale distributed platform.
The run-time support should cope with the complexity, which entangle complex
system management and optimization by equipping their parts with autonomic facilities: self-configuration, self-healing, self-optimization, self-protection, and, as a
combination of all, self-management [2]. Even if truly autonomic systems are years
away, although in the nearer term, autonomic early autonomic system may threat
the five “selves” as distinct aspects, with different solutions that address each
one separately.
These aspects are currently addressed also within the Italian national project
Grid.it concerning enabling technologies for Grid Computing. The Grid.it project is
coordinated by CNR (by means of the ISTI–CNR institute and the university of Pisa,
who are also SFIDA partners), and embodies the excellence among research centers in
the area of Grid Computing.
International standardization bodies have a clear strategic relevance in Grid Computing, has shown by the interest of major IT manufacturers (IBM, SUN, Microsoft,
HP), and by the growing relevance of the Global Grid Forum (GFF) activity (involving
SFIDA partners, such as ISTI–CNR, ICAR–CNR, and University of Calabria). Major
European strategic projects, such as the Network of Excellence CoreGRID, and the
special support action GridCoord also involve SFIDA partners in key positions.
Within the Grid.it project, the ASSIST programming environment evolved from its
very first version, only targeting workstation clusters, to the current version, targeting
Grids and solving many critical problems related to expressive power, flexibility, interoperability and efficiency. ASSIST (A Software development System based upon
Integrated Skeleton Technology) [3, 4, 5, 6, 7] is a programming environment oriented
to the development of parallel, distributed, high-performance, Grid-aware applications
according to a unified approach. It provides the application programmer with a highlevel language and its compiler, providing the need glue to effectively bridge different
component technologies (e.g. CCM, Web Services). The compiler relies on an advanced run-time support dynamically enforcing Quality of Services constraints on the
application by means of self-configuration and self-optimization features.
In project SFIDA, the e-services platform will be based on a Grid computing-based
platform, stressing its specific features on inter-operability, adaptability, dynamicity,
and Quality of Service in distributed applications. The generality of the Grid computing approach will allow to optimize the e-services platform according to different application needs and to different hardware/software systems. This approach will bring
various benefits:
1 to establish a tight correlation between services composition and interoperability and QoS indices
2 the configurability of the tools for knowledge management, either at data, processes and competences level, through distributed learning mechanisms
3 a complete independency from the underlying software and hardware platforms
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2

The GRID-based platform

Currently, Grid applications are often designed according to a low-level approach (i.e.,
by relying on the Middleware services directly, possibly through a Grid portal) and, in
many cases, they consist in single jobs or in limited forms of job composition (e.g.
DAGs). Parallelism, where present, is limited inside single jobs, in a way that does not
affect the overall workflow of the application (e.g. a job may be a MPI program). The
result is that Grid applications are rarely highly optimized for high-performance.
As discussed in the previous section, our point of view is radically different. It is
based on the definition and realization of a programming model with the following
features:
1. applications are expressed as compositions of high performance comp onents,
2. a uniform approach is followed for distributed and parallel programming: in
general components exploit internal parallelism and are executed in parallel
with each other,
3. the strategies to drive the dynamic adaptation of applications are expressed
in the same high-level formalism of the programming model.
Figure 1 summarizes their interrelationships, which form the conceptual frameworks on
which we found our research approach. A programming model implementing this set of
features will be able to automatically implement proper and effective optimizations that
depend on the kind of target architecture (nodes) considered, thus relieving the programmer from such a heavy and error prone duty. As both parallel execution of components and internally parallel components are taken into account, our “high performance” keyword does not (only) refer to the classical high performance computing
framework, but rather it refers to a pervasive attention to the implementation of very
efficient mechanisms supporting Grid-aware application execution.
Feature 1 is based on the proper exploitation of the component technology [8,9]. In
our view, components are the basic mechanism to achieve compositionality by guaranteeing software interoperability and reuse.
Achieving high-performance in component technology is currently an important research issue [10, 11, 12, 13]. Currently, we are evaluating how the existing standards
(CCA [14], Java Beans [15], CCM [16], Web Services [17,18]) can be assumed as starting points to define and realize a robust component-based high-performance programming model, that can be widely accepted and that is able to interoperate in many
application areas.
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Figure 1. The conceptual framework for Grid-aware programming environments
Grid-aware applications as compositions of high-performance components
ASSIST provides the abstraction of high-performance components and highperformance composition of components, independently of any commercial standard.
This allows us to understand the basic features that high-performance components
should possess, in particular from the point of view of computation structuring, parallelism exploitation and modularity. These features will be properly merged with one or
more commercial standard, or their future high-performance versions, in order to
achieve extensive interoperability and reuse. The merging of high-performance programming and component technology must allow the designer to structure the application as the proper composition of components, i.e. some of which may be already exis ting/legacy (possibly in binary form), and other ones are programmed from scratch (e.g.
written in ASSIST) or as the combination of existing software into new parallel structures.
The current version of ASSIST (ASSIST 1.2) supports heterogeneity and the interoperability with several currant standards, in particular the CORBA interoperability [19,
20]: that is, an ASSIST program can act as a client of a CORBA server, but also
ASSIST programs can be easily defined as, and automatically transformed into,
CORBA servers invoked by any CORBA client. The performance penalties introduced
by the CORBA infrastructure, with respect to pure ASSIST programs, are quite acceptable for many applications with reasonable granularity. Though referred to as an
object-oriented approach, this experience proves that interoperability features can be
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merged into the ASSIST model, in order to design applications as composition of
components, some of which are possibly parallel.

2.1 SFIDA project software architecture
The general architecture on which SFIDA relies on is sketched in Figure 2. The approach assumes the clear distinction between teams involved in business processes
modeling and specialist in Grid technologies. Following this approach, the overall
environment shall provide business experts a complete toolkit to model, design, develop, tune, and deploy effective solutions without any concern of the underlying
software technology. They are required to focus on business model only, and finally
to express required level of Quality of Service of the designed solution.
The Process Management Environment layer is build on top of a Grid platform,
which in turn is composed of two tiers: development (programming model), and middleware.
The former (development) enable the development of complex software supporting
process business and supply chain typical formalisms by means of high-performance
component technology. This level enforces business processes interoperability and
provides the needed tools to cope with Grid hardware performance unsteadiness by
means of self-optimizing component implementation. Here, run-time adaptability, Quality of Service managers, and interoperability techniques (such as Web and Grid Services) are exploited.
The latter (middleware) enable the management of resources by means of standard
technologies such as OGSA/OGSI platforms.
Eventually, the bottom layer (hosting framework) enforces back-end compatibility
with on-the-self component technologies and their evolutions (e.g. J2EE, .NET).
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Figure 2. SFIDA project software architecture.

3

Results Validation

The project is expected to be completed by the end of year 2006: the last six months of
work will be dedicated to the validation of the results, by testing them in a representative set of industrial test cases, and by analyzing the results through performance
criteria.

3.1 Industrial Test Cases
The new business models, the GRID-based platform and the supporting environments
will be validated through some important industrial cases. The most meaningful ones
will be:
? Retail Planning in the consumer media sector: the case will consist in the establishment of the collaborative infrastructure between a brand owner and a network
of point of sales, in order to improve the quality of the replenishments planning. In
fact, currently there is not a real collaboration, since data are simply collected by
the brand owner from the POS, who then performs all the computation in a centralized way. This cause serious performance problems due to the enormous amount
of data to be processed. The adoption of a common GRID-based infrastructure will
help in de-centralizing the computation, resulting in an overall improvement of the
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performances and in a better forecast of the sales, eventually in a better retail
planning
? Collaboration with Suppliers in Product Design phase: this case will be focused
in the automotive sector, aimed at creating a pro-active collaboration with second
tier suppliers (SMEs). The process will be based on “call for sub-projects” in the
scope of framework contracts, where call success criteria will be based also on
suppliers capability to certify their processes and their comp etences in order to
ensure the quality of the final product
? Logistic Management in a multi-plant environment. The goal of this test case will
be the improvement of the distribution network, by directly involving the suppliers SMEs thanks to the common GRID-based infrastructure. In particular the platform will enable suppliers to have access to productive plants data that are necessary to perform the planning of their distribution activities (i.e. progress control),
more specifically by making their systems inter-operable and synchronized.

3.2 Performance Criteria
The success criteria of SFIDA will be measured according to the different research
areas of the project itself, in particular, regarding the IT tools, it should be considered
two levels of abstractions:
4 the GRID-based platform: the objectives here are computational performances,
inter-operability, scalability, re-usability, adaptability, security, robustness and
fault tolerance, Quality of Service, hosting environments and resources independency
4 c-business supporting tools: the objectives at this level are to have a user-friendly
environment, completeness of services and functionalities, configurability,
adaptability to different models, generality of the solution.

4

Conclusions

During its 30 months work-plan, project SFIDA is expected to face problems that are
felt as extremely relevant in the current e-business scenario, especially in the SMEs
area, and to solve them thanks to innovative technologies and methodologies, such as
Grid computing as the key enabling technology. The final test-cases will be a key part
of the project, since they will constitute the proof that the solutions developed within
the project will be really ready to be adopted by the industrial world, and not only a
“research exe rcise”.
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Abstract. The increasing application of the Virtual Enterprises (VE) model of
partners collaborating to exploit a single product through its life cycle implies
complex requirements for communication and collaboration. Distributed decision making from concept design, through product and manufacturing system
design, volume production and on into obsolescence engenders significant risk
of highly expensive conflicts in collaborative decision making. This paper explores the opportunity to apply intelligent, hybrid, knowledge based software
Moderators, already demonstrated in the domains of product and manufacturing
systems design, to support and enhance collaboration throughout the product
and virtual enterprise life cycle.

1 The Virtual Enterprise
The concept of a Virtual Enterprise (VE) was proposed by Onosato and Iwata [1] in
response to a changing industrial environment, where product lines have a significantly shorter lifetime. For example from the early 1960s for a period of some 30
years the design of home telephones was virtually unchanged: companies could be
established to manufacture one stable product and know that there was a stable market. However with the advent of mobile telephones, and their status as fashion accessories, the marketable life of a product line once launched is measured in, at best,
months. Indeed the life cycle from product concept to obsolescence is likely to be less
than a year.
To meet this challenge, supply chains take the form of collaborating consortia of
specialist partners who come together to provide the expertise necessary to exploit
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Fig. 1. The Virtual Enterprise Life-Cycle

just one product, and it is such a consortium which is termed a Virtual Enterprise. A
number of features distinguish this particular kind of supply chain:
• Collaboration on the selected product is close, well-co-ordinated and open,
so as have the agility to maximise the exploitation of the product.
• Partners may not collaborate on any other products. Indeed it is probable that
they will be competitors on other products. This implies a need for confidentiality, militating against the need for openness noted above, complicating
collaboration issues.
• The life-cycle of a VE is limited to that of the product, as in Figure 1, and
partners have no obligation beyond that.
• Partners may be added to the VE or leave it as the product life-cycle progresses;
• The VE will include contributors responsible for products and manufacturing engineering the early stages at least, as these activities must be concur-
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rent with one another and with the formation of the VE consortium. Indeed
selection of VE partners is a major aspect of manufacturing engineering.

