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Chapter 1 

Introduction and research problem analysis  

With the pre-establishment of long-term associations/alliances among small and 

medium-sized enterprises (SMEs), an environment can be formed, aiming to increase 

and facilitate potential SME partnerships, such as those in Virtual Organisations (VOs), 

in order to approach and take advantage of the emerging market & society 

opportunities. These environments can thus serve as the VO breeding environments. 

Our research is focused on the design and development of the 2nd generation Virtual 

organisations Breeding Environments (VBEs), and addresses many of the challenges 

related to the creation of VBEs and their effective operation. This Chapter discusses 

a set of problem areas and open questions targeted by our research, as well as 

the methodology used to tackle these problem areas. As such, it first defines the existing 

background of this area (the so-called 1st generation) VBEs, and specially introduces 

four high-level research challenges related to their creation and operation, including: 

(i) facilitating the common understanding of environmental concepts, (ii) effective 

assistance with the VBE instantiation in different sectors and domains, (iii) supporting 

the required dynamism and scalability of VBEs and (iv) boosting and balancing 

the involvement of VBE members in the VOs. It further focuses on the need for 

development and management of VBE ontologies as the basis for addressing the above-

mentioned challenges, and presents a methodology for development and evolution of 

such a VBE ontology. At the end, the Chapter briefly presents the context of the EC-

funded integrated research project ECOLEAD, within which this research is performed. 

This Chapter ends with a summary of the author’s publications, presentation of 

the structure of this thesis, and the conclusions. 

1.1. Introduction 

Stimulated by fast technology development, the fluctuating customer demands, and turbulent 
market and society conditions, small and medium-sized organisations/enterprises, the so-
called SMEs, are especially threatened. Having limited resources (machinery, human, etc.) 
and restricted capacities and potential to get involved in innovation, SMEs have far less 
chances to respond to the complex emerging opportunities, and to compete with larger 
organisations.  

As practice has shown however, SMEs’ chances of remaining competitive increase 
when they join forces and work together, e.g. within some new forms of organisations [1] 
called the Virtual Organisations (VOs) [2]. As members of a VO, organisations benefit from 
combining their resources, capacities and expertise, in order to create a larger/stronger entity 
in the market/society, when also agreeing to share their profits and losses. In 
the manufacturing sector for instance, SMEs establish VOs and together produce more 
complex and cost/quality effective products, which they cannot produce individually. 
Similarly in the service industry, SME service providers, e.g. hotels, airlines and car rental 
companies join efforts and form VOs, either to offer more integrated value-added packages, 
or to develop more personalised and tailored services for their end customers or travel 
agencies. 

However, both research and practice in the area of VOs have shown [3] that pre-
establishing some form of longer-term networks among the SMEs, the so-called Virtual 

organisations Breeding Environments (VBEs), can optimise and facilitate the effective / 
agile formation and setup of the VOs [4][5]. VBEs primarily aim to provide the set of 
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required functionalities that on one hand increase the discovery of suitable market 
opportunities and identify the best-fit partners to address the opportunity and support the VO 
formation and establishment, and on the other hand prepare their member organisations in 
advance, for more effective collaboration within the established VOs.  

Figure 1.1 illustrates three different ways of addressing the emerging opportunities 
within the market/society. Also for each trajectory, its related differences and/or advantages 
are emphasised. 

Emerged opportunity 

in market and/or society requiring a 
large set of capabilities and capacities 

Organizations / 

SMEs

•Each possessing specific 
competencies and resources

Trajectory 1 

Difficulties:

•The organization 
may not have 
sufficient 
competencies and 
resources

Trajectory 2 Difficulties:

•The broker must spend 
too much time and effort 
to find other partner 
organizations, and to 
establish working and 
sharing principles among 
them, and to create the 
needed common 
collaboration environment 
and infrastructure

Trajectory 3

Advantages:

•A broker inside the VBE selects 
organizations with complimentary 
competencies and resources covering the 
needs of the emerged opportunities
•VBE forms the VOs fluently and 
dynamically 

