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Abstract

Enterprise Modelling is defined as the art of externalising enterprise knowledge, which
adds value to the business or needs to be shared. This kind of modelling has been
used successfully since its apparition in the 80’s in many domains and with different
purposes, among them the re-engineering of business processes or the implementa-
tion of computer systems. Its constant evolution has given as a result a context in
which there are numerous languages, methodologies and tools for Enterprise Mod-
elling available and useful for their purpose, even for modelling virtual enterprises.
These languages and methodologies allow model the most of the enterprise dimensions
(process, product, organisation, decision, etc.), and they cover different development
phases (inicialisation and definition of objectives, definition of requirements, design,
etc.). Besides, they provide models that can be integrated, obtaining different views of
enterprises from several points of view and strategic levels. Therefore, it can be stated
that nowadays Enterprise Modelling allows enterprises to obtain a complete vision of
its business with different purposes.

However, there exist still some problems without solution in the context of Enter-
prise Modelling. The great quantity of existing Enterprise Modelling Languages and
Tools causes lack of interoperability among them, therefore it is difficult to exchange
enterprise models carried out with different languages or tools. Moreover, the problem
to obtain enterprise applications from these models, as well as the management of
them, it makes difficult the use of enterprise models as an useful tool in knowledge
management and continuous improvement of enterprises. Some international initia-
tives try to solve the problem of interoperability at horizontal level, such as UEML,
INTEROP or ATHENA, defining formats that allow the exchange of enterprise mod-
els carried out with different languages or tools. On the other hand, in the context
of MDE (Model Driven Engineering), approaches such as the MDA (Model Driven
Architecture) defined by the OMG try to define a suitable framework for generating
software from enterprise models. However, the key question is how Enterprise Mod-
elling can become the really force for managing enterprise knowledge. To achieve this
objective, Enterprise Modelling should cover enterprise knowledge as a dimension in
itself, and also making possible that the other modelled enterprise dimensions can pro-
vide the required knowledge that enterprises need in each moment. Thus, Enterprise
Knowledge Modelling should become in a efficient way to represent knowledge that
the enterprises have with the objective to process and use it there and when it was
needed.



The research work of this thesis is stated in this context, which has been developed
from the KM-IRIS Methodology for the implementation of knowledge management
systems, using the requirements obtained in the phase I and II of the Methodology and
with the purpose of supporting its phase III for knowledge representation. Therefore,

the main contribution of the thesis is a proposal to model enterprise knowledge called,
Proposal for MDK.

The Proposal for MDK includes the metamodels and UML2 profiles for the rep-
resentation of enterprise knowledge and a guide to help enterprises with the develop-
ment of its knowledge map. The main source to develop these metamodels has been
the requirements and metamodels defined in the European Projects INTEROP and
ATHENA as well as the unified modelling languages defined from them, UEML and
POP* respectively, with the aim of making easy the exchange of models among enter-
prises that use different enterprise modelling tools. The objective has been to adapt
and to extend the results of both projects to the domain of knowledge management
systems. On the other hand, this Proposal is related to a MDA approach, modelling
enterprise knowledge at the CIM level, with the purpose that the obtained models can
be then easily maintained and transformed at the PIM and PSM level. The Proposal
for modelling has not consisted of defining a new modelling language, but UML2 and
its new definition of profiles has been used, to extend this modelling language to en-
terprise knowledge context. The diverse metamodels defined to collect the knowledge
requirements before mentioned and the UML2 profiles that implement these meta-
models can be used to represent enterprise knowledge according to the Methodology
KM-IRIS. Moreover, they can be used to carry out Enterprise Modelling of the re-
maining traditional enterprise dimensions, since these dimensions are overlapped with
a detailed representation that can be done on the predefined conceptual blocks in this
Methodology. The application of the profiles for representing knowledge has as result
a set of diagrams that according to the Proposal for MDK, which is based on the
architecture MDA, are grouped at distinct levels of abstraction, and they make up the
diverse models that cover the CIM level and show the Enterprise Knowledge Map.



Thesis Organisation

This document presents a summary in English of the Thesis, 'Propuesta para el mod-
elado del conocimiento empresarial’. It has the same chapters that the original doc-
ument written in Spanish. Several papers published and in revision performed to
disseminate the results of the Thesis are shown in order to show the main conclusions
and outcomes of each chapter. Besides in the chapter 5, which is related to the main
contribution of the Thesis, the reader can fins more information in the original docu-
ment since the defined metamodels and UML profiles are written in English. Finally,
it is presented for each paper a summary of its status, the abstract and the complete
published content.

1. In the first chapter, a brief description of the origin and motivation of the
Thesis, as well as of the framework of work. It is described also the methodology
of work, the research objectives and the main expected results, jointly with the
structure of the document [1, 2].

2. In the second chapter, the state of the art in Enterprise Knowledge Modelling
is presented, analyzing related concepts, purpose, evolution, etc. and the main
existing standards, reference architecture and frameworks, languages, etc. as
much in the context of Enterprise Modelling as in that of Knowledge Modelling.
As a conclusion, the diverse dimensions cover by Enterprise Modelling are anal-
ysed and the current problems in this context related to virtual enterprises [3].

3. In the third chapter, a revision of UML and other standards defined by the
OMGs shown, from the point of view of its utility for modelling enterprise knowl-
edge [4, 5].

4. In the fourth chapter, the Methodology KM-IRIS developed by the Research
Group IRIS is described, in whose development the PhD student has participated
and which constitutes the origin of this thesis. In particular, the Thesis is related
to the phase III (Phase of representation) of the Methodology KM-IRIS, as an
suitable mechanism for modelling enterprise knowledge [6].

5. In the fifth chapter, the main contribution of the Thesis is detailed, a Pro-
posal for modelling enterprise knowledge that includes a metamodel of enterprise
knowledge, the UML2 profiles UML2 needed for its implementation and a guide
that allows the virtual enterprises to model enterprise knowledge [7, 8, 9, 10].

6. In the sixth chapter, a real case study is presented, a virtual enterprise, in which
has been applied the KM-IRIS Methodology and in particular the metamodel
and its guide to model enterprise knowledge in the phase of representation [11].

7. Finally, in the seventh chapter the conclusions and results obtained in the
Thesis are shown, as well as the future research lines.
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Abstract

Enterprise Modelling has been used successfully for years with different purposes.
Nowadays, there are a lot of languages, methodologies and tools related to Enterprise
Modelling, even for modelling Virtual Enterprises. However, some of the Enterprise
Modelling weaknesses have not been solved yet. One of the most important is the
lack of interoperability among enterprises that use different Enterprise Modelling
Languages (EML). Such EML are defined in proprietary formats, and they are only
implemented by proprietary and expensive tools. So that, this problem is intensified
in Small and Medium Enterprises (SMEs), because they have limited resources.

In this context, this paper shows my Ph.D. thesis proposal describing the
problematic situation which is the origin of this research and the objectives suggested



to solve it. The thesis goal is to investigate the possibilities of using UML 2.0
and Profiles mechanism in order to provide a methodological approach for solving
interoperability problems to Small and Medium Virtual Enterprises in the context of
Enterprise Modelling.
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Abstract. Enterprise Modelling has been used successfully for years
with different purposes. Nowadays, there are a lot of languages, method-
ologies and tools related to Enterprise Modelling, even for modelling Vir-
tual Enterprises. However, some of the Enterprise Modelling weaknesses
have not been solved yet. One of the most important is the lack of in-
teroperability among enterprises that use different Enterprise Modelling
Languages (EML). Such EML are defined in proprietary formats, and
they are only implemented by proprietary and expensive tools. So that,
this problem is intensified in Small and Medium Enterprises (SMEs),
because they have limited resources.

In this context, this paper shows my Ph.D. thesis proposal describing
the problematic situation which is the origin of this research and the
objectives suggested to solve it. The thesis goal is to investigate the
possibilities of using UML 2.0 and Profiles mechanism in order to provide
a methodological approach for solving interoperability problems to Small
and Medium Virtual Enterprises in the context of Enterprise Modelling.

1 Introduction

The objective of this paper is to describe the proposal for my Ph.D. thesis. This
document intends to give a first idea about the thesis origin and objectives. It
is structured in three sections. The first one shows background and definitions
related to the thesis framework. In the second one, the problematic situation that
the thesis intends to solve is described. Finally, the main research objectives are
presented.

2 Background and definitions

Enterprise Modelling [18] is the art of ’externalizing’ enterprise knowledge, which
adds value to the enterprise or can be shared, i.e., representing enterprise in terms
of its organisation and operations (processes, behaviour, activities, information,
objects and material flows, resources and organisation units, and system infras-
tructure and architectures). Therefore, this art consists of obtaining enterprise



models, that are a computational representation of the structure, activities, pro-
cesses, information, resources, behaviours, etc. of an enterprise, government or
any another type of business. This model can be at the same time descriptive
and definitional, including that what is and what should be. And its role should
be to obtain a design, analysis and operation of the enterprise according to the
model, i.e., driven by the model (model-driven) [11]. In conclusion, Enterprise
Modelling is the set of activities or processes used to develop the different parts
of an enterprise model with a definite objective.

On the other hand, Unified Modeling Language (UML) is a visual language
for specifying, constructing and documenting the artifacts of systems. It is a
general-purpose modelling language that can be used with all major object and
component methods, and that can be applied to all application domains (e.g.,
health, finance, telecom, aerospace) and implementation platforms (e.g., J2EE,
NET). UML has emerged as the software industry’s dominant modelling lan-
guage. It has been successfully applied to a wide range of domains, ranging from
health and finance to aerospace to e-commerce [16]. However, UML has been
used mainly so far as a modelling language in order to produce software arti-
facts. Even though, some works to evaluate UML from point of view of Enterprise
Modelling have been carried out by some authors [2,9].

Moreover, the Profiles package is defined in UML 2.0 as a mechanism that
allows metaclasses from existing metamodels to be extended to adapt them for
different purposes. This includes the ability to tailor the UML metamodel for
different platforms (such as J2EE or .NET) or domains (such as real-time or
business process modeling). UML Profiles had been already defined in the pre-
vious versions of UML, but their definition has been improved in the UML 2.0,
specifying better the relationships allowed among elements of the model and the
use of metaclasses of a metamodel inside an UML Profile [12].

3 Problem description

Nowadays, there exist a lot of languages, methodologies and tools related to
Enterprise Modelling, even for modelling Virtual or Extended Enterprises [10].
Enterprise Modelling Languages provide constructs to describe and model the
people roles, operational processes and functional contents, as well as support
information and production and management technologies. There exists great
quantity of Enterprise Modelling Languages and they are overlapped. But the
integration of the models generated with these languages is complicated, since
tools do not exist to integrate models generated with different languages. In this
sense, the objective is to achieve a common format, as UEML or POP*, which
are valid initiatives in order to enable exchange between different models and
the establishment of an environment for reusing existing models [1,13, 14, 17].
This kind of languages are defined in proprietary formats and they are only
implemented by proprietary and expensive tools. Therefore, interoperability
problem is intensified in Small and Medium Enterprises (SME), who have limited
resources to adapt successfully innovative technologies existing in the market.



So that, SMEs carry out few enterprise models, and moreover the exchange of
them among partners is very difficult.

On the other hand, SMEs set up Virtual Enterprises in order to establish
flexible collaborations with other partners and to take advantage of new market
opportunities. Virtual Enterprise [3] can be define as a temporary network of
independent companies, often former competitors, who come together quickly
to exploit fast-changing opportunities. The business partners are integrated us-
ing information and communication technology. So, interoperability problem at
different levels, including enterprise modelling level, can become decisive aspects
to reach business success.

Therefore, the main problem at enterprise modelling level for Small and
Medium Virtual Enterprises (SMVEs) is focused on the lack of interoperabil-
ity of existing Enterprise Modelling Languages, and also on the few quantity of
enterprise models generated in this kind of enterprises. However, such enterprises
use UML to model and generate software artifacts. The idea of this proposal is
to provide a methodological approach that can help SMVEs to use successfully
UML, not only to generate software models, but also to produce enterprise mod-
els that enable them to have a holistic enterprise view and better interoperate
with other partners.

4 Research objectives

The IRIS Group of Universitat Jaume I in Castellé (Spain) has been working on
several projects related to Virtual Enterprise in different sectors (transport, tile
industry, textile, etc.) since 1999 [4-8]. This thesis proposal is motivated inside
this framework in order to improve the interoperability of this kind of enterprises
at enterprise modelling level.

Therefore, the main research goal is to provide mechanisms to reduce inter-
operability problems at enterprise modelling level to SMVEs. In this sense, the
objective is to investigate the possibilities of UML use for Enterprise Modelling
in order to solve this kind of interoperability problems. Besides, the mechanism
provided by UML Profiles, redefined in UML 2.0, will be analysed in order to ex-
tend and adapt UML for the specific domain of enterprise modelling in SMVEs.

The specific objectives of the research work are the following:

— To perform the state of the art in UML and UML Profiles focused on Enter-
prise Modelling, and in Virtual Enterprises especially in SME; taking into
account the MDA [15] framework defined by OMG and European Projects
related to interoperability.

— To obtain a set of requirements for modelling whole enterprise dimensions of
SMVEs, in order to define a framework for describing problematic situation.

— To define a methodological approach for enterprise modelling of SMVEs
based on UML, which should include the UML Profiles defined in order to
extend UML for enterprise modelling, and the guidelines to use this profiles
in order to generate interoperable enterprise models.



— To validate the methodological approach defined in a real case of study,

applying the methodology to a Tile Virtual Enterprise.
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Enterprise Modelling is defined as the art of externalising enterprise knowledge.
Many languages, standards and tools have been successfully developed over last few
decades to model almost any dimension of an enterprise: process, decision, product,
and so forth, and even for modelling Virtual Enterprises. However, some shortcomings
of Enterprise Modelling have still not been solved. Some of the most important are
related to the interoperability, but also linked to the fact that Enterprise Modelling
should be focused on enterprise knowledge, since it provides enterprise models with
real value.

In this context, this paper outlines my PhD thesis, which describes the problematic
situation that is the origin of this research and the solutions suggested to solve it, as
well as the progress made in the research. The aim of the thesis is to investigate the
possibilities of using UML 2 and Profiles mechanism in order to provide a framework
in which to solve interoperability problems related to Enterprise Modelling and which
takes into account the knowledge dimension in the context of Virtual Enterprises,
where interoperability problems are greater.



A Proposal for Modelling Enterprise Knowledge
in Virtual Enterprises

Reyes Grangel

Grupo de Investigacién en Integracién y Re-Ingenieria de Sistemas (IRIS), Dept. de
Llenguatges i Sistemes Informatics, Universitat Jaume I, 12071 Castelld, Spain,
grangel@uji.es

Abstract. Enterprise Modelling is defined as the art of externalising
enterprise knowledge. Many languages, standards and tools have been
successfully developed over last few decades to model almost any dimen-
sion of an enterprise: process, decision, product, and so forth, and even
for modelling Virtual Enterprises. However, some shortcomings of Enter-
prise Modelling have still not been solved. Some of the most important
are related to the interoperability, but also linked to the fact that En-
terprise Modelling should be focused on enterprise knowledge, since it
provides enterprise models with real value.

In this context, this paper outlines my PhD thesis, which describes the
problematic situation that is the origin of this research and the solutions
suggested to solve it, as well as the progress made in the research. The
aim of the thesis is to investigate the possibilities of using UML 2 and
Profiles mechanism in order to provide a framework in which to solve in-
teroperability problems related to Enterprise Modelling and which takes
into account the knowledge dimension in the context of Virtual Enter-
prises, where interoperability problems are greater.

1 Introduction

Enterprise Modelling can be defined as the art of ’externalising’ enterprise knowl-
edge, which adds value to the enterprise or needs to be shared [1]. In this context,
many languages, standards and tools have been developed and used in very differ-
ent domains and with a number of purposes including requirements engineering,
the development of information systems, business process re-engineering, and
so forth. Such domains include Virtual Enterprises, where Enterprise Modelling
can become very useful in order to achieve their objectives.

However, there still exist some weaknesses in this context for Virtual En-
terprises. For instance, the problem of interoperability at a horizontal level as
well as a vertical level (see Fig. 1), where the main problems are, first, the dif-
ficulties involved for exchanging enterprise models among enterprises that use
different Enterprise Modelling Languages (EMLs); and, second, the generation
of software from these models when different enterprises are involved in this
process. Therefore, enterprises, and specially Virtual Enterprises, have troubles
for using enterprise models for externalising their enterprise knowledge due to



the interoperability problems above described. Some projects attempt to solve
these problems. For instance, UEML! and POP*? provide common exchange
formats to make it easy to exchange enterprise models at a horizontal level;
and in Model Driven Engineering (MDE), several initiatives have being under-
taken, one of the most interesting being Model Driven Architecture (MDA) [5]
promoted by OMG.

The thesis project presented in this paper has its origin in this framework
and its foremost aim is to provide a proposal for a meta-model that enables
enterprises to model enterprise knowledge following the MDA approach. The
development of this meta-model will be based on previous works carried out in
several European Projects, like INTEROP [3] and ATHENA [4], in which differ-
ent meta-models, UEML [2, 3] and POP* [4], have been defined in order to solve
interoperability problems at a horizontal level. On the one hand, the objective
is to adapt and extend both results to the context of knowledge management
systems. On the other hand, the meta-model obtained will be integrated into
the Reference Architecture ARDIN [6] for the integration of Virtual Enterprise,
defined by the IRIS Research Group, with the goal of extending its second di-
mension to enterprise knowledge modelling.

The objective of this paper, then, is to describe my PhD thesis and its cur-
rent progress state. This section is intended to give an idea about the research
question. The section 2 presents the problematic situation that the thesis in-
tends to solve. In the third, the current knowledge and existing solutions related
to these problems are described. Finally, the methodology of work, the main
research objectives, and the proposed approach are presented in section 4, sec-
tion 5 outlines the work carried out so far, together with a discussion on the
main contributions provided by the results achieved, and section 6 describes the
expected contribution.

2 Description of the Problem

Nowadays, there are many languages, methodologies and tools related to En-
terprise Modelling, even for modelling Virtual or Extended Enterprises [7]. But
integrating the models generated with these languages is complicated, since no
tools exist with which to integrate models generated with different languages
(interoperability problem at horizontal level, see Fig. 1) [2,8, 3, 4].

This kind of languages are defined in proprietary formats and are only imple-
mented by proprietary tools that generally speaking, are only affordable for large
enterprises. Therefore, the problem of interoperability is intensified in Small and
Medium Enterprises (SME), which have limited resources to successfully adapt
innovative technologies existing on the market. Thus, SMEs produce few enter-
prise models and, moreover, their exchange among partners is very difficult.

! Unified Enterprise Modelling Language, developed first by UEML Thematic Net-
work [2], and currently by INTEROP NoE [3].

2 Acronym of the different enterprise dimensions: Process, Organisation, Product, and
so on, represented by a star [4].
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Fig. 1. Interoperability problems and solutions for Virtual Enterprises at the horizontal
and vertical level related to Enterprise Modelling

On the other hand, SMEs set up Virtual Enterprises in order to establish
flexible collaborations with other partners and to take advantage of new mar-
ket opportunities. The Virtual Enterprise [9] can be defined as a temporary
network of independent companies, often former competitors, which come to-
gether quickly to exploit fast-changing opportunities. The business partners are
integrated using Information and Communication Technologies. Therefore, the
interoperability problems at different levels, including at the Enterprise Mod-
elling level, can become decisive aspects affecting the achievement of business
success.

Furthermore, a vertical interoperability problem arises in the Virtual Enter-
prise’s context when its partners intend to use enterprise models to generate
software. Since, it is needed to exchange information at different levels (onto-
logical, business, and technological) in order to achieve full interoperability [10,
11] between SMEs that make up the Virtual Enterprise. These inconvenients
make hard for Virtual Enterprise® to use enterprise models to one of their most
valuable purposes, to make explicit enterprise knowledge with the objective of
improving performance of enterprise.

3 The term Virtual Enterprise is used in this paper to concern Virtual Enterprises
made up of SMEs.



3 Existing Approaches for Solving Interoperability
Problems

Regarding interoperability problem at horizontal level, the objective is to achieve
a common format, like UEML or POP*, which are valid initiatives to enabling
exchange between different models as well to establish an environment allowing
existing models to be reused [2,8, 3, 4].

On the other hand, different approaches have been proposed to solve the
problem of generating software from enterprise models. Such as MDA, which
main purpose is to separate the functional specification of a system from the
details of its implementation in a specific platform in order to promote the
use of models to generate software. Hence, this architecture defines a hierarchy
of models from three points of view: Computation Independent Model (CIM),
Platform Independent Model (PIM), and Platform Specific Model (PSM) [5].

Different works performed on using UML for Enterprise Modelling [12-
14] evaluate the possibilities of using UML for modelling enterprises. Conse-
quently, some of them define different types of specific concepts related to busi-
ness domain, and use extension mechanisms like stereotypes, tagged values, and
so forth provided by UML 1.x. However, the new version and specifications de-
veloped by the OMG, such as UML 2 and MDA, call for a review of these
proposals again, and the works promoted by OMG with Business Enterprise In-
tegration DTF, like Business Semantics of Business Rules (BSBR), Production
Rules Representation (PRR), Business Process Definition Metamodel (BPDM),
and Organization Structure Metamodel (OSM) that are currently being carried
out show this to be the case. In this sense, it is needed to clarify which is the
characterisation of the CIM level and, then, to specify which part of CIM models
must be transformed into PIM models, since according to [15] there must surely
be degrees of CIMness.

Furthermore, the new specification of UML 2 provides profiles with a greater
degree of completeness than version 1.5. [16]. Therefore, it will be possible to
customise UML in a better way. For instance, UML provides many diagrams for
modelling dynamic aspects, but not for direct modelling of business processes in
a similar way to how they are represented in an IDEF diagram. Business process
modelling with UML is therefore complex [17] and the use of profiles according
to UML 2 can make this task easier.

4 Research Objectives and Approach Proposed

This dissertation project is set within two frameworks. The first one, the distinct
research projects related to the Virtual Enterprise in different sectors (transport,
tile industry, textile, and so forth) [18, 6,19-21] carried out by the IRIS Research
Group at the Universitat Jaume I (Spain). And the second one, the INTEROP
NoE [3] in which the IRIS Group is involved and which is focused on interop-
erability taking into account the following domains: Architecture & Platforms,
Enterprise Modelling, and Ontologies. The methodology used for the research



has considered the results obtained in these contexts and it has been performed in
an iterative and incremental way following the philosophy of the object-oriented
methodologies like UP (Unified Process) [22].

The research aims to improve the interoperability of SMEs that promote Vir-
tual Enterprises towards enterprise knowledge modelling. The results obtained
will allow enterprise knowledge to be modelled in this kind of enterprises. Accord-
ing to [23] enterprise knowledge can been seen as information made actionable
in a way that adds value to the enterprise. Taking into account this definition,
enterprise knowledge is defined in this work as the network of connections among
data and information that enables people involved in the enterprise to act and
to make decisions that add value to the enterprise. Moreover, the meta-model
obtained will be integrated into the Reference Architecture ARDIN [6] for the
integration of Virtual Enterprises defined by the IRIS Group, with the goal of
extending its second dimension to enterprise knowledge modelling.

Therefore, the main research goal is to provide mechanisms that can be used
to reduce the interoperability problems related to Enterprise Modelling in a
model-driven approach and focused on enterprise knowledge, in the context of
Virtual Enterprises. In this regard, the objective is to investigate the possibili-
ties of using UML for Enterprise Modelling in order to solve this kind of inter-
operability problems. Furthermore, the mechanism provided by UML Profiles,
redefined in UML 2, will be analysed in order to extend and adapt UML for the
specific domain of enterprise knowledge modelling. The specific objectives of the
research work are the following:

— To examine the state of the art in Enterprise Modelling focused on knowledge
modelling and UML and UML Profiles focused on Enterprise Modelling,
taking into account the MDA [5] framework defined by OMG and European
Projects related to interoperability.

— To obtain a set of requirements for modelling the dimensions (process, prod-
uct, organisation, etc.) of the whole Virtual Enterprise, especially enterprise
knowledge, in order to define a framework for describing the problematic
situation.

— To define a meta-model based on UML and its extension mechanism, UML
Profiles, that allows the knowledge map of a Virtual Enterprise to be repre-
sented.

— To define a methodology for enterprise knowledge modelling including the
UML Profiles defined, and set out a series of the guidelines of using these
profiles in order to generate interoperable enterprise models.

— To validate the methodological approach and UML extension defined in a
real case study, by applying the methodology to a Textile Virtual Enterprise.

5 Discussion

The solution suggested here is focused on enterprise knowledge and its modelling
at CIM level, i.e. by following the MDA approach and also taking into account
previous works on meta-modelling like UEML and POP*. The main contribution
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Fig. 2. Research framework: Traditional Enterprise Modelling/ MDA

is to combine the following two approaches; traditional Enterprise Modelling [24],
such as GRAT [25-27], PERA [28], GERAM [29], IEM [30, 31], EEML [32, 33],
and so forth, with the framework defined by OMG with MDA and the new
version 2.0 of UML (see Fig. 2). The idea is to take advantage of strengths
of the two approaches in order to provide guidelines and mechanisms, which
can be apply to SMEs. Moreover, the originality of this work rests on Enterprise
Modelling at the CIM level in the representation of knowledge as a new dimension
related to existing enterprise dimensions like process, organisation, decision, ans
so forth. The main work performed and the results obtained related to this thesis
can be summarised in:

— Conclusions on the state of the art in Enterprise Modelling Techniques, Tools
and Standards carried out in INTEROP NoE [3], from model-driven point
of view [34]. They state the same difficulties in the context of Enterprise
Modelling that have been summarised in this paper, focused especially on
interoperability problems due to the great number of languages, frameworks,
methodologies and tools concerning Enterprise Modelling that exist. Also,
many studies are being performed that deal with PIMs, PSMs, UML Profiles,
QVT, and so forth in the MDA framework, but the characterisation of CIMs
and the features that an enterprise model must satisfy to be considered a
CIM and generate appropriate software are still in progress.

— During a research stay at the European Software Institute (Spain) to work
on the POP* meta-model within the framework of the ATHENA Project [4],
the following work was performed: a comparison among POP*, UEML and
other meta-models; participation in the definition of the POP* meta-model;



definition of a UML 2.0 Profiles of POP*; and development of a proof of
concept of the POP* meta-model [35]. This work constitute the basis for
future work on the development of a meta-model for enterprise knowledge.
A general methodology [36] obtained as the result of the current IRIS Re-
search Project related to knowledge management. This methodology guides
the process of developing and implementing a knowledge management system
that allows knowledge to be collected, modelled and applied, while ensuring
the quality, security and authenticity of the knowledge provided. The work
presented in this paper is concerning with the third phase of this methodol-
ogy that deals with knowledge representation.