2 Moderation of Distributed VE Design Activity
Where a single site manufacturing system is developed there is the opportunity for all
members of the manufacturing system engineering (MSE) team to collaborate closely
with one another, and where concurrent engineering principles are embraced, to collaborate closely with the product design team. Indeed it is probable that the members
of both teams are co-located, precisely to ensure communication and mutual understanding. This is problematical in the distributed VE: the MSE expertise contributed
by a partner is concentrated in the partner’s own personnel, who are by definition
physically separated from other partners’ experts, and although modern electronic
communication helps interaction between MSE team members in the distributed partners, there are still problems of terminology, language and even time-zones which
lead to MSE design conflict. MSE design decisions will be made by distributed
groups of manufacturing engineers, some working on the VE as a whole, some with
interests at the local, VE partner level, and some primarily concerned with logistics.
At the same time the very drivers for the creation of a VE demand rapid and efficient collaboration in the MSE design process. The product must be brought to market rapidly, or the market opportunity will be lost to competing products, whilst the
life-cycle of the product is so short that there is no opportunity to develop the manufacturing system after product launch to improve subsequent profitability: the product
will be obsolete to soon.
The MISSION project (IMS/ESPRIT Project 29656) demonstrated that information modelling methods can be used to address the problems of both maintaining a
shared model [2] of the MSE design and of reducing the potential damage caused by
inadvertent design conflicts being introduced by distributed engineers. Global
manufacturing system design was enhanced in the MISSION project by the
application of a Manufacturing Systems Engineering Moderator (MSEM) [3]. This
hybrid knowledge based software uses its own knowledge about the knowledge used
by each contributor to the developing VE design to analyse both the results of
modelling and the decisions based thereon, to detect potential conflicts as they arise.

2.1 An Example of Manufacturing Systems Engineering Moderation
An example of Moderation presented in the MISSION Final Report [4], demonstrated
simulation of the entire manufacturing system (MS) at a point in the project where
considerable detail had been added to the MS design. Earlier design work had used
only estimates of VE partners’ performance in global simulations, and performance
predictions so generated were added to the MSE database, being adequate to meet
strategic requirements. However the new more precise simulation generates new
performance predictions, which are in their turn added to the database.
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Fig.2. Manufacturing Systems Engineering Moderation

The MSEM monitors all changes to the design database as they occur. MSEM
processing is illustrated in Figure 2. System design changes are identified as changes
to its predicted performance, so any previously accepted predictions are first retrieved
from the MS design database, allowing the nature and magnitude of the changes to be
compared with thresholds derived from MSEM knowledge of the interests of MSE
partners. If no thresholds are reached, then the MSEM takes no further action. Otherwise, for example if the confidence limits on predicted work in progress have broadened indicating that excessive variation may occur, the MSEM again uses its own
knowledge of partners interests to determine who to inform of the potential design
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conflict, in this case the Project Agent, responsible for overall project outcomes, and
the Supply Chain Agent, responsible for MS performance against strategic targets.

2.2 Manufacturing Engineering Moderator Implementation
The Manufacturing Systems Engineering Moderator functions as a background process monitoring decisions as they are recorded in the MS design database, and coming
to the notice of partners in the design process only when potential design conflicts are
detected. It is implemented as a hybrid knowledge based system, as a combination of
artificial intelligence paradigms that are needed to achieve conflict detection across
MSE domains.
It is also essential that an MSEM has capability to dynamically add to its knowledge base, both to reflect the discovery of new expertise that the enterprise gains
about the process of MSE, and to reflect the current state of an individual project. To
achieve this the MSEM is implemented as knowledge objects in an objected oriented
database, structured as three main modules: a Moderation Module which drives the
process of moderation and maintains information on current project status; a Design
Agent Module containing sub-modules, each of which stores and applies knowledge
about the areas of interest of one the MSE collaborators; and a knowledge acquisition
module.

3

The Application of Moderation Throughout the VE Life-Cycle

We see from the above that there is significant potential benefit in applying a combination of simulation and moderation in the design phase of the VE life cycle, and
this is summarised on Figure 3. The same issues are relevant to any subsequent
changes to the manufacturing system design during the life of the VE.
However, this same approach of intelligent moderation working with simulation
has potential application at subsequent stages of the VE life cycle, as suggested in
Figure 4. Here we see that the potential for decision conflict remains through the life
cycle, both in operations management of the MS to meet current, changing demands,
and in terms of planning to respond to the product life-cycle. Intelligent moderation
uses operational information, together with its knowledge about the distributed, specialist contributors to the VE to identify conflicting decisions where these may be
critical to current and future VE performance. Moderation knowledge can also be
applied to external information, such as market conditions, to identify where this may
conflict with existing or proposed VE activity. These applications, their benefits to
industry and the research issues to be addressed to achieve these benefits may be
summarised as follows.
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Fig. 3. Moderation Application in Manufacturing System Design

Fig. 4. Moderation in VE Ramp-Up, Operation and Run-Down
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3.1 Ramp-Up
In this phase of its life cycle the VE is expanding from prototype production, up to a
launch capacity, and then on to planned full production. Partners colaborate to plan
and monitor capacity, selecting additional partners as necessary, and consistently
expanding the logistics activity. Potential for introducing inadvertent conflict remains, including, for example, differences in technical capabilities (eg. tolerances
capabilities) in selected new partners, mismatched expansion rates (eg. component
capacity runs ahead of assembly capacity, creating stocks), transport mode conflicts
(eg. new partner does not have rail access where existing logistics are based on rail
transport).

3.2 Operation
Although at this stage of the life cycle VE demand is relatively stable, it will normally
be subject to seasonal and/or random variability. Partners must collaborate to plan to
meet varying demand, but distribution offers the potential for conflicting responses
(eg. assembly is planned to build to stock in a low demand period whilst component
suppliers plan to reduce output). In a more durable VE it is possible that partners may
need to be replaced during this phase, re-introducing many of the possible conflicts
met during ramp-up. Changes in transport cost structures are particularly likely to
conflict with the basis of earlier logistics planning, and moderation may be applicable
in triggering response to such externally imposed change.

3.3 Obsolescence
At this stage collaboration to maximise exploitation of the product is especially vulnerable as partners plan exit strategies to meet their own business needs with reduced
incentive to consider the VE as a whole. Conflicting plans on shutdown timing are
probable. At the same time, depending on product, industry, and perhaps regulation,
there is a requirement to ensure implementation of a co-ordinated plan to provide a
continuing supply of spares. Conflicting plans in response to a now falling demand
are more likely than during operation.
3.4 An Evolving Moderator Knowledge Base
As described above an essential feature of any moderator software is its dynamic
knowledge base, able to acquire new knowledge for future moderation, but also able
to prioritise the application of its knowledge depending on the state of progress of the
project to which it is applied. This means that there is no need for different moderators or even moderator knowledge bases, to be contructed for each stage in the VE
life-cycle. Indeed it is perfectly possible that moderator knowledge normally associ-
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ated with, say, the design phase could on occasion be relevant to run-down: the probability of such a situation is clearly lower, and so the knowledge has lower application priority in this phase.
Thus there is a functional benefit in maintaining a single moderator knowledge
base applied to the entire VE life-cycle. Although the underlying functionality of any
moderator is generic, its application domain is determined by this knowledge base, so
that the owner of a VE Moderator can apply the same core software and knowledge
base to all VEs for which he is responsible, whilst adding new knowledge gained
from each to the common knowledge base supporting all current and future VEs.
Each moderated VE must have its own instantiation only of knowledge specific to
that VE and its current status and history.

4

Conclusions

The application of moderation has already been demonstrated in support of manufacturing system design activities. Here we have examined the feasibility of extending
this application to the entire life-cycle of a virtual enterprise, and we see that this
promises significant benefits in improved performance, and increased agility.
Moderator technology offers a method of first detecting decision conflict arising
from the distributed nature of decision-making and the resulting restricted communication of mutual understanding between VE partners, and then driving resolution. In
principle a user could operate a single moderator knowledge base, and moderator
instances for each virtual enterprise under consideration, each instance holding only
information and knowledge peculiar to its VE and its current status.
However research issues remain if this potential is to be realised. These fall into
two main categories: the first is the interfacing of moderator software with the software and information bases available to all the members of the VE. These issues are
similar to all the known problems of interoperability of heterogeneous systems, and
can be addressed in similar ways. There is therefore reason to believe that the issues
will be resolved in general in the foreseeable future, and that the general resolution
will be applied to moderator interoperation.
The second issues arise out of the need for maintenance of the evolving moderator
knowledge base. The moderator structures demonstrated in the past have the capability for adding to and evolving knowledge primarily through a user driven knowledge
acquisition module. Such an interface is likely to be a feature of all moderator implementations as it allows the intelligent, explicit editing of the knowledge base needed
to ensure that knowledge derived through human observation can be applied. However in the extended environments for moderation envisaged above, there is also
scope for automated knowledge generation, for example through knowledge discovery methods [5], [6], and through the development of ontological approaches to
knowledge generation and retention [7].
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Abstract. The article is based on the idea that the federative principle, which
has proven itself as a behavioral pattern in natural organisms and successful
communities, can also be a course of action for globally operating companies.
This enables smaller units to do their jobs as autonomously as possible without
jeopardizing the general objective, while at the same time increasing the
system’s overall benefits and reducing costs. If the federative principle is
accepted as strategic behavior, the applications and IT structures themselves
must be subject to this principle and designed federatively.