1

Organizations / 

SMEs

•Each possessing specific 
competencies and resources

Virtual Organization (VO)

•Coordinating partner organizations in 

performing their sub-tasks

2

Virtual organizations Breeding 

Environment (VBE)

•A priori preparation of member 
organizations for effective collaboration

•Creation of the needed commonality
•Formation of VOs

3

An organization / 

SME

•Possessing specific 
competencies and resources

 
Figure 1.1 - Three approaches for addressing emerging opportunities 

This Figure illustrates three different ways of addressing emerging opportunities within 

the market/society as three different Trajectories to follow by organisations/SMEs: 

Trajectory 1: by a single organisation, Trajectory 2: through formation of a VO 

configured from the open universe of organisations and Trajectory 3 by formation of 

a VO inside a VBE. This Figure also shows the main difficulties faced by SMEs in 

Trajectories 1 and 2, which are eliminated in Trajectory 3.  

For the requirement analysis stage, as well as the validation of our research, we 
collaborated with a number of existing VBEs from Europe and Latin America (see annex 
A for the list of these networks), to which we refer in this thesis as the 1st generation VBEs. 
Particularly, we have studied their current practices and challenges [6]. In this study, we have 
also performed an analysis of their needed requirements in order for them to evolve, and 
develop the 2nd generation [7]. Our main observations and gathered requirements about 
modelling and management of the knowledge, information, and data in these VBEs are 
addressed below, followed by introducing our planned research approach for this thesis.  

As the base, to support its fundamental functionalities and operations, every VBE needs 
to accumulate a wide variety of data, information and knowledge. Influenced by [8], we 
define the data, information and knowledge in VBEs as follows: VBE data represent some 
sets of symbols, which are typically held in the cells of the VBE database. As such, these data 
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have no significance beyond their existence and do not have meaning of their own. VBE 
information represents data that have been given meaning by way of expressing their inter-
relational connections, e.g. within the relational database that we develop for VBEs, however 
this "meaning" may not be necessarily useful for the VBE stakeholders. The VBE knowledge 
on the other hand, represents an appropriate set of collected information and their related 
context within the VBE, intended to facilitate VBE functionality and its stakeholders. 
Knowledge accumulated in VBEs should be commonly understood by all its stakeholders, as 
well as properly formatted and stored in form of information and data, so that it can be 
effectively retrieved, processed, and analysed.  

The data, information, and knowledge related to each VBE must be gathered from two 
sources: (1) from the generic VBE specification and the VBE reference model, representing 
what is shared by all VBE instantiations and (2) from the specific domains of activities for 
this VBE (e.g. metalworking, health-care, etc.). These two types of information/knowledge 
sources are illustrated in Figure 1.2. An initial brief description of these two sources and their 
different kinds of elements is also provided below.  

Structural 
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•Principles
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•Culture

•Ethical code

•Bylaws

•Agreements

•Incentives

•Rewards

•Governments

•NGOs

•Societal nature of 

the VBE

•Potential VBE 

members

•Attracting 

strategy

•Recruiting 

strategy

Endogenous elements Exogenous interactions

Generic data / information / knowledge about VBEs  

(ARCON reference model based)

Specific data / 

information / 

knowledge 

related to

VBE members’ 

activity 

domains

Information kinds:

• Processes

• Competencies

• Machines

• Practices

Example domains:

�Manufacturing

�Health care

�Sells

�Services

�Etc.

 
Figure 1.2 – Variety of data/information/knowledge accumulated at each VBE  

This Figure illustrates two different types of data/information/knowledge that need to be 

accumulated in each VBE, including (1) generic data/information/knowledge about VBEs, 

represented by the generic reference models of the VBE (e.g. ARCON-based [9][10]), 

which consists of both elements of its endogenous and exogenous dimensions and (2) 

specific data/information/knowledge, related to the domain of activities considered for 

the VBE. 

 The generic VBE data, information and knowledge address the VBE aspects and 
characteristics common to all VBEs. Here, the main types are already specified by 
the ARCON reference model (as further outlined in detail in Section 1.2.1).  