The definition of the target knowledge [37] useful to establish a common
conceptual framework in a Virtual Enterprise, while considering each con-
ceptual block of knowledge (enterprise oriented) proposed in the approach
for knowledge management defined by IRIS Group, that is to say, organisa-
tion, process, product, and resource. The target knowledge defined has been
classified taking into account two points of view, in order to provide a basis
that can be used as a reference for further representation of knowledge by
Virtual Enterprises that need to model their enterprise knowledge.

A first proposal for Enterprise Modelling with UML 2 at the CIM level, which
takes the model-driven approach into account is presented in Fig. 3 [38,
39]. The proposal describes a profile for Enterprise Modelling, only from
the organisational structure point of view. This profile is being improved by
including other concepts which are essential for a complete enterprise model,
such as process, product, and specially knowledge.

Enterprise Modelling MDA Proposal for EM with
UML
- Enterprise madels cover all the - Gover: Business Models and - Dimensions: business,
enterprise operations: processes, Business Requirements for organisational, product,
behaviour, activities, infarmation, Systems process, decisional, and so
ohjects and material fiows, forth
resources, an so forth

= Torepresent domain and system requirements and from holistic point of wiew of enterprise

= Independent of technological changes and platforms

« Performed by expert users, so modelling should be at conceptual level and easy from technical point of view
» Based on open and accepted standards

Objective: to develop Enterprise
Models using UML at the CIM level in
|_order to understand better what is the
business of the company
Models proposed
—t Global Model

Erterprice 1 e Use-Case Diagram
S - rganisational Model
= | | . . i

EEML se-Case Diagram
Ertterprise 2 > Mefis. Class Diagram
il Activity Diagram

L L s Fackage Diagram
C1C=1=1 Static Model
— Use-Case Diagram

GRA : = - Class Diagram
Enterprize3 3 GraiTools e e e wnz%ﬁisﬂfmﬁm
Use-Case Diagram
Activity Diagram
Package Diagram

Fig. 3. First proposal for Enterprise Modelling with UML at the CIM level



6 Expected contributions

Nowadays, the main work in progress is, first, related to the customisation of
the UEML/POP* meta-models for enterprise knowledge modelling using UML
2 Profiles and refining the proposal above presented, and second, defining the
guidelines for using these profiles in order to generate interoperable enterprise
models.

In Fig. 4, the current framework proposed to model enterprise knowledge at
the CIM level is shown. The framework at the CIM level are divided into three
sublevels related to the firsts life-cycle phases defined in GERAM [29], that is to
say, 'Global Model’ linked to Identification, 'Business Models’ linked to Concept,
and 'Business Requirements for Systems’ linked to Requirements, respectively.
Moreover, each model proposed in the framework is being defined at a meta-
modelling level in order to provide the UML Profile needed. When this work
was finished, the expected contribution will be to provide a practical example
applying the defined proposal in a Textile Virtual Enterprise.

GERAM Framework Views
(according to model content)

Life-cycle phase

Enterprise Modelling at the CIM level using UML
5 GobalMockl

Identification

Business 5 Organtsationsl Model
Models EETaet Hodel 0o

Concept
-

Business Requirements for Systems

Implem. Design Requirements

Generic Partial Particular Instantiation

Fig. 4. Relationship between the proposal and the GERAM framework
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1. Enterprise Modelling

In the 70s the first concepts of modelling were applied to the computer systems
(E/R Model, DFD, etc.), but the concept of Enterprise Modelling appears in the USA
at the beginning of the 80s, with the initiative Computer Integrated Manufacturing
(CIM). Examples of this initiative are the projects Integrated Computer Aided Manu-
facturing (ICAM) carried out by the US Air Force or the Integrated Computer Aided
Manufacturing-International (CAM-I). In the middle of the 80s, different Enterprise
Modelling Languages emerge in Europe like for instance GRAI or CIMOSA. Numer-
ous commercial tools appear in the 90s for giving support to a great number of differ-
ent modelling languages (ARIS ToolSet, FirstSTEP, METIS, KBSI Tools, CimTool,
MO2GO, e-MAGIM, etc.).

Enterprise Modelling is defined in [VER 96] as the art of 'externalizing’ enterprise
knowledge, which adds value to the enterprise or needs to be shared, i.e., representing
the enterprise in terms of its organisation and operations (processes, behaviour, ac-
tivities, information, objects and material flows, resources and organisation units, and
system infrastructure and architectures). This art consists of obtaining enterprise mod-
els, whose role should be to obtain a design, analysis and operation of the enterprise
according to the model, i.e., driven by the model (model-driven) [FOX 98].

Therefore, Enterprise Modelling can be used to select and develop computer sys-
tems, to better understand and improve business processes, etc., but the most impor-
tant benefit of enterprise models is the capacity to add value to enterprise [VER 96].
Since, such models are able to make explicit facts and knowledge, which can be shared
for users and different enterprise applications in order to improve enterprise perfor-
mance [EXTO02].

2. Enterprise Modelling Languages

An Enterprise Modelling Language (EML) is a language with an accurate sintaxis
and semantics, which can be interpreted and managed by a computer [FUE 04], and
it can generate graphical models that represent several dimensions of an enterprise.
EMLs should allow building the model of an enterprise according to various points of
view such as: function, organisation, process decision, economic, etc. in an integrated
way.

Moreover, EMLs define the generic modelling constructs for Enterprise Modelling
adapted to the needs of people creating and using enterprise models, according to the
definition provide by GERAM [GER99]. In particular EMLs will provide construct to
describe and model human roles, operational processes and their functional contents
as well as the supporting information, office and production technologies.

Enterprise models are normally composed of submodels such as organisational
models, process models, data models, configuration models, etc. The purpose of
these models is to provide a common understanding among users about enterprise
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operations and structure, and decision-making support. In this context, the basis of
the standards in Enterprise Modelling should be to achieve the following require-
ments [BER 99]:

—To enable three fundamental types of flow inside and among enterprises:
material, information and decision or control.

— To enable four modelling views: functional, informational, resources and or-
ganisational.

—To enable three levels of modelling:definition of requirements, specification
of design and implementation description.

Many modelling methods and techniques have been established since 90s, be-
sides there are a great number of initiatives and groups of standardization in Enter-
prise Modelling [KAL 02]. The greatest part of the standards related to Enterprise
Modelling have been developed for the CEN TC310/WG1 (European Standardisation
Committee) and ISO TC184/SC5/WG1. They are needed for enterprise integration
and interoperability, but they have had really little or null industrial impact.

Next, we show a brief summary of existing EMLs in order to provide a general
perspective of existing EMLs. Then, the main weaknesses in the context of EMLs are
presented.

2.1. Overview of existing EMLs

Nowadays, there exists a great quantity of EMLs and they are widely detailed
in several states of the art in Enterprise Modelling carried out in the framework of
European Projects, as IDEAS [IDEO5], UEML [UEMO05], ATHENA [ATHO05], and
INTEROP [INTO5]. Next, we present an overview of EMLSs raise in these projects (see
tables 1, 2, 3). These tables show the Enterprise Modelling Tools (EMT) associated
with these EMLs, the Enterprise Modelling Methodologies (EMM), approaches or
standards supported by them, their owner enterprise and their website.

The table 1 shows the EMLs, which enable to represent the three fundamental
types of flow among enterprises, the four modelling views and the three levels of
modelling above mentioned. This kind of languages could be called traditional EMLSs.
Next, a brief description of them is shown:

1) ARIS (ARchitecture of Integrated information Systems)conceptual design
is based on an integration concept which is derived from a holistic analysis of business
processes. The resultis a highly complex model which is divided into individual views
in order to reduce its complexity: data view, function view, organization view and
control view.

2) CIMOSA (CIM Open System Architecture) is an architecture for enterprise
integration consisting of a framework for Enterprise Modelling (reference architec-
ture), an EML and an integrating infrastructure for model enactment all to be sup-
ported by a standards based on common terminology.
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EML EMT EMM Owner WWW
ARIS ARIS Process| ARIS IDS Scheer AG| www.ids-
Language | Platform scheer.com
UML 1.4
CIMOSA CIMOSA As- | www.cimosa.de
sociation e.V.
First step de- www.interfacing.com
signer
CimTool www.rgcp.com
GRAI GraiTools GIM LAP/GRAI www.graisoft.com
IDEF IDEF Tools IDEF Method. | KBS www.kbsi.com
Business www.idefine.com
Modelling
Workbench
System www.popkin.com
Architect
IEM MO2GO IPK Procedure | IPK www.ipk.fhg.de
IT™ Metis Zachman Computas AS | www.computas.com
BPM Framework
UML TOGAF 8
UML 2.0
DoDAF
(C4ISR)
TEAF/FEAF
MEML Metis EEDO Method.| Computas AS | www.computas.com
Petri Nets | www.daimi.au.dk/PetriNets/tools/Petri Nets
Steering Com-
mittee

Table 1. Overview of the traditional EMLSs (I)

3) GRAI is the set of twelve Methodological Modules. These modules cover the
following areas: Re-Engineering and elaboration of target enterprise, Audit, Choice
of Information Technology (IT) solutions, Implementation of IT solutions, Perfor-
mance Indicators, Benchmarking, Business Plan, Relationships between GRAI TM
Methodology and quality approach, Management of design department, Management
of enterprise evolution, Knowledge management.

4) IDEF (Integrated DEFinition methodology) methods are used to create
graphical representations of various systems, analyse the model, create a model of
a desired version of the system, and to aid in the transition from one to the other. De-
pending on the IDEF method used, different syntaxes exist to represent the models.
The most representative construct of IDEF methodology is the generic IDEFO diagram
(a meta-model). IDEFO allows the user to depict a view of the process including the
inputs, outputs, controls and mechanisms (which are referred to generally as ICOMS).
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EML Owner WwWw

BPML BPMI www.bpmi.org

PIF PIF Working Group ccs.mit.edu/pifwg.html
PSL NIST www.mel.nist.gov/psl
UEML UEML European Project www.ueml.org

XPDL WiMC www.wfmec.org

Table 2. Overview of the main EMLs created to make easy exchange (ll)

5) IEM (Integrated Enterprise Modelling) allows different views (information
model, process chain, etc.) on one consistent model, in which an enterprise is de-
scribed by objects, its relations and its behaviour. The generic object classes that can
be used are 'product’, 'order’ and resource’. An additional element is the action and
a class structure can be defined for it. In the process chain the action connects the
input, output states, the controlling order and the necessary resources to perform the
process. The modelling of bill of materials and part of relations is also supported.

6) ITM is used to implement the four leading EA methodologies. The ITM tem-
plate also has expressiveness to start modelling of most other enterprise needs, such as
project models, business and impact analysis mo@# is a new template aimed
at the BPM market and implements most of the BPMN constructs plus integrates it
with IDEF and other process modelling language yielding the expressiveness required
in practical situationsUML implements nine of the diagrams described by OMG as
part of the UML version 2.0 specifications, but all has expressiveness to start mod-
elling of most other enterprise needs, such as project models, business and impact
analysis models.

7) MEML (EEML from EXTERNAL and MEML 1.0, UEML compliant) is made
to support process and enterprise modelling across a number of layers. The four lay-
ers of interest are: Generic Task Type, Specific Task Type, Manage Task Instances,
Perform Task Instances. The modelling language currently includes four modelling
domains, in addition to general modelling mechanisms and primitives provided in
METIS, like swimlane-diagrams: Process modelling, Resource modelling, Goal mod-
elling, Data modelling (currently implemented with UML Class Diagram).

8) Petri netswere initially developed by CA Petri for the specification of concur-
rent (parallel) systems. The recognised benefits in the context of Enterprise Modelling
of Petri Nets are modelling power (resource sharing, conflicts, mutual exclusion, con-
currency, non-determinism, visual modelling); analysis (deadlock detection, bottle-
neck analysis, animation, simulation); and code generation for Controlling Manufac-
turing Systems.

The table 2 shows languages than could be consider like EMLs, but they have
created in order to make easy different kinds of interchanges. Next, a brief description
of them is shown:
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1) BPML (Business Process Modelling Languagejs a meta-language for the
modelling of business processes, just as XML is a meta-language for the modelling
of business data. BPML provides an abstracted execution model for collaborative
transactional business processes based on the concept of a transactional finite-state
machine.

2) PIF (Process Interchange Format)a PIF process description consists of a file
of objects, such as ACTIVITY, ACTOR, and RESOURCE objects. Each object in the
file has a unique id that other objects can use to refer to it. Each object type (or class)
has a particular set of attributes defined for it; each attribute describes some aspect of
the object.

3) PSL (Process Specification Language)he goal of PSL is to create a process
interchange language that is common to all manufacturing applications, generic
enough to be decoupled from any given application, and robust enough to be able
to represent the necessary process information for any given application. This rep-
resentation would facilitate communication among the various applications because
they would all have a common understanding of concepts to be shared.

4) UEML (Unified Enterprise Modelling Language), the main objective of the
UEML is to provide industry with a unified and expandable enterprise modelling lan-
guage. The concept of UEML was born in 1997 in the frame of ICEIMT (Torino
conference) organised in cooperation with NIST.

5) XPDL (XML Process Definition Language) the WfMC has identified five
functional interfaces to a workflow service as part of its standardization program. This
interface includes a common metamodel for describing the process definition (this
specification) and also an XML schema for the interchange of process definitions.

Languages showed in the table 3 are based on standards as XML or UML, and
they can be used like EMLs. Next, a brief description of them is shown:

1) BPDM, this meta-model provides a common language, for describing business
processes in an implementation independent manner. This is not to say that the models
are abstract from execution details, on the contrary it is our aim to describe executable
processes, these models are intended to be abstract from the detailed implementation
(platform) mechanisms. The standardization is still in progress.

2) ebXML (Electronic Business using eXtensible Markup Languageijs a mod-
ular suite of specifications that enables enterprises of any size and in any geographical
location to conduct business over the Internet. Using ebXML, companies now have a
standard method to exchange business messages, conduct trading relationships, com-
municate data in common terms and define and register business processes.

3) UML Profile for EAI (Enterprise Application Integration) intends to solve
the EAI problem by defining and publishing a metadata interchange standard for in-
formation about accessing application interfaces. The goal is to simplify application
integration by standardizing application metadata for invoking and translating appli-
cation information.
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EML EMM Owner www

BPDM OMG www.omg.org
ebXML XML OASIS www.ebxml.org
UML Profile for EAI UML 1.4 OMG www.omg.org
UML Profile for EDOC UML 1.4 OMG www.omg.org

Table 3. Overview of the main EMLs based on XML and UML (llI)

4) UML Profile for EDOC (Enterprise Distributed Object Computing) pro-
vides a modelling framework for describing how objects are used to implement en-
terprise systems. It is based on UML 1.4 and conforms to the OMG Model Driven
Architecture.

2.2. Problems related to EMLs

Conclusions about EMLSs pointed out in the states of the art of mentioned European
Projects [IDEO5, UEMO5, ATHO5, INTO5] are:

— There exist a great quantity of EMLs and they are overlapped.

— EMLs provide constructs to describe and model the people roles, operational
processes and functional contents, as well as support information and production and
management technologies.

— The integration of the models generated with these languages is complicated,
since tools do not exist to integrate models generated with different languages.

Another European Project, EXTERNAL, provides the main weaknesses related to
EMLs, as the following ones [EXTO02]:

— Support to enterprises in dynamic environments: especially for dynamic
roles, cooperation in time and supporting of specific processes. Permanent changes
in this kind of enterprises require a controlled way for managing the maturity of struc-
tures and processes. Nowadays, Enterprise Modelling Methodologies are not able of
dealing with different levels of maturity. Besides, the EMLs are weak in easy and
transparent externalization of dynamic roles and policies in extended enterprises.

— Maintenance of enterprise modelsenterprise models are not updated after its
first implementation, which reduces the value for improving the performance of the
business processes.

— Link with software generation: Enterprise Modelling has the objective to sup-
port software implementation. However, few and isolated solutions exist that can link
the conceptual level of Enterprise Modelling with the implementation level.

Therefore, the main problems that concern to EMLs can be located on two axis:
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— Horizontal: the lack of interoperability between EMLs and their corresponding
Enterprise Modelling Tools. Almost all kinds of these languages are proprietary spec-
ifications and can only be implemented with specific tools designed for this purpose.
This problem complicates the interoperability of enterprises at conceptual level. The
main solutions provided by the research community to address this problem are fo-
cused on defining a common exchange language that can become a standard among
the existing EMLs. This is for instance the goal of the UEML Project [UEMO5] and
one of the objectives of the ATHENA Project [ATHO5].

— Vertical: the weak connection between enterprise models and the generation of
software is one of the major reasons why enterprises only develop few models, which
moreover are rarely updated and therefore are not very successful in accomplishing
their initial purpose. Initiatives, such as MDA [MDAOQ3] promoted by OMG intend to
solve this kind of problems.

3. MDA framework

One of the weaknesses of Enterprise Modelling is the difficulty to software gen-
eration from enterprise models. In this section, MDA (Model Driven Architecture) of
OMG [MDAO3] is described as a reference framework.

MDA was proposed by the OMG (Object Management Group) in 2001 as an ar-
chitecture for software applications development. This initiative intends to promote
the use of models as fundamental way for designing and implementing systems. One
of the main objectives of MDA is to separate the operation specification of a system
from the details of implementation in a specific platform; so that the computer systems
and enterprise can be able to evolve with fast technological changes. In this context,
MDA establishes a framework for:

— Specifying a system independently of the platform that supports it.

— Specifying platforms.

— Choosing a particular platform for the system.

— Transforming the system specification into one for a particular platform.

3.1. Benefits of MDA

MDA is focused on functionality and behaviour of systems independently of the
technology in which they will be implemented. The main advantage of MDA is that
it is not necessary to repeat the modelling process of behaviour or functionality of an
application or system each time that a new technology appears. Other architectures are
connected with a specific technology, with MDA operation and behaviour is modelled
only once. The three most important benefits of the use of MDA for enterprises are:

— An architecture based on MDA is always prepared to respond to the future needs.
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— MDA makes easy to integrate applications through the boundaries of the mid-
dleware.

— The specific facilities of domain in MDA defined by the OMG’s Domain Task
Force will provide an extensive interoperability, being available on a particular plat-
form or in multiple platforms when necessary.

3.2. Components of MDA

A system in MDA can include among others: a program, a single computer sys-
tem, some combinations of parts of different systems, a federation of systems, people,
an enterprise, a federation of enterprises, etc. And a system model is defined as a
description or specification of that system and its environment for certain purpose. A
model shows often a combination of graphics and text. The text can be in an EML or
in natural language.

MDA is focused on the use of models for system development. Therefore, MDA
encourages the use of certain classes of models and the relationship among them-
selves. A system can be observed and analysed from different points of view; MDA
specifies three points of view: an independent point of view of the computation, an in-
dependent point of view of the platform and a dependent point of view of the platform.

In this way, MDA defines three conceptual levels:

— Computation Independent Model (CIM): to represent domain and system re-
quirements in the environment in which it is going to operate, concerning business
models and a holistic point of view about enterprises.

— Platform Independent Model (PIM): to model system functionality but with-
out define how and in which platform will be implemented, centred in information and
from a computational point of view.

— Platform Specific Model (PSM): the PIM is transformed in a platform depen-
dent model according to selected platform, focused on technological point of view.

CIM specifies the requirements, and the PIM and PSM specify the system design
and implementation. The PIM and PSM must not violate the CIM [HEN 03]. The
most interesting idea of this approach is the possibility of model transformation by
means of tools that automate the transformation process until code generation.

4. CIM characterisation

A CIM describes the domain and requirements of the system in a model that is
independent of computation representations and is expressed in the vocabulary of the
domain practitioner. The CIM corresponds to the conceptualization perspective and
might consist of a model from the informational viewpoint, which captures informa-
tion about the data of a system.



10 EI2N2005.

CIM is an emerging model, not yet formally defined or supported by OMG stan-
dards and tools. Using a CIM, an enterprise can capture, manage, and better use some
of its most valuable assets: knowledge of its resources, policies, rules, terminology,
and processes. Also, enterprises can specify, in an EML, the requirements of their sys-
tems and validate that the system design satisfies these requirements. CIM is made up
two main subdivisions, which analyse enterprises and their environment from different
point of views [HEN 03]:

— Business Model:focused on the scope and goals of the business, and the termi-
nology, resources, facts, roles, policies, rules, processes, organizations, locations, and
events of concern to the business.

— Business Requirements for Systemsiased on the purpose, scope, and policies
for the system. Business Requirements can be divided into Functional Requirements,
Interaction Requirements, and Environment Contract.

In [BER 04], two kinds of CIM are proposed. The first one is a model of a business
enterprise, a stand-alone CIM, independent of data processing and of potential soft-
ware systems. A purely conceptual or domain model of this kind is interesting per se.
It can be used to define some business rules. But forward engineering transformation
is problematic.

The second one is definitively related to one or more data processing systems. It
can be transformed into software systems that consume input data and produce output
data. Such a CIM may be thought of as a very abstract PIM. And given there are
degrees of PIMness, there must surely be degrees of CIMness.

Some authors [BER 04] do not envisage forward engineering from a purely con-
ceptual CIM. However, they are more optimists about forward engineering from a
CIM that abstracts from data processing systems. This kind of CIM can be recognised
because it will:

— Acknowledge the divisions between data in discrete loosely-coupled data stores.

— Define what units of work clients invoke or require on each distinct data store,
with the preconditions and post conditions of each unit of work.

— Define what data must persist in each discrete data store for those units of work
to be completable.

Finally, a standard model framework is required to support the pragmatic associ-
ation of CIMs with PIMs and PSMs, in order to specify the separation of concerns
between different models that make up a complete specification. It will be helpful
for MDA to establish normative mappings between other popular frameworks and the
standard framework, to promote reuse of models by projects that use different frame-
works [HEN 03].
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5. Conclusion

Enterprise Modelling must become for enterprises a way for better understanding
business, not a final goal. One of the main weaknesses of Enterprise Modelling is
the lack of strong links between enterprise models and software generation. A lot of
Enterprise Modelling Languages, Standards and Tools exist, but enterprises carried
out few enterprise models and it is very hard to maintain them, to use them in order to
generate software, or to exchange them among different enterprises.

The main conclusions about state of the art in Enterprise Modelling Techniques,
Tools and Standards, in order to understand how it can be useful to software generation
from enterprise models, are:

— There is a great number of Languages, Standards, Frameworks, Methodologies
and Tools concerning Enterprise Modelling, which cover different parts of the dimen-
sions defined in GERAM and even they are overlapped.

— Enterprise Modelling Tools usually support a particular Enterprise Modelling
Language and Methodology; and only a few ones allow the definition of a new lan-
guage or some adaptation of the languages that implement. Moreover, there not ex-
ist tools that can integrate their models with models carried out with other Enter-
prise Modelling Tools. Therefore, mechanisms for the exchange of enterprise models
among enterprise do not exist.

— Enterprise Modelling Standards are necessary for enterprise integration and in-
teroperability, and there are a lot of them concerning Enterprise Modelling. But they
have had really little or null industrial impact due to they are associated with a specific
platform or technology; which can not be achieved by a great number of enterprises.

— Many works are being performed related to PIMs, PSMs, UML Profiles, QVT,
etc., in the MDA framework, but the characterisation of CIMs and the features that a
enterprise model must satisfy to be consider CIM and generate appropriate software
are still in progress.
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Abstract. The Unified Modeling Language (UML) has become a stan-
dard visual language for object-oriented modelling that has been used
successfully for modelling information systems in very different domains.
However, UML is a general-purpose modelling language, which can also
be useful for modelling other systems such as, for example, an enter-
prise. In spite of the distinct works carried out in this area, the OMG’s
new proposals at the Computation Independent Model (CIM) level call
to mind that more practical examples, from the model-driven point of
view, are needed to better understand how it can be applied to model
all enterprise dimensions.

In this paper, we present a proposal for Enterprise Modelling with UML
2 at the CIM level, taking into account the model-driven approach, and
through some examples, we describe how it can be applied in a real Case
Study. In this proposal, we show how UML 2 can be used to provide a
holistic vision of an enterprise that considers all its dimensions, that is
to say, organisational, process, decisional, ans so forth.

1 Introduction

Enterprise Modelling is externalising and expressing enterprise knowledge [1],
which provides a holistic view of an enterprise and considers all its dimensions:
process, decision, information, and so forth [2]. Enterprise Modelling has been
used for a long time to select and develop computer systems, to better understand
and improve business processes, to support decision-making, and so forth, but
the most important benefit of enterprise models is their capacity to add value
to the enterprise. This is due to the fact that, such models are able to make
explicit facts and knowledge which can be shared by users and different enterprise
applications in order to improve enterprise performance [1, 3, 4].

Many languages, standards, methodologies and tools for Enterprise Mod-
elling have emerged, since the 70s when the first concepts of modelling were
applied to computer systems (E/R Model, DFD, and so forth) so far when mod-
elling concepts and techniques are applied not only to information systems but



to the whole enterprise [3]. Nowadays, there exist a great number of languages,
standards, and so forth, which cover different enterprise dimensions defined in
GERAM [5] and they even overlap. Therefore, interoperability problems are in-
creasing among systems that use different Enterprise Modelling Languages [6].
Moreover, one of the main weaknesses of Enterprise Modelling is the lack of
strong links between enterprise models and software generation. For these rea-
sons, some enterprises, especially SMEs, implement few enterprise models and it
is very hard to maintain them, to use them to generate software, or to exchange
them among different enterprises [7].

One solution, as pointed out in [8], is that the role of enterprise models
should be to obtain a design, analysis and operation of the enterprise according to
models, i.e., it should be driven by models (model-driven). Nowadays, the model-
driven approach is followed by numerous projects like the MODELWARE [9]
and INTEROP [10] in the European Union, and Model Driven Architecture
(MDA) [11], which is carried out by the OMG.

MDA, for instance, intends to promote the use of models as fundamental way
of designing and implementing different kinds of systems. The main purpose of
this approach is to separate the functional specification of a system from the
details of its implementation on a specific platform. This architecture therefore
defines a hierarchy of models from three points of view [11]:

— Computation Independent Model (CIM): used to represent domain
and system requirements in the environment in which it is going to operate,
concerning business models and from a holistic point of view of the enterprise,
and independent of the computation.

— Platform Independent Model (PIM): used to model system functional-
ity but without defining how and on which platform it will be implemented;
it is focused on information and from a computational point of view.

— Platform Specific Model (PSM): the PIM is transformed into a platform
dependent model according to platform selected for use, and is focused on a
technological point of view.