1

The Federative Principle

The shared characteristic of all federative behavior is the principle of maintaining
each member’s independence while obligating them to perform for the common good
according to their ability.
As an entrepreneurial principle, federalism promotes the clear and differentiated
expansion of corporate networks and processes. As a structural and organizational
element, it protects the smaller entity against the larger higher-level entity without
depriving it of the support it needs to accomplish its tasks and granting it a large
degree of freedom in its activities.
Federalism is therefore the structural and organizational principle by which
basically independent, autonomous entities join forces to form a higher-level whole in
order to combine a required level of uniformity with the kind of diversity that is
indispensable if the organization wants to be successful. Federative behavior is
natural for all living things, from the basic building blocks of life to functioning social
structures [8].
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Federative Businesses
Business are successful when they are sufficiently — not necessarily optimally —
aligned with the general conditions prevailing in their economic environment.
Uniformity of syntax and semantics is a sufficient prerequisite for efficient
communication, the trust-based exchange of information, orientation towards shared
goals, and the development and manufacture of products that fit together seamlessly.
The diversity of their parts is the necessary prerequisite for maintaining their
organization’s adaptability to the continuous changes and demands of their economic
environment. Diversity ensures survival. A business acting federatively — and the
federation itself — profits from its network when the overall benefits increase and the
overall costs drop.
Federatively organized companies are characterized by a central and shared interest
in forming a joint value creation network that leaves the individual members as much
freedom as possible. Federative organizations are led by a company that is close to its
markets. All related companies operate within a space comprising shared processes,
standards, guidelines and ethical norms [8].
Federative corporate processes are distributed over different autonomous units.
From a given point in their value creation network, they affect any other point and its
process. Federative processes accelerate the development, production and market
introduction of goods and services, lower costs by allowing the partners to focus on
their core competencies, and increase flexibility in the design and adaptation of
corporate processes.

2 Business Architecture: Vision and Reality
Business architecture is built on a vision of the current and future core
competencies. Basically, the business architecture takes into consideration the
strategy of the company, its long-term goals and objectives, and its technological and
external environment.
The Unified Business Architecture
The unified business architecture starts with a single database which contains all
the information the businesses, partners and customers need. It is based on the joint
supply of services and portlets (graphical user interface modules), which can be
combined via a network to new solutions or portals. It builds on the cross-company
orchestration of automated and intellectual services through workflows (see Figure 1).
Business functions, applications, processes or components are available in the form
of web services. Their interfaces are specified in a uniform standard and can be
activated network-wide using a standardized message format [6].
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Fig. 1. The fiction of a unified enterprise encompasses a standardized platform for all
applications together with an all-encompassing data model and a single shared database in a
network of customers, suppliers, and the employees of the company itself

Business Architecture in Reality
Today’s large companies have grown as a result of a variety of organizational
activities — activities which both shaped the IT environment and, vice versa, were
initiated by it. There are many systems and solutions, each of which is aimed at a
particular service. Many solution variants, often from the same manufacturer, and
proprietary interfaces make integrating and improving these systems cumbersome. If
you look at an end-to-end value creation chain as a virtual organization, the number of
product and manufacturer combinations increases exponentially.
The unified enterprise will always be a fiction. Business concerns depend on
country culture. And people want to be different. Business and IT solutions even have
different views on the same matter. That’s why it’s important to respect the natural
heterogeneity and deal with it.
While headquarters that tighten the links to their divisions and subsidiaries increase
the power and shorten the response time of their organization as a whole, they also
increase the likelihood that factors from outside the business or from company units
affect their organization more directly.
In accordance with the German proverb that you should never go to see the prince
unless he summons you, federative units look for solutions independently and try to
avoid disturbing the higher-ranking system if it can be avoided. The growing
corporate trend of freeing yourself from overly close relationships with your own
departments and partner companies goes hand in hand with the maturing of
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technological standards (such as service-oriented architectures) which support this
trend on the information technology side.

3

Federative Integration and Interoperation

Traditionally, companies manage their processes and transactions for the more part
within their own corporate borders: a business process starts and ends within the
company. Interactions with the outside world are handled via letters, phone calls, fax,
e-mail or »Electronic Data Interchange« (EDI). Technical advances notwithstanding,
people continue to be the main transmitters of information at the company’s borders.
But besides a time delay, each human intervention also generates costs.
To continue to be part of a global and federative value creation network,
companies will — indeed, will have to — design machine-to-machine interfaces in
accordance with federative principles and implement them at their borders to the
outside world.
Applications that support business processes across the company’s borders or
which integrate services from different departments of a company or from various
other companies will shape the coming years of IT. Such applications include various
application services (production planning systems, order processing, warehouse
management, etc.) or databases.
The central motivation for the current development of so-called web services is the
need for an uninterrupted flow of information across technical and organizational
borders combined with the reuseability of applications in a far-ranging network.
Web services are modular, encapsulated IT functions with their own data
sovereignty which can in turn use other web services to perform complex tasks on the
internet or intranet within new solutions. Web services are nothing but applications,
frequently legacy systems, which are addressed by a client via a message in SOAP
format over HTTP, i.e. over a network.
The widespread use of web services therefore has the potential to integrate and, if
necessary, adapt many different applications (services) on different platforms quickly
and efficiently over IT networks.
Today, there are frequent requests for integration on the basis of standard solutions
from companies like SAP, Siebel, PeopleSoft or Oracle. Such solution packages,
which are referred to as best-of-breed, enjoy wide popularity. However, combining
these standard solutions into a total system will in most cases result in multiple
different databases for similar or even the same content, and these databases must
constantly be reconciled with each other (Fig. 2).
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Fig. 2. Synchronization of databases in enterprise applications. The best-of-breed ideology of
the past did away with the ideal of a shared operational database, necessitating mechanisms for
synchronizing the data management systems of different products

There is good reason for the multiple storage of information, namely the problem
of data overlaps. A CRM solution needs customer data every bit as much as an
ordering system does. Even different versions of products from the same
manufacturer may feature different versions of customer information, although the
customer himself is always the same.
Having their own data is an important characteristic of autonomous, federative
systems and their services. The merging of databases would signify the loss of power
by individual partners as well as a weakening of the applications in the whole value
creation network. In addition, it would result in an unjustifiable watering-down of the
overall semantics and subsequently lead to a »loss of culture«.
Deciding whether or not the information about a customer in one system is really
the same as that in another system is difficult and makes no sense without also taking
the applications that use this information into account. This is the real reason why
integrations at the database level are almost always unsuccessful. You cannot view
data separately from the programs that process it, and you cannot see programs
separately from their data.
As a result, the workflow for the business must always be accompanied by a more
or less complex workflow for the synchronization of the virtual database. For
example, whenever a customer’s address changes, this synchronization process
ensures that this is communicated to all the systems involved in the process (ondemand synchronization).
Data synchronization is therefore the price we have to pay for autonomous services
or standalone standard solutions. This synchronization process reconstructs quasipermanently the shared database of the unified enterprise (Fig.1.)
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Integration at the data level is rarely satisfactory, as the remote effects on
dependent sub-solutions are simply too extreme. Synchronizing different data
inventories via messages is the better choice in most cases, particularly when not all
sub-solutions can be freely controlled. As is customary in real business processes, you
must define in a special process when synchronizing certain data is advisable or
necessary in order to make the overall system consistent.
Since services are generally developed and run separately, they may (e.g. during
reporting) contain or use similar but partly inconsistent data about one and the same
real object, such as a specific customer. In this case, it is unavoidable that the data for
a real object is inconsistent at a given moment in time (Fig. 3). Each program
therefore constructs its own model of reality [9].

Fig. 3. Federative integration of different world views by messages. Program with semantic A
and program with semantic B use information from the same scenario of real applications, such
as information about the same customer. To ensure an efficient and consistent workflow, data
should be synchronized at regular intervals

4

The Principles of Service-Oriented Architecture

First and foremost, service-oriented architecture (SOA) is an organizational
concept for the communication and exchange of IT services. SOA is based on the
heterogeneousness of technologies and suppliers with respect to services, and most of
all on the autonomy of the partners in the network. Since web services are a technical
implementation of the federative principle, they are useful for setting up an SOA [3].
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To use and account for services there must be prior agreements (security, service level
agreements).

Fig. 4. The principle of a service-oriented architecture (SOA). To be able to activate a service
via the network, its interface is defined via WDSL. The service manages its own data
autonomously. The communication between services depends on the infrastructure on which
the service and its consumer operate. Since a service is not normally »owned« by the consumer,
service level agreements are needed

A service-oriented architecture has the following distinctive features:
− It often spans wide geographic distances.
− It includes areas with different security mechanisms.
− It uses different platforms for its services.
The major characteristics of services in a service-oriented architecture (Fig. 4)
include:
− The communication of services is based exclusively on the explicit transmission of
messages. The communication takes place asynchronously via queues.
− A service can be activated at any time.
− A service in an SOA hides the data and the type of data management it uses from
the client.
− The implementation of the service itself is hidden from the client as much as possible.

− The communication of services is not controlled by a central entity.
− In SOA applications, partial failures can occur without this being made known
automatically to other services. To counteract the possible effects of such failures,
other technologies must be deployed, e.g. transaction management, persistent
queues, redundant distribution of services or failover mechanisms.
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− Services send and receive messages (via URLs) which are subject to a type
scheme. Unlike OO classes, services are not an abstraction of data structures and
functions under a clear-cut identifier.
The asynchronous communication of services requires the following:
− The correlation between sent and received messages via identifiers, i.e. replies that
arrive after a long period of time must be assigned to the process and the context
information that triggered them.
− The definition of UNDO processes (compensations) for long transactions that have
failed. These are workflows which attempt to reset changes; otherwise, a switch
from the automated to the intellectual level is required (business activity
monitoring, portals).
− A mechanism for handling services that cannot be reached (mobile devices, system
failures, etc.).

5

The Choreography of Services

The commercial success of a company depends on how well its internal workflows
are synchronized with the preferences and processes of consumers, customers,
suppliers and others so that each transaction is immediately communicated to all
affected parties [2]. The foundation for such a business model is the integration of all
participants into a universal network which they can all use from anywhere, with any
access device, and — especially important — also via voice communication.
The »choreography« is the protocol which negotiates between the processes of
different partners at the system borders. It documents the partner system’s behavior
when certain system conditions are present, such as the queries possible at this point
or the responses expected now or in the future (see Fig. 5).
Many things happen at the same time and nevertheless affect each other. Such a
system is embedded into its global environment and is not ascertainable as a rule.
Consistent end-to-end processes do not exist. All companies are linked to each
other via choreographies. These choreographies require standardized behavior, but
this does not imply that the implementation of an internal process is standardized as
well. During the development process, the external choreography is translated into
any suitable programming language, to which the necessary data definitions and
message formats are then added. The resulting workflow program is then compiled
and executed directly in machine language.
Of course, many companies don’t want to divulge all the details of their internal
processes to other parties and would rather design these details freely to best meet
their internal requirements. In such cases, the confidential process flows are
encapsulated rather than divulged to an outside business partner.
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Fig. 5. Choreography of services. The principle of workflows is based on the external
orchestration of services in accordance with the specifications of the abstract process, which
can be compared as a protocol with the use cases of UML. The abstract process serves
primarily the development of the consumer component in coordination with the service
provider’s possible responses, but in many cases it is a development tool for the service itself