The data, information and knowledge about activity domains are related to the main 
processes, products, services, expertise and competencies that are available within a specific 
VBE domain of activity or business area.  
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Considering the complexity and heterogeneity of generic VBE structure, and 
the specificity of its domain applications, in collaboration with a number of running 1st 
generation VBEs, we have identified challenging requirements for supporting different stages 
of its life cycle (i.e. creation/foundation, operation, evolution, metamorphosis) as illustrated in 
Figure 1.3. The arisen questions must be answered to successfully support the establishment 
and operation of 2nd generation VBEs. 

At VBE foundation stage

• How to effectively set up the new VBE 
infrastructure?

• How to get/generate domain terminology sets?
• How to develop information systems that can 

evolve?

• How to learn about VBEs?
• How to reach common understanding with the VBE administrators and other members?
• What are VBE competencies, capabilities, and capacities and how to register SME’s capabilities?
• How to daily register the update competencies, capacities, etc.?
• How to increase chances for VO involvement?

At VBE evolution stage

• How to incorporate the new domain terminology?
• How to apply innovative aspects from academy 

and other VBEs?

At VBE metamorphosis stage

• How to integrate knowledge 
bases of two different VBEs? 

Market and society

• Change of technologies

• Change of trends and tendencies

• Change of customers’ demands

At VBE operation stage

• How to effectively familiarise new 
members with the VBE paradigm?

• How to effectively acquire members’ 
current capabilities and capacities?

• How to fairly balance VBE members 
involvement in VOs?

An organization /

SME

•Specific 
domain of activity

Virtual organizations 

Breeding Environment (VBE)

•Complex structure
•Multiple components and 

functionalities

 
Figure 1.3: Challenging questions in VBEs and their root causes 

This Figure illustrates a number of main challenging questions that both the management 

of 1
st
 generation VBE and their member organizations face during different stages of 

the VBE life cycle. Most of these challenges are caused by the complexity and 

heterogeneity of VBE environments, specialisation of VBE application domain, as well as 

by the dynamic nature of the market and society where VBEs operate.  

Challenge I - Establishing common understanding of VBE aspects. There is still a lack 
of common definition for the generic VBE concepts, which in turn causes the lack of 
understanding and effective communication of concepts within the VBEs [11]. In practice, 
this problem becomes even more severe due to both the need for merging and interrelation of 
different types of generic concepts within the VBE, and the continuous and dynamic joining 
of new members/actors to the VBE, each bringing their own new domain-dependent 
knowledge and terminology.  

Challenge II - VBE instantiation to different domains. VBE instantiation to every 
specific domain of organizations activities is costly and time/effort consuming. This is 
because every VBE at its creation step should establish the common ICT infrastructure, 
the VBE working and sharing principles, as well as customization and parameterization of its 
ICT infrastructure which are not straightforward.  

Challenge III - Supporting dynamism and scalability of VBEs. In order to capture as 
many as possible the emerged opportunities, VBEs need to be very dynamic in adapting to 
new trends. This means potentially inviting more members and increasing its size. The new 
members shall provide the VBE administrators with information about their competencies and 
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capacities, and similar to their members they should constantly provide updates of this 
information. Some intelligent ICT-supported approaches must be developed to facilitate these 
processes. 

Challenge IV - Balancing and boosting VO involvement. The variety of representation 
as well as the dynamism in features and abilities of the VBE member organisations pose 
obstacles to their processing for the purpose of their involvement in potential VOs. At present, 
the lack of homogeneity in organisations’ representation in 1st generation VBEs has resulted 
the lack of fair chances of being involved in configured VOs.  