MDA is an emergent paradigm. A lot of work is being carried out within
OMG framework related to PIMs, PSMs, QVT, and so forth, but the charac-
terisation of CIMs and the features that an enterprise model must satisfy to be
considered CIM and generate appropriate software are still in progress [7]. In
this paper, we present an MDA-oriented proposal for modelling enterprises with
UML 2 at the CIM level that allows software to be generated from enterprise
models in the future, and which also takes into account the works conducted in
different traditional Enterprise Modelling Languages [7] like GRAI [12], IEM [13],
MEML [4], IDEF [14], and so forth.

The paper is organised as follows. Section 2 shows a review of several works
related to the use of UML for Enterprise Modelling. In section 3, the proposal for
Enterprise Modelling using UML 2 at the CIM level from the model-driven point
of view is presented. Section 4 describes some examples of diagrams performed
on a real Case Study applying the proposal explained in the previous section
and, finally, section 5 outlines the main conclusions.



2 Existing Proposals for Enterprise Modelling with UML

The Unified Modeling Language (UML) is a graphical language for visualising,
specifying, constructing and documenting the artifacts of a software-intensive
system [15]. It is a general-purpose modelling language that has been used in
different domains, even to model enterprises. In version 1.5 [15], the UML Spec-
ification includes an example of "UML Profile for Business Modelling’ in
order to show how UML could be customised to model enterprises. In spite of the
fact that all UML concepts can be applied to Enterprise Modelling, the profile
includes a number of stereotypes, constraints and tagged values to emphasise
several concepts which are specific to the business domain [15]. However, the
profile is only an example and other research works have been published on this
subject that offer more robustness to Enterprise Modelling.

In [16] Enterprise Modelling is considered as the development of dynamic
models that help enterprises to communicate concepts related to business with
their stakeholders. These conceptual models make it easy for people to under-
stand the complexity of enterprises in the new global economic order. The fea-
tures of UML employed to show the relationships among business concepts are
inheritance and association (aggregation and composition). In addition, the mod-
els also include a definition of several concepts such as ’entities’ to represent
the human, material and financial resources of enterprises; 'actions’ to show
how entities interact, and thus not only to describe a static structure but the
behaviour of the entities; 'plans’, which represent the future actions planned
by the enterprise in order to react to a changing environment; ’rules’, which
define the standard response to daily situations that occur in an enterprise; and
‘organizations’ to represent the legal structure of the enterprise. Finally, the
enterprise models proposed in [16] are the following:

— Purpose: to define the added value of the enterprise and its reason for
existing. In this model, the strategic vision, tactical mission and operational
goals and objectives must be depicted. It also has to show the measures
that have been implemented for controlling these proposed objectives and
planning, which can be either centralised or distributed.

— Processes: to show the actions performed by the enterprise in order to
achieve an added value that can be offered to its costumers. In this view,
the actions are grouped to compile business processes, which are carried
out according to workflow rules and are controlled by different actors with
different roles inside the organisation.

— Entities: to distinguish between the roles of an entity in different business
processes in which it participates and the set of values which describe its
static structure or state.

— Organisation: to represent the structure of the enterprise that enables an
understanding of how business processes are carried out inside enterprise or
among its partners.

On the other hand, the proposal presented in [17] for Enterprise Modelling
is based on providing several views of a business model. These views (business



vision, business process, business structure, and business behaviour) made up
of one or more diagrams developed in UML, which capture the processes, rules,
goals, and objects in the business, and their relationships and interactions with
each other. The main concepts included in the Eriksson-Penker Business Exten-
sions are the following:

— Process: the set of actions that transform input objects into outputs which
have an added value for the customer. Processes have a goal and are affected
by events.

— Events: a change of state that is caused by a process and is then received
by one or more processes.

— Resources: all kinds of things that are used in the enterprise, whether they
are either physical or abstract, for example, information.

— Goals: defined for the enterprise and each of its processes; they represent
the desired state of each enterprise resource.

— Business rules: define the conditions under which business activity is to
be performed and enterprise knowledge should be represented.

— General mechanism: mechanisms to be used in any diagram.

Other works in this context such as [18] point out the possibility of use UML
as a language for Enterprise Modelling, even though in [19] it is qualified how
and under which conditions this can be performed. Hence, we can conclude that
it is possible and advisable to use UML for modelling enterprises. To do so, they
define different types of specific concepts related to business domain, and use
extension mechanisms like stereotypes, tagged values, and so forth provided by
UML 1.x. However, the new version and specifications developed by the OMG,
such as UML 2 and MDA, call for a review of these proposals again, and the works
promoted by OMG within Business Enterprise Integration DTF, like Business
Semantics of Business Rules (BSBR), Production Rules Representation (PRR),
Business Process Definition Metamodel (BPDM), and Organization Structure
Metamodel (OSM) that are currently being carried out show this to be the case.
Moreover, taking into account the number of diagrams provided in UML 2 and
that the previous works use mainly 'Class Diagrams’; it would be interesting to
clarify which UML 2 diagrams are useful at the CIM level and then to specify
which part of CIM models must be transformed into PIM models, since according
to [20] there must surely be degrees of CIMness.

Furthermore, despite the weakness of the stereotype mechanism is pointed
out in [19], the new specification of UML 2 provides profiles with a greater degree
of completeness than version 1.5. Therefore, it will be possible to customise UML
in a better way [21]. For instance, UML provides a lot of diagrams for modelling
dynamic aspects but not for direct modelling of business processes in a similar
way that to how they are represented in an IDEF diagram. Hence, business
process modelling with UML is complex [22] and the use of profiles according to
UML 2 can make this task easier.



3 UML Proposal for Enterprise Modelling at the CIM
Level

Enterprise models are normally composed of submodels such as organisational
models, process models, information models, and so forth. These models must
cover at least the following requirements [23], which are also compliant with the
GERAM framework [5]:

— Enable three fundamental kinds of flows inside and among enter-
prises: material, information and decision or control.

— Enable four modelling views: functional, informational, resources and
organisational.

— Emnable three levels of modelling: definition of requirements, specifica-
tion of design and implementation description.

On the one hand, these requirements have been established and accomplished
by models developed with traditional Enterprise Modelling Languages. On the
other hand, CIM models must describe the domain and requirements of the
system in a model that is independent of computation representations and is
expressed in the vocabulary of the domain practitioner.

Nevertheless, CIM characterisation is an ongoing work that is not yet formally
defined or supported by OMG standards and tools. Using a CIM, an enterprise
can capture, manage, and make better use some of its most valuable assets:
knowledge of its resources, policies, rules, terminology and processes. Moreover,
enterprises can specify, in an Enterprise Modelling Language, the requirements
of their systems and check that the system design satisfies these requirements.
CIM is made up two main subdivisions [24]:

— Business Model: a view of the enterprise and its environment that focuses
on the scope and goals of the business, and the terminology, resources, facts,
roles, policies, rules, processes, organisations, locations and events of concern
to the business.

— Business Requirements for Systems: a view of the system and its en-
vironment that focuses on the purpose, scope, and policies for the system.
Business Requirements can be divided into Functional Requirements, Inter-
action Requirements and Environment Contract.

These two characterisations and the comparison performed in Table 1 are
the basis of our proposal. The table shows a general mapping among different
approaches for modelling enterprises, such as traditional Enterprise Modelling
(EM) taking into account its requirements [5, 23], and the UML framework (ei-
ther MDA or approaches for Enterprise Modelling with UML as [16] and [17]
summarised in section 2).

Furthermore, UML 2 is a language with a very broad scope that covers a
large and diverse set of application domains. Not all of its modelling capabilities
are necessarily useful in all domains or applications. For this reason, the new
specification of UML provides a structure that will allow selection of only those
parts of language that are of direct interest and will also take into account the



Table 1. Comparison among different frameworks for Enterprise Modelling

Item Traditional EM [5, 23] MDA Marshall [16] Eriksson [17]

Flows Material N/A N/A N/A
Information N/A N/A N/A
Decision/Control N/A N/A N/A

Views Functional N/A  Processes Processes/Events
Informational N/A  Entities Resources
Resources N/A  Entities Resources
Organisational N/A  Purpose/Organisation Goals/Business rules

Modelling levels Definition of requirements ~CIM ~ N/A N/A
Specification of design PIM N/A N/A
Implementation description PSM  N/A N/A

need to exchange UML models among different tools that use distinct subsets of
the language [25].

Therefore, we consider as well this feature of UML in defining our proposal
for modelling enterprises at the CIM level. To do so, we specify which models
should make up the enterprise model of a company and which UML 2 diagrams
are useful for this purpose. The main objective is to provide a framework to
develop the enterprise models proposed using UML in order to gain a better
understanding of what the business of the company is. Figure 1 depicts the
position of our proposal inside GERAM framework. The models and UML 2
diagrams proposed for Enterprise Modelling at the CIM level are the following:

— Global model: used to give a general view on the other models performed.
Diagrams proposed: Use-Case Diagram, and Package Diagram.

— Organisational model: this must represent both the static structure of
enterprise and the dynamic structure at strategic and tactic level. The static
structure should depict the departments and organisation established by
enterprise. The dynamic structure should show the target model that the
enterprise has (vision, mission, and so on), and the desicional structure and
business rules existing within the context of the enterprise. Diagrams pro-
posed: Use-Case Diagram, Class Diagram, Activity Diagram, Package Dia-
gram, and the use of OCL will also be needed to describe restrictions.

— Static model: used to describe the informational view of the enterprise.
Information about products or services provided by enterprise should there-
fore be represented. Furthermore, this must show the activities carried out
in the enterprise to transform inputs into outputs, as well as the resources
and restrictions related to these activities. Diagrams proposed: Use-Case
Diagram, Class Diagram, and Package Diagram.

— Dynamic model: it should depict business, support and decisional pro-
cesses from dynamic point of view taking into account events and logical
operators at high level. Diagrams proposed: Use-Case Diagram, Activity
Diagram, and Package Diagram.
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Fig. 1. Position of our proposal inside GERAM framework

The following step is to perform a UML profile for Enterprise Modelling
(EM-Profile) in order to establish specific constructs to model enterprises, which
are not usually provided with the standard UML, for each model defined in the
proposal. In this paper, we show like an example the static structure for Organ-
isational Model to better represent the organisation chart of the enterprise.
Currently, within an enterprise the organisation elements are responsible for en-
terprise functions. Since, the main enterprise functions can be represented by
use cases, the organisation elements could be represented by standard ’Actors’.
In order to emphasise the different types of organisation elements and the hi-
erarchical nature of their relationships, it is interesting to describe the generic
constructs of an organisation structure within an UML profile for Enterprise
Modelling. To describe this organisation we have developed the ’Organisation
Breakdown Structure’ adding the following constructs at the meta-model
level to the EM-Profile (see Fig. 2) [25]:

— OrganisationElt, subclass of Kernel::Class, for the description of nodes
in the organisation chart.

— Position, subclass of the class OrganisationElt, for the description of the
leaves of the organisation chart.

— OrganisationUnit, subclass of the class OrganisationElt, for the descrip-
tion of composite nodes in the organisation chart.

— ObsAggregation subclass of Kernel::Association, for the edge descrip-
tion of the Organisation Breakdown Structure.
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Fig. 2. Organisational constructs of the EM-Profile

Next, OCL constraints [26] can be added to refine the semantics, for example,
to specify that the organisation chart cannot be cyclic:

context OrganisationUnit

--first helper to get the list of direct children of a node by navigating

--through the obsAggregation association

def: getListOfDirectChildren() : Set(OrganisationElt) =
self.obsAggChild.child -> asSet()

--second helper to get all the acyclic children
def: getListOfAcyclicChildren(alist: Set(OrganisationElt)) : Set(OrganisationElt) =
--first step: get the direct children of each element of the parameter ’alList’
self.getListOfDirectChildren() ->
--for each child
collect(child |
--test 7f the parameter ’alist’ contains the child
if alist->includes(child)
then
--if yes, return the list
aList
else
——test if the child is a leaf of the organisation structure
if child.oclIsTypeOf (Position)
then
--1if yes, add it to the parameter ’alist’,
alist->including(child)
else
--recursive call to the method with the child
--added to the parameter ’aList’
child.oclAsType (OrganisationUnit) .getListOfAcyclicChildren(alist -> including(child))
endif
endif)
-> flatten() -> asSet()

--tnvariant definition

inv NoCircularContainment:
-- the list of acyclic Children of the current node must not contain the current node
self.getListOfAcyclicChildren(SetSelf) -> excludes(self)



In this constraint the helper getList0fDirectChildren() returns a Set of
the OrganisationElt which are the direct children of the current Organisatio-
nUnit instance. The helper getList0fAcyclicChildren recursively builds the
set of all the (direct and transitive) children of the current OrganisationUnit
instance. Finally, the invariant NoCircularContainment checks that the current
instance does not belong to the set of its children.

4 Case Study

The main objective of this section is to show, by means of a Case Study, how
to use UML for Enterprise Modelling at the CIM level, following the proposal
outlined in the previous section. For modelling the Case Study, several diagrams
have been developed as shown in Table 2. This table emphasises the representa-
tion capabilities of UML with regard to the main models proposed to depict an
enterprise: Global, Organisation, Dynamic, and Static. For each point of view,
both the potential diagrams (row 'Diagrams’) and the work performed on the
Case Study (row ’Case Study’) are mentioned. Only the organisational model,
with a Class Diagram for representing static structure is presented and discussed
according to the excerpts from the case description (in italic font) provided by

Singular Software!.

Table 2. Models and UML diagrams performed for the Case Study

Model UML
Global Diagrams Package Diagram, and (Business) Use-Case Diagram
Case Study Organisational, Business Use-Case, Use-Case, Static,
and Dynamic Model
Organisation Diagrams Class Diagram stereotyped
Case Study OrganisationalUnit
Dynamic Diagrams Activity Diagram (AS-IS and TO-BE views)
Case Study Order Management Process from shops, franchisees,
and dealers

Static Diagrams Class Diagram
Case Study Product, Service, Supplier Management, and Sales
Management Models

The organisational aspects are depicted in the description document by the
following sentences:

Demo TelCo S.A. is part of the Greek group of companies TelCo, which is
specialised in telecommunications, in the production and distribution of batteries,
as well as in retail sales of everyday technology products. TelCo is an official
TelCarrier partner and sells TelCarrier products (SIM cards and sets).

! This Case Study was proposed within the framework of Task Group 2 of the IN-
TEROP NoE [10] by Singular Software (http://www.singularsoftware.gr).



There are six main departments in Demo TelCo: Commercial, Sales, Finan-
cial, Logistics, Sunlight and IT. The commercial department of TelCo can be
divided into three sub-departments: Products, Services and Administration.

In the ’Class Diagram’ in Fig. 3, the aggregation between all the departments
are an instance of the ObsAggregation meta-class defined in the EM-Profile,
whereas the association named ’is a partner’ between TelCo and TelCarrier is
an instance of the ’classical’ Association meta-class.
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Fig. 3. Excerpt of a ’Class Diagram’ describing the organisation of the Case Study

After this first modelling step, the model can be refined taking into account
new information, for example, about the commercial department:

Product managers are responsible for creating new items in the system. Com-
mercial department is responsible for price-formation.

In this case a leaf element of the organisation structure must be introduced
(see Fig. 4): the position ProductManager. Product managers are members of
the commercial department, therefore an obsAggregation is introduced be-
tween the organisation unit CommercialDept and the position ProductManager.
Two new business use cases are added to depict the responsibilities of prod-
uct managers. These use cases extend the main use case Manage Products and
Services.
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Fig. 4. Relationship between Business Use-Case Diagram and Organisational Diagram

5 Conclusion

In this paper we have analysed the previous works carried out within the context
of Enterprise Modelling with UML. The benefits of model-driven approaches and
the new specification of UML 2 provided by the OMG suggest the need to provide
more practical examples for Enterprise Modelling with UML based on these
recent works. A proposal for Enterprise Modelling at the CIM level using UML
2, based on previously described works and on traditional Enterprise Modelling
Languages, has been presented along with a Case Study.

We have also shown the interest of defining a UML Profile 2.0 for Enterprise
Modelling. In this way we have proposed an initial draft of a UML Profile for
Enterprise Modelling. In this profile, only the organisational structure point
of view, which allows us to describe the ’Organisational Breakdown Structure’
of an enterprise, has been presented. This profile is going to be improved by
including other concepts which are essential for a complete enterprise model,
such as business rules, business process, and so forth.
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Abstract. Enterprise Modelling, in general, and Business Process Mod-
elling, in particular, have been used for decades for different purposes and
with interesting results. However, a variety of problems can be identified
in this context and many enterprises find it difficult to leverage the full
potential and benefits of these technologies. One of the most important
problems in this sense is the lack of interoperability among enterprises
at the modelling level. Quite a lot of efforts has been carried out in this
domain to improve enterprise interoperability at this level. The devel-
opment of the POP* meta-model is one of these initiatives, which aim
to establish a meta-model and a corresponding methodology that enable
enterprises to exchange their enterprise models, despite the fact that they
use different Enterprise Modelling Tools.

In this paper, we present a ’'proof of concept’ of the POP* meta-model
focused on the process dimension, which is expected to further our un-
derstanding of how this meta-model can be used to exchange different
business process models among the partners in networks of collabora-
tive enterprises. Moreover, the work performed in this 'proof of concept’
has been a valuable aid to validate and improve the development of the
POP* meta-model.

1 Introduction

Enterprise Modelling is defined in [1] as the art of ’externalising’ enterprise
knowledge, that is to say, by representing the enterprise in terms of its organ-
isation and dimensions (process, decision, product, resource, and so forth) [2].
Therefore, Enterprise Modelling enables enterprises to gain a much deeper knowl-
edge and understanding of their business so that their objectives can be aligned
with the market needs.

In the 70s, the first concepts of modelling were applied to the computer sys-
tems (E/R Model, DFD, and so forth), but the concept of Enterprise Modelling
appeared in the USA at the beginning of the 80s, with the Computer Integrated
Manufacturing (CIM) initiative. Examples of this initiative are the Integrated



Computer Aided Manufacturing (ICAM) Project carried out by the US Air
Force or the Integrated Computer Aided Manufacturing-International (CAM-
I) Project. In the mid 80s, different Enterprise Modelling Languages, such as
GRAI or CIMOSA, emerged in Europe. In addition, numerous commercial tools
appeared in the 90s to lend support to a great number of different modelling lan-
guages (ARIS ToolSet, FirstSTEP, METIS, KBSI Tools, MO?GO, e-MAGIM,
and so forth.) [2].

Today, the use of Enterprise Modelling is widely extended and many lan-
guages, methodologies and tools related to Enterprise Modelling exist, even for
modelling Virtual or Extended Enterprises [3]. Enterprise Modelling Languages
provide constructs with which to describe and model peoples’ roles, operational
processes and functional contents, as well as support information, and produc-
tion and management technologies. However, integration of the models generated
with these languages is complicated, since tools for exchanging models generated
with different languages do not exist [4-7]. In summary, the main problems with
respect to Enterprise Modelling can be seen as lying along two axes [8]:

— Horizontal: the lack of interoperability between Enterprise Modelling Lan-
guages and their corresponding Enterprise Modelling Tools. Almost all lan-
guages of this sort are proprietary specifications and can only be imple-
mented with specific tools designed for this purpose. This problem compli-
cates the interoperability of enterprises at the conceptual level. The main
solutions provided by the research community to address this problem are
focused on defining a common exchange format. This was, for instance, the
goal of the UEML Project [7] and one of the objectives of the INTEROP [6]
and ATHENA [4] Projects.

— Vertical: the weak connection between enterprise models and the genera-
tion of software is one of the major reasons why enterprises develop only
a few models, which, moreover, are rarely updated and are therefore not
very successful in accomplishing their initial purposes. Initiatives, such as
MDA [9] promoted by OMG and MDI within INTEROP [6], are intended
to solve this kind of problems.

These same problems can also be observed in the business process context.
The number of modelling techniques and tools available for supporting Busi-
ness Process Modelling is growing rapidly, because of the increasing popularity
of business process orientation [10]. In recent years, many advantages of using
Business Process Modelling have been pointed out [11].

Nevertheless, collaborative enterprises face a number of problems when at-
tempting to harvest the benefits of Business Process Modelling. A collaborative
enterprise is an enterprise where teams work together across boundaries, e.g.
life-cycle phases, sharing results and knowledge to improve their common un-
derstanding and enable better performance and higher quality results [12]. The
main reason for this situation is the large number of techniques and tools [10]
that support and that are used for Business Process Modelling; as a result, col-
laborative enterprises find it difficult to exchange business process models in an
efficient way.



Taking the problem of interoperability as its main inspiration, the objective
is to achieve a common format, like POP* or UEML, which are valid initiatives
allowing enterprises to exchange different kinds of models and to set up an en-
vironment in which existing models can be reused [4-7]. In particular, within
the framework of the ATHENA Project [4], the POP* methodology was devel-
oped with the aim of solving this kind of problems and improving enterprise
interoperability. In this context, then, this paper presents the work carried out
in the ’proof of concept’ of the POP* meta-model in order to validate it and it
describes how the POP* meta-model could be used to exchange business process
models among different partners from a process-oriented point of view.

The paper is organised as follows. Section 2 gives a brief description of the
ATHENA Project as the framework in which this research was carried out, and
also discusses the main issues regarding the POP* meta-model and especially
its process dimension. Section 3 describes the research work performed and the
main results obtained in the 'proof of concept’ of the POP* meta-model. Finally,
the main conclusions are outlined in section 4.

2 ATHENA Project

ATHENA (Advanced Technologies for interoperability of Heterogeneous Enter-
prise Networks and their Applications) is an Integrated Project sponsored by
the European Commission in support of the Strategic Objective 'Networked
businesses and government’ set out in the IST 2003-2004 Work Programme of
FP6 [4]. ATHENA aims to make a major contribution to interoperability by iden-
tifying and meeting a set of inter-related business, scientific and technical, and
strategic objectives. In ATHENA, different Research and Development projects
are executed in an integrated way. The research work presented in this paper was
developed within the framework of one of these projects, called Al, and which
focuses on ’Enterprise Modelling in the Context of Collaborative Enterprises’.

The overall goal of this project is the development of methodologies, core lan-
guages and architectures as models, model-generated workplaces, services and
execution platforms for establishing collaborative on-demand Extended Enter-
prises and Networked Organisations.

2.1 POP* Meta-model

One of the main goals of the Al Project is to develop a methodology that
provides a set of basic modelling constructs to support model exchange in the
context of collaborative enterprises. The methodology includes [12]:

1. The POP* meta-model, which describes the set of basic modelling con-
structs defined and their relationships.

2. The guidelines, which describe the management and use of the POP* meta-
model.



With respect to this goal and business process orientation, the work per-
formed in the project has similar objectives, but at the same time a different
scope, to other approaches like UEML [7] or BPDM [13]. Although the devel-
opment of the POP* meta-model is based on the adoption of a holistic point of
view of an enterprise which takes into account its different dimensions, that is to
say, process, organisation, decision, and so forth, this first version is developed
in a more comprehensive manner and focuses on the process dimension.

Moreover, POP* was developed taking into account how enterprises need
to establish flexible relationships with other partners in order to achieve some
competitive advantage, and also with a top-down approach that allows for def-
inition of the constructs needed to depict the particular features of this kind of
enterprises. On the other hand, the POP* meta-model was also developed with
a bottom-up approach, which involved reviewing some of the most important
Enterprise Modelling Languages like IEM, EEML, GRAI, and so forth, and as a
result it covers the common concepts identified in these languages. However, the
POP* meta-model is neither the merge of the meta-models of these specific En-
terprise Modelling Languages, nor the addition of them, but the mapping of the
main constructs of these languages in order to identify common concepts and to
avoid redundancies. In this sense, the POP* meta-model is a valid mechanism
with which to exchange enterprise models among partners in a collaborative
enterprise that use different enterprise modelling platforms and languages.

Therefore, the POP* meta-model is a first, but necessary, step in order
to achieve enterprise interoperability at the conceptual level. Furthermore, the
POP* meta-model will be useful for developing the architecture specification
of the Modelling Platform for Collaborative Enterprise (MPCE) within the
ATHENA Project. This platform will facilitate the exchange of different kinds
of enterprise models, based on the POP* meta-model, and allow them to be
managed in a better fashion.

A thorough explanation of the POP* meta-model and its corresponding
methodology can be found in [12]. This work includes the description of the
POP* meta-model in its first version, with the dimensions defined so far:

— Process dimension: representing the activities and tasks carried out in an
enterprise and the different objects that are needed to perform them.

— Organisation dimension: expressing the formal and informal organisa-
tional structures of an enterprise, as well as the different stakeholders and
relationships that form part of this organisation.

— Product dimension: representing the products or services that an enter-
prise offers to the market.

— Decision dimension: expressing the decision-making process and the struc-
ture needed in an enterprise to perform it.

— Infrastructure dimension: depicting the ICT infrastructure of an enter-
prise.

Furthermore, it also provides guidelines illustrating the management and
potential use of the POP* meta-model in a cross-organisational setting. The
main goal of these guidelines is to explain how the POP* meta-model can be



used to exchange enterprise models among or inside enterprises that use different
Enterprise Modelling Tools.

2.2 Process Dimension

The process dimension of the POP* meta-model, shown in Fig. 1, is concerned
with the activities and elements needed to enact and execute processes in a
collaborative enterprise. Its objective is to provide the basic constructs with
which to model the tasks and the main enterprise objects that participate in
these tasks with different roles, such as input, output, control, and so forth. The
process dimension also supports the representation of the process flow, as well
as conditions or associated decisions.

Role
(from 0 General concepts)

0
Process Role - Lames -

‘ Cutput

‘ Input

‘ Resource

‘ Ewvent I~ Caontrol

has conirol

=1
+

(N 0.t
t haspuiput

has resource

has gateway
I

ispart of

Fig. 1. POP* meta-model: process dimension

In this section, we present a brief description of the main constructs in the
process dimension of the POP* meta-model (see Fig. 1). A complete description
of these constructs can be found in [12].

— Process: this represents a task or an activity performed in an enterprise.
A Process can be derived into different subprocesses in order to depict the
desired level of detail.

— Role/Process Role: this is used to express the function of the diverse
enterprise objects in the execution of a Process. Consequently, the subclasses
of the Process Role are: Control, Input, Output and Resource.

— Decision Point: this depicts a conditional point used to solve the process
flow and continuation, i.e., the process sequence. A Decision Point can be a



Process Role, which can have an object attached to it, or a Gateway, which
is a true decision point without attached object, and is owned by a process.

— Flow: this construct represents the connection of Processes across two De-
cision Points, which can be either Gateways or Process Roles played by
different enterprise objects.

3 ’Proof of Concept’ of the POP* Meta-model

Within the framework of the above-mentioned ATHENA Project, this paper de-
scribes the work performed in the ’proof of concept’ of the POP* meta-model.
The main objective of this research work is to demonstrate that the POP*
meta-model is well defined, as it provides a common and standard language
to exchange models among different Enterprise Modelling Tools.