Industry supporting federative interoperation
In the industrial area the new term of adjusted IT has emerged, meaning IT has to
enable not to follow business demands. Unlike their earlier behavior IBM, Microsoft,
and SAP extend their business through a common however refined nonproprietary
orchestration technology today. Together they define standards for Web Services and
Business Process Execution Language (BPEL).
− ESA [10] and the NetWeaver Middleware of SAP enable integration of packaged
process solutions with solutions of providers like PeopleSoft, Siebel, Oracle. SAP
co-operates with IBM and Microsoft on bridges for interoperation between
platforms using meta directories.
− Microsoft renewed BizTalk for BPEL and will deliver a Web Services Framework
named Indigo. Indigo supports ad-hoc workflows and Business Activity
Monitoring in Office Tools.
− IBM Web Service Interaction Framework supports different service interoperation
protocols and provides process patterns for 12 different lines of business.
All three vendors decline distributing their specific architecture on various
computing platforms. They focus on standards of interoperation of federated IT
solutions now.
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6

The Modern Enterprise and its Federative Infrastructure

With the rising number of internal and external interactions and the growing
variability of these relationships, the organization’s complexity increases accordingly.
At the same time, operational performance requires more and more coordination.
Traditional hierarchical organization structures are too slow to respond to rapidly
changing requirements. The hierarchical organization is characterized by the physical
and personal separation of conceptual, controlling and monitoring tasks — of
planning and execution. The processes are designed to be broken down into
standardized work steps, with the focus on increasing productivity in individual
sectors of the company through specialization, which is practiced predominantly in
manufacturing areas.
Typical features of modular organizations include weak interdependencies between
the modules and strong interdependencies within them [5]. In turn, the intended
effects include fewer relationships between the modules and intensive relationships
within them. The analogy to the increasing modularity in software development is
plain to see. Modular forms of organization are prerequisites for the federation [8].
The performance increase resulting from the distribution of software services in a
network is equivalent to the savings in transaction costs in modular, federative
organizations [1].
At the beginning of industrial production was the division of labor with individual
workers specializing in certain tasks. In a next step, the focus shifted from the
company’s own production to its relationship with the outside world. The
performance of a company was no longer measured exclusively in operational terms,
but was viewed as a link in a value creation chain.
Federatively organized companies take this a step further by moving the focus
from their concrete work to strategic areas. The responses a company can provide to
the business opportunities currently presented by the market have moved to the
forefront.
Managers have recognized that they stand to benefit particularly strongly from
using their employees’ intelligence, experience and initiative whenever the simple
tasks can be delegated to technology. They realize that it makes a lot more sense to
demand from their employees what machines cannot provide: initiative, ways of
dealing with exceptions, recognizing new opportunities, abstracting information,
imagination, and most of all the courage to act.
Looking at it this way, automated workflows are designed to relieve alert, creative
and responsible employees from routine activities, involve them only when something
goes wrong and help bring about a new type of enterprise. Workflows will eventually
disappear into the background and become routine, as is already the case in the
automation of invoice checking.
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Fig. 6. Symbiotic network of intellectual and automated services. The increasing use of tools
and applications leads to a federalization of the organization. Within a company, the services
are provided by both parties both intellectually and fully automated in a symbiotic mix.
Employees use services via portals, and business partners access them directly via programs or
indirectly via portals on the extranet

The new paradigm of automated services which are at their core controlled via
workflows and integrated via messages can and must be expanded to the services
provided by people. A service node bundles both types of services (see Fig. 6). This
does not make the people equivalent to technical applications. Rather, they carry the
responsibility, act as partners for service level agreements and perform those services
which cannot be provided automatically [7].
By merging portal functions with communication functions, observers are able to
detect irregularities in a process’s structure or execution which arrive at the portal in
the form of messages. These can then be straightened out immediately with the
responsible party. The observer sees in the portal window whether or not he or she is
available, clicks a button and is immediately connected.
Whenever conflicts occur, they can interfere immediately and use their knowledge,
imagination and politeness to save the company both money and trouble.
Consequently, this clear trend towards more qualified employees leads to further
automation of routine processes through workflow technology.
The service nodes indicated are the leftovers of earlier organizational units or
departments. Companies become borderless in their internal and external interactions.
The federative principle can be applied recursively in both technical and intellectual
applications. The result is a sensitive federation in value creation for customers and
enterprises.
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7

Future Outlook

When you look at the history of computer technology you will notice that each
newly found paradigm claimed to be universal. Looking back, all technologies left
their mark and are to some extent still used to this day as tools for solving problems.
One development that had a huge effect on the architecture of solutions was the
invention of the relational database model. With the introduction of browsers on
stationary and mobile terminals, the solutions have become increasingly independent
from the underlying databases.
Today we are facing the beginning of another modularization of the application
architecture involving workflows and service interfaces. The workflow technology
provides a flexible tool for combining all kinds of loosely linked components and thus
meets the needs of enterprise software.
From the workflow’s point of view, the choreography is the most important tool
for integrating additional services and their internal workflows. These integrated
services can be of different types and have different origins. The integrated solution is
per se heterogeneous. This makes the workflow a bridge between proven technologies
and creates new opportunities for system integration and cooperation in federative
enterprises.
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Fig. 7. Outlook: Permanent synchronization of federative services. In the future, solution
architectures will be segmented differently. These solutions will have components (services)
which cross organizational boundaries and reuse the services of contract partners. The data
storage of these services will be continuously synchronized, making the direct re-integration of
stored data unnecessary. Services are the successors of objects; they are their corrective
element. Federative enterprises provide services and are nodes in the global grid of the future

Figure 7 shows a wider modularization of the architecture of applications in the
form of orchestrated services. Similar to the introduction of relational databases in the
1990s, the development described can lead to a deregulation of the market for
standard solutions. The core of the technology will consist of the orchestration of
services and of background processes for synchronizing their data storage. The
standardization of workflow and communication technologies will create completely
different markets for solutions.
In future corporate networks, the federative principle will possibly become the
guiding principle for the behavior of individual companies and subsequently for the
integration of all intellectual and automated services on the basis of a corresponding
IT infrastructure.
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Abstract. This paper is a case study of a large UK Enterprise's inter-enterprise
interoperability strategy and achievements. It covers the background years of
IT development, the current interoperability requirement, the architecture of the
solution, the benefits, experience and conclusions. The manufacturing background is covered with details of earlier attempts at integration of large IT systems, both proprietary and bespoke and how this has progressed to today’s solution. The ultimate benefit being the ‘design anywhere, build anywhere’ for
the enterprise.

1 Objective
To share experience of trying to solve Interoperability problems.

2 Background
The concept of ICT enabled collaborative working has been around for 40 to 50
years. The ways of collaborative working were usually framed in Memorandums of
Understandings (MoUs) where IPR and investment is involved, but were actually
made to work in practice by humans.
There have also been various levels of integration between various software systems,
forming so called islands of automation:
DNC – Distributed or Direct Numerical Control 1980
In the beginning DNC stood for Direct Numerical Control. A computer provided
machine instructions for a NC milling machine that were transmitted over telephone
lines. Later the term DNC evolved to mean a system where a group of CNC machines are linked to a central computer. Or conversely a combination of computers
are each linked to one or more CNC machines and the computers are linked together
by way of a local area network. Distributed Numerical Control where by NC programs are sent (distributed) to the memory of a CNC machine. The program is then
run from the CNC memory. Computerized Numerical Control (CNC) refers to ma-
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chine tools that have a computer and memory to control their operation. Most all non
manual machine tools sold today will be CNC. The ISO format is the most widely
used data format for NC machines. The use of standards was supposed to promote
interoperability but vendor interpretation generally failed to meet these expectations.
FMS – Flexible Manufacturing Systems
1985
A flexible manufacturing system (FMS) is an arrangement of machines.... interconnected by a transport system giving flexibility to a variety of manufacturing operations. The transporter carries work to the machines on pallets or other interface units
so that work-machine registration is accurate, rapid and automatic. A central computer controls both machines and transport system... National Bureau of Standards 1
The key idea in FMS is that the co-ordination of the flow of work is carried out by a
central control computer. This computer performs functions such as:
• Scheduling jobs onto the machine tools
• Downloading part-programs (giving detailed instructions on how to produce
a part) to the machines.
• Sending instructions to the automated vehicle system for transportation.

Figure 2 A Flexible Manufacturing System

The manufacturing environment was considered to be totally automated into a ‘lights
out’ situation. This proved to be possible only in limited manufacturing applications
though it still remains a goal to produce a fully integrated environment even across
organisations.

1

now National Institute of Standards and Technology
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OBA – Overall Business Architecture
1983
The OBA took this philosophy to the factory level in the mid to late 1980s. It was a
first generation Integrated Business System between design, planning, materials,
manufacturing, procurement and invoicing applications systems. But the individual
applications were locked together, difficult to maintain and inhibited business change
and therefore affected the competitiveness of the business. Applications were built to
aid a discipline and not to integrate with other disciplines’ applications. The information was locked in the application. To integrate these applications, expensive point to
point interfaces were developed.
There is a need for a more modular approach, where
• Data is seen as being separate from the application, which manipulates that
data
• Information is a key company asset and should be treated differently from
the application systems
• Data/information needs to be protected as it has a life expectancy
• Data standards are used – XML-xx standards need to be developed
like a platform following the schema produced by STEP for exchanging data across
PDM’s via a neutral data standard.
This approach was used for the next generation of integration for e-business and
outsourced business.
A large UK enterprise’s business depends upon the interface between Product Data
Management (PDM) systems and Enterprise Resource Planning (ERP) systems to
transfer Parts and Bills of Material (BOMs) to allow designed items to be purchased
or manufactured.
For one Business Group, the multiple PDM systems were integrated with the multiple
ERP systems using point-to-point interfaces, and a TIBCO-based interface existed
between their previous PDM System, Sherpa, and ERP System at one site. For another Business Group, a similar interface existed between their Sherpa PDM and ERP
Systems.
The large UK enterprise’s first Business Group launched a programme to replace
their existing PDM systems with a single common system based upon EDS’ Metaphase, hosted on a single corporate server. There may be different site-specific data
implementations dependent on the data transferred from their Sherpa systems.
The second Business Group similarly moved onto Metaphase, converting their data
from Sherpa. This was totally separate implementation of Metaphase and is different
from the Avionics implementation.
All the application software, both PDM and ERP, is the same but differences existed
in the implementations of the ERP System to satisfy local business requirements.
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3 Enterprise Integration
The first Business Group then required an interface between Metaphase and their
ERP Systems. This interface is required to enable Product Structure data (i.e. single
parts, single level BOM structures or multiple level BOMs) to be transferred from the
single PDM database to any of the ERP databases identified, the choice of which ERP
installation being made by the user. This to satisfy the concept of ‘design anywhere,
manufacture anywhere’ and today some sites design but do not manufacture, so the
data needs to be transferred to those sites who will undertake the manufacturing.
The second Business Group also required an interface between Metaphase and their
ERP System but because their Metaphase implementation was different than the first
Business Group’s, there were different data translations to be performed.