Challenge I -
Establishing common 
understanding of 
VBE aspects

Challenge II –
Facilitating VBE 
instantiation to 
different domains

Challenge III –
Supporting dynamism 
and scalability of 
VBEs

Challenge IV -
Balancing and 
boosting of
VO involvement

� Incoming members
� VBE members with 

different 
backgrounds

� VBE administrators
� VBE’s IT specialists
� VBE’s domain 

experts

� VBE member 
organisations with 
less capacities and 
capabilities

� VBE administrators
� VBE members

A
ff

ec
te

d 
V

B
E

 a
ct

or
s

VBE members’ 

profiles and competencies

 
Figure 1.4 – The VBE management challenges  

This Figure illustrates four main challenges for VBE management system, which are 

addressed in this thesis. For each challenge, the VBE stakeholders that are affected by 

the challenge are specified. The Challenges I to III are related to the generic variety of 

VBE information, while the Challenge IV is related to the representation of VBE 

members’ profile and competency information. 

To address the above information-handling-related challenges, this thesis suggests 
the development and management of an ontology for VBEs. Considering the traditional 
definition of ontology [12] as: “a specification of a representational vocabulary for a shared 
domain of discourse”, the use of ontology lies at the heart of developing the management 
system functionalities for the emerging VBEs (2nd generation VBEs). The VBE ontology can 
therefore serve as the shared conceptualisation for the VBE, which needs to be communicated 
among all involved people and application subsystems. Furthermore, it can provide a base for 
common understanding among the stakeholders at the VBEs, as well as for creating 
interoperability among different VBE management tools.  

This thesis details at the development of the VBE-ontology - a generic and unified 
ontology for VBEs, which is built up to specifically address Challenges I, II and III 
mentioned above. Furthermore, a main part of this ontology focuses on the modelling and 
specification of the profiles and competencies of VBE member organisations. The latter is 
a vital source of information in the VBEs to support the match-making process for the VO 
configuration. This aspect of VBE-ontology addresses challenge IV mentioned above. As 
such, our proposed unified VBE-ontology, uniformly represents all VBE data, information, 
and knowledge, related to the above four challenges of VBE management system. These 
aspects are briefly defined below, while the more detailed description of the goals for 
the VBE-ontology is provided in Section 1.2.3. 

The VBE-ontology developed in this thesis addresses Challenge I above through its 
representation of concepts and terms in a detailed and uniform format, so that it can be shared 
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and commonly understood by a variety of VBE stakeholders. It responds to Challenge II by 
serving as a data model useful for development of the VBE databases, for specification of 
a VBE data classification, and for parameterising VBE management tools. Furthermore, it 
responds to Challenge III through provision of semantics that support semi-automated 
management of VBE information, which in turn accelerates the information management 
processes of the VBEs. Finally, it responds to Challenge IV by providing means for formal 
and uniform representation of characteristic information related to VBE members, such as 
their profiles and competencies, which can in turn support the balanced involvement of 
organisations in potential VOs.  

Furthermore, to comprehensively address challenges I to IV with ICT-based supporting 
tools, the thesis introduces the development of a system called the ColOnto (Collaborative 
networks Ontology system), which is built on top of the VBE-ontology. The ColOnto consists 
of two main parts: (1) the conceptual part, representing the VBE-ontology and 
(2) the functional part representing a set of functionalities supporting the maintenance and 
management of the VBE-ontology. A methodology for development of the ColOnto is 
outlined, in Section 1.5.  

The main contributions of this thesis are twofold: 
• Describing the methodology applied for design and engineering of a unified ontology for 
VBEs, called the VBE-ontology (addressed in Chapter 3). This ontology introduces 
a compound structure with different partitions for each specific VBE information 
management component. One main partition of this ontology represents and specifies 
the profiles and competencies of the VBE member organisations.  
• Designing and development of an information management system and a set of specific 
functionalities to tackle the VBE-ontology (addressed in Chapter 4). This system, called 
the Ontology Discovery and Management System (ODMS) introduces among others a set of 
specific services to help both VBE members in familiarising themselves with the VBE 
concepts, and the VBE manager in parameterising different VBEs’ management sub-systems. 
One main component of the ODMS addresses the Profile and Competency Management 
System (PCMS), which in turn introduces the set of functionalities required for management 
of profiles and competencies of different VBE actors. 