3.1 Process Description

Our demonstration method includes two main steps, as shown in the diagram
in Fig. 2. First, an existing model compliant with a specific Enterprise Mod-
elling Tool (MO?GO) [14] is transformed by hand into a POP* model using a
UML Profile 2.0. Second, the POP* model is imported into different Enterprise
Modelling Tools (GraiTools [15] and Metis [16]).

GRAI

Tools

Enterprise
Medelling

MO2GO GraiTools Metis
Based on previous HMI M1
mappings established g;l”?‘"a“e an
amnn%ﬁgﬁ?g{%g \mpn:fmnune\a

PPV Madel™,
“n UML (el

Model the source model
selected in UML 2.0 on
ECLIPSE plafform

PPM Model
POP* (x|

PPN Model
in MO0

Selectthe source model
to be transfomed

L1 Automotive scenano
2. Telecom scenario
3. Aeronautic and

aBrospace husiness
scenarios

FOP* meta-maodel, Apply UML
final version Profile 2.0 of
POP*

Implementthe
LML Profile 2.0 of

4. Furniture scenarios

Define the UL
ATHENA Scenarios UML Profile 2.0 of POP*

ECLIPSE

Fig. 2. Diagram showing tasks performed in the 'proof of concept’ of the POP* meta-
model

In order to achieve this goal, a UML Profile 2.0 of the POP* meta-model was
implemented using the ECLIPSE platform. UML Profiles 2.0 is a mechanism



that allows the metaclasses of an existing meta-model to be extended, in order
to adapt it for different purposes. Therefore, this mechanism includes the ability
to tailor the UML meta-model to different platforms (such as J2EE or .NET) or
domains (such as real-time or BPM) [17].

In our case, we will use this mechanism to define a UML Profile 2.0 of the
POP* meta-model with the aim of carrying out a ’proof of concept’ of POP*.
The idea is to extend the UML meta-model within a specific domain by means
of our profile. This profile can then be used to model collaborative enterprises
according to the POP* meta-model.

Therefore, the first task to be carried out in this process is the definition of
the UML Profile 2.0 of the POP* meta-model. Following the recommendations
given in [18], the main steps involved in defining this profile are:

1. To include one stereotype for each element of the POP* meta-model in a
‘profile’ package.
2. To specify what elements of the UML meta-model are extended by the stereo-

types.
. To define the attributes of the POP* meta-model as tagged values.

3
4. To define the constraints of the domain.
5. To implement the profile defined by using the ECLIPSE UML 2.0 plug-in.

On the other hand, the remainder tasks shown in Fig. 2, which are needed
to complete the 'proof of concept’, are explained in more detail in the following
section.

3.2 Work Performed

The ’proof of concept’ of the POP* meta-model was performed in order to
validate it and to demonstrate a real application of the POP* meta-model as an
exchange format. Thus, the work performed and explained in this section can
be useful to gain a better understanding of how the POP* meta-model could be
used to exchange business process models. This work was carried out according
to the steps proposed by the guidelines defined in [12] for applying and managing
the POP* meta-model. In what follows, the main steps performed and illustrated
in Fig. 2 are presented.

STEP 1. Select the source model to be transformed. For the 'proof of
concept’ we selected one of the ATHENA scenarios, from the Telecom sector. In
particular, the scenario is related to the Product Portfolio Management Process
(PPM). We used the PPM scenario modelled in MO?GO, and we chose only a
part of this model in order to ensure that the work could be performed in a short
amount of time.

The part of the PPM model selected was the "WIBAS? Project development’
process (see Fig. 3), because it illustrates some crucial POP* concepts. It includes
almost all the elements that can be represented in a MO?GO model, and it is
sufficiently complex to demonstrate the use of POP* as an exchange format.

3 WIBAS is the name of a particular product development project.
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STEP 2. Define and implement the UML Profile 2.0 of POP*. The
result of the tasks performed in this step is a description of the UML Profile
2.0 of the POP* meta-model. This profile could be used as a basis for further
implementation of POP* as an Enterprise Modelling Language. The profile iden-
tifies a subset of the UML meta-model elements but does not remove any of the
UML meta-model functionalities, and therefore all the utilities of UML remain
available for the final users.

Three components are needed to create UML profiles: stereotypes, restric-
tions and tagged values. Stereotypes are defined by their names and the ele-
ments of the meta-model that are associated to them. They establish the features
that designers assign to the elements that are extended by the profile. Restric-
tions are used to establish conditions over the stereotyped elements, and tagged
values are additional meta-attributes that are associated to a meta-class in the
extended meta-model. This profile specification was developed in accordance
with the latest version of the Unified Modelling Language, UML 2.0 [17,19].

STEP 3. Model the source model selected in UML 2.0. Prior to mod-
elling, it is necessary to select UML diagrams that are useful for our 'proof of
concept’. We focused on the most expressive UML diagrams that can be used for
business processes modelling, which are class and activity diagrams. This step
was carried out using the Rational Rose modeller from the Rational division of



IBM on ECLIPSE platform. This tool was chosen in order to take advantage
of the ECLIPSE UML 2.0 plug-in and to support advanced UML profile 2.0
management and XMI 2.0 interchange.

STEP 4. Stereotype the model developed in UML 2.0 with the UML
Profile 2.0 of POP*. Using the UML Profile 2.0 of POP* thus implemented,
all components of the model previously developed in UML 2.0 were extended
using stereotypes (see Fig. 4). In this way we obtained a full, semantically equiv-
alent model but which is now UML 2.0 compliant, that is, it is fully compliant
with XMI 2.0 and therefore easily interchangeable.
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Elements in the MO2?GO diagram were replaced by POP* concepts, but
obviously translating native models to POP* involves more than simply replacing
each element in the native models by its corresponding element in POP*. The
translated model should follow the rules that define how POP* concepts can be
related (that is, the syntactic rules defined by the POP* meta-model). This could
entail having to include new elements, as can be seen in Fig. 5. For example, in
order to develop the class diagram of the translated POP* model:



— Processes were defined to include their interfaces with the outside world.
These are specialisations of the Process Role: Input, Control, Output and
Resource.

— ’Split’ or "Join’ in the MO2GO diagram were transformed into Gateways in
the POP* class diagram.

— Flows were stereotyped as associations in order to simplify the diagram and
give it more expressiveness.

— According to the POP* meta-model, Flows can connect only Decision Points
(this means Gateways or Process Roles). For example, we cannot connect
two Processes (or an Object with a Process) directly by means of a Flow.
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Fig. 5. Modelling of flows in POP*

STEP 5. Generate an XMI file to be imported. Finally, the objective is to
generate an XMI file of the POP* model generated in the step 4 by means of the
capabilities from the ECLIPSE platform, which will be imported into different
Enterprise Modelling Tools, like GraiTools or Metis, for instance.

3.3 Results and Lessons Learned

The ’proof of concept’ of the POP* meta-model fulfilled its initial purpose.
It assisted in the final development of the POP* meta-model, clarifying some
concepts of the meta-model and proving that it is possible to transform models
developed in different Enterprise Modelling Tools by means of POP*. Moreover,
the tangible results obtained in this research work are:



— The definition of the UML Profile 2.0 of the POP* meta-model, and its
implementation in the ECLIPSE UML 2.0 plug-in.

— A real-use case modelled in POP*, based on a source model developed in a
specific Enterprise Modelling Tool.

— The XMI files of the real-use case modelled in POP* that can be imported
into other Enterprise Modelling Tools.

Finally, the main lessons learned in performing the "proof of concept’ of POP*
can be summarised in the following points:

— Major problems were encountered in understanding the source model, espe-
cially because it was not developed by one of the team members. In spite
of knowing the constructs of a specific Enterprise Modelling Language, the
modelling process is sometimes subjective and hence it is hard to interpret a
source model that is to be transformed into another model. To this regard,
POP* can be useful since it establishes a mapping among the constructs of
the most important Enterprise Modelling Languages.

— When transforming a source model into another one by means of POP*,
it will sometimes be necessary to include some additional elements in the
target model, as shown in Fig. 5. However, these new elements should not
modify the semantics of the source model. Hence, it is possible to have some
concepts in a specific Enterprise Modelling Language which do not have any
correspondence with others. As a consequence, the transformation process
must sometimes be performed in a semi-automatic way and with expertise
human collaboration.

4 Conclusion

We can conclude that it is possible to use the POP* meta-model as an exchange
format among enterprises that use different Enterprise Modelling Languages.
Hence, it is a first step on the way to achieving interoperability in the context
of collaborative enterprises at the modelling level, and a valid result to be taken
into account in further works that are going to be developed in the ATHENA
Project, such as the specification of the MPCE, for instance.

On the other hand, and even though it was not the initial objective of the
ATHENA Project, the POP* meta-model is now sufficiently well defined to be
able to use it as the basis for the further development of an Enterprise Modelling
Language, which could be used by providers of tools with meta-modelling capa-
bilities. However, the work within the ATHENA Project will continue to improve
and refine the POP* meta-model, particularly the less mature dimensions like
the decision dimension, and also to add new dimensions with the objective of
providing an exchange format for Enterprise Modelling from a holistic point of
view.

Finally, the 'proof of concept’ of the POP* meta-model was useful as an aid
to understanding how it is possible to exchange business process models among
different partners in the context of collaborative enterprises using the POP*.
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computer system to make the processes of creating, collecting, organising, accessing
and using knowledge as automatic as possible.



In this paper we propose a methodology for directing the process of development
and implementation of a Knowledge Management System in any type of organisation.
The methodology is organised in phases and outlines the activities to be performed,
the techniques to be used, the supporting tools and expected results for each phase.
In addition, an example of a specialised version of this methodology adapted to the
specific characteristics of an enterprise is also presented. This specialised version can
in turn be tailored even further to adapt it to each type of business.
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Knowledge Management System in any type of organisation. The methodology is organised in phases and
outlines the activities to be performed, the techniques to be used, the supporting tools and expected results
for each phase. In addition, an example of a specialised version of this methodology adapted to the
specific characteristics of an enterprise is also presented. This specialised version can in turn be tailored
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1. INTRODUCTION

One of the new tools for improving competitiveness and productivity in organisations is the
implementation of Knowledge Management (KM), understood as meaning the capacity to create, collect,

organise, access and use knowledge. This is due to the fact that:

o Company decisions and actions require far more information and knowledge due to the more
global and complex environment.
o There is an increased demand for greater knowledge intensity in products, processes and
services. By applying knowledge to the products and services, its value increases.
+ Knowledge management stresses the importance of intangible assets and enables them to be
used to advantage.
o The possibilities opened up by Information and Communication Technologies to improve
knowledge management both within and among enterprises.
A key factor for achieving correct knowledge management in an organisation is the development and
implementation of a Knowledge Management System (KMS), that is to say, a technological information
system that supports knowledge management, which allows knowledge to be automatically created,
codified, stored and distributed within the organisation (Day, 2001).
Running a KMS development and implementation project in an organisation is an extremely complex
process that involves different technological, human and organisational aspects. For the project to succeed,
each and every one of the steps taken from the moment it is conceived until the ultimate aim is
accomplished must be carried out correctly. To do so, it is essential to follow a methodology that guides
users throughout the analysis, development and implementation of the KMS and ensures its success.
The literature contains different methodologies that can be used for Information Systems Development
(ISDM). These provide a consistent set of procedures to be followed, as well as tools, techniques and

documentation that can be used, to make the process of managing and developing information systems
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more efficient and effective (Yadav et al., 2001). In all cases, an ISDM embodies some form of
philosophical view and implies a time-dependent sequence of thinking and action stages (Walters et al.,
1994).

A wide range of such frameworks have been developed over the years. In this regard, in 1994 (Jayaratna,
1994) estimated that there were more than 1000 available for use. In (Avison & Fitzgerald, 2006) there is
a good compilation and comparative analysis of the most important ones.

Each of these ISDM has its own acknowledged strengths and weaknesses. However, one ISDM is not
necessarily suitable for use in all projects. Each methodology is best suited to a specific type of project
due to their different technical, organisational, project and team considerations (Meso et al., 2006).

From our experience in developing KMS in real cases and after reviewing the literature (Viswanathan et al.,
2005) we can state that one of the chief reasons for the large number of failures in implementing a KMS is
the lack of an ISDM which is specifically oriented towards the development of a KMS that reduces the
complexity of the process. For example, when the currently existing ISDM, are applied to the development
of a KMS, at some stage it becomes necessary to specify the requirements the future KMS should meet.
These ISDM do not, however, help users to identify them in a practical way. It would therefore be very useful
for the users who have to define these requirements (which in this case is knowledge) to have a series of
templates that include examples of typical items of knowledge that an organisation like theirs will be
interested in managing. Thus, the process of specifying the requirements could be carried out more quickly
and thoroughly. Another example is that, although existing methodologies make use of modelling languages
to create a model of the computer system, they do not employ specific languages with profiles that are
expressly oriented towards modelling knowledge. Such profiles would allow the knowledge map to be
generated in a simple manner that is at the same time both graphic and intuitive.

Consequently, there are a number of problems concerning the methodologies for developing KMS that
remain unsolved and hence there is still room for significant improvement as regards both their theoretical

aspects and their practical applicability (Mclnerney & Day, 2002).
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To help solve this problem, in this paper we propose a methodology that is structured in several different
phases and can be used to guide projects intended to develop and implement knowledge management
systems in an enterprise. The methodology makes it possible to: (1) gather, identify and separate knowledge
from information; (2) store knowledge using a common language; and (3) make this knowledge widely
available to whoever may need it. To collect data and test the operative capacity of the methodology our
work was carried out in collaboration with a large textile company.

This methodology will be of interest to practitioners who are involved in the development, implementation
and setting up of KMS, since it will enable them to organise and manage the project better, while also
allowing them to enhance the way they carry out each of its different component activities.

The paper is organised as follows: the next section presents a review of what knowledge, knowledge
management and knowledge management systems are and how they are related to the use and
dissemination of knowledge within an organisation. In addition, the current situation with respect to the
development and implementation of knowledge management systems is analysed in order to determine
the main reasons why they fail. Section three outlines the methodology proposed here for helping to
develop and implement a KMS in any type of organisation. The methodology is organised in phases and
outlines the activities to be performed, the techniques to be used, the supporting tools and expected results
for each phase. Section four shows an example of how this methodology could be applied in an enterprise.

Finally, section five presents a case example, and section six shows the conclusions of the work.

2. LITERATURE REVIEW

There is no universally accepted definition of exactly what knowledge is. Some authors define it, for
example, as the information individuals possess in their minds (Drestke, 1981). This definition is argued
by saying that data (raw numbers and facts) exist within an organisation. After processing these data they

are converted into information and, once it is actively possessed by an individual, this information in turn
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becomes knowledge. There are also other approaches to defining knowledge that are more independent on
the information technologies. One of the most cited is the approach proposed by (Nonaka & Takeuchi,
1995), who defines knowledge as the justified belief that increases the capacity of an entity for effective
action. Following this line of reasoning, knowledge can be seen from five different perspectives (Alavi &
Leidner, 2001): (1) as a state of mind, (2) as an object, (3) as a process, (4) as a condition for access to
information, or (5) as a capability. Taking this context and our own empirical observations as our starting
point, we define knowledge as the awareness that enables us to possess the skill or the capacity required
in a particular situation (1) to deal with and resolve complex issues in an efficient and creative manner,

and (2) to take advantage of opportunities by making the most appropriate decisions.

The process of converting the knowledge from the sources available to an organisation and then
connecting people with that knowledge is one of the definitions provided to explain knowledge

management (O’Leary et al., 1997; O’Leary, 1998; Myers, 1996). Therefore, the aim of knowledge
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management is the creation, collecting, storage, access, transfer and reuse of knowledge (Devedzic, 1999).

Knowledge management has been used in different kinds of organisations in order to boost profits, to be
competitively innovative, or simply to survive (Abdullah et al., 2002). Different examples of its
application are well described in a great number of papers. KM is used, for example, to create or assemble
productive resources, including research, manufacturing, design, business, learning and training (Liao,

2003).

However, there are different problems that hamper its application, some of the most important being

(Snowden, 2002):
e The complexity of the concept.

e The fact that its introduction requires specific organisational culture and practices, human

resource policies, marketing and change management.

e The intangibleness of its benefits: many business people find it difficult to associate investment in

knowledge management with improvements in company results.
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e The fact that it needs to be supported by the information and communication technologies.

Several different theories have been put forward to get to grips with the first three problems cited in the
previous paragraph associated with knowledge management. These include the cognitive (Chiu et al.,
2006), motivational (King & Marks, 2006; Hall, 2003), economic (Ke & Wei, 2005; Eliasson, 2005) or
the organisational theories (Gray & Meister, 2006; Revilla et al., 2005). These theories have been used to
deal with the formal aspects and essentially attempt to explain the concept of knowledge, its typology and

the actions to be carried out in order to favour its development and management.

As far as the fourth problem is concerned, the generally accepted solution is to develop a Knowledge
Management System, that is to say, a specialised system supported by information and communication
technologies that interacts with the organisation’s computer systems to make the processes of creating,

collecting, organising, accessing and using knowledge as automatic as possible (Abdullah et al., 2002).

According to Ernst and Young (2001) organisations are basically putting five types of projects into
practice related with KMS implementation: creation of Intranets and corporate portals; data warehouses
or knowledge repositories (Inmon, 1996); implementation of decision support tools, Implementation of

groupware; and creation of document management systems (Lindvall, 2003).

Thus, the architecture of information systems in enterprises that wish to implement a Knowledge
Management System should provide a set of tools for supporting the smart integration of all enterprise

computer components.

However, the development and implementation of KMS that embrace the whole organisation, including
knowledge resulting from its relations with other institutions that it collaborates with, and which also
incorporate the management of tacit knowledge is a more complex affair that has still not been
satisfactorily resolved (Heinrichs et al., 2005). In this regard (Schutt, 2003) describes the evolution the
different generations of knowledge management systems have undergone and explains why they did not
live up to the expectations they had aroused. One of the main reasons, as (Shin et al., 2001) confirms, is

the lack of a methodology to guide the KMS development and implementation project.
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3. KM-IRIS METHODOLOGY

In order to successfully carry out a project of development and implementation of a KMS, while at the same
time reducing the degree of complexity, it would be a great aid to be able to use a stage-based methodology
that defines the whole creative process in each phase. This would involve defining, among other things, the
tasks to be performed, the techniques to be used, the modelling languages for representing the knowledge and
the technological infrastructure that allows knowledge to be stored, processed and distributed, depending on
the roles that have been defined.

To solve this problem of a lack of such knowledge management methodologies, the IRIS Group at the
Universitat Jaume 1 in Castellon, Spain, has been working on a project entitled “Methodology for
Knowledge Management” since 2003. The objective was to develop and validate a useful, practical
methodology that can be used to guide the process of developing and implementing a system for
gathering, managing, applying and transfer the knowledge that is generated both inside an enterprise and
in the relations it has with the different organisations it works with. At the same time it must also ensure
the quality, security and authenticity of the knowledge supplied.

Different qualitative and quantitative methods were used to construct the methodology. In the first place,
the literature related to this line of research was reviewed and the results of different projects related to
Knowledge Management were analysed. In this way, a clear view and better understanding of the topic
was obtained.

Information about KM was then collected through an interview and questionnaires given to owners,
managers and employees of the different enterprises which collaborated in the KM-IRIS project. Once
this information had been put together, analysed, processed and selected, a first version of the KM-IRIS

methodology was drawn up.
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Finally, the methodology was applied to a large textile enterprise in order to (1) validate and document
the benefits and lessons learned in the form of a properly understandable case study, and (2) to improve
the initial results by applying the conclusions extracted from those results to them.
First of all, the methodology, called KM-IRIS, was defined on a general level so that it could be used as a
guide to manage knowledge in any kind of organisation that wished to do so. It was later adapted to the
specific characteristics of an enterprise.
The general methodology is divided into five phases:

1. Analysis and Identification of the Target Knowledge.

2. Extraction of the Target Knowledge.

3. Classification and Representation.

4. Processing and Storage.

5. Utilisation and Continuous Improvement.
We will now describe each of the phases that go to make up the methodology in more detail, that is, the
activities involved in each step, the techniques and tools that can be used to aid the process, and the main

results that are expected (see Figure 1).

PHASE 1. Identification

One of the aspects that usually generates most confusion in knowledge management is the difference
between knowledge and information. This uncertainty is increased by the fact that knowledge
management relies on information technologies for support instead of a set of specific technologies that
could be called ‘knowledge technologies’. 1f information and knowledge are not the same, then there
seems to be something strange about the fact that knowledge can be handled using technologies that were
designed for processing information.

Figure 2 attempts to unravel this paradox. From our point of view knowledge and information are
different. The individual who possesses knowledge (the awareness that he or she has acquired through

their training, common sense, experience, and so on) (Mclnerney, 2002), needs to analyse and assess
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information so that, in a given situation, they can make the right decisions or carry out the activities that
have been proposed. In this context, the goal of the knowledge management system is to identify existing
knowledge and extract, collect and codify it as information so that it can be stored and distributed using a
computer system. Thus, the knowledge management system transforms the organisation’s knowledge into
information that will later be utilised by individuals to make better decisions or to better carry out their
tasks and duties. The quantity and quality of information that is used by the individuals in the organisation
to make decisions based on their knowledge therefore increases, since now it is not only produced by
processing data but also comes from already existing knowledge. Moreover, the KMS helps to generate
new knowledge because having more information available means that, when faced with the same
situation, individuals are more likely to make a different kind of decision or to solve problems in a more
efficient way, which in turn is a source of feedback for the system.

In this context, we call the organisation’s knowledge that will be extracted, processed and codified in a
KMS (thereby converting it into information) target knowledge (Grangel et al., 2006).

Therefore, the aim of this first phase of the methodology is to identify the knowledge that is going to be
managed by the system, that is to say, the target knowledge. In order to identify this knowledge we need
to use a pragmatic vision by directing the search towards the knowledge that is useful to the organisation
and will provide an added value when utilised. To make it easier to identify in an organised fashion, it is
better to begin by defining blocks of knowledge, which are understood as being any elements belonging
to the organisation or to its surroundings that contain a particular type of knowledge. These conceptual
blocks of knowledge are different for each type of organisation, and may even differ within the same kind
of organisation, since such blocks can only be defined by taking into account the strategic objectives of
the organisation and its core activities.

Once the elements of the organisation we want to know about (conceptual blocks of knowledge) have
been defined, we have to identify what target knowledge will need to be extracted, represented and

utilised in each of these conceptual blocks.
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Finally, after identifying the knowledge in each block we must provide a detailed description of the
knowledge that has been defined as target knowledge and, depending on the volume, perhaps build up an
ontological classification so that it can be represented, processed and utilised at a later stage.

Valuable aids to carry out this phase include resources such as templates, questionnaires and reference
models that help organisations of the same type or sector to define their conceptual blocks of knowledge,

as well as to identify, describe and classify the target knowledge.

PHASE II. Extraction

The aim of this phase is to define suitable mechanisms with which to obtain the target knowledge that was
identified in the previous step. To achieve this, first we must define the input variables that we are going
to have to use in order to obtain the target knowledge. These input variables may be data or documents
that are in the organisation’s information system, that is to say, in sources of explicit knowledge, in which
case they will be called explicit input variables. On the other hand, they might consist of information or
knowledge held by people related to the organisation, that is, they lie in sources of tacit knowledge, in
which case they will be termed tacit input variables. However, in our opinion, it will not be possible to
extract and codify all tacit variables. In principle, only technical tacit variables (which refer to know-how
and skills that apply to a specific context) can be documented (Day, 2005). Since it is difficult to record,
process and operate with cognitive tacit variables such as beliefs or personal values using computers, they
are not taken into account within the management information system that is to be developed.

Another source of variables will be the actual knowledge management system itself, since one or several
of the input variables could be target knowledge that is generated by the knowledge management system
that has been implemented in the organisation, and which can be used to generate new knowledge. So it
must therefore be capable of providing itself with feedback.

Once the variables have been defined we must identify the sources of knowledge, which are understood to

mean any components within or outside an organisation that supply those variables.
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Finally, we have to define the procedure that is going to be used to extract the variables from the sources
and also the method of calculation — the algorithm — that allows target knowledge to be obtained by
combining the input variables. These procedures will vary according to the conceptual block of
knowledge that is being dealt with and the input variables that have been defined (see Figure 3).

At this point it is important to draw attention to the difference between what we call conceptual blocks of
knowledge and sources of knowledge. Whereas the former refers to an ontological grouping of
knowledge, the latter is concerned with the starting point that will be used to extract it. For example, in
the first phase of the KM-IRIS methodology an organisation might identify the conceptual block of
knowledge ‘customer’, and from there it can specify the list of target knowledge it wishes to know about
its customers. In the next phase of the methodology it will have to define how that target knowledge is
going to be extracted. The extraction procedure will not have just data and information from customers as
input; it will also utilise other sources of knowledge, such as employees in the organisation, the
administration, and so forth. Therefore, in order to obtain the knowledge in a block, the block itself is not

going to be the only element used as a source of knowledge, or the origin of that knowledge.

PHASE III. Representation

In the third phase of the methodology, after identifying and extracting the knowledge, the target
knowledge will be represented in such a way as to provide us with a model of the knowledge map of the
organisation (Lin & Hsueh, 2006).

In the KM-IRIS methodology, in line with the Model Driven Architecture (MDA) approach proposed by
(Object Management Group, 2003), the knowledge map is represented at different levels of abstraction.
Initially, a model of the knowledge map is created at the CIM (Computation Independent Model) level,
that is to say, independent of the computation. Later, transformation mechanisms are used to obtain the
corresponding model at the PIM (Platform Independent Model) level. Modelling of the knowledge map,

both at the CIM and the PIM level, is performed by means of the set of profiles developed for this
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purpose using the extension mechanisms provided by the latest version 2.0 of UML (Unified Modeling
Language) (Object Management Group, 2004).

The CIM model of the knowledge map must include the conceptual blocks of knowledge that have been
identified within the organisation, the target knowledge of each block, their location and the way they
interrelate with the other elements on the map, as well as what input variables are required to obtain them,
and the procedure for calculating or obtaining them. At this level, the CIM model is aided by the use of
conceptual and ontological maps as a step prior to setting out a common framework of the concepts
inherent to the organisation.

The PIM model will result from the transformation of the model of the CIM level knowledge map. This
phase involves determining what part of the CIM model it is worthwhile computerising and then running

the previously defined transformation mechanisms.

PHASE IV. Processing

Once the PIM model of the knowledge map has been obtained, the next step is to generate an executable
model for it that can be run on a certain technological platform. This model, called a PSM (Platform
Specific Model) in the MDA approach, is produced as the result of processing the knowledge map on a
specific computer platform to allow the enterprise to obtain and utilise the knowledge wherever and
whenever it is requested.