4 Architecture
To meet this concept of transferring Metaphase Parts and BoMs to any ERP System,
the interface needed to be designed and the data translations needed to be understood.
Some sites have previously used a proprietary Message Broker and to also meet the
needs of interfacing to an External Marketplace system from their ERP and other
systems, a new corporate Message Broker was sought and acquired for this purpose,
known as an Enterprise Application Infrastructure (eAI), supplied by webMethods.
Until recently, integration issues fell into several different camps with solutions provided by specific point products. However, the newer releases of Integration type
platforms rise to the challenges, resulting from the broadening scope and depth of
integration requirements by delivering a business-driven interoperability that fully
encompasses data, packaged and customer applications, legacy systems, Web services, business partners, and human workflow. Recognising evolving and expanding
requirements, these products integrate key elements into a comprehensive solution
containing broad and deep support for all initiatives such as A2A, B2B, B2C, EAI,
BPM, BPA, EDI and more. They deliver true end to end integration and interoperability between packaged and custom applications, mainframe system transactions,
front- and back-office systems, Web services, and human workflow. Users can define
disparate business processes that incorporate resources into comprehensive business
processes that maintain a process context across the extended enterprise.
So the high level business process of the solution became
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Fig. 1. Generic Business Process Model for the first Business Group’s EDS Metaphase to ERP
Interface

As can be seen there are three main components:
• The PDM (Metaphase), ERP (Networks MTO) and Network Procurement (if
installed) systems (Application 1, 2 and 3 if installed). Network Procurement is not installed for all sites but the NWP capability exists within the interface and is dependent upon a user specified parameter to invoke it and
NWP being installed.
• The software vendors (EDS (Metaphase extract), webMethods (eAI Broker
and initial Adapters), CSC (eAI PDM & MTO Adapters), Manugistics
(MTO Uploader)).
• The data to be transferred from Metaphase to MTO, dependent on whether
Network Procurement is installed via a user configurable parameter (Bill of
Material – BOM).
In addition, Fig. 1 also illustrates the generic steps and the direction of the data flow.
The Extractor program selects and extracts through user screen interfaces and writes
the data to be transported into a file. The eAI Adapter will read this file from the
PDM environment and transport it to the MTO environment, dependent upon whether
Network Procurement is installed, translating the data according to business rules
defined by the Business Group. Once the file is in the MTO environment, the eAI
MTO Adapter is then responsible for invoking the Uploader program via a script to
load the BOM data into MTO, the data conversion and transfer being dependent on
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whether Network Procurement is installed for a particular site. Codes are returned
from the Uploader and translated by the eAI MTO Adapter into messages and returned, by email, in a message report file to the person initiating the transfer.
Note: The PDM Adapter, the MTO Adapter and the Uploader are common software
across all interfaces but it is the choice of the user when to take these releases, so
some sites have different releases installed. It is recommended that the latest release is
tested, accepted for production release and installed, in line with business priorities.
Data integrity across this interface is paramount, so open source software could not
be used as it is untested and unsupported. However, using software vendors’ solutions doubled the cost and also increased the time delay by 100%.
Metaphase to MTO Interface

Metaphase PDM
Extract
Adapter

Infrastructure

IS
Adapter

MTO

ES
(Enterprise
Server)

Network
Procurement

IS
Adapter

MTO Server
API

Metaphase

API

Infrastructure

Metaphase Server

MTO
Uploader
Adapter

Adapter
IS
Adapter

=
IS
Adapter

Application API +
IS Adapter +
Broker pack & Bridge

Generic eAI
Services:
Log
X-Ref

eAI Broker Server

Fig. 2. Logical Application Architecture for the first Business Group’s EDS Metaphase to ERP
Interface

The second Business Group also required transferring Production Metaphase data to
their Test ERP System, in addition to their Production ERP System. This was to
satisfy a number of requirements, such as
• if during support and maintenance, there was a problem sending data across
their Production interface, they could repeat the sending of the data but into
their Test ERP System,
• for testing ERP System upgrades, without the need to fully replicating data
into their Test Metaphase System, saving both time and cost.
This meant their business process and architecture is slightly different but this facility
is now available for the first Business Group should they choose to install it.
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Fig. 3. Generic Business Process Model for the second Business Group’s EDS Metaphase to
ERP Interface

Network Procurement is not installed for the second Business Group but the NWP
capability exists within the interface and is dependent upon a user specified parameter
to invoke it and NWP being installed.
In addition, Figure 2 also illustrates the generic steps and the direction of the data
flow. The Extractor program, through user screen interfaces, selects, extracts and
writes the data to be transported into a file. The eAI PDM Adapter Build 3 will process this file from the PDM environment and transport it to the respective MTO environment, dependent upon whether the user has specified Production or Test and also
whether Network Procurement is installed, translating the data according to business
rules defined by the Business Group. Once the file is in the Production or Test MTO
environment, the eAI MTO Adapter is then responsible for invoking the Uploader
program via a script to load the BOM data into the specified MTO System, the data
conversion and transfer being dependent on whether Network Procurement is installed for a particular site. Codes are returned from the Uploader and translated by
the eAI MTO Adapter into messages and returned, by email, in a message report file,
to the person initiating the transfer.
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Fig. 4. Logical Application Infrastructure for the second Business Group’s EDS Metaphase to
ERP Interface

5 Benefits
The benefits of this approach are that there is a single software solution in place consisting of 4 main modules, utilising the EAI Infrastructure solution, with separate
paths as required for each business.
The businesses cannot manage without this interface, as the recent migrations to the
Production Metaphase System have shown, as they have been held for ‘go live’,
pending the release of the metaphase to ERP Interface.
The software is easier to maintain and once facilities are developed for a site, then
they are available for other sites to use as well.
The solution supports the concept of ‘design anywhere, manufacture anywhere’,
reducing ordering times by 50% or even higher and reducing the number of internal
buyers / procurement staff.

Page 587

INTEROP-ESA'05

4 Experience
Experience with the Large UK enterprise has also shown that it is now possible to
link:
• internal procurement systems i.e. SAP, BaaN, Networks MTO to the external Marketplace. EXOSTAR, i.e. to supplier catalogues and to order parts
totally electronically.
• HR Systems to other HR Systems within and external to the company.

5

Conclusions

The eAI approach allows the modular (component) building of a system that has a
degree of dynamic reconfigurability to meet business need of delivering capability to
a contract need.
The cost needs to be addressed as do the analysis, modelling and, of course, the information Ontologies embedded in standards.
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Interoperability of Knowledge Based Engineering Software
Uwe Kaufman
Fraunhofer IPK
and
Russell W. Claus
NASA Glenn Research Center
Abstract
The design process of manufacturing goods like vehicles, airplanes, and spaceships is
increasingly being driven by conflicting requirements. There is a need to shorten the
product development time while performing more rigorous multidisciplinary analysis of
increasingly complex systems. There is a need to involve a larger group of design
partners while retaining core competencies within the design group. Knowledge Based
Engineering software has been used to ameliorate these challenges, but market
acceptance of the software has been growing only slowly due to their weak integration
into the overall product development process.
Knowledge Based Engineering software provides a systematic approach to capture
design knowledge so that it can be used in future applications (such as redesign or
product lifecycle support). It supports linking requirements to design artifacts and
captures constraints and relationships in a manner that allows integration with Computer
Aided Design (CAD) software. Product Data Management (PDM) today is widely
accepted as a means to store design data, especially CAD models and metadata. The new
challenges of the most developed manufacturing enterprises is the implementation of a
Product Lifecycle Management system, which often is referred to being an extension of
PDM, but actually represents a process for the capturing of all data that concerns the
whole product lifecycle, including the knowledge that lead to the specific design solution.
A past National Institute for Standard and Technology (NIST) workshop highlighted the
lack of interoperability as a key reason for slow market acceptance of KBE software.
Current international standards efforts have not yet closed this gap. One previous effort
that attempted to address this challenge was the Methodology for Knowledge Based
Engineering Applications (MOKA) project. MOKA was a European-sponsored research
effort to develop a methodology for KBE that would, first, find ways to represent the
product and process knowledge for design and, second, build a software tool to enable the
methodology. MOKA used the Unified Modeling Language (UML) as one tool to
represent product knowledge and followed a systematic, Object-Oriented approach to
capture product and process knowledge.
Going beyond MOKA in terms of the development of KBE tools, a Function Oriented
Design (FOD) system was developed in the framework of the German national project
iViP (Integrated Virtual Product Creation). FOD is a conceptual design tool that allows
the functional decomposition of a product, which is an abstract representation of a virtual
product. This abstraction is needed to capture design knowledge independently of the

1
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CAD system and to allow an easy way to reuse existing design solutions. To ease the
adoption of FOD systems, standard interfaces to access and store design information
were chosen, such as OMG’s PDM Enablers and CAD Services. At the same time it
reveled the absence of higher level interfaces to store and retrieve knowledge related
information.
The Object Management Group (OMG) is an international standards organization
supporting the development of software standards through a Model Driven Architecture
(MDA) approach. The wide-scale industry adoption of OMG's MDA provides application
developers and users with the means to build interoperable software systems distributed
across all major hardware, operating system, and programming language environments.
One of these industry wide efforts is under the umbrella of the Manufacturing
Technology and Industrial Systems (ManTIS) Domain Task Force.
The ManTIS’s mission is to foster the emergence of cost effective, timely, commercially
available and interoperable manufacturing domain software components through MDA
standards. Its goals include:
? Recommend technology for adoption that enables the interoperability and modularity
of manufacturing domain software components.
? Encourage the development and use of MDA manufacturing domain software
components, thereby growing the object technology market.
? Leverage existing OMG specifications. Recommend liaison with other appropriate
organizations in support of the preceding goals.
In this framework a number of industry relevant specifications have been submitted and
adopted, like Product Data Management (PDM) Enablers, Computer Aided Design
(CAD) Services, Data Acquisition from Industrial Systems (DAIS & HDAIS), Product
Lifecycle Management (PLM) Services, Utility Management Systems (UMS) Data
Access Facility, and Distributed Simulation Systems.
The work on an interface model specification for Knowledge Based Engineering (KBE)
software has recently begun. This specification should enable the interoperability of
design knowledge between various KBE systems and related software. Based on industry
feedback, a Request for Proposal (RFP) has been drafted that calls for the specification of
a standard interoperable KBE interface model that ena bles the interoperability stated
above. The principal motivation is to achieve functional interoperability and exchange of
data and knowledge without loss of information, tolerance or robustness in ComputerAided Engineering (CAE) applications, in general, and Knowledge Based Engineering
(KBE) applications , in particular. It is anticipated that this activity will increase user
acceptance; enable long-term design knowledge capture and retrieval of engineering
information; add formalism to an informal process, thus improving the design process;
provide a vehicle for university research that could lead to improved knowledge
representations; provide vendors with increased market acceptance; and possibly promote
the development of a user group that could solve user problems without vendor expense.