The activities to be carried out in this phase are similar to those proposed in any other object-oriented
methodology for developing a computer system, but based on the previously obtained PIM models. The
final result will be a knowledge portal that shows the knowledge map of the enterprise and offers different

tools with which to locate and access it.

PHASE V. Utilisation
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The last phase is the utilisation of the knowledge, which involves not only making a knowledge portal
available to the organisation, but also providing it with the mechanisms it needs to make efficient use of
the knowledge management system that has been developed. This involves performing different types of
tasks related to training, evaluation, continuous improvement and maintenance, some of the most notable
of which include:

e Establishing policies and procedures to allow self-maintenance of the system (Tsai, 2003). In
order to achieve this objective the knowledge portal must be integrated with the different
computer systems used in the enterprise. In this way all the explicit input variables will be
extracted automatically. It is also important to introduce organisational changes so that technical
tacit knowledge is codified and stored in such a way as to make it automatically available from
the portal. For example, templates and forms must be defined for storing know-how, skills,
experience and so forth, so that what was previously kept inside people’s minds, in specific
documents or was jotted down on a piece of paper is now integrated within the portal.

o Establishing a system of interrelated indicators that keep us permanently informed about the
status of the knowledge management system, both at a strategic and a technological and
organisational level. There are a number of different KM performance measurement methods that
can be used to achieve this goal and which can be classified into three types: qualitative and
quantitative, financial and non-financial, and internal and external performance approaches (Liao,
2003). From a practical point of view, one of the most useful of these is the one proposed by
Chen & Chen (2005), who developed a model that consists of a set of interrelated indicators to
evaluate knowledge management activities from the following perspectives: knowledge creation,
knowledge conversion, knowledge circulation, and knowledge execution.

e Consideration of cultural aspects to facilitate the participation and cooperation of all members of
the staff at the organisation, as well as all the agents involved in the organisation’s objectives, that

is, interactions with customers, suppliers, administration, trade unions, and so forth.
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4. ADAPTATION OF THE GENERAL METHODOLOGY TO THE PARTICULAR CASE OF

AN ENTERPRISE

As far as the activities, tasks and results in each phase are concerned, the methodology described above
can be applied to any type of organisation. Nevertheless, in order to make it easier to apply, specialised
versions can be created by modifying the templates, questionnaires, reference models and so forth, in
order to adapt them to the specific characteristics of each type of organisation. The adaptation of the
general methodology to the specific case of enterprises can be seen below (see Figure 4). The

methodology was applied to a large textile enterprise so as to be able to validate and refine it.

PHASE 1. Identification

A set of blocks of knowledge that are sure to appear in any enterprise, and which the enterprise will need
to define its target knowledge, were defined for use when the organisation is an enterprise. These
conceptual blocks are: owners, suppliers and customers, employees, administration and trade unions,
organisation, product or service, process and resource. The target knowledge we seek to know was

identified for each of these blocks and grouped in different ontological categories (Newman, 2000).

PHASE II. Extraction

The variables used to obtain the target knowledge that was previously identified, as well as the sources of
tacit and explicit knowledge, were determined in this phase. The more notable explicit sources include
databases, document databases, and business intelligence information systems, data warehousing, OLAP
systems and data mining information systems. Tacit sources of knowledge are to found in the personnel

that collaborate with the enterprise (customers, employees, suppliers, and so forth), as well as in
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organisations such as trade unions, business associations, and so forth. Lastly, the extraction and
calculation procedures were defined for each item of target knowledge.

Table 1 shows an example of the results obtained in Phase I and Phase II of the KM-IRIS methodology
after tailoring it for knowledge management in an enterprise. Employee and process deal with tacit

sources of knowledge, and customer and product are concerned with explicit sources.

PHASE III. Representation

In order to facilitate the creation of the knowledge map for an enterprise, the KM-IRIS methodology
includes a reference model that represents the target knowledge that is to be managed within a typical
enterprise. Two aspects were taken into account during the development of this model. The first involved
the use of ontologies (Holsapple & Joshi, 2004) as a way to provide a common basis for understanding
throughout the whole enterprise, while the second considered the utilisation of the MDA approach and
UML to obtain a visual representation of the map of enterprise knowledge that can be turned into an
executable model.

Thus, in building the reference model of the knowledge map a new business ontology was defined that
took into account (1) the different business concepts explained in Bertolazzi (2001); (2) the different
conceptual blocks of knowledge proposed in phase I of the KM-IRIS methodology; and (3) the different
dimensions defined within the context of the modelling of the business so as to provide a holistic
representation of the enterprise — business, organisation, process, product and resource.

This generic business ontology can also be used so that any enterprise may tailor it to its own domain
according to the target knowledge it identifies.

The MDA approach proposed by the OMG (Object Management Group, 2003) was also used to develop a
graphic model of the knowledge map at both the CIM and PIM levels which, in the fourth phase, can be
transformed into the corresponding PSM. UML was used as the modelling language in the creation of the
models, since it has become a commonly accepted standard for the object-oriented modelling of all kinds

of systems. However, because UML is somewhat limited as a business modelling language, we took
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advantage of the new capabilities offered by UML 2.0 and used the profiles mechanism to extend the
UML metamodel to the specific domain of enterprise knowledge. A profile was therefore defined in UML
2.0 that allowed the enterprise knowledge to be modelled in different views that took into account both
the previously defined generic business model and the conceptual blocks of knowledge and target
knowledge specified in earlier phases.

Figure 5 shows the conceptual diagram that was followed to elaborate the reference model of the map of
enterprise knowledge at the CIM level, which represents the target knowledge that is to be managed in a
typical enterprise and will later be used as a reference model in the development of the knowledge map of
a particular enterprise.

In Figure 5 it can be seen how the generic business ontology is taken as the starting point to establish the
views needed to configure the map of enterprise knowledge in accordance with the conceptual blocks of
knowledge and target knowledge that were identified at an earlier stage. Each of these views represents a
specific conceptual block of knowledge that has been determined within the enterprise and it is linked to
its corresponding ontological category. Thus, for example, the product view includes all the knowledge
requirements set out in the earlier phases in terms of the products and services of the enterprise.
Knowledge about these is represented in terms of facts, rules and attitudes, and is modelled according to
the UML 2.0 profile that was developed. In addition, the graphic model of each view offers access to
different levels of detail and is connected to the other business views that are linked by means of the

different ontological categories.

PHASE IV. Processing

In this phase, the PIM models obtained in the previous phase were taken as the basis to design an
information system that enables an enterprise to process, store and present the map of enterprise
knowledge in a suitable manner and depending on the user’s access privileges, as well as to generate new

knowledge (Sutton, 2005).
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The computer system is organised around a knowledge portal, understood as being a computer solution
that makes it possible to extract and process the information variables from the different sources of
knowledge, and to generate and integrate the target knowledge required by the enterprise. Thus, the portal
will enable us to gather knowledge generated about: the different collaborations, projects/works on the
way, different activities, different ways of going about things, and the results that are gradually obtained,
together with recommendations and both formal and non-formal best practices.

The corporate knowledge portal is built upon a technological infrastructure based on the intelligent
integration of technological and functional components that allow a connection to be established among
the following systems:

e FrontSide: WebServices interfaces in each one of the applications designed for corporate
management and for each of the conceptual blocks of knowledge: Customers/sales,
Suppliers/purchases and the supply chain, Employees and Owners of the member enterprises
(internal  relationships), =~ Administration, Trade Unions and Business District
(collaborations/external actions).

o Business BackSide: financial, logistic, warehouses, accounting, human resources, and so forth.

e Knowledge Management BackSide.

Thus, using the Internet as a means of interconnection together with other technologies for presentation
and the interface, the knowledge portal will be the end point of the computer system supporting the
knowledge management system within an enterprise (see Figure 6).

Consequently, when designing the knowledge portal, the following technologies must be integrated in a
suitable and efficient manner:

- An Intranet that makes it possible to implement and integrate the different applications for
internal knowledge management, as well as to obtain the target knowledge of the remaining
conceptual blocks from internal sources within the enterprise.

- An Extranet for managing knowledge about both business (customers and suppliers) and the

surrounding environment, that is to say, the administration, trade unions and the business district
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itself. It will also be used for extracting part of the employees’ and owners’ target knowledge
from these external sources so that it can be stored in the internal backside knowledge repository.
An infrastructure consisting in networks and communications within the enterprise, in addition to
the systems of control and management of access and authorisation that give rise to the different
internal or external sub-portals, as well as endowing them with a suitable degree of security
depending on the roles and user profiles that are defined.

ERP (Enterprise Resource Planning), CRM (Customer Relationship Management) and SCM
(Supply Chain Management) for managing business knowledge that will provide useful
information for generating new knowledge on the Knowledge Management Intranet (Chalmeta,
2006).

Workflow tools to control workflow and Groupware as a support for collaboration (Deek, 2003;
Ellis, 1991).

Data Warehousing, business intelligence and other decision support tools, which allow feedback
and recommendations from the organisation’s broad fundamental experience and from the
knowledge stored in the backside knowledge repository to be incorporated into decision-making
(Chalmeta & Grangel, 2005).

Other software applications such as Document management systems allow, among other things,
information fixed on some kind of support to be searched swiftly and according to different
criteria. At the same time they also make it possible to keep track of versions, control access by

levels of security and, finally, avoid redundancy in the documents that are stored.

PHASE V. Utilisation
Although proper utilisation of knowledge management shares a number of common features regardless of

the type of organisation in which it is applied (it is based on training, evaluation, continuous improvement
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and system maintenance), when the organisation is an enterprise the following specific aspects, among
others, concerning the utilisation of knowledge management must also be taken into account:

- Cultural aspects to facilitate the participation and cooperation in the system of all the employees
and owners, in addition to all the agents involved in the organisation’s business operations, the
most important of which are its customers, suppliers, administration and trade unions.

- Consider training in this area as part of the strategic investment of the enterprise, like plants and
equipment; ranking it as a vital component in the construction of competitiveness.

- Guarantee the entire workforce the right to benefit both collectively and individually from the
cognitive enrichment that arises from well-channelled and controlled transfers, and prevent any
kind of monopolistic use of knowledge from being carried out by individuals who are driven by
purely personal, vested interests.

- Insist positively on interdepartmental interaction by making it possible for the departments in the
enterprise to transfer their own explicit knowledge, so that by contrasting it they can also enrich it
and complete it to the extent that the increase in efficiency and effectiveness of such transfers
contributes to the resolution of management problems in each of the departments.

- Solve the problem of Property rights, by recognising the exclusive property rights of the
knowledge held by the employee, according to the personal effort they make in carrying out their
duties and the economic cost they had to pay, before they were taken on by the enterprise, in

order to achieve the cognitive foundations that allowed them to later become part of it.

5. A CASE EXAMPLE

The KM-IRIS methodology was applied to a large textile enterprise. The procedure adopted for the

application of the KM-IRIS methodology was as follows. First, a presentation was given at the enterprise

so that management staff could see the aims of the knowledge management project. This was
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accompanied by an explanation of the KM-IRIS methodology, which was to be used to guide the
execution of the project. During the presentation it was shown that the methodology has a staged structure
and that it includes predefined extraction and calculation procedures, as well as clearly defined tasks and
reference models of the target knowledge in a typical enterprise that would only need to be compared
with the requirements of this company. These characteristics enabled the directors at the firm to quickly
understand (1) the scope of the project; (2) the benefits that it was going to offer them; (3) the activities
they would have to collaborate in; (4) the resources that would have to be assigned; and (5) the impact
that the project would have on the enterprise. They were therefore already avoiding some of the main
causes of failure when implementing KMS.

The enterprise set up a committee that was responsible for decision-making related to the project. This
committee was made up of the information systems manager, the quality control manager, the logistics
manager and the person in charge of communication and advertising. Other participants in the actual
execution of the project included the managers from each department, members of staff from the
computer department and, from time to time and as required, other members of the operating staff at the
firm.

It is interesting to note that each of the members of the committee identified the benefits of the project
according to his or her own background. For example, the information systems manager was the first to
realise that the KMS was going to lead to the integration of the firm’s computer systems. The enterprise
had many corporate IT systems that were heterogeneous and not integrated with one another. Each of
them was used to meet different needs in specific areas or aspects of the firm, such as ERP, CRM or SCM.
Yet, these systems did not offer the organisation what it was looking for, that is to say, homogeneity,
interoperability, easy access and knowledge of its possibilities throughout the different departments in
order to prevent duplication of information, data, etc. The decision to implement a new system centred on
the knowledge portal, which was the entrance to all the knowledge in the organisation, was to be the
factor that integrates the different technological solutions within the firm. On the other hand, the head of

communications, saw the portal as the ideal place to centralise all the useful knowledge the firm
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possessed regarding marketing, internal regulations, public news about the firm and its competitors, and
so forth; and at the same it could also be used to disseminate such knowledge among employees,
customers, suppliers and other collaborators.

The project was actually carried out following the steps set out in the KM-IRIS methodology. First, the
reference model was compared with the real situation of the textile enterprise so as to allow for definition
of the target knowledge they wished to manage. The most significant changes were the addition of a new
conceptual block (the vision of the enterprise from outside) and incorporating, eliminating or renaming
the predefined target knowledge.

Once the target knowledge had been defined, the extraction and calculation procedure for each item of
target knowledge was identified, together with the sources they could be obtained from. Explicit sources
refer to the firm's IT system, which in this case consisted of the transactional computer system (ERP,
CRM, specific logistics systems, etc.), the data warehouse, which provided reports and management
control indicators, and the documentary information system. Tacit sources refer to persons and in order to
extract their knowledge we drew up a number of surveys (for example, concerning the organisational
climate and culture, employees’ motivation and satisfaction, training needs), forms (for example, for
actions deriving from a claim made by a customer; hence, from now on these are no longer contained in a
person’s experience, on a piece of paper or in an isolated document written out on the computer, but will
instead be stored in a computer system), and collaborative tools.

All the results thus obtained were then recorded and used to generate a map of the knowledge of the
enterprise. To do so the methods of representation defined in the KM-IRIS methodology were used.

The next stage was to start to develop the technological solution. This takes the form of a knowledge
portal that can be accessed by the firm’s collaborators. From a functional point of view, the portal is
divided into five areas. One area allows access to the different blocks of knowledge the firm has. Another
one is a search engine that allows us to find the target knowledge when we do not know the exact route.
The search engine indexes not only the contents of this portal but also those from other external sources

such as the corporate websites of customers, suppliers or competitors. A third area of the portal concerns
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collaborative environments, where members of staff from different departments can work on joint
projects. The fourth area includes news related to the enterprise. Lastly, the fifth area is for administering
the portal (definition of profiles, contents, services, configuration, etc.). From a technological point of
view, the portal is connected to all the computer systems in the firm, so that it can extract the explicit
input variables, and also to the forms, surveys, and so forth, to enable it to extract the tacit input variables.
Finally, the implementation of the knowledge management system was carried out. The first step was to
invite the top management staff at the firm to a presentation and to present the project publicly in the
press (the enterprise thought that its having this sort of knowledge management system would enhance its
image as an innovating firm). The next stage was to train users and they are currently running the system.
As well as improving the methodology as a result of applying it to different companies, the potential for
developing research in this area has been proved and a series of lessons have been learned:

e In order for enterprises to integrate knowledge management effectively with all their existing
business processes, both management and employees must understand and assimilate the
strategic business value of knowledge management. These key participants must understand
that knowledge management is not simply a technological strategy, but rather an essential
business strategy for the success of their individual departments and of the organisation as a
whole.

e The knowledge-oriented business model is seldom practised and poorly known, whether it be
at the operational or management level.

e Limitations concerning the systemic vision of knowledge management. This behaviour is the
result of historical factors that conditioned people and companies not to share knowledge.

e The need for more scientific production showing knowledge management KM methodologies

and business experiences. As (Blair, 2002) says, experts learn from case studies.
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e The need to encourage the training of staff in knowledge management. It has been shown that
staff training programmes do not include the participation of employees in courses or other
types of events related to knowledge management.

All these difficulties are related to the low level of awareness of the importance of knowledge

management and, therefore, of the benefits that proper knowledge management can generate.

6. CONCLUSIONS

To successfully carry out a project aimed at developing and implementing a knowledge management
system, it is essential to have a step-by-step methodology that directs the development and
implementation processes. However, existing methodologies for developing computer systems are not
oriented towards the specific problems arising in this type of systems.

Within this framework, this paper has offered a description of a methodology obtained as the result of the
KM-IRIS project. This methodology guides the process of developing and implementing a knowledge
management system that allows knowledge to be collected, managed and applied, while ensuring the
quality, security and authenticity of the knowledge provided. The methodology was first presented on a
general level so that it could be used as a guide to manage knowledge in any kind of organisation that
wished to do so. It was then adapted to the specific characteristics of an enterprise.

As a result, the practitioners who follow this specific methodology for developing a KMS in an enterprise
will benefit from a series of advantages, including the following:

e a better definition of the vision and strategy of the project, because those in charge in the
organisations in which the KMS is to be implemented will be in a better position to understand
the scope and consequences of the project, as well as the important opportunities that can be
obtained by having a knowledge management system. This stems from the fact that they will have
an initial reference model of the typical target knowledge of an enterprise with a specific

modelling language for representing the knowledge map of a company in a graphic and intuitive
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manner. In this way the definition of the knowledge requirements will fit the needs of the
organisation better.

e better planning and management of the project, because, for example, the phases, tasks, outcomes,
techniques and documents to be used in each of them are all clearly defined.

e a separation of the needs of the organisation from the technical solution, since this is only taken

into account after the organisational aspects have been perfectly well defined
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P | Conceptual EMPLOYEE PROCESS CUSTOMER PRODUCT
H Block
Ontological | Satisfaction Sales Profit Cost
A Category
S | Target Economic Receive an order Economic Economic profitability
E Knowledge | Satisfaction profitability of Product
Customers
Description | Extent to which the | Best practices in Classification of Classification of
I employee is accepting orders customers according | customers according to
satisfied with the to their economic their economic
salary he or she is profitability profitability
paid
P | Input e Opinion about |e Information e Annual sales e Average cost of the
H Variables employees and (Documents + Data) turnover raw materials and
immediate that is needed or e Average price of labour used to
A bosses generated to carry out products acquired manufacture the
S e  Average salary the task, and e Average quality of product
E in the sector identification of its products acquired |e Average profit
origin or destination | e Number of claims obtained from sale
e Human and lodged of the product
I technological e Average length of |® Average cost
I resources that are payment period in assigned to the

involved
e Controls or

associated regulations

days

Customer’s

product as
advertising costs
e Average cost

deriving from

financial expenses

arising from
marketing the

product
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Knowledge | Employee Employee Databases and Databases and
Source Consultancy firms, document databases | document databases
business Data Warehouses Data Warehouses
associations, trade
unions in the
business sector
Calculation | Statistical Detailed description of | Statistical calculation | Statistical calculation
Procedure calculation the procedure for
running the task using
the IDEFO modelling
language
Extraction Questionnaires and | Templates for defining | ETL, OLT and OLAP | ETL, OLT and OLAP
Procedure personal enquiries | profiles of work techniques techniques
positions drawn up by Data Mining Data Mining
the IRIS group techniques techniques

Table 1. Example of Phases I and II of the KM-IRIS methodology after tailoring it to the needs of an

enterprise.
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PHASES ACTIVITIES TECHNIQUES EXPECTED RESULTS COMPUIEF(;E;J BECHI
PHASE I. * [dentify the conceptual blocks of * Templates and » Conceptual blocks of » Office automation tools

Identification

knowledge
« Classify into ontological categories

 Define the target knowledge (knowledge
requirements)

questionnaires to identify
blocks of knowledge

* Reference models
concerning the target
knowledge

knowledge
* Target knowledge
* Categories

* Modelling tools

PHASE Il
Extraction

* Extract knowledge from sources in order
to define the input variables and categorise
it

 Define the extraction and calculation
procedures

* Templates to define the
input variables

* Reference models for
extracting and calculating
target knowledge

* Set of input variables
* Extraction and calculation
procedures

« Office automation tools
* Modelling tools

PHASE III.
Representation

« Establish the relations within the target
knowledge

* Draw up the knowledge map

* Metamodelling (UML)
* Ontologies
» Conceptual maps

* Model of the Knowledge
map

* Modelling tools

* Ontology engineering
tools

PHASE IV.
Processing

* Develop the technological infrastructure
supporting the knowledge map by following
an object-oriented methodology for the
development of computer systems

* BPM techniques
* ETL techniques
*Document/DBMS
* Data warehouse
* OLAP

* Data mining

* Knowledge portal
(Executable knowledge
map)

* BPM tools

* ETL tools

* Document/DBMS
* Data warehouse
* OLAP

* Data mining

PHASE V.
Utilisation

« Establish training and continuous
improvement mechanisms among the
members of the organisation

* Carry out maintenance and the feedback
process on the knowledge management
system

* e-Learning

* Groupware

*TQM

« ISO standard of quality

« Efficient use of knowledge
within the organisation

« Office automation tools
* Modelling tools
¢ Learning tools

Fig. 1. KM-IRIS methodology for knowledge management in an organisation.
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Knowledge management systems have been adopted as a solution to deal with en-
terprise systems which generate a huge amount of data, and also need to manage
information in an appropriate manner and to share knowledge for decision-making.
However, these systems are even more essential in the context of virtual enterprises,
where business success is based on interoperability achieved by means of ICT, and
therefore there is a need for a common conceptual framework that enables partners in
the virtual enterprise to share data, information, and knowledge.



Thus, the implementation of this kind of technologies in virtual enterprises
demands new, more specific requirements. In this paper, we propose a conceptual
framework that introduces the concept of target knowledge as a first step for
implementing efficient knowledge management systems, and for further knowledge
representation in the context of virtual enterprises. Finally, a classification of target
knowledge defined taking into account several enterprise dimensions is provided.
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Abstract. A virtual enterprise is a new organisational paradigm which
requires novel technological approaches to managing data, information
and knowledge in an efficient way. Knowledge management systems have
been adopted as a solution to deal with enterprise systems which generate
a huge amount of data, and also need to manage information in an ap-
propriate manner and to share knowledge for decision-making. However,
these systems are even more essential in the context of virtual enter-
prises, where business success is based on interoperability achieved by
means of ICT, and therefore there is a need for a common conceptual
framework that enables partners in the virtual enterprise to share data,
information, and knowledge.

Thus, the implementation of this kind of technologies in virtual en-
terprises demands new, more specific requirements. In this paper, we
propose a conceptual framework that introduces the concept of target
knowledge as a first step for implementing efficient knowledge manage-
ment systems, and for further knowledge representation in the context of
virtual enterprises. Finally, a classification of target knowledge defined
taking into account several enterprise dimensions is provided.
Keywords. Knowledge Representation, Knowledge Management Sys-
tems, Enterprise Knowledge, Enterprise Modelling.

1 Introduction

The global economy, customer orientation and the swift evolution of Informa-
tion and Communication Technologies (ICT) are some of the factors that have
produced a new economic scenario, where information and knowledge have be-
came strategic resources for enterprises [1]. The virtual enterprise arises in this
context as a new organisational paradigm in which valuable cooperation can
be established among partners in order to exploit competitive advantages by
sharing resources, skills and costs, and by establishing a new model of interop-
erability [2].

A virtual enterprise is a network of independent enterprises, often competi-
tors, that form a temporary alliance with the aim of developing a product or
service so as to be able to take advantage of new market opportunities and to
make it easier to achieve their objectives by sharing resources and costs [3].



Traditional knowledge management systems have been introduced by enter-
prises as a good solution to enable them to share and distribute knowledge among
their employees [4—6]. Nevertheless, in the context of virtual enterprises, where
several partners with different procedures, methods, rules, culture and so on are
integrated within a single virtual enterprise, the implementation of a knowledge
management system is a far more complex task and it cannot be developed only
by applying technological issues. Thus, a common conceptual framework that
enables partners in a virtual enterprise to represent and to share data, infor-
mation, and knowledge is needed before establishing a knowledge management
system.

Such a framework should be focused on a holistic point of view of the enter-
prise and it is the basis for providing a common understanding about business
for the partners that make up a virtual enterprise. In this paper, we present
a set of knowledge requirements, called target knowledge, that are needed to
develop this kind of systems. They are related to the KM-IRIS methodology [7],
which has been developed by the IRIS Group in order to implement knowledge
management systems in virtual enterprises.

The paper is organised as follows. Section 2 shows a review of the concepts
related to knowledge framework and states the problems related to knowledge
management systems within the context of the virtual enterprise. The knowl-
edge management approach developed by the IRIS Group is briefly presented
in section 3, as the framework in which the target knowledge is proposed. Sec-
tion 4 describes the target knowledge defined within this approach, as well as
the classification and analysis performed about it. Finally, section 5 outlines the
conclusions.

2 Knowledge Perspective

The concept of knowledge has been defined from very different points of view,
but in the field of enterprise information systems it has been usually linked to the
concepts of data and information. In this section, we present some definitions of
knowledge in order to provide a characterisation of enterprise knowledge as the
basis for defining the target knowledge that is needed to implement knowledge
management systems in the context of virtual enterprises. Moreover, a brief
review of knowledge management systems, as well as the problems concerning
the virtual enterprise are also detailed.

2.1 The Concept of Enterprise Knowledge

Data become information when they add value to the enterprise, and information
becomes knowledge when insight, abstraction and a better understanding are
added to it. Thus, knowledge can be defined as the capacity for effective action
in a domain of human actions [8].

On the other hand, Nonaka [9] defines knowledge as the justified belief that
increases the capacity of an entity for effective action. The conventional creation



of knowledge is usually performed following the model in which data are trans-
formed into information, and information is transformed into knowledge, but it
can also follow the reverse model in which knowledge precedes information and
data [8]. As a result, knowledge can be represented by means of links among
data, information and knowledge inside a system, but other data, information
and knowledge can also come from outside the system through other connections.

The process of converting this knowledge from the sources available to an
organisation and then connecting people with that knowledge is one of the defi-
nitions provided to explain knowledge management [10, 11]. Furthermore, knowl-
edge management facilitates creation, access and reuse of knowledge, typically
by using advanced technology, such as the World Wide Web, Lotus Notes, the
Internet and intranets [12].

According to [13] enterprise knowledge can been seen as information made
actionable in a way that adds value to the enterprise. Taking into account this
context, we defined enterprise knowledge as the network of connections among
data and information that enables people involved in the enterprise to act and
to make decisions that add value to the enterprise. Moreover, two dimensions
can be defined in enterprise knowledge, explicit and tacit, following the cur-
rent interpretation [5] that defines a fuzzy borderline between explicit and tacit
knowledge.

2.2 Knowledge Representation

A knowledge management system is a specialised system that interacts with the
organisation’s systems to facilitate all aspects of knowledge engineering [4]. The
benefits of Knowledge Management Systems are well-described in a great number
of papers [14], many of which also deal with the context of virtual enterprises. In
spite of different generations of knowledge management systems are described
in [5], where it is also explained why they did not live up to the expectations
they had aroused.

One of the weak points of these systems is the need to link conceptual frame-
work with technological level, especially for knowledge representation. In [15], it
is stated that knowledge representation is a multidisciplinary subject that needs
to apply theories and techniques from logic, to provide formal structure and
rules of inference; ontology, to define the kinds of things that exit in the appli-
cation domain; and computation, to support the applications that distinguish
knowledge representation from pure philosophy.

Therefore, to communicate and distribute knowledge among the partners in
a virtual enterprise not only technological approach is required. The definition
of a common conceptual framework that enables partners to gain a common un-
derstanding about the business and goals of the virtual enterprise is also needed.
The main problems in establishing this kind of systems in virtual enterprises are:

— The partners that make up a virtual enterprise implement different processes
with distinct rules and procedures to perform the main activity of their
businesses.



— The partners in a virtual enterprise usually have different types of infrastruc-
ture, organisational structure, decisional units, and so forth.

— The success of each of the partners that make up a virtual enterprise is due
to several factors, such as know-how, the use of resources, core skills, and so
on.

— The data, notations, documents, and so forth managed by each partner are
diverse and sometimes the same documents are used for different purposes.

3 Proposed Approach to Knowledge Management in
Virtual Enterprises

The IRIS Research Group at the Universitat Jaume I in Castellé (Spain) has
been working on several projects related to the virtual enterprise in different
sectors (transport, tile industry, textile, and so forth) since 1999 [16-18]. The
main aim of these projects has been to define and apply an architecture, called
ARDIN [16], capable of supporting the design and creation of a virtual enterprise
in an integrated way.

Taking into account the problems mentioned above, the group’s research
is currently focused on adding a new dimension to the ARDIN architecture
that enables knowledge to be compiled, managed, and applied within a virtual
enterprise. The new dimension has been formally organised according to the
following issues:

1. A methodology for directing the process of development and implementa-
tion of a knowledge management system in a virtual enterprise called KM-
IRIS [7].

2. A set of models to allow the identification, representation, and communica-
tion of the knowledge inherent to a virtual enterprise.

3. The design of a technological infrastructure that allows knowledge to be
stored, processed, and distributed inside a virtual enterprise.

The results shown in this paper are concerned with the second of these issues,
the aim of which is to identify what knowledge is useful to an enterprise in gen-
eral and to provide a conceptual framework that enables to represent enterprise
knowledge.

4 Target Knowledge

In section 2, we have defined enterprise knowledge as actions that allow people
to act and to make decisions with the result of adding value to the company.
Each enterprise has its own vision, mission, and strategies and thus the knowl-
edge that adds value to its business is different in each particular case. However,
and bearing in mind that some common concepts are to be found in any enter-
prise, the framework proposed in this paper provides several conceptual blocks
of knowledge defined according to the dimensions of enterprises in order to help



them identify the most useful knowledge for them, that is to say, their target
knowledge.

In this framework, the first grouping of distinct kinds of knowledge is called
a conceptual block of knowledge. This first classification is made by identifying
the big items related to the enterprise and on which it wishes to develop its
knowledge management system, since these are the most interesting subjects
that the enterprise needs to know in order to gain a deeper knowledge of its
businesses and the capacity to improve them. Furthermore, the aim of improv-
ing knowledge management in the virtual enterprise by establishing a common
conceptual knowledge framework that allows the knowledge representation is
also considered.

The main conceptual blocks of knowledge defined in this framework are pro-
posed, first, taking into account several enterprise dimensions (organisation,
resources, process, and so forth) suggested in the context of Enterprise Mod-
elling [19-21], and second the explicit and tacit dimensions of knowledge. This
conceptual blocks of knowledge can be classified into two categories considering
the two criteria above mentioned:

— Enterprise oriented blocks: the blocks defined are: organisation, process,
product, and resource. They have their origin in the enterprise dimensions
proposed in the context of Enterprise Modelling. These blocks are primary
related to explicit knowledge. However, despite the use of the adjective
‘explicit’ it must be pointed out that in these blocks we can find both explicit
and tacit target knowledge, since explicit and tacit knowledge are not two
separate forms of knowledge, but instead inseparable, necessary components
of all knowledge [22].

— Human oriented blocks: the blocks defined are: owner, supplier and cus-
tomer, administration and trade union, and environment. They are orig-
inated in the tacit dimension of knowledge. At the same way in the
previous case, we can find as tacit as explicit target knowledge in these
blocks, however the most target knowledge defined within these blocks will
be usually tacit knowledge.

The target knowledge presented in this paper are related to enterprise ori-
ented blocks, and, despite the fact that each enterprise should identify its own
target knowledge, they can be useful for enterprises like a pattern in the process
of identifying their target knowledge for the conceptual block of knowledge above
proposed. Therefore, in this section, we present a general definition of target
knowledge with the objective of establishing a conceptual knowledge framework
that allows for common understanding among the partners in a virtual enter-
prise - something that is needed before the implementation of its knowledge
management system.

This definition is made from the user’s point of view, taking into account,
for each enterprise oriented block defined, the knowledge that partners need
to improve the performance and interoperability of the virtual enterprise. The
target knowledge for each block is defined in the following subsections.



4.1 Conceptual block of knowledge: ORGANISATION

This conceptual block details the knowledge about the structure of the organisa-
tion, providing different visions: administrative, systemic, and from the human
resources point of view. Moreover, it captures the target structure, decisional
structure and rules structure of the enterprise. Therefore, the target knowledge
related to this block can be organised in four ontological categories as it is shown

in Table 1.

Table 1. Target knowledge for conceptual block of ORGANISATION

Ontological category Target knowledge

Description

Target structure Strategic level

Tactic level

Operative level

To know which is the enterprise’s vision and mission, and
also to identify clearly which are the strategic objectives
and strategy established in the enterprise in the long term
to reach its mission.

To know what decisions are taken and how resources are
assigned in the medium term to follow the strategy defined
at the strategic level.

To know how the enterprise’s daily activities and operations
are planned, coordinated and executed in the short term
and who is in charge of these activities.

Organisational structure Administrative view

Human Resources
view

System view

To know first which is the structure from administrative
and executive point of view taking into account the different
kinds of virtual enterprises: in star, in network, ans so forth
and, second, which is the organisation chart for individual
enterprise as well as virtual enterprise.

To know which is the hierarchic organisation established in
enterprise, defining the different levels that exist, that is to
say, departmental units, departments, sections, and so on.
To know from a system point of view which are the systems
identified in enterprise and which are its main functions and
relationships.

Decisonal structure Decisional centres

Cost centres

To know which is the structure of enterprise taking into
account the decision taken by employees at distinct levels.
To know enterprise’s costs associated a each element that
exists in enterprise to analyse them considering different
clusters performed according to the strategy adopted.

Business rules Lines of action

Rules

To know which are the main guidelines and directives of
behaviour established in enterprise to achieve a good func-
tioning of all elements involved in it.

To know which are strict rules provided by the company in
order to perform all the enterprise activities.




4.2 Conceptual block of knowledge: PROCESS

This block provides knowledge on general issues about processes in enterprises
such as ICOMs (Input, Control, Output, and Mechanisms), documents, rules,
know-how, and so forth; and on flows (of work, documents, of material, and
so on). Different levels of processes are then defined including decisional and
collaborative processes. The ontological categories proposed for this block are

shown in Table 2.

Table 2. Target knowledge for conceptual block of PROCESS

Ontological category Target knowledge

Description

General ICOMs To know for each process which are the elements needed to perform a process, that is to say,
the inputs needed and output obtained as well as the constraints and the mechanisms to carry
out the process.

Splitting of To identify the main macroprocesses performed in enterprise and how they are divided into

processes microprocesses, activities, tasks, and so on.

Documents To identify the primary documents that are used for each process, such as orders, delivery notes,
invoices, and so forth.

AI-IS and TO-BE To understand which is the current situation of enterprise processes and which should be the

views desired situation.

Procedures To know for each process the specific procedures that it is needed to perform in enterprise.

Know-how To identify specific, special skills and capabilities that enterprise has in each process.

Cost To analyse which are the costs linked to processes, and their profitability and added value for
customers.

Flow Of materials To know the different ways in which the materials are transformed in enterprise and in which

Of data /
information /
knowledge
Of decision /
control
Workflow

Of documents

processes are involved these materials.

To know which are the main track that data run in enterprise to be transformed into information
and knowledge, in order to identify the main mechanisms, techniques, and methods to obtain
information and knowledge.

To understand step by step how decisions are taken in enterprise and they control the enterprise
performance.

To know which is the sequence of the different tasks that make up one activity, and how they
are carried out and by who.

To know which is the sequence and possibilities of transforming documents involved in processes
and by means of what rules this transformation is performed.

Process level

Operative processes

Decisional processes

Collaborative
processes

To know which are the processes developed by enterprise at the operative level, realizing which
are the core processes, in which enterprise is the leadership; which are the added value processes
that add value to enterprise and to its products/services; and which are the supporting processes.
To know how the processes related to decision-making at the strategic, tactic and operational
level are implemented.

To know what are the processes that involve other partners of virtual enterprise and how they
are carried out.




4.3 Conceptual block of knowledge: PRODUCT

The main knowledge about the products and/or services provided by the enter-
prise are described in this block, taking into account the process of achievement
and marketing, the composition options, the quality, the cost and so forth. Thus,
the target knowledge related to this block can be organised in five ontological
categories as it is shown in Table 3!.

Table 3. Target knowledge for conceptual block of PRODUCT

Ontological category Target knowledge Description

Generation process Manufacturing To identify which is the way to obtain the product in enterprise (manu-
facturing, assembly, project, an so forth) and to know the main features
of the corresponding process to generate the product.

Composition Bill of materials To identify the components and materials needed to generate one product.

Composition levels

To know the different levels of composition in which the product can be
divided into.

Optionality To identify the possibilities of product configuration in order to provide
customers different versions of the same product or the same product
with distinct customisation, assembly or labeling.

Quality Standards To know the standards that are linked to products developed in enterprise.

Documentation To identify the documentation performed about quality product in en-
terprise and the main links with the other documentation generated in
enterprise.

Marketing Samples To know which are the possibilities of offering samples of products to
customers, identifying which are the more useful, more profitable, and so
forth.

Catalog To identify which is the list of products with their references, main fea-
tures, prices, special conditions, and so on.

Advertisement To understand which is enterprise’s philosophy for advertisement and
which are the main mechanisms of publicity that it uses in order to reach
the planned objectives.

Trademark To identify which is the philosophy of trademark and which are the pri-
mary symbols to show it.

Labels To know the diverse possibilities of putting labels to products in order to
customisation them taking into account customer’s wishes.

Cost Rough / After taxes To analyse which are the costs as rough as after taxes related to products.

Profitability

Added value for
customers

To classify products taking into account economical profitability of prod-
ucts developed by the enterprise.

To classify products according to the added value that they provide to
customers.

services.

! The target knowledge is only shown for products, it would be really similar for



4.4 Conceptual block of knowledge: RESOURCE

Knowledge about human resources and material resources is classified in this
block into three main categories: location of these resources, potential use of
them, and finally, the cost associated. The target knowledge related to human
resources is shown in Table 4.

Table 4. Target knowledge for conceptual block of RESOURCE (Human resource)

Ontological category Target knowledge Description

Location Internal To identify which are the human resources that enterprise has in order to perform its activities.
Inter-enterprise To identify other human resources that they belong to other partners in virtual enterprise
and how they can be useful collaborating in the enterprise’s tasks.
External To identify feasible human resources that they do not belong to enterprise, but that could be
useful in the future to reach its objectives.
Potential Availability To know which is the availability of the external human resources in order to cover different
jobs.
Curriculum To know which is the people’s curriculum vitae involved in individual and virtual enterprise
as well as external human resources’ curriculum vitae.
Knowledge To analyse which are the main knowledge that people involved in enterprise have.
Capacity To know which is the volume of work with which people could contribute to perform the
different enterprise processes.
Ability To analyse which is the main know-how about products, process and so forth that people
involved in enterprise have.
Experience To classify people according to their experience in several knowledge categories and for solving
different kind of problems.
Cost Rough / After taxes To analyse which are the costs as rough as after taxes related to human resources.

Profitability
Added value for
customers

To know the economical profitability of human resources.
To know which are the human resources that provide an added value to customers.

4.5 Analysis of target knowledge

The target knowledge presented above can be classified, using the ontological
categories provided in the previous tables, into several categories, which are
defined from two points of views:

1. First, the Enterprise Modelling field [19-21], in which the intention is to
analyse the enterprise from a holistic point of view and therefore several di-
mensions related to the enterprise [23], such as organisation, process, prod-
uct, and so forth, are defined.

2. Second, Knowledge Learning theory, in which the way to learn is based on
three issues: concepts, procedures, and attitudes.

The result of this classification can be seen in Table 5.



Table 5. Framework to classify target knowledge

Organisation Process Product Resource
Concepts Target structure General Composition Location
Organisational structure Process level Quality Potential

Decisional structure

Procedures Business rules Flows Generation process Cost
Cost
Attitudes  Business rules Marketing

5 Conclusion

Knowledge management systems can be used in virtual enterprises in a similar
way how they are used in an individual enterprise. However, the specific features
of this new organisational paradigm requires the introduction of a conceptual
framework of knowledge, which enables the partners that make up a virtual
enterprise to share the same concepts and to be more familiar with the other
partners’ procedures and attitudes, in order to implement an efficient knowledge
management system.

In this paper, we have defined the target knowledge to establish this frame-
work in a virtual enterprise, while considering each conceptual block of knowl-
edge (enterprise oriented) proposed in the approach for knowledge management
defined by IRIS Group, that is to say, organisation, process, product, and re-
source. The target knowledge defined has been classified taking into account two
points of view, in order to provide a basis that can be used as a reference for fur-
ther representation of knowledge by virtual enterprises that need to implement
a knowledge management system.
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Abstract. Enterprise Modelling can be used successfully for different
purposes, which includes capturing enterprise knowledge. However, one
of the weaknesses of Enterprise Modelling is the lack of strong links with
software generation. Model Driven Engineering attempts to solve this sit-
uation by promoting the use of models and their transformations in the
software development process. In this context, the use of enterprise mod-
els that are able to capture knowledge and help to implement Knowledge
Management Systems would be an important step forward.

In this paper, we present a proposal for Enterprise Modelling focused on
enterprise knowledge. It starts from the CIM level and follows a model-
driven approach. The modelling proposal provides a conceptual frame-
work that allows enterprises to share knowledge by using a defined UML2
Profile for Modelling Enterprise Knowledge.

1 Introduction

Enterprise Modelling can be used successfully for different purposes, such as cap-
turing enterprise knowledge [1-4]. However, enterprise models are not normally
used in these processes, due to the fact that one of the weaknesses of Enterprise
Modelling is the lack of strong links to software generation [4-6].

Model Driven Engineering (MDE) or Model Driven Development (MDD)
approaches are a new paradigm in the context of Software Engineering. Such
perspective attempt to improve the software development process by focusing
on models as the primary artefacts and transformations as the primary opera-
tion carried out on models (which are used to map information from one model
to another). As an example, Model Driven Architecture (MDA) defined by the
OMG in 2001 [7]. The main purpose of this approach is to separate the functional
specification of a system from the details of its implementation on a specific plat-
form. This architecture therefore defines a hierarchy of models from three points
of view [4,7, 8], namely: Computation Independent Model (CIM), Plat-
form Independent Model (PIM) and Platform Specific Model (PSM).

Enterprise models can be considered to be CIM models. Thus, new proposals
for Enterprise Modelling that are focused on following a model-driven approach
are needed in order to improve the connection between the CIM level and soft-
ware generation. Based on this initial analysis, the problem dealt with in this
paper is that of how to improve existing Enterprise Modelling proposals for cap-
turing knowledge by following a model-driven approach, such as MDA, in order



to implement a Knowledge Management System. The objective of this paper
is, therefore, to present a proposal for Enterprise Modelling that is focused on
knowledge, and to show how it is possible to capture this knowledge in models
at the CIM level so that it can then be transformed into the PIM level.

In this section, the problem dealt with by the research presented in this paper
is described. Section 2 outlines the analysis of the state of the art related to the
problem being considered here. It outlines the main problems in the context of
Enterprise Modelling, which concern the complexity of knowledge modelling and
finally existing UML approaches to model enterprises and knowledge are exam-
ined. In section 3, the framework proposed for knowledge modelling is presented.
The section also includes an explanation of the principles of the proposal and the
mechanism used for modelling from technological point of view, that is to say,
the defined UML 2.0 Profile. Finally, section 4 outlines the main conclusions.

2 Modelling at the CIM Level

Modelling a system at the CIM level involves developing a model of it at a
conceptual level by using the abstraction mechanisms of a specific language or
formalism. This provides a defined set of constructs and rules in order to suppress
certain details so that a simplified model can be established independently from
the computation viewpoint.

2.1 Enterprise Modelling Perspective

Enterprise Modelling refers to the externalisation and expression of enterprise
knowledge [1], which provides a holistic view of an enterprise and considers all
its dimensions, i.e. process, decision, information, behaviour, resources and so
forth [9]. Nowadays, there are a great number of languages, standards, method-
ologies and their corresponding tools, which are classified as traditional Enter-
prise Modelling Languages (EMLs) in [4]. These EMLs cover different dimensions
of the enterprise defined in GERAM [10] and they can even overlap. Moreover,
other EMLs exist that have been created in order to make different kinds of
exchanges easier, since interoperability problems are increasing among systems
that use different EMLs [11]. This last category, among them UEML [12-14]
and POP* [15, 16], provide common exchange formats to smooth the exchange
of enterprise models at a horizontal level.

However, one of the main weaknesses of Enterprise Modelling is the lack of
strong links between enterprise models and software generation. To solve this
gap, one solution, as pointed out in [17], is that the role of enterprise models
should be that of facilitating the design, analysis and operation of the enter-
prise according to models, i.e. it should be driven by models (model-driven).
Nowadays, the model-driven approach is followed by numerous projects such as
MODELWARE [18], ATHENA [15], and INTEROP [13] in the European Union,
and Model Driven Architecture (MDA) [7], which is carried out by the OMG.



MDA is an emerging paradigm. A lot of work is being carried out within
the OMG framework in relation to PIMs, PSMs, QVT, and so forth, but the
characterisation of CIMs and the features that an enterprise model must satisfy
in order to be considered a CIM and generate appropriate software are still in
progress [4]. This gap is specially remarkable when the purpose of modelling is
to capture and to make enterprise knowledge explicit.

2.2 Knowledge Complexity and Representation

But, what do we understand by ’enterprise knowledge’? First of all, there is no
universally accepted definition of exactly what knowledge is. Some authors define
it, for example, as the information individuals possess in their minds [19]. This
definition is argued by saying that data (raw numbers and facts) exist within
an organisation. After processing these data they are converted into information
and, once it is actively possessed by an individual, this information in turn
becomes knowledge. There are also other approaches to defining knowledge that
are less dependent on the information technologies. One of the most cited is the
approach proposed by Nonaka [20], who defines knowledge as the justified belief
that increases the capacity of an entity to take effective action. Following this
line of reasoning, knowledge can be seen from five different perspectives [21]: (1)
as a state of mind, (2) as an object, (3) as a process, (4) as a condition for access
to information, or (5) as a capability. Taking this context into account and based
on our own empirical observations, we define knowledge as the awareness that
enables us to possess the skill or the capacity required in a particular situation
(1) to deal with and resolve complex issues in an efficient and creative manner,
and (2) to take advantage of opportunities by making the most appropriate
decisions; and, enterprise knowledge as the network of connections among data
and information that gives the people involved in an enterprise and insight into
its workings and enables them to act and to make decisions that add value to
the enterprise [22].

A key factor for achieving correct Knowledge Management in an enterprise
is the development and implementation of a special kind of Information System,
called a Knowledge Management System (KMS). That is to say, a technologi-
cal system that allows enterprise knowledge to be created, codified, stored and
distributed within the organisation [23]. One of the weak points of these kinds
of systems is the need to link the conceptual framework with the technological
level, especially for knowledge representation [22].

2.3 UML for Knowledge Modelling

The Unified Modeling Language (UML) has become a standard visual language
for object-oriented modelling that has been used successfully for modelling in-
formation systems in very different domains [24]. However, UML is a general-
purpose modelling language that can also be useful for modelling other types of
systems such as, for example, an enterprise [25,26]. Other works, such as [27],
point out the possibility of using UML as a language for Enterprise Modelling.



However, the benefits of model-driven approaches and the new specification of
UML 2 provided by the OMG suggest the need to provide more practical exam-
ples for Enterprise Modelling with UML based on these recent works [28], and
especially for Enterprise Knowledge Modelling.

Furthermore, despite the fact that the weakness of the stereotype mechanism
is pointed out in [29], the new specification of UML 2 [24] provides profiles that
are more complete than version 1.5 [30]. It will therefore be possible to customise
UML in a better way [31].

The objective of the research presented in this paper was to consider the
possibility of using UML as a knowledge representation language on the basis
of two positive factors: first, that it is a visual language which has become a
standard object-oriented language and thus there are a lot of tools available on
the market; and, second, that it is commonly used by engineers in enterprises for
software development. To make this possible, the capacity of UML 2.0 to extend
the language to a specific domain was used. A UML 2 Profile for Modelling
Enterprise Knowledge was then defined in an attempt to achieve a common
understanding within the context of Enterprise Modelling. This profile takes into
account enterprise dimensions and previous works leading to initiatives such as

UEML and POP*.

3 Proposal for Enterprise Knowledge Modelling

3.1 Principles of the Proposal

The objective of the proposal presented in this paper is to represent Enterprise
Knowledge at the CIM level and, thus, the result of using it in enterprises is a
graphical model of the enterprise knowledge map that allows enterprises to share
knowledge. In general terms, this proposal is based on Model Driven Engineering
(MDE), which promotes the design and development of computer systems using
different types of models built at different levels of abstraction. More particularly,
it is also supported by the MDA defined by the OMG, which is an instantiation of
MDE. According to this approach, the process of developing a computer system
is based on the separation of the functional characteristics of the system from
the details of its specification on a specific platform. The proposal follows this
premise as a fundamental concept together with the following principles:

— Model-driven approach. The separation of the functional specification of
a system from the specific kind of technology that will be used to develop
it, improve interoperability, portability, maintenance and usability of the
resulting system, in this case, a KMS.

— Proposal focused on Enterprise Modelling. Traditionally, Enterprise
Modelling has been able to make enterprise knowledge explicit by modelling
enterprise processes, products, organisation, etc. If correctly managed these
models help enterprises in knowledge management, since graphical models
provide a better understanding of enterprise functions and allow decisions to
be made in a more efficient way. In this proposal, the traditional enterprise
dimensions were adapted so as to take enterprise knowledge into account as
a dimension in itself, which can be represented at the CIM level and then
transformed at different levels of abstraction.



— User-oriented modelling framework. This proposal is carried out at the
CIM level, as a starting point from which a KMS based on models has to be
built. Bearing in mind that one of the prerequisites of Enterprise Modelling is
to establish the objective and the scope of modelling, this proposal attempts
to provide the simplicity that is needed at this level. In fact, the enterprise
should be represented so that it can be understood by users not specialised in
modelling and, at the same time, with a sufficient level of detail to allow the
definition of requirements for the future computer system. Thus, the proposal
presents a set of models oriented towards improving user understanding,
but they also set down the bases for future transformation of the models
developed at the CIM level towards lower levels.

3.2 Modelling Framework of the Proposal

In order to achieve the objectives detailed in the previous section, the proposal
for Enterprise Knowledge Modelling makes use of the following components:

— A metamodel of Enterprise Knowledge at the CIM level, as well as diverse
metamodels for representing the other enterprise dimensions such as process,
product and so on.

— A UML2 Profile for Enterprise Knowledge Modelling.

— A guide that can help enterprises to use this profile with the objective of
obtaining their knowledge map.

«model»
# Knowledge Model

Block Ontological Knowledge
% Dlagrams  Giagrams & Dlagrams

«models «rmodels

# Organisation Model # System Model
«rmodel emodels
i Goal Organisational # Structure Model #Behaviour Model
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Diagrams N —
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& Analysis g Business Rule Diagrams Diagrams
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Fig. 1. Framework for Modeling Enterprise Knowledge at the CIM level

This general structure defines a framework for modelling enterprise knowl-
edge on the CIM level at two levels of abstraction, which are required due to the
great complexity of this level (see Figure 1):

1. Knowledge Model. This corresponds to the top level of the model at the
CIM level; the enterprise is represented from a holistic point of view, thus
providing a general vision of the enterprise and its business that will later



be detailed in a local way in successive lower levels. Since this proposal
is focused on representing enterprise knowledge, at this level the following
elements are modelled: the conceptual blocks of knowledge defined by the
enterprise, together with target knowledge defined for each block, the onto-
logical categories that make it possible to connect to target knowledge, and
the variables and knowledge sources needed for the extraction procedure.

2. Business Model. Here, the vision of the business is represented accord-
ing to three types of models, i.e. the Organisational Model, the Structure
Model and the Behaviour Model. The main objective of these models is
to represent a company from an organisational, structure and behavioural
point of view, respectively. The Organisational Model is used to model
objectives, organisational structures and business rules of an enterprise; the
Structure Model represents enterprise products and resources; and, finally,
the Behaviour Model shows how enterprise activities are carried out and
information flows among them, that is, it is a representation of processes
and services.

From a technological point of view (see Table 1), this proposal was imple-
mented using the capacity of UML2 to extend a metamodel, that is to say, using
a UML2 Profile. The UML2 Profile was defined for Enterprise Knowledge Mod-
elling at the CIM level, following an MDA approach. This Profile is developed
from the principles and the conceptual framework defined above. The profile
provides the constructs needed to perform the models proposed earlier and it
was implemented using IBM Rational Software Modeller. Finally, this modelling
proposal can be applied in an enterprise following the KM-IRIS Methodology
for the Implementation of KMS described in [32].

Table 1. Framework for Modeling Enterprise Knowledge from technological viewpoint

Abstraction Level Metamodel UML Profile Model Diagram
CIM-Knowledge Knowledge UML Profile for KM Knowledge Blocks
Ontological
Knowledge
CIM-Business Organisation UML Profile for GM  Organisation Goals
UML Profile for OSM Organisational Structure
UML Profile for AM Analysis
UML Profile for BRM Business Rules
Structure UML Profile for SM Structure Product
Resource
Behaviour UML Profile for BM  Behaviour Process
Service

4 Conclusion

This research work intends to offer a systematic view of what Enterprise Knowl-
edge is and how it can be modelled from a Model-Driven Engineering approach
in order to provide a conceptual framework of sharing knowledge. The idea is
not to define yet another Enterprise Modelling Language, but to adapt and to
extend an existing standard modelling language like UML, while also taking



into account the work carried out in the context of Enterprise Modelling, such
as UEML and POP*.