2
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Abstract. Business Process Modelling (BPM) is a well-understood method to
analyse enterprise processes. As today more and more essential processes are
conducted across the enterprise borders, this induces additional challenges in
terms of different languages, process types and ontology. This paper indicates
techniques which support such cross-enterprise BPM. The work reported has
been conducted in three company networks including SMEs within different
European regions, identifying potentials and constraints for a more sophisticated supply chain control.

1 Introduction
The SPIDER-WIN project (with financial contribution of the European Commission,
IST Project 507 601) [1] aims to achieve efficient, simple and context-aware SME
co-operation in supply networks with low-level local software requirements, focussed
on the exchange of order status changes. This is achieved by an ASP platform with
asynchronous data exchange between the platform and the enterprises.
In order to prepare the definition of the required functionalities and interfaces,
three supply networks from different European regions have been analysed. In the
preparation phase, reference models and documents have been developed as the base
for the local studies. In the analysis phase, similarities between the different workflows have been identified.

2 Modelling Techniques Applied
Due to the process orientation of the project’s subject, a process oriented approach is
required. Therefore, the Integrated Enterprise Modelling (IEM) Method [2] has been
applied. Through the object oriented approach of the IEM the use of reference classes
is very efficient, simplifying the task of defining common terms, structures and attributes.
Reference models are a very efficient means to increase the efficiency of modelling, to raise the quality level of the developed models, and to improve the reusability
of the models. Such reference should include class structures, template models and a
manual which describes the correct and efficient use of the reference models as well
as the validity and constraints of the model [3]. Especially for distributed systems,
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where different persons perform the modelling task at different locations, reference
models can improve the work, significantly [4]. The Supply Chain Operations
Reference Model (SCOR) is a reference model, too, as it incorporates additional
elements like standard descriptions of processes, standard metrics and best-in-class
practices [5].
Before starting interviews, a reference model based on IEM methodology and
SCOR terminology was developed, in order to guarantee that all information and
requirements detected can be systematically documented within one single, consistent
model. A Guideline Document Suite includes a description of the processes, variables
and metrics to be considered as well as supporting documents and document
templates. The guidelines supported the structure and completeness of the interview
as well as the comparison of the results from the different supply networks.

3 Results
First, the single company models have been established. They have then been merged
to models of the three different supply networks, thereby identifying additional potentials and challenges at the company interfaces. In total, 103 sub-models (“levels”)
have been established, with a total of 1852 process elements.
Based on the study results, a “general model” of the as-is-situation could be extracted from the three network models, which describes general and specific process elements, systematically documented within one single, consistent model. It contains the
SCOR compliant process names, specific “information categories”, relations between
processes and information categories and further application rules. Therefore, by
comparison of a specific supply chain model with the general model, the specifics of
the supply chain can be identified.
The study has demonstrated, that a well-adapted reference model is an important
base for the conduction of cross-enterprise business process studies. The IEM Method
turned out to be a very efficient means for this purpose, allowing to switch the terms
between two languages (the native interview language and English). The reference
class trees significantly improved the development of models with comparable structures, without urging the interviewers into pre-defined processes. SCOR was a good
base to establish common understanding between the coaches.
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Abstract. The ShanghaiGrid, as a Grid Computing Environment, is an
information Grid to serve the public in the city, and all resources are regarded
as Grid Services in Open Grid Services Architecture (OGSA). The primary
goal of ShanghaiGrid is to build a general shared information grid platform.
Charging and accounting is an important part of grid computing system in
computational economy environment. An accounting procedure based upon a
computational economy model is a promising way of solving the problem of
resource allocation in a grid environment. The aim of this paper is to propose
an accounting information sharing model to be used within the ShanghaiGrid
project. In this paper, we introduce firstly an overview of ShanghaiGrid. Then
we describe architecture of charging and accounting system and its key
technologies. Afterward, we discuss mechanisms of the grid charging and
accounting in ShanghaiGrid.

1 Introduction
Grid computing, which are able to harness distributed resources for solving largescale computationally intensive problems, has been widely accepted as a promising
paradigm for large-scale distributed systems in recent years [1,2,3], and the main goal
of it is sharing large-scale resources and accomplishing collaborative tasks [2] in
science, engineering, and commerce. In the past few years, the main application of
grid computing was mostly academic or exploratory in nature and did not enforce the
grid economy mechanisms. However, with the emergence of Web Services
technologies and the Open Grid Services Architecture (OGSA) [4,5], Grid
infrastructures move increasingly towards a multi-institutional production scale and
need infrastructure that supports various services: security, uniform access, resource
management, scheduling, application composition, computational economy, and
accounting. Therefore grid economy and accounting is becoming increasingly
important.
A charging and accounting service to be functional in a grid environment will
1

This paper is supported by 973 project (No.2002CB312002) of China, ChinaGrid Program of
MOE of China, and grand project of the Science and Technology Commission of Shanghai
Municipality (No. 03dz15026, No. 03dz15027 and No. 03dz15028).
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manage the cost of usage of grid and support the economic activity according to the
computational economy. It needs to be decentralized, scalable and flexible. An
accounting system is responsible for carrying out several functions: metering, data
collection, pricing, charging and payment.
Charging and accounting for grid has been taken into account for some grid
projects and researchers. DGAS [6] presented a accounting system for European
DataGrid project; GridBank[7] was introduced as a grid accounting services
architecture for computational grids; IBM ’s ‘Extreme Blue’ grid accounting project
proposed a grid accounting framework GSAX [8] with dynamic pricing strategies
independent of economic model. The problem of the accounting on a computational
resource can be faced in many different ways. Different grids have different
accounting structure and technologies to adapt to their own Grid Computing
Environment. The aim of this paper is not to describe analyze the details of all these
approaches but to propose our vision of the problem, and present an accounting
model for ShanghaiGrid.
The paper is organized as follows. In Section 2, we introduce background and
architecture of the ShanghaiGrid. Then, we present the grid accounting model and
key technologies of ShanghaiGrid in Section 3. In Section 4, we briefly describe
accounting and charging mechanism in ShanghaiGrid. Finally, we give the
conclusion of this paper and the future work in Section 5.

2 An Overview of ShanghaiGrid
The ShanghaiGrid is an ongoing Grid Computing Environment based on the Grid
Service standards and the Open Grid Services Architecture, which funded by the
Shanghai Science and Technology Development Foundation. As a City Grid, the
ShanghaiGrid is to provide a general shared information Grid platform for various
Grids. The primary aim of ShanghaiGrid is to develop a set of system software for the
information grid and establish an infrastructure for the grid-based applications [9],
and promote Shanghai become one of the most advanced information cities in the
world. The subjects to be researched in the project cover a wide range, including
infrastructure, standard protocol, software, and collaboration platform [10].
The first stage projects of ShanghaiGrid have drawn the investment of ￥ 28
million. Participants are Shanghai Jiaotong University, Tongji University, Fudang
University, Shanghai University, Shanghai Supercomputer Center, Shanghai
Transportation Information Center, East China Institute of Computer Technology,
IBM, Intel, etc. The nearest goal of ShanghaiGrid is to going to connect all
supercomputers in this metropolis together to form a sharing environment for massive
storage and grid computing [9].
Fig.1. [10] shows architecture of the ShanghaiGrid. It consists of the following
components [10]: Resource Management, Data Access and Transfer, Resource
Discovery and Grid Monitoring, Data Sharing and Integration, Grid Service
Middleware, Security Service, which are organized according to the requirements of
the OGSA.
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Collective Layer
Grid Service Middleware
Security Service

Resource Discovery Resource Sharing
& Grid Monitoring
& Integration
Resources Layer
Resource Management
Data Access & Transfer
Fig. 1. Architecture of the ShanghaiGrid

3 Accounting Model
The accounting model is the basic services for any practical Grids. Accounting model
that we designed for ShanghaiGrid is based on Architecture of the ShanghaiGrid,
which is able to support accounting of resource and service usage, and is generic
enough to be used for resource trading.
3.1 Accounting Life Cycle
Fig. 2 shows an accounting life cycle, which is divided into the following phases:
submission, negotiation, implementation, charge, payment and deinstallation.
submission

negotiation

implementation

deinstallation

payment

charge

Fig.2. accounting life cycle

The accounting life cycle starts with the submission of application. User submits a
job with specification of the needed functionality and possible QoS parameters, and
then selects suitable resources and estimates the application cost.
Afterwards, the provider and user start the negotiation phase. This phase deals
with the process of service negotiation between provider and user, which contains
detail about functionality, QoS, and pricing mechanism. The negotiation phase ends
with signing an agreement.
During the implementation phase, the provider provides resources to user, and
then the user job is executed, as well as meters the resources consumed.
The change phase combines changing service functionality, which calculates total
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cost based on the resource usage and the resource price. Whereafter, in the payment
phase, user pays charge the user resource usage.
Finally, the accounting life cycle ends with the deinstallation. In this phase, the
implementation’s resources are released.
3.2 Accounting Processes
The accounting processes can be separated into several phases that already mentioned
above. In the following, we will give a brief description of the accounting processes
that are shown Fig. 3.
Grid Account Server
user

Grid
Resource
Broker
(GRB)

Information
Service

Pricing Algorithms
(PA)

Job Manage
Service

Collective Layer

Grid Charging
Service (GCS)

Grid Payment
Service (GPS)

Resource Usage
Service (RUS)
R1,R2 ……….. ….. Rn

Resources Layer

GRB is a mediator between the user and grid resources by using middleware
services. It is responsible for discovers resources, negotiates for service costs,
performs resource selection, and so on.
GPS provides a service to a payment infrastructure.
GCS provides a basic infrastructure that has been enabled to support economic
interaction.
RUS [11,12] provides a basic infrastructure to support the auditing and monitoring
capability for the resources consumed by OGSA services.
PA define the prices that resource provider would like to charge users.
Information Service provides a complete list of resources
Job Manage Service deals with job submission to grid resource provider.
Grid Account Server provides a service to manage and maintains accounts and
resource usage records
Fig. 3. The Accounting Processes

The submission phase: the user submits their applications with some
parameters including budget and deadline to GRB so that GRB may correctly
choose resources, and estimation the application cost. The Information Service
provides a complete list of resources to GRB, and then GRB selects suitable
resources according to different scheduling criteria.
The negotiation phase: GRB interacts with PA to consult acceptable price of
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services for both grid resource provider and user. If they come to an acceptable
price, PA informs GCS about accepted price. The GRB, having received the job
description and select suitable resources for the given job, estimate the overall
cost of the job.
The implementation phase: GRB submits user job to grid resource provider
via Job Manage Service. Grid resource provider provides the service by
executing the user job and RUS meters the resources consumed while
processing the user job. After the job finished, RUS will obtain the usage
statistics of the grid resources, and then generates a standard Resource Usage
Record (RUR) [12].
The charge phase: GCS receives the price from PA, which negotiates with
resource users, and the data from RUR. Then It calculates total cost based on the
resource usage and pricing algorithms that the mutually agreed. Afterward, GCS
sent the total service cost and the resources usage statistics to Grid Account
Server.
The payment phase: GCS contacts GPS with a request to charge the user
account. User will pay resource usage charge by using payment strategies of
GPS.
The deinstallation phase: GRB returns the results to the user, and resources are
released.
3.3 Grid Account Server
Grid Account Server was designed to store and manage accounting information about
provided resources. When a job is done, accounting information of resources usage is
sent to Grid Account Server who then transfers an amounting of “money” from the
user’s account to the resource provider’s account. Fig. 4 shows Grid Account Server
architecture.
Administration
DB
Security Protocol

Grid Account Server API

API provides a Grid Account Server
interface to other services.
Security Protocol performs authentication
and authorization of users. Authentication
process uses Generic Security Services
(GSS) API, which is implemented by
Globus Toolkit I/O [13].
Administration provides basic account
operation and management such as open
account, update account, close account,
deposit, transfer, etc.
DB is a database that stores account and
resources usage information.