The model-driven approach followed by the proposal is a promising begin-
ning, but to take advantage of it, further research is needed. This modelling
framework was applied in a real Case Study on a audit company to test its fea-
sibility, and a first set of improvements was obtained. However, further research
will be needed in order to improve the proposal through the feedback from appli-
cations in other domains, and providing a method of transforming CIM models
of Enterprise Knowledge proposed at the CIM level into PIM models.
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Abstract. A Knowledge Management System (KMS) is a complex com-
puter system that interact with the organisation’s systems to facilitate
the organisational knowledge management. A suitable conceptual model
that identifies and represents all the knowledge that has to be processed
and managed within the KMS should be created during the develop-
ment process of this kind of systems. In addition, it is needed to link
this conceptual model with the technological level in order to improve
the process productivity.

In this paper, we present a Proposal to develop conceptual models of
Knowledge Management Systems using UML as modelling language, that
meets the above requirements. We describe the framework and the com-
ponents of the Proposal, and an excerpt of the metamodel and the UML2
profile developed for the organisational dimension together with its ap-
plication in a Case Study.
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1 Introduction

A Knowledge Management System (KMS) is a specialised system that interacts
with the organisation’s systems in order to generate new knowledge, distribute
it among the members of the organisation and put it to use in products, ser-
vices and systems [1]. Although the benefits of KMSs are well-described in a
great number of papers [2], they did not live up to the expectations they had
aroused [3]. One of these reasons is that although the implementation projects
of KMSs are generally well developed from a technological point of view, they
fail because the knowledge management needs have not well defined in a suit-
able conceptual model. Therefore, some organisations implement solutions that
exceed their needs and are too sophisticated, or they choose solutions that are
too basic and barely improve the efficiency of their knowledge extraction and
acquisition processes.

Trying to solve this problem, in this paper we show how is possible to develop
a conceptual model of the future KMS that (1) represents, using a graphical
modelling language, all the knowledge that one organisation needs to identify,



collect and store, and (2) can be used to guide in the development process of the
KMS.

The paper is organised as follows. Section 2 outlines the analysis of the state
of the art related to the problem being considered here, how to link conceptual
models of knowledge with KMS and existing techniques for knowledge modelling.
In section 3, the Proposal for Enterprise Knowledge Modelling is presented.
One of the knowledge models of this Proposal, in particular for Organisational
Structure Modelling, is shown in section 4 describing the developed metamodel,
the implemented UML2 Profile and its application in a Case Study. Finally,
section 5 outlines the main conclusions and possible lines for further research.

2 Literature Review

Starting from the concepts of knowledge and what means its management, this
section presents a brief summary on how model-driven approaches could be
applied to KMSs, and existing techniques for knowledge modelling at the CIM
level.

2.1 Knowledge and Knowledge Management

There is no universally accepted definition of exactly what knowledge is. Some
authors define it, for example, as the information individuals possess in their
minds [4]. This definition is argued by saying that data (raw numbers and facts)
exist within an organisation. After processing these data they are converted into
information and, once it is actively possessed by an individual, this information
in turn becomes knowledge. There are also other approaches to defining knowl-
edge that are less dependent on the information technologies. One of the most
cited is the approach proposed by Nonaka [5], who defines knowledge as the
justified belief that increases the capacity of an entity to take effective action.
Following this line of reasoning, knowledge can be seen from five different per-
spectives [6]: (1) as a state of mind, (2) as an object, (3) as a process, (4) as a
condition for access to information, or (5) as a capability. Taking this context
into account and based on our own empirical observations, we define knowledge
as the awareness that enables us to possess the skill or the capacity required in
a particular situation (1) to deal with and resolve complex issues in an efficient
and creative manner, and (2) to take advantage of opportunities by making the
most appropriate decisions.

On the other hand, according to [7] enterprise knowledge can been seen as
information made actionable in a way that adds value to the enterprise. Taking
this context into account, we defined enterprise knowledge as the network of
connections among data and information that gives the people involved in an
enterprise and insight into its workings and enables them to act and to make
decisions that add value to the enterprise [8].

In addition, we consider knowledge management as the process of converting
the knowledge from the sources available to an organisation and then connecting



people with that knowledge [9, 10]. Therefore, the aim of knowledge management
is the creation, access and reuse of knowledge [11].

2.2 Model Driven Knowledge Management Systems

A key factor for achieving correct knowledge management in an enterprise is the
development and implementation of a special kind of Information System, called
a Knowledge Management System (KMS). That is to say, a technological system
that allows enterprise knowledge to be created, codified, stored and distributed
within the organisation [12].

One of the weak points of these kinds of systems is the need to link the con-
ceptual framework with the technological level [8]. One solution, as pointed out
n [13], is that the role of enterprise models should be that of facilitating the de-
sign, analysis and operation of the enterprise according to models, i.e. it should
be driven by models (model-driven). Nowadays, the model-driven approach is fol-
lowed by numerous projects such as MODELWARE [14], ATHENA [15], and IN-
TEROP [16] in the European Union, and Model Driven Architecture (MDA) [17],
which is carried out by the OMG.

Model Driven Architecture (MDA) defined by the OMG in 2001 [17], is in-
tended to promote the use of models as a fundamental way of designing and
implementing different kinds of systems. The main purpose of this approach is
to separate the functional specification of a system from the details of its imple-
mentation on a specific platform. This architecture therefore defines a hierarchy
of models from three points of view [18,17,19], namely:

— Computation Independent Model (CIM): used to represent domain
and system requirements in the environment in which it is going to operate.
It is based on business models and sees the enterprise from a holistic point
of view, that is independent of the computation.

— Platform Independent Model (PIM): used to model system functional-
ity but without defining how it will be implemented and on what platform;
it is focused on information and sets out from a computational point of view.

— Platform Specific Model (PSM): the PIM is transformed into a platform-
dependent model according to the platform selected for use and is focused
on a technological point of view.

A lot of work is being carried out within the OMG framework in relation to
PIMs, PSMs, QVT, and so forth, but the characterisation of CIMs are still in
progress [18]. This delay is more noteworthy in the characterisation and definition
of the features that a Computer Independent Model of Knowledge (CIMK) must
satisfy in order to generate an appropriate KMS. The main problem involved in
modelling enterprises at the CIM level is how to accomplish a clear definition
of the various aspects that the actors want to take into account. The domain
and purpose of modelling, together with the aspects that must be highlighted,
should be defined, and then the most suitable Enterprise Modelling Language
should be chosen [20]. Therefore, the number of issues about knowledge that
can be modelled at the CIM level increases the complexity of CIM models of
knowledge and their transformations.



2.3 Knowledge Modelling at the CIM Level

From a knowledge modelling perspective, in [21], it is stated that knowledge
representation is a multidisciplinary subject that needs to apply theories and
techniques from (1) logic to provide a formal structure and rules of inference;
(2) ontology, to define the types of things that exist in the application domain;
and (3) computation, to support the applications that distinguish knowledge
representation from pure philosophy. Moreover, according to [22], there is no
single best theory or language for knowledge representation; rather, it is nec-
essary to choose the technique(s) that can be best adapted for each kind of
knowledge (procedural, declarative, metaknowledge, heuristic, etc.). The tradi-
tional techniques used in Artificial Intelligence for knowledge representation are
the following [22]:

1. Object-Attribute-Value-Triplets: these are used to represent facts about
objects and their attributes; they state the value of an attribute of an object.

2. Uncertain Facts: this is an extension of the previous O-A-V technique to
allow uncertainty of facts to be described.

3. Fuzzy Facts: these represent uncertainty using the imprecise and ambigu-
ous terms of the natural language.

4. Rules: these relate one or more premises or situations to one or more con-
clusions or actions.

5. Semantic networks or concept maps: these attempt to reflect cognition
(following the psychological model of the human associative memory) by
means of graphs that include objects, concepts and situations for a specific
domain of knowledge.

6. Frames: these represent stereotypical knowledge of certain concepts or ob-
jects.

7. Ontologies: these represent a set of knowledge terms, including the vocab-
ulary, the semantic interconnections and some simple rules of inference and
logic, from a particular topic.

These knowledge representation techniques are supported by different knowl-
edge representation languages, which are used to represent knowledge in a KMS.
A knowledge representation language should be able to represent entities, events,
actions, processes and time from syntactic and semantic points of view. An
overview of the existing paradigms is given in [22]: (1) Logic-Based Represen-
tation Languages, (2) Frame-Based Representation Languages, (3) Rule-Based
Representation Languages, (4) Visual Languages for Knowledge Representation,
(5) Natural Languages and Knowledge Representation, and (6) Ontology Knowl-
edge Representation.

In the fourth category, Unified Modeling Language (UML) is pointed out
as being a suitable language for knowledge representation, even though it was
originally developed for the software engineering domain. UML has become a
standard visual language for object-oriented modelling that has been used suc-
cessfully for modelling information systems in very different domains [23]. How-
ever, UML is a general-purpose modelling language that can also be useful for



modelling other types of systems such as, for example, an enterprise [24,25].
Other works, such as [26], point out the possibility of using UML as a language
for Enterprise Modelling, even though in [27] it is explained how and under
which conditions this can be performed. However, the benefits of model-driven
approaches and the new specification of UML2 provided by the OMG suggest
the need to provide more practical examples for Enterprise Modelling with UML
based on these recent works [28], and especially for Enterprise Knowledge Mod-
elling. In this line, some works, like [29], has been carried out following the
possibility suggested in the previous section, but this proposal is not enterprise
oriented and thus it does not take into account the different enterprise dimen-
sions for modelling [30, 31].

Furthermore, despite the fact that the weakness of the stereotype mechanism
is pointed out in [27], the new specification of UML 2 [23] provides profiles that
are more complete than version 1.5 [32]. It will therefore be possible to customise
UML in a better way [33]. For instance, UML provides a lot of diagrams for
modelling behaviour aspects (but not for direct modelling of business processes)
in a similar way to how they are represented in an IDEF diagram. Hence, business
process modelling with UML is complex [34] and the use of profiles according to
UML 2 can make this task easier.

Taking into account the state of the problems and solutions analysed in this
section, the objective of the research presented in this paper was to consider the
possibility of using UML as a knowledge representation language on the basis
of two positive factors: first, that it is a visual language which has become a
standard object-oriented language and thus there are a lot of tools available on
the market; and, second, that it is commonly used by engineers in enterprises
for software development. To make this possible, the capacity of UML to extend
the language to a specific domain was used, and a UML2 Profile for Modelling
Enterprise Knowledge was then defined. Moreover, this profile takes into account
enterprise dimensions and previous works leading to initiatives from such as

UEML! [36-39] and POP*?2 [40, 41].

3 Conceptual Framework of the Proposal for Enterprise
Knowledge Modelling

The development and implementation of Knowledge Management Systems that
embrace the whole enterprise is a more complex issue that has still not been
satisfactorily resolved [42]. Trying to solve this problem, the IRIS Group at the
Universitat Jaume I in Castell, Spain, has been working on a project entitled
"Knowledge Management in Virtual Enterprises’ since 2003.

The main results of this project are: (1) a useful, practical methodology
that can be used to guide the process of developing and implementing a system

! Unified Enterprise Modelling Language, first developed by the UEML Thematic
Network [35] and currently being worked on by INTEROP NoE [16].

2 Acronym of the different enterprise dimensions: Process, Organisation, Product, and
so on (represented by a star), proposed by ATHENA IP [15].



for gathering, managing and applying the knowledge that is generated both
inside an enterprise and in the relations it has with the different organisations
it works with. The result is the KM-IRIS Methodology for the Implementation
of KMS [43]; (2) a Proposal for Enterprise Knowledge Modelling that makes
it possible to represent and communicate the knowledge inherent to a virtual
enterprise. The objective of this paper is concerned with the second of these
results, the Proposal for Enterprise Knowledge Modelling, which aim is
to represent Enterprise Knowledge at the CIM level obtaining a graphical model
called Enterprise Knowledge Map.

In general terms, this Proposal is based on Model Driven Engineering (MDE),
which promotes the design and development of computer systems using different
types of models built at different levels of abstraction. More particularly, it is
also supported by the MDA defined by the OMG, which is an instantiation of
MDE. According to this approach, the process of developing a computer system
is based on the separation of the functional characteristics of the system from the
details of its specification on a specific platform. Therefore, the Proposal defines
a framework for developing conceptual models of KMSs at the CIM level, that is
to say, that allows to model enterprise knowledge on the CIM level at two levels
of abstraction, which are required due to the great complexity of this level (see
Table 1):

1. CIM-Knowledge: this corresponds to the top level of the model at the
CIM level; the enterprise is represented from a holistic point of view, thus
providing a general vision of the enterprise focused on representing enterprise
knowledge that will later be detailed in a local way in successive lower levels.

2. CIM-Business: here, the vision of enterprise knowledge is detailed by
means of a representation of its business, according to three types of mod-
els, i.e. the Organisational Model, the Structure Model and the Behaviour
Model.

Table 1. Proposal for Enterprise Knowledge Modeling.

Abstraction Level Metamodel UML Profile Model Diagram
CIM-Knowledge Knowledge UML Profile for KM Knowledge Blocks
Ontological
Knowledge
CIM-Business Organisation UML Profile for GM  Organisation Goals
UML Profile for OSM Organisational Structure
UML Profile for AM Analysis
UML Profile for BRM Business Rules
Structure UML Profile for SM Structure Product
Resource
Behaviour UML Profile for BM  Behaviour Process
Service

The Proposal follows the MDE premise as a fundamental concept together
with the following principles: (1) it is focused on Enterprise Modelling, since



it takes into account enterprise dimensions and previous works leading to ini-
tiatives such as UEML and POP*; and (2) it is a user-oriented modelling
framework, since it should be developed at the CIM level by domain experts. A
summary of the Proposal showing which are its abstraction levels, metamodels
and profiles developed, as well as models and diagrams proposed for each level
are shown in Table 1.

From a technological point of view, this proposal was implemented using the
capacity of UML2 to extend a metamodel, that is to say, using a UML2 Profile.
The UML2 Profile was defined for Enterprise Knowledge Modelling at the
CIM level, following an MDA approach and the principles detailed above. The
Profile provides the constructs needed to perform the models proposed earlier
(see Table 1), and it was developed following these steps:

1. Definition of the metamodels shown in Table 1, with the objective of
representing at conceptual levels the elements used for Enterprise Knowledge
Modelling.

2. Definition of the models and diagrams that can be used to obtain the
enterprise knowledge map. Figure 1 shows the models and diagrams defined
within the Proposal by means of a Class Diagram.

gmodel»
# Knowledge Model

Block Ontological Knowledge
E‘}Diagrams * Diagrams #® Diagrams
«models emodels
# Organisation Model # System Model
«rmodels cgalls
Goal Organisational # Structure Model H#iBehaviour Model
Diagrams #  Structure
Diagrams F'.I'Ddl.ll:t Process
Diagrams Diagrams
H}Resnurce & Service
g Analysis g Business Rule S——— Diagrams
Diagrams Diagrams

Fig. 1. Models and diagrams defined within the Proposal.

3. Definition of the UML Profile for Enterprise Knowledge Modeling,
following for each of the profiles detailed in Table 1 the steps that follows:

— Definition of stereotypes, tag values and constraints of the profile.
— Extension of the metaclasses of the UML2 Metamodel.
— Detail description of the profile.



4. Implementation of the Profile using a UML tool (IBM Rational Software
Modeler [44] or MagicDraw [45] for example); in this case, the tool selected
was IBM Rational Software Modeler.

5. Validation of the Profile by means of real Case Study.

4 Knowledge Model of Organisational Structure

This section shows an excerpt of the Proposal in order to make it understandable.
In particular, it is described how is possible to model the enterprise knowledge
related to organisational dimension. So that, an excerpt of the Organisation
Metamodel, the UML Profile for OSM, and the Organisational Structure Dia-
gram applied in a Case Study are shown.

4.1 Organisational Structure Metamodel

Definition of the metamodels shown in Table 1, with the objective of rep-
resenting at conceptual levels the elements used for Enterprise Knowledge Mod-
elling. Figure 2 shows an excerpt of the Organisational Structure Metamodel.
The constructs needed to represent the knowledge for modelling Organisational
Structure are the following (see Figure 2).

— Enterprise: it represents any type of organization with some of the existing
legal forms for the businesses. This builder permits to represent so much an
individual business as a remote entity, like a business extended or virtual,
formed by different businesses with different legal personality. For this class
the following attributes are defined:

e collaboration: it specifies the type of cooperation that a business main-
tains with the remainder of businesses with the ones that can be related.
Its values can be one of them you defined in the enumeration ’Enter-
priseCollaborationType’: single, extended or virtual.

e legalStatus: it specifies the legal form that possesses the business.

e legalName: it indicates the legal name that has assigned the business.

e cif: it specifies the fiscal identifier of the business.

— Unit: it represents each one of the logical groups that are carried out in the
business to negotiate their organization, being able to be of one of the fol-
lowing types: department, organizing unit, section and subsections. Besides,
this builder permits to describe hierarchical structures in the shape of tree
on the organizing structure of the business, therefore he permits to obtain
his chart. For this class the following attributes are defined:

e type: it specifies why categories of them you defined in the enumeration,
’UnitType’, belongs the unit: department, organisationalUnit, section
or subsection.

e isLeaf: it indicates if the business unit no longer breaks down in no
another level, that is to say, if is a matter of a leaf in the hierarchical
tree that would form the chart with its diverse organisational units.
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Fig. 2. An excerpt of the Organisational Structure Metamodel.

e connection: It indicates that type of connection exists among the def-
inite units in the organization between the two possible you defined by
the enumeration "UnitConnectionType’: internal or external.

e location: it specifies the physical location of the unit.

— JobProfile: it represents the group of an assembly of tasks that are related
and they require of complementary and specific competences for their exe-
cution. The profile or placed of work defines the tasks and roles that should
perform who occupy it. For this class the following attributes are defined:

e level: it indicates the hierarchical level in which is definite the position
of work, being possible one from among the following you defined by the
enumeration ’LevelType’: collaborative, strategic, tactic or operative.

— Employee: it represents the people that develop a determined work in the
business, occupying a position of work and that have a determined role. For
this class the following attributes are defined:

e dni: it specifies the identifier unique of each employee.

— Role: it represents the attitudes and abilities that are required for a deter-
mined placed of work.



— Task: it represents the individual actions that are responsibility of a single
individual and that are assigned to a determined placed of work.

4.2 UML Profile for Organisational Structure Modelling (OSM)

Definition of the UML Profile for Enterprise Knowledge Modeling,
following for each of the profiles detailed in Table 1. From a technological point
of view, this proposal was implemented using the capacity of UML2 to extend
a metamodel, that is to say, using a UML2 Profile. The UML2 Profile was
defined for Enterprise Knowledge Modelling at the CIM level, following
an MDA approach and the principles detailed above. The Profile provides the
constructs needed to perform the models proposed earlier (see Table 1), and it
was developed following these steps:

— Definition of stereotypes, tag values and constraints of the profile.
— Extension of the metaclasses of the UML2 Metamodel.
— Detail description of the profile.

This profile has been called "UML Profile for OSM’ and it allows the
representation of the organizing structure of the business, showing which is the
division of labor carried out in departments, sections, subsections, etc. as well as
the different positions of work in each one of them, the employees that occupy
them and the roles and associated tasks.

package UML Profile for OSM[ [25 UL Profile for OSh ]|
==enumeration== ==enumeration== ==enumeration== ==enumeration==
EnterprizeCollaborationType UnitType UnitConnectionType LevelType
single department internal collaborative
extended arganisationnit external strategic
wirtual section tactic
subsection operative
==metaclassss ==sterectype== ==metaclass== ==metaclass== ==metaclass==
Role | Clags Actor Property
Package
[Clazs]
==stereotypes== . ==ztereotypes== ==sterentypes= =zsterectypes== | ==sterentypes=
Enterprise Unit JobProfile Employee Task
[Package] [Class] [Class] [Actar] [Propertty]
-collaborstion | EnterprizeCollahorationType | [-type : UnitType -level : LevelType -cni : String{ordered}
-legalStatus | String -connection : UntConnectionType
-legaltame : String -location : String
-cif : String

Fig. 3. Diagram of the "UML Profile for OSM’.

In Figure 3, the diagram of the profile can be observed in which the definite
stereotypes from the builders they are detailed relating to the organizing struc-



ture of the Organisation Metamodel, as well as the corresponding metaclasses
of the UML2 Metamodel that extend.

In this case neither the attribute has been added isLeaf of the metaclasse
Unit as a value labeling of the stereotype Unit, by the same reason commented
in the previous profile.

Implementation of the Profile using IBM Rational Software Modeler.
Figure 3 shows, as an example, one of the profiles that makes up of the UML
Profile for Enterprise Knowledge Modelling.

The ’Organisational Structure Diagram’ form part of the ’Organisa-
tion Model’ and it allows to represent the chart of a business. This chart can
include so much its organizing units as the positions of work, roles and employees
in each one of them. The main stereotypes of the "UML Profile for OSM’
that can be utilized to carry out this diagram they are shown in Table 2:

Stereotype Elements to model Icon

<<Enterprise>> Individual or collaborative enterprise

A

<<Unit>> Any of the organisational units of an enterprise:
departments, organisational units, sections, sub-
sections, etc.

<<JobProfile>>  Job profiles

<<Employee>> Employees of the enterprise

X

<<Role>> Roles of job

_

<<Task>> Tasks of a determined placed of work <<Task>>

Table 2. Stereotypes and icons that is possible to use within the 'Organisational
Structure Diagram’.



4.3 Validation with a Case Study

Validation of the Profile by means of real case study. An application of the
Proposal for Enterprise Knowledge Modelling to a real case study was carried
out in order to validate the basis of the Proposal empirically, and to test the
UML2 Profile implemented for Enterprise Knowledge Modelling in a practical
case from a definitional and a technological point of view.

Figure 4 presents an example of the application of the Proposal to an audit
enterprise. In particular, the UML Profile for OSM was applied to this
company in order to obtain the Organisational Structure Diagram. This
diagram represents enterprise’s organisational units and their corresponding job
profiles, tasks, roles and employees. It was developed at the CIM-Business
level and it is able to provide a detailed vision of the enterprise knowledge
related to its organisational structure.
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Departamentd administrativo

1

Administrativo
o «Task» Realizar impuestos empresa
o «Tasks Realzar hominas trabajadores
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Abstract. Knowledge representation is a multidisciplinary subject that
needs to apply theories and techniques from logic, ontology and computa-
tion. There are a great number of languages able to represent knowledge,
among them UML can be considered a suitable language for modelling
knowledge. It could be included within the category of visual languages
for knowledge representation.

On the other hand, numerous efforts are being carried out in the context
of Enterprise Modelling to improve the capacity of enterprise models for
externalising enterprise knowledge. The Proposal presented in this paper
combines both approaches, UML and Enterprise Modelling, in order to
make possible Enterprise Knowledge Modelling using UML. It shows a
summary of this Proposal describing its principles, the main steps of its
development and an example of one of the UML Profiles implemented
with the objective of modelling knowledge.

Knowledge Modelling Perspective

[1], it is stated that knowledge representation is a multidisciplinary subject

that needs to apply theories and techniques from logic to provide a formal
structure and rules of inference; ontology, to define the types of things that exist
in the application domain; and computation, to support the applications that
distinguish knowledge representation from pure philosophy. Moreover, according
to [2], there is no single best theory or language for knowledge representation;
rather, it is necessary to choose the technique(s) that can be best adapted for
each kind of knowledge (procedural, declarative, metaknowledge, heuristic, etc.).
The traditional techniques used in Artificial Intelligence for knowledge
representation are the following [2]:

Object-Attribute-Value-Triplets: these are used to represent facts about
objects and their attributes; they state the value of an attribute of an object.
Uncertain Facts: this is an extension of the previous O-A-V technique to
allow uncertainty of facts to be described.

Fuzzy Facts: these represent uncertainty using the imprecise and ambigu-
ous terms of the natural language.

Rules: these relate one or more premises or situations to one or more con-
clusions or actions.



— Semantic networks or concept maps: these attempt to reflect cognition
(following the psychological model of the human associative memory) by
means of graphs that include objects, concepts and situations for a specific
domain of knowledge.

— Frames: these represent stereotypical knowledge of certain concepts or ob-
jects.

— Ontologies: these represent a set of knowledge terms, including the vocab-
ulary, the semantic interconnections and some simple rules of inference and
logic, from a particular topic.

These knowledge representation techniques are supported by different knowl-
edge representation languages, which are used to represent knowledge in a
KMS. A knowledge representation language should be able to represent entities,
events, actions, processes and time from syntactic and semantic points of view.
An overview of the existing paradigms is given in [2]: (1) Logic-Based Represen-
tation Languages, (2) Frame-Based Representation Languages, (3) Rule-Based
Representation Languages, (4) Visual Languages for Knowledge Representation,
(5) Natural Languages and Knowledge Representation, and (6) Ontology Knowl-
edge Representation. In the fourth category, UML is pointed out as being a
suitable language for knowledge representation, even though it was originally
developed for the software engineering domain. This is one of the starting points
for the research shown in this paper.

On the other hand, the second is Enterprise Modelling defined as the ex-
ternalisation and expression of enterprise knowledge [3], which provides a holistic
view of an enterprise and considers all its dimensions, i.e. process, decision, in-
formation, behaviour, resources and so forth [4]. Both, UML and Enterprise
Modelling, are the basis of the Proposal presented in this paper to model Enter-
prise Knowledge.

The paper is organised as follows. Section 2 outlines the analysis of the state
of the art related to the basis of the Proposal, the main problems in the context
of Enterprise Modelling and existing UML approaches to model enterprises and
knowledge. In section 3, the Proposal for Enterprise Knowledge Modelling using
UML, and one of the UML Profiles implemented are presented. Finally, section
4 outlines the main conclusions.

2 Background for Enterprise Knowledge Modelling

According to [5] enterprise knowledge can been seen as information made action-
able in a way that adds value to the enterprise. Taking this context into account,
we defined enterprise knowledge as the network of connections among data
and information that gives the people involved in an enterprise and insight into
its workings and enables them to act and to make decisions that add value to the
enterprise [6]. In the sections that follow, an overview of Enterprise Modelling
and UML are presented, taking into account the main problems and approaches
related to Enterprise Knowledge.



2.1 Enterprise Modelling Framework

Enterprise Modelling has been used for a long time to select and develop com-
puter systems, to better understand and improve business processes, to support
decision-making, for example [3, 7, 8]. Many languages, standards, methodologies
and tools for Enterprise Modelling have emerged since the 70s, when the first
concepts of modelling were applied to computer systems (E/R Model, DFD, and
so forth), and modelling concepts and techniques are now applied not only to
information systems but to the whole enterprise [7].