Fig.4. Grid Account Server Architecture

An authorized manager creates user accounts, called initial account, at the Grid
Account Server. An amount of “money” and a credit value are stored to Grid Account
Server according to the credit rating of the user. When a user starts a request for an
application, the server checks and charges the user’s account for its application in

Page 597

INTEROP-ESA'05

order to determine whether the user can afford the job to be computed or not. In order
to execute a submitted job, the user needs to have an account at Grid Account Server
with a positive amount of money.
Communication between user and Grid Account Server must relate to security and
access protection. User isn’t able to change his identification, and isn’t trusted to
manipulate server’s central storage. An authentication server should be implemented,
which handles login and logout procedures. Once clients are authenticated, the client
is authorized to establish a connection between client and server. Clients cannot send
any requests if a connection is refused. Clients will be checked for their identification
every time when they request an accounting service and communicate with server.
Clients will be able to access only their own data, unless they have special
administration privileges.
3.4 Dynamic Account Manager
To access grid resources, each user will request a local account. However, it is neither
desirable nor feasible to allocate an account for each user and accurately maintain a
great deal accounts of user. Therefore, we use dynamic or template accounts to
manager account, which can meet the requirements of accounting and system
management. System administrator will check the user’s membership during
authentication, and authorize the user as a dynamic account if she does not have a
static account. The dynamic account is chosen from the pool of template accounts
[14]. Each dynamic account is a local system account created on the pool of template
accounts, but without a permanent user associated with it.
A dynamic account bound to a user is temporary. When a user submits some
application to resource provider, one of the template accounts from the pool of
template accounts will be dynamically assigned to user. To bind of current user to a
template account, user’s Certificate Name is temporarily mapped to the account. At
the termination time, the processes running and all files with this account as owner
will be killed and deleted. Finally, the template account is relaxed, and returned to the
pool.
3.5 Accounting Protocols
Accounting protocols can be distinctive the following two types: Security Protocol
and data Transfer Protocol.
Security Protocol: It is developed an architecture for authentication and
authorization of clients. The architecture is client-server architecture. Authentication
is based on Public Key Infrastructure (PKI) using X509v3 certificate [15], and
certificates can be issued by certificate authority (CAs). The clients send
authentication request to server, and server decides whether the user is authorized to
use grid resources.
Data Transfer Protocol: TCP-based transfer protocols such as SMTP, FTP, or
HTTP can be used to transfer information of payment and charge between user
account and provider account. These protocols is reliable, efficient, and security.
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4 Accounting Mechanisms
The accounting mechanism describes the accounting policies, and determines the
resources exchange rates during the performance of accounting, which maximize
benefits of grid resource provider and consumer. The accounting mechanism should
be simple enough to be understood by all resource providers and users.
Accounting Items: It is necessary to decide for which resource elements one
should pay. Any services invocation will consume a wide range of resources.
However, a services provider may only be interested in a relatively small subset of
these resources for the purposes of deciding a price to use a service. The consumption
of the following resources may be accounted and charged [11]: CPU, Memory, Disc,
Wall Clock Time, Node Count, Network, Processors, Software and Libraries
accessed.
Book and Estimate: After the job description was received and select suitable
resources for the given job, user need book a portion of resources to execute job.
Then, resource consumption should be estimated, which has two constituents: rate of
consumption, and estimated maximum durations. The overall estimated resource
consumption would then be (rate of consumption) × (expected duration).
Resource Pricing: Pricing schemes should base on the supply and demand for
resources and the QoS requirements. GBR was requested to mediate resources price
by grid resource producers and users. GBR sets firstly a price for a resource and then
queries both producers and consumers whether or not accept that price. With time
elapsing, GRB increases or decreases the price by a small amount ε after each
negotiation, namely P(t) =Ρ±εΔt, until producers and users come to an acceptable
price.
Accounting Checking: The overall cost of the job is estimated by multiplying
resource price with estimated resource consumption. The user’s account is checked
whether there is a positive amount of “money” to pay. If the estimated overall cost of
the job exceeds the user's funds, the resource provider may provide a loan for user
according to the credit rating of the user.
Accounting Policies: Account policies concern is how to charge for resource usage
in some particular situations. We propose the following system policies: 1. If user job
is cancelled during execution because of user action, resource provider will charge
for resources already used; 2. If user job is suspended because of resource provider
action, resource provider don’t charge to the user; 3. If the resource usage
expectations is underrated, resource provider provide a loan to user so as to complete
whole job; 4. If the expected resource usage is overrated, the job is executed.

5 Conclusions and Further Work
Charging and accounting is an important part of ShanghaiGrid. In this paper, we
describe briefly the background and framework of the ShanghaiGrid. Then, we have
shown that an account sharing model for ShanghaiGrid, which is a complex system
that involves many services interaction, and is a standard architecture for supporting
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generation and distribution of accounting information. Afterward, we give an
introduction to accounting mechanisms of ShanghaiGrid.
Other work needs to be considered and need further investigation. The next steps
will study reliability and fault tolerance of accounting model, increase security
mechanisms, selects suitable payment policies, analyze the related economic model
that suitable for ShanghaiGrid.
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Abstract -The paper presents a unified modeling framework, agent based and
supported by the Discrete Event System theory. This framework is intended to
provide generic models, applicable at all enterprise levels, allowing evaluating
interactions among different subsystems, in a complete customer-transparent
manner. The evaluation is concerned with two main properties: meeting a
given deadline for the whole process and allowing certain undesirable states
as mutual blockings. The modeling procedure was explained for a simple case
study of manufacturing cell. A software application for this evaluation
procedure is under development; at this moment it allows to check for
undesired states.

I. Introduction
The concept of interoperability was defined as “the ability for a system or a product to
work with other systems or products without special effort of the part of the
customer”. More specific, interoperability could be seen as “the ability of Enterprise
software and applications to interact […] The interoperability is considered to be
achieved if the interaction can, at least, take place at the levels: data, application and
business enterprise”.[1]
From a system theory approach, this definition mainly results in primarily finding a
common modeling framework for all the subsystems of a large scale heterogeneous
system (the enterprise), then elaborating a methodology to combine modeling blocks
according to given specifications and finally obtaining a possibility to compare
different combinations from a certain performance point of view.
The common modeling framework is necessary for offering the same working
environment for customers, without regard of systems/ products implied. The
combining methodology is necessary for testing different possible interactions as
multiple solutions to the same problem (which is the case for the majority of complex
problems). Finally, the evaluation allows choosing the most appropriate solution for a
given problem and a given set of objectives.
An appropriately chosen modeling support should allow stepwise extending models at
different complexity levels.
From a generic point of view, the same kind of problem can be identified either as the
real-time control of a (eventually flexible) manufacturing system or the control of a
mobile (eventually intelligent) robot working into a low defined environment.
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Similarities are: the complexity of the considered systems (a manufacturing system is
composed of very numerous devices that should interact exchanging data and
materials into a synchronized manner; a mobile robot is composed of an electro
mechanic system moving according to information offered by sensors); their
heterogeneity (devices composing a manufacturing system are from very different
types, running different applications and changing different types of data and
materials – as applications that should interact in enterprises; mobile robots have to
synchronize mechanics, electronics and software for one single move and/or
decision); the necessity to use simplified models – which leads to uncertainties, high
dynamics of the processes, existence of multiple solutions for different problems,
a.s.o.
Starting from these similarities, a possible solution for an interoperability-oriented
modeling framework is to consider a modeling approach used for real-time
manufacturing control.
The purpose of this paper is to present such an approach and to advocate it for
interoperability.