Nowadays, there are a great number of languages, standards, methodolo-
gies and their corresponding tools, such as GRAI [9], IEM [10], MEML (8],
or IDEF [11], which are classified as traditional Enterprise Modelling Lan-
guages (EMLs) in [12]. These EMLs cover different dimensions of the enterprise
defined in GERAM [13] and they can even overlap. Moreover, other EMLs ex-
ist that have been created in order to make different kinds of exchanges
easier, since interoperability problems are increasing among systems that use
different EMLs [14]. This last category could also be considered to be EMLs,
and, among them UEML! [7,17] and POP*? [19, 20] provide common exchange
formats to smooth the exchange of enterprise models at a horizontal level. Fi-
nally, another category is made up of the EMLs that are based on standards
such as XML or UML, and they can be used as EMLs [12].

Therefore, taking into account that the problem of interoperability is being
solved by initiatives like UEML and POP*, the most important benefit of
enterprise models is their capacity to add value to the enterprise. This is due to
the fact that such models are able to make facts and knowledge explicit so
that they can be shared by users and different enterprise applications in order
to improve enterprise performance [3,7,8]. One of the tasks that has still to be
solved in this domain is how to achieve dynamic, interactive enterprise models
that are capable of capturing enterprise knowledge and making it explicit [21].

On the other hand, one of the main weaknesses of Enterprise Modelling is
the lack of strong links between enterprise models and software generation.
For these reasons, some enterprises, especially SMEs, implement few enterprise
models and, if they do, it is very hard for them to maintain them or to use
them to generate software [12]. One solution, as pointed out in [22], is that the
role of enterprise models should be that of facilitating the design, analysis and
operation of the enterprise according to models, i.e. it should be driven by models
(model-driven). Nowadays, the model-driven approach is followed by numerous
projects such as MODELWARE [23], ATHENA [18], and INTEROP [16] in the
European Union, and Model Driven Architecture (MDA) [24], which is carried
out by the OMG.

MDA is an emerging paradigm. A lot of work is being carried out within
the OMG framework in relation to PIMs, PSMs, QVT, and so forth, but the

! Unified Enterprise Modelling Language, first developed by the UEML Thematic
Network [15] and currently being worked on by INTEROP NoE [16].

2 Acronym of the different enterprise dimensions: Process, Organisation, Product, and
so on (represented by a star), proposed by ATHENA IP [18].



characterisation of CIMs and the features that an enterprise model must satisfy
in order to be considered a CIM and generate appropriate software are still in
progress [12]. The main problem involved in modelling enterprises at the CIM
level is how to accomplish a clear definition of the various aspects that the actors
want to take into account. The domain and purpose of modelling, together with
the aspects that must be highlighted, should be defined, and then the most
suitable EML should be chosen [25]. Therefore, the number of issues that can
be modelled at the CIM level increases the complexity of CIM models and their
transformations, especially when the final aim is to capture enterprise knowledge.

2.2 UML for Enterprise Knowledge Modelling

The Unified Modeling Language (UML) has become a standard visual lan-
guage for object-oriented modelling that has been used successfully for modelling
information systems in very different domains [26]. However, UML is a general-
purpose modelling language that can also be useful for modelling other types of
systems such as, for example, an enterprise [27,28]. Other works, such as [29],
point out the possibility of using UML as a language for Enterprise Mod-
elling, even though in [30] it is explained how and under which conditions this
can be performed. However, the benefits of model-driven approaches and the
new specification of UML2 provided by the OMG suggest the need to provide
more practical examples for Enterprise Modelling with UML based on these re-
cent works [31], and especially for Enterprise Knowledge Modelling. In this line,
some works, like [32], has been carried out following the possibility suggested in
the previous section, but this proposal is not enterprise oriented and thus it does
not take into account the different enterprise dimensions for modelling [33, 13].

Furthermore, despite the fact that the weakness of the stereotype mecha-
nism is pointed out in [30], the new specification of UML2 [26] provides profiles
that are more complete than version 1.5 [34]. It will therefore be possible to
customise UML in a better way [35]. For instance, UML provides a lot of dia-
grams for modelling dynamic aspects (but not for direct modelling of business
processes) in a similar way to how they are represented in an IDEF diagram.
Hence, business process modelling with UML is complex [36] and the use of
profiles according to UML2 can make this task easier.

Taking into account the state of the problems and solutions analysed in this
section, the objective of the research presented in this paper was to consider
the possibility of using UML as a knowledge representation language
on the basis of two positive factors: first, that it is a visual language which has
become a standard object-oriented language and thus there are a lot of tools
available on the market; and, second, that it is commonly used by engineers
in enterprises for software development. To make this possible, the capacity of
UML 2.0 to extend the language to a specific domain was used. A UML2 Profile
for Enterprise Knowledge Modelling was then defined in an attempt to achieve
a common understanding within the context of Enterprise Modelling.



3 Proposal for Enterprise Knowledge Modelling

The objective of the Proposal presented in this paper is to represent Enterprise
Knowledge at the CIM level and, thus, the result of using it in enterprises is a
graphical model of the Enterprise Knowledge Map.

In general terms, this proposal is based on Model Driven Engineering (MDE),
which promotes the design and development of computer systems using different
types of models built at different levels of abstraction. More particularly, it is
also supported by the MDA defined by the OMG, which is an instantiation of
MDE. According to this approach, the process of developing a computer system
is based on the separation of the functional characteristics of the system from the
details of its specification on a specific platform. Therefore, the Proposal defines
a framework for modelling enterprise knowledge on the CIM level at
two levels of abstraction, which are required due to the great complexity of this
level (see Table 1):

1. CIM-Knowledge: this corresponds to the top level of the model at the
CIM level; the enterprise is represented from a holistic point of view, thus
providing a general vision of the enterprise focused on representing enterprise
knowledge that will later be detailed in a local way in successive lower levels.

2. CIM-Business: here, the vision of enterprise knowledge is detailed by
means of a representation of its business, according to three types of models,
i.e. the Organisational, the Structure and the Behaviour Models.

Table 1. Proposal for Enterprise Knowledge Modeling.

Abstraction Level Metamodel UML Profile Model Diagram
CIM-Knowledge Knowledge UML Profile for KM Knowledge Blocks
Ontological
Knowledge
CIM-Business Organisation UML Profile for GM  Organisation Goals
UML Profile for OSM Organisational Structure
UML Profile for AM Analysis
UML Profile for BRM Business Rules
Structure UML Profile for SM Structure Product
Resource
Behaviour UML Profile for BM  Behaviour Process
Service

The Proposal follows the MDE premise as a fundamental concept together
with the following principles, it is focused on Enterprise Modelling, since it
takes into account enterprise dimensions and previous works leading to initiatives
such as UEML and POP*; and it is a user-oriented modelling framework,
since it should be developed at the CIM level by domain experts. A summary of
the Proposal with its abstraction levels, metamodels and profiles developed, as
well as models and diagrams proposed for each level are shown in Table 1.

3.1 Steps for Developing the Proposal

From a technological point of view, this proposal was implemented using the
capacity of UML2 to extend a metamodel, that is to say, using a UML2 Profile.



The UML2 Profile was defined for Enterprise Knowledge Modelling at the
CIM level, following an MDA approach and the principles detailed above. The
Profile provides the constructs needed to perform the models proposed earlier
(see Table 1), and it was developed following these steps:

1. Definition of the metamodels shown in Table 1, with the objective of

representing at conceptual levels the elements used for Enterprise Knowledge
Modelling.

. Definition of the models and diagrams that can be used to obtain the
enterprise knowledge map. Figure 1 shows the models and diagrams defined

within the Proposal by means of a Class Diagram.
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1
1
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© ProcessDiagram

© ServiceDiagram

Fig. 1. Models and diagrams defined within the Proposal.

3. Definition of the UML Profile for Enterprise Knowledge Modeling,
following for each of the profiles detailed in Table 1 the steps that follows:

— Definition of stereotypes, tagged values and constraints of the profile.
— Extension of the metaclasses of the UML2 Metamodel.
— Detail description of the profile.

. Implementation of the Profile using a UML tool (IBM Rational Software
Modeler [37] or MagicDraw [38] for example). Figure 2 shows, as an example,
one of the profiles that makes up of the UML Profile for Enterprise
Knowledge Modelling.

5. Validation of the Profile by means of real case study.
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Fig. 2. Diagram of the "UML Profile for KM’.

3.2 Discussion on the "UML Profile for KM’

Figure 2 shows the diagram of the implemented "UML Profile for KM’ by
means of the MagicDraw UML 2.0 [38]. In this section, some relevant comments
about this UML Profile are provided, taking into account that the mapping
between the constructs of the metamodel proposed to implement this Profile
and the constructs of the Profile is not always one to one. The main reason is
that there exist some elements that it is necessary to represent at conceptual
level in the metamodel for example for a better understanding, but then again it

is not needed to represent them in a specific implementation, such as stereotypes
in a UML Profile.

— In the proposed metamodel the class OntologicalCategory has a property
named isLeaf to indicate that one element is a leaf within the ontological
hierarchy. It is necessary to add this property in the UML Profile as a tagged
value, since the stereotype OntologicalCategory extends the metaclass
Package, and this is not a subclass of RedefinableElement. In the case,
that the extended class of UML2 Metamodel was the metaclass Class, which
is a subclass of RedefinableElement, and therefore inherits the property
isLeaf that has the class RedefinableElement, it would not be necessary
to add this property.

— KnowledgeSource in the proposed metamodel owns two subclasses, Ex-
plicitSource and TacitSource, therefore we could add it in the Profile as
an abstract stereotype with the aim of having a superclass of the stereotypes
ExplicitSource and TacitSource, and in this way both could inherit its
tagged values. However, KnowledgeSource has not been added as an ab-
stract stereotype, since in this case there is not any property that we need



to add as tagged value. Moreover, the two subclass in the metamodel, Ex-
plicitSource and TacitSource, extend as you can see in Figure 2 distinct
UML2 metaclasses.

— Concept and Attitude extend Property since they are features of the
target knowledge from structural point of view, whereas Procedure extend
Operation since it represents the behaviour which is needed to learn con-
cerning an specific knowledge.

— Basis is added as an stereotype that extends Dependency in order to
model the reflexive relationships that exist in the metamodel for the classes
KnowledgeBlock, OntologicalCategory and TargetKnowledge, and
also the relationships between KnowledgeBlock and OntologicalCate-
gory, and so on. In this way, it is possible for example to represent the
relationship between target knowledge or between ontological categories and
target knowledge.

— Instance is added as an stereotype that extends Dependency in order to
model the relationship between target knowledge and its instances. Taking
into account that the stereotype TargetKnowledge extends the metaclass
Class, and the stereotype InstanceKnowledge the metaclass Instance-
Specification, both elements can only be linked by means of a dependency,
which has been stereotyped in this case to represent one of the main features
of the Proposal presented in this paper, that is to say, the instantiation of
target knowledge.

4 Conclusion

The benefits of this proposal with respect to other proposals for Enterprise
Modelling or Knowledge Representation could be summarised as follows:

— It provides a graphical model for representing knowledge that allows em-
ployees who are not specialised in knowledge engineering to gain a better
understanding of the enterprise and its operations from a knowledge point
of view. This is a feature that other non-visual representation languages
cannot provide.

— Regarding traditional Enterprise Modelling, this proposal is knowledge-oriented
and based on a model-driven approach in order to implement a KMS, but at
the same time it takes into account traditional enterprise dimensions, such
as organisation, process, product, and so forth.

— Enterprises can use a formalism, like UML, that is well known by engineers
and is normally used to develop software. They are therefore familiar with the
use of this modelling language, as well as with the corresponding development
process and the tools that are currently available.

— It is possible to have a number of commercial tools at one’s disposal for
implementing the profile which can support the process of modelling and
model management.
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UML has become the standard object-oriented language for modelling systems in
Software Engineering domain. More and more relationships are being established
between this domain and Enterprise Modelling context. Some recent research
works, such as GORA methods and MDE approaches, suggest the interest in
providing concrete methods and mechanisms to make possible the needed link between
enterprise’s goals and the requirements defined to develop the computer system.

UML is a good candidate to connect these two levels, that is to say, CIM level



and PIM level from a MDA perspective. In this paper, we present a Proposal for
Enterprise Goal Modelling based on UML, which is focused on modelling knowledge.
This Proposal is developed at the CIM level and presents different models to capture
software requirements at the CIM level. In particular, the metamodel concerning goal
dimension and the UML Profile implemented from it are shown. Finally, the resulting
Goal Diagram is explained by means of an example.
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Abstract. UML has become the standard object-oriented language for
modelling systems in Software Engineering domain. More and more re-
lationships are being established between this domain and Enterprise
Modelling context. Some recent research works, such as GORA methods
and MDE approaches, suggest the interest in providing concrete methods
and mechanisms to make possible the needed link between enterprise’s
goals and the requirements defined to develop the computer system.
UML is a good candidate to connect these two levels, that is to say, CIM
level and PIM level from a MDA perspective. In this paper, we present a
Proposal for Enterprise Goal Modelling based on UML, which is focused
on modelling knowledge. This Proposal is developed at the CIM level
and presents different models to capture software requirements at the
CIM level. In particular, the metamodel concerning goal dimension and
the UML Profile implemented from it are shown. Finally, the resulting
Goal Diagram is explained by means of an example.

1 Introduction

Enterprise Modelling refers to the externalisation and expression of enter-
prise knowledge [1], which provides a holistic view of an enterprise and considers
all its dimensions, i.e. process, decision, information, behaviour, resources and so
forth [2]. Nowadays, there are a great number of languages, standards, method-
ologies and their corresponding tools, such as GRAI [3], IEM [4], MEML [5],
IDEF [6], etc.

On the other hand, Unified Modeling Language (UML) has become a
standard language for object-oriented modelling that has been used successfully
for modelling software systems in very different domains [7]. However, UML is a
general-purpose modelling language that can also be useful for modelling other
types of systems such as, for example, an enterprise [8,9]. Other works, such
as [10], point out the possibility of using UML as a language for Enterprise
Modelling, even though in [11] it is explained how and under which conditions



this can be performed. However, the benefits of model-driven approaches and the
new specification of UML2 suggest the need to provide more practical examples
for Enterprise Modelling with UML based on these recent works [12], and espe-
cially for Enterprise Knowledge Modelling. In this line, some works, like [13], has
been carried out, but this proposal is not enterprise oriented and thus it does
not take into account the different enterprise dimensions for modelling [14].

The main weaknesses of Enterprise Modelling is the lack of strong links be-
tween enterprise models and software generation [15]. One solution, as pointed
out in [16], is that the role of enterprise models should be that of facilitating
the design, analysis and operation of the enterprise according to models, i.e.
it should be driven by models (model-driven). In this context, UML is a good
candidate to establish the needed links between enterprise models and systems
models in general, and requirement engineering in particular, using the extension
mechanism of UML Profiles.

Taking into account this context, the objective of the research presented
in this paper was to consider the possibility of using UML for Enterprise
Modelling with two objectives: first, to provide an extension of UML, one of the
modelling languages used commonly by engineers to develop software, focused on
representing enterprise goals; and second, to establish the basis for connecting
enterprise goals and systems models. To make this possible, the capacity of
UML2 to extend the language to a specific domain was used, and a UML2
Profile for Enterprise Goal Modelling was implemented.

The paper is organised as follows. Section 2 outlines two approaches related
to the aim of establishing connections between enterprise and system models.
In section 3, the Proposal for Enterprise Knowledge Modelling using UML is
described. Section 4 presents one of the metamodels and UML Profiles imple-
mented in this Proposal, in particular which is related to goal dimension. Finally,
section 5 outlines the main conclusions.

2 Linking Enterprise Models and System Models

Linking enterprise models in general, and enterprise goals and strategies in par-
ticular, to the first step for software development, that is to say, requirements
elicitation, is one of the recent research trends bridging Enterprise Modelling
and Software Engineering domains. This section gives a brief summary of two
initiatives developed to bridge enterprise and system models.

2.1 MDA

Model-driven approaches are a good solution to try to put to rights the shortcom-
ings of Enterprise Modeling for generating code from enterprise models. Model
Driven Engineering (MDE) or Model Driven Development (MDD) approaches
are a new paradigm in the context of Software Engineering. Such perspective
attempt to improve the software development process by focusing on models as
the primary artifacts and transformations as the primary operation carried out



on models (which are used to map information from one model to another). As
a result, they may have important consequences on the way information systems
are built and maintained [17, 18].

As an example, Model Driven Architecture (MDA) defined by the OMG [19],
is intended to promote the use of models and their transformations as a funda-
mental way of designing and implementing different kinds of systems. The main
purpose of this approach is to separate the functional specification of a system
from the details of its implementation on a specific platform. This architecture
therefore defines a hierarchy of models from three points of view [15,19,20],
namely:

— Computation Independent Model (CIM): used to represent domain
and system requirements. It is based on business models and shows the en-
terprise from a holistic point of view, that is independent of the computation.

— Platform Independent Model (PIM): used to model system functional-
ity but without defining how it will be implemented and on what platform;
it is focused on information and sets out from a computational point of view.

— Platform Specific Model (PSM): the PIM is transformed into a platform-
dependent model according to the platform selected for use and is focused
on a technological point of view.

Nowadays, the model-driven approach is followed by numerous projects such
as MODELWARE [21], ATHENA [22], and INTEROP [23] in the European
Union, and Model Driven Architecture (MDA) [19] carried out by the OMG.

MDA is an emerging paradigm. A lot of work is being carried out within the
OMG framework in relation to PIMs, PSMs, and so forth, but the characterisa-
tion of CIMs and the features that an enterprise model must satisfy in order to
be considered a CIM and generate appropriate software are still in progress [15].
The main problem involved in enterprise modelling at the CIM level is how to
accomplish a clear definition of the various aspects that the actors want to take
into account. The domain and purpose of modelling, together with the aspects
that must be highlighted, should be defined, and then the most suitable Enter-
prise Modelling Language (EML) should be chosen [24]. Therefore, the number
of issues that can be modelled at the CIM level increases the complexity of CIM
models and their transformations, especially when the final aim is to capture
enterprise knowledge.

2.2 GORA Methods

At the same time, another areas of research have emerged that recognise the
importance of guaranteeing requirements quality by goals, especially Goal Ori-
ented Requirements Analysis (GORA) methods aiming at bridging the gaps
between stakeholders needs and requirements specifications [25]. These meth-
ods use mainly progressive top-down approaches [26-28]. They start from the
definition of the customers needs and, by refining and decomposing the needs
into more concrete goals, make it possible the elicitation of the system require-
ments by a top-down approach. The result is generally structured as a directed



AND-OR graph. Its upper parts show the needs and its lower parts show the
requirements. These approaches can be combined or weaved with use case mod-
elling techniques [29-31, 25] in order to get a clear connection between the goal-
oriented methods and the requirements elicitation processes. For example, [25]
proposes such an approach enabling the support of collaborative tasks and a
goal decomposition from multiple perspectives.

All these methods and techniques are devoted to information systems and
software engineering but are not limited to them and can be used in a broader
context such as Enterprise Modelling. As pointed out by [32] enterprise modelling
is in connection with requirements engineering and Goal-oriented approaches can
be used in this context. In this way, it is possible to establish links between goals
of the enterprise defined at several levels of granularity, for example from strate-
gic, tactic, and operative level, and the requirements system to be implemented
in order to reach these goals. However, one weakness of the these approaches is
that they generally use different formalisms at the enterprise level for expressing
strategic goals, and at the IT system development level. For example, a specific
formalism is developed in [32] for describing a Strategic Dependency model. In
the following sections, a Proposal founded on the definition of a UML Profile,
which allows to develop an integrated approach based on a unique formalism, is
presented.

3 Proposal for Enterprise Knowledge Modelling

The research presented on this paper focuses on Enterprise Goal Modelling. It
belongs to a wider research project [33] which aims at modelling Enterprise
Knowledge at the CIM level and, thus, the result of using it in enterprises is a
graphical model of the Enterprise Knowledge Map.

In general terms, this Proposal is based on Model Driven Engineering (MDE)
and, more particularly, on the MDA defined by the OMG. According to this ap-
proach, the process of developing a computer system is based on the separation
of the functional characteristics of the system from the details of its specification
on a specific platform. Therefore, the Proposal defines a framework for mod-
elling enterprise knowledge on the CIM level at two levels of abstraction,
which are required due to the great complexity of this level (see Table 1):

1. CIM-Knowledge: this corresponds to the top level of the model at the
CIM level; the enterprise is represented from a holistic point of view, thus
providing a general vision of the enterprise focused on representing enterprise
knowledge that will later be detailed in a local way in successive lower levels.

2. CIM-Business: here, the vision of enterprise knowledge is detailed by
means of a representation of its business, according to three types of models,
i.e. the Organisational, the Structure and the Behaviour Model.

The Proposal follows the MDE premise as a fundamental concept together
with the following principles, it is focused on Enterprise Modelling, since it



Table 1. Proposal for Enterprise Knowledge Modeling.

Abstraction Level Metamodel UML Profile Model Diagram
CIM-Knowledge Knowledge UML Profile for KM Knowledge Blocks
Ontological
Knowledge
CIM-Business Organisation UML Profile for GM  Organisation Goal
UML Profile for OSM Organisational Structure
UML Profile for AM Analysis
UML Profile for BRM Business Rules
Structure UML Profile for SM Structure Product
Resource
Behaviour UML Profile for BM  Behaviour Process
Service

takes into account enterprise dimensions and previous works leading to initia-
tives such as UEML! [35] and POP*?2 [33]; and it is a user-oriented modelling
framework, since it should be developed at the CIM level by domain experts.
From a technological point of view, this Proposal was implemented using the
capacity of UML2 to extend a metamodel, that is to say, by defining a UML2
Profile for each enterprise aspect to take into account. A summary of the Pro-
posal showing its abstraction levels, metamodels and profiles developed, as well
as models and diagrams proposed for each level are shown in Table 1.
The Proposal was developed following these steps:

1. Definition of the models and diagrams that can be used to obtain the
Enterprise Knowledge Map. The models and diagrams defined within the
Proposal are presented in Table 1.

2. Definition of the metamodels shown in Table 1, with the objective of
representing at conceptual level the elements used for Enterprise Knowledge
Modelling.

3. Definition of the UML Profile for Enterprise Knowledge Modeling,
following for each of the profiles detailed in Table 1 these steps:

— Definition of stereotypes, tagged values and constraints of the profile.
— Extension of the metaclasses of the UML2 Metamodel.
— Detailed description of the profile.

4. Implementation of the Profile using a UML tool (IBM Rational Software
Modeler Development Platform ® or MagicDraw UML 12.0.* for example).

5. Validation of the Profile by means of real case study.

In the next section, one of the profiles that makes up the UML Profile for
Enterprise Knowledge Modelling is presented as an example of how goal

! Unified Enterprise Modelling Language, first developed by the UEML Thematic
Network [34] and currently being worked on by INTEROP NoE [23].

2 Acronym of the different enterprise dimensions: Process, Organisation, Product, and
so on (represented by a star), proposed by ATHENA IP [22].

3 http://www-306.ibm.com /software/rational /

* http://www.magicdraw.com/



dimension is directly taking into account in this Proposal, since there is some
implicit concepts related to GORA concepts inside the other models of the Pro-
posal. Therefore, the main steps above depicted are shown in the next section for
goal dimension, that is to say, the suggested Goal Metamodel, the implemented
"UML Profile for GM’, and an example to illustrate the Goal Diagram.

4 ’UML Profile for GM’

The Goal Metamodel was defined with the objective of representing at concep-
tual level the elements related to goal dimension in enterprises. At conceptual
level, the main elements that are possible to represent based on [36] are shown
in Table 2.
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Fig. 1. Goal Metamodel: an excerpt of the Organisational Metamodel.

Figure 1 shows an excerpt of the Organisational Metamodel (the Goal Meta-
model), showing only the constructs needed to represent enterprise goals defined
from Table 2, which are the following:

— Objective: this represents any target that enterprises want to achieve, it
is possible to define it at different hierarchical levels: strategic, tactic and
operative. At the strategic level, this constructor is also used to represent
the enterprise’s mission and vision. For this class, the following properties
are defined:

e type: this specifies the category of the objective, which is one of the
following defined in the enumeration *ObjectiveType’: mission, vision,
strategic, tactic or operative.

e isLeaf: this indicates if it is not possible to divide the objective in other
subobjectives.



Constructor Question Target Knowledge

Objective Why? For Mission, Vision, Strategic Objectives, Tactic Objectives,
what? Operative Objectives

Strategy How? Strategy, Know-how

Plan Where? Business Plan, Action Lines

Variable With? Values, Strengths, Weaknesses, Opportunities, Threats,

Success Key, Policies, Attitudes

Table 2. Conceptual elements to represent in goal dimension.

e level: this indicates the hierarchical levels in which the objective is de-
fined, it is possible one of the following levels defined in the enumeration
’LevelType’: collaborative, strategic, tactic or operative.

— Strategy: this represents how the enterprise wants to achieve the objectives
proposed at strategical level.

— Plan: this represents the organisation of the work at different hierarchi-
cal levels in order to accomplish the objectives and strategy defined in the
enterprise. For this class, the following properties are defined:

e type: this specifies the kind of the plan, which can be one of the types
defined in the enumeration "PlanType’: business, action or initiative.

e period: this specifies the interval of time for what the plan is defined.

package UnL Profile for G [&] LML Profile for G ]

<=metaclass==
Class

I

<=enumer tion=:= =<=enumeration==

ObjectiveType LevelType

miszion collaborative

vision strateic

strategic tactic

tactic operative

operative

==enumeration=> | |==enumeration=>
PlanType VariableType
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attituces
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Fig. 2. Diagram of the "UML Profile for GM’.

— Variable: this represents any factor that is able to make influence in the
execution of the plans defined in the organisation. For this class, the following

properties are defined:

e type: this specifies one of the categories defined in the enumeration
*VariableType’: values, strengths, weaknesses, opportunities, threats,
successKeys, policies or attitudes.



Figure 2 shows the diagram of the implemented "UML Profile for GM’
by means of the MagicDraw UML 12.0., which was developed from the Goal
Metamodel shown in Figure 1. Finally, figure 3 shows the Goal Diagram for a
real case, in which is possible to notice some of the needed requirements for the
computer system, which can be mapped onto use case at system level.
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Fig. 3. Goal Diagram for an audit enterprise.

5 Conclusion

The Proposal for Goal Modelling presented in this paper is a first attempt to
establish links between enterprise and system models. This Proposal is a part of
a wider research work aiming at defining a set of UML profiles for bridging the
Enterprise Modelling domain to the System Development domain. Combining
the main advantages of using a common basic formalism (i.e. UML), with its
adaptation to specific concerns and viewpoints through the definition of UML
Profiles, and, at last, with a MDA approach makes it easier the definition of
links between models at enterprise level and at system level.
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