2. Agent-based Modeling Approach
2.1. Context
One of the main characteristics of the interoperability approach as well as of the realtime manufacturing control, for instance, is that interactions between subsystems are
not concerned with their detailed functioning.
Every subsystem can be seen as a black-box that can fulfill a certain list of nondecomposable activities (tasks). Those activities are interesting from the interaction
point of view only as input/output data (for implementation purposes) and as having
one of the following discrete states: idle, in progress, break -down (for state-space
purposes).
The state of the overall system is obtained by composing the subsystems’ states; the
state evolution is obtained by the occurrence of events as “start task”/ “end-task ”/
“task breakdown”.
In manufacturing real-time control the goal is to obtain a certain desired state, by a
sequence of events occurring from the initial one and, eventually to avoid other
undesired states.
Basically, there are two evaluation criteria for manufacturing control architectures,
that the majority design approaches proved as contradictory:
Robustness (the capability of the control structure to bypass the effects of
eventual resource/ activity break-downs in the controlled system so as to
accomplish manufacturing goals – usually achieved by on-line rescheduling)
Global optimality of the control policy in terms of system efficiency (one of the
most important optimality criteria being the time spent by parts in the
manufacturing system)
Consequently, there are two design approaches for control architectures: hierarchical
and agent based.
In the case of hierarchical control architectures, the control problem is vertically
stepwise decomposed at enterprise/ shop floor/ cell levels, where the basic criterion
for differentiating levels is complexity (of data & process structure). Every level is
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furthermore decomposed in modules, based on their respective functionality, thus
resulting hierarchical distributed control structures.
These structures are usually very efficient from the point of view of the global
optimality of the control policy, that can be off-line analyzed and evaluated. Other
advantages are the clear modularization of the control system, implying the
reusability of codes, lent degradation of performances in case of breakdowns,
different frequencies of processing on different levels.
From the robustness point of view, performances of hierarchical distributed
architectures are not very good: usually is necessary to prepare special procedures to
treat breakdowns and it proves to be extremely complicated and costly, due to the
complexity of the overall system.
The agent-based design approach is intended to ensure the robustness of the control
system vs. breakdowns by the dynamic reconfiguration.
The basic idea is to use a functional horizontal decomposition of the control problem
in order to create specialized modules, capable to locally solve, by dedicated
algorithms, pre-defined goals. The main difference between these modules and those
composing static hierarchical architectures is their position versus the environment.
Without an hierarchical stratification, all the basic control functions - as taskplanning, scheduling, monitoring, data upgrading and processing - need to be
performed by the same module – the agent -, based on information obtained from
other similar control entities.
Several heterarchical architectures [2], [3], [4] were developed for manufacturing
control, having important advantages as the robustness to break downs and the facile
extension of the control architecture with new modules but also important
disadvantages of non-optimality and blocking.
One of the reasons of those disadvantages is that usually agents are not conceived to
have a formal model and it is difficult to make off-line evaluation of solutions.
In the following a formal agent based model will be proposed in order to compensate
the above mentioned disadvantages.
2.2. Proposed modeling framework
The modeling framework considers that every complex system could be interpreted as
a network of servers and clients queuing for server provided services. Every service
could have a given duration and a cost, thus allowing the evaluation of the overall
system’s performances.
Every client and every server are driven by agents, software structures capable of
interactions and negotiations by a system of questions-answers. The approach is
inspired by Lin and Solberg’s negotiation model [2], by Albus’ classical model of an
intelligent agent [5] and is completed by a formal support.
The generic structure of an agent includes four basic blocks (Figure 1.):
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Fig. 1. Generic structure of an agent

-

The perception block - receives every information from the environment and
modifies, if necessary, the internal model of the agent;
The decision making block – it decides either how to process the received data
(with direct and explicit consequences on the immediate actions of the agent) or
how to modify information and knowledge contained in the world model block
(with implicit consequences on the whole behavior of the agent); usually based
on the calculus of a multi-criterial cost function;
The action block - is basically a communication interface with the environment:
it either starts tasks performed by a server or sends typified questions for other
agents;
The World Model block - is a structured knowledge base containing the internal
model of the agent (including relevant knowledge about the environment, i.e. the
state of temporary links with other agents, its own) and a rule base on "how to
take decisions".
The world model has to have intrinsic updating mechanisms for its two main parts,
verifying and ensuring the global consistency of data.
2.3. Basic types of agents
There are two basic types of agents, every one having a specific internal organization.
These basic types are the "client agent" and the "server agent".
The client agents are in charge with the realization of a specific product or of a list of
activities, by negotiating with server agents controlling the necessary resources.
A server agent is controlling a specific resource in order to ensure processing for
clients.
The communication between different types of agents is a negotiation procedure
called “centered on the client” (i.e. client agents start negotiations and, if necessary,
decide about the server agents they should choose).
The world model of a server agent should contain:
the list of processing tasks that the resource could perform - with their respective
duration and cost
the (up-datable) current state of the resource
the (up-datable) history of negotiations with client agents and their basic
characteristics (solicited operations - cost requested - result of transactions)
the (up-datable) efficiency (evaluation) function value
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information about agents with which are established in-course negotiations:
solicited operations, cost, allocated priorities.
The decision making block should contain basically the rules for constructing an
evaluation function for client-agents offers. These rules should be subject of
modifications, based on the history of successful/ unsuccessful negotiations and of the
current value of the efficiency function. Other rules included in the decision making
part should be with regard to the realization of physical processing, allocation of
auxiliary materials a.s.o.
As concerning a client agent, its world model could be more complex, including:
for a product: all the technological available variants of the physical basic
product; for an activity: the workflow of tasks composing the activity
(up-datable) limits of cost functions allowed for different operations/ activities
functional constraints as the due date, priority level, maximal costs, etc.
the actual state
the current value of its cost function and its history
the upper time limit for duration
the details of the in-course negotiations.
Negotiations should develop following a determined protocol and containing a typed
set of questions-answers, both in order to simplify the communication procedure and
mainly in order to finish in a given time limit.
At this level the communication protocol will be not detailed; it si considered as an
implementation detail and should be transparent for the user.
In order to successfully finish a negotiation is necessary a mutual agreement of both
parts, meaning that before allocating a server to a client, both agents should cancel
other negotiations.
This condition implies that an agent could negotiate in the same time with several
others, this approach being intended to optimize the efficiency of the system in terms
of cost functions and considering that there could be several servers able to perform
certain tasks.
In this case, imposing a maximum duration for a negotiation process of an agent could
prove a good measure against the possibility to loose time trying to obtain the better
server, especially when other alternatives are available.

3. Off-line evaluation and formal support
3.1. Evaluation and supervisory module
The proposed modeling approach could offer a support for considering into an unified
way any kind of interaction into a system, from product-resource manufacturing level,
to enterprise-enterprise into a virtual organization, provided that a communication
protocol is ensured between negotiating agents. However, some difficulties can arise
when there are concerned several servers and several client competing for the same
resources, as for instance:
a critical server is requested by two clients with comparable cost functions for the
operations in cause - blocking situation
two (or more) clients are needing at least two servers each for performing their
tasks; every one has reserved one server and needs the servers reserved by others
(the Chinese philosophers problem)
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a client agent lasts in the system more than its upper time limit because its
negotiating procedure is not enough “aggressive” comp ared with other agents –
delay situation
For solving and/ or preventing this kind of problems and for ensuring a global degree
of optimality, an off-line performance evaluation of negotiations could be performed.
The software module that can perform such an evaluation will be denoted as the
supervisory module.
A supervisory module can evaluate a given group of agents. Considering their
respective internal models – goals included – the supervisor is intended to combine
them into a global model and to off-line synthesize and evaluate all their possible
interactions. Finally it can select and recommend the optimal one.
The consistency of the evaluation is ensured by the modeling support of agents/ world
models.
3.2. The modeling support
The structure of agents is designed so as the following aspects are distinct:
the environment - represented dually by its model and its perception as feedback
for actions
the goals - decomposable in tasks
the methods for executing tasks and for decomposing goals
the actions on the environment as the results of tasks
Based on these considerations it results that the world model would have a dual
representation: in terms of rules for goals, methods and actions and in a dedicated
formal support for the environment.
This modeling support should meet some minimal conditions as:
to reflect the typical behavior of client/ servers
to permit modeling at different complexity levels agents and their goals
to allow a modular approach
to integrate time,
to allow condition/ rules driven evolution of models but also quantitative
evaluation
A formalism meeting these requirements are (timed) Petri Nets [6]. The off-line
evaluation by a supervisor is based on the principles presented in [7].
An off-line evaluation procedure will have the following steps:
1. Selection of the interesting agent models - from the client agents world model
(implying decisions if the clients have different variants of action)
2. Selection of the necessary server models - taking into account only the operations
requested by the actual clients
3. Construction of the closed loop functioning model, based on the synchronous
composition of models
4. Evaluation
Case study:
There is a system consists of two servers, M1 and M2 , each of them being capable of
performing two types of operations (opi Mj – i is the operation number, j is the server
that makes the operation):
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M1 : op 1 M1 , op 2 M1 ;
M2 : op 1 M2 , op 2 M2
Two products, Pr1 and Pr2 , are to be realised in parallel, each of them requiring two
operations,
Pr1 : op 1 M1 , op 1 M2 ;
Pr2 : op 2 M1 , op 2 M2
The system could be modeled by two server agents representing M1 and M2 , and two
client agents, Pr1 and Pr2 . The sequences of operations for the client agents represent
a restriction for the system evolution.
The PN model of the global system is presented in Figure 2. In Table 1 are presented
the signification of the places (Pi ) and of the transitions (Tj ). Usually, in PN models
transitions model events and/or actions and places – states and/or conditions. A
marking in a place means that the respective condition is fulfilled.
P1

P6

T6

T1

P 11

P2

P7

T7
T2
P8

P3

T8

T3

P9

P4
P 12

T9

T4

P 10
P5

T 10

T5

FP 2
FP1

T11

Fig. 2. : PN model of the FMS
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Table 1. Node significance
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
FP1
FP2
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11

Number of parts of Pr1 type
Processing a part Pr1 on the resource M1
Parts Pr1 processed on M1
Processing a part Pr1 on the resource M2
Parts Pr1 processed on M2
Number of parts of Pr2 type
Processing of a Pr2 part on the resource M1
Parts Pr2 processed on M2
Processing of a Pr2 part on the resource M2
Parts Pr2 processed on M1
M1 free
M2 free
Pr1 ended the operations
Pr2 ended the operations
Begin of processing Pr1 on the M1
Uncontrollable End of processing Pr1 on the M1
Begin of processing Pr1 on the M2
UncontrollableEnd of processing Pr1 on the M2
End evolution of Pr1
Begin of processing Pr2 on the M2
UncontrollableEnd of processing Pr2 on the M2
Begin of processing Pr2 on the M1
UncontrollableEnd of processing Pr2 on the M1
End evolution of Pr2
End of the cycle of the manufacturing

When a client agent desires to perform a given operation, it simply requests for
servers able to perform it. The server agents whose resources are idle and able to
perform the operation answer to the request, giving additional information on the
duration and quality parameters the resource can offer. A negotiation starts between
the client agent and the servers whose information is convenient, aiming to establish a
mutually acceptable cost of the operation.
All the possible interactions of the agents could be obtained by analyzing the state
space of the Petri Net.
By specifying undesired states – as blockings – the supervisory module can eliminate
those interactions leading to them. In [7] is presented in detail a methodology for the
elimination of interactions leading to undesired states. A software application was
already designed for implementing this methodology for untimed systems. Figure 3 is
presenting the state space of solutions for the case study, as well as the acceptable
state space, obtained after eliminating blockings.
Petri Nets allows for a very easy inclusion of time in the logical model – by simply
associating durations to the nodes modeling activities. Timed model allow for
comparing solutions from the duration point of view and – by extension – by every
defined cost function.
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Conclusion
The paper presents a modeling framework that allows evaluating interactions between
heterogeneous subsystems of a complex structure. The main hypothesis is that every
complex system could be modeled as a client/server queuing network and
consequently represented as a two-type agent based structure. The evaluation of agent
interactions and the elimination of possible problems as blocking could be made
based on the synchronous composition of the Petri Nets world models of the agents.
The agent composition as well as the evaluation is supported by a dedicated software
application.
Future research directions are the evaluation of timed models and the realization of a
software shell for creating an agent library.
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a)

b)

Fig. 3: The state space:
a) complete b) desirable
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