The other two chapters of this thesis cover other complementary aspects of the research: 
Chapter 2 specifies the background and base required for development of ColOnto, including 
the state of the art in research and practice, and a set of requirements which are collected from 
running 1st generation VBEs related to ColOnto, and Chapter 5 addresses the evaluation and 
validation of the ColOnto.  

The rest of this Chapter is organised as follows: Sub-section 1.2 first provides a brief 
background description on the VBEs. It then narrows down to the problem area of this thesis 
and the need for VBE ontologies, as well as addressing the specific ontology for profile and 
competency management in VBEs. Sub-section 1.3 outlines the reasoning behind this 
research, namely it addresses the main challenges regarding the development and 
management of the VBE-ontology. Sub-section 1.4 introduces the specific research questions 
addressed in the thesis, as well as the main research objectives and scope. Sub-section 1.5 
addresses the methodology applied to this research. Section 1.6 describes the ECOLEAD 
project, within which this research was primarily conducted, and provides a list of 
the author’s publications through which the research results are addressed. Sub-section 1.7 
defines the structure of the thesis in more detail, and Sub-section 1.8 concludes this chapter. 
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1.2. Virtual organisations Breeding Environments 

The need for Virtual Organisations - VOs, as new organisational forms which extend 
the capabilities and capacities of existing enterprises and makes them more competitive in 
the market and/or society, was first identified in the 1970s, mostly in the early works of 
economists such as [13]. Until the last decade however, research on Virtual Organisations as 
a goal-oriented network, configured to deliver joint products and services, have assumed that 
partners of VOs can be easily identified, and those most suitable can be simply selected from 
the wide open universe of organisations, e.g. nowadays through the Internet. But this 
assumption has overlooked a number of challenging obstacles to this process, among which 
the following can be mentioned [14]: 
o How to find out about the mere existence of potential partners in the open universe and 
how to deal with incompatible sources of information?  

o How to acquire basic characterising profile and competency information about 
organisations, when there is no common template or standard format?  

o How to quickly establish the required inter-operable collaboration infrastructure for VOs, 
given the multi-levels heterogeneity of autonomous organisations, and the diversity of their 

interaction systems?  

o How to build trust among organisations in the configured VOs, which is the basis for any 
collaboration?  

o How to develop and agree on the common principles of sharing and working together in 
the configured VOs?  

o How to quickly reach agreements on the roles and responsibilities of each partner, to 
reflect their sharing of tasks and the rights concerning the produced results?  

To achieve dynamic, fluent and agile formation of the VOs, it is necessary that 
the potential partners are prepared and ready to participate in such collaboration. This 
requires the existence of commonality in their interoperability infrastructure, their operating 
rules and their cooperation agreements, among other aspects. Another requirement for such 
collaboration is the pre-existence of a basic level of trust among the organisations. In practice, 
and mostly in new manufacturing areas, these and other requirements necessitated 
the establishment of a-priori long-term strategic alliances (also referred to as the “breeding 
environments” for VOs), in order to provide the necessary context for effective dynamic 
creation of shorter-term goal-oriented networks. The term Virtual organisations Breeding 
Environment (VBE) representing these alliances is introduced and defined in [14] as follows:  

Virtual organisations Breeding Environment is an association of organisations 

and a set of related supporting institutions which adhere to a base long-term 

cooperation agreement and adoption of common operating principles and 

infrastructures, with the main goal of increasing their preparedness for 

collaboration within potentially configured Virtual Organisations. 

 
To comprehensively capture the variety of VBEs’ elements, aspects, functionality, etc., 

we first look at the VBE reference model in the Sub-section 1.2.1. Following that, the Sub-
section 1.2.2. describes in details the four challenges introduced in the last section, and 
the Sub-section 1.2.3 explains how ontologies present the appropriate base for tackling those 
challenges. 

1.2.1. VBE reference model 

A generic reference model is defined for Collaborative Networks [16] to address all their 
concepts, components, functionalities, processes, etc. This reference model called ARCON (A 
Reference model for Collaborative Networks) introduces an extendable modelling 
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environment, and comprises: (i) a modelling framework and (ii) a set of predefined reference 
models generated within this framework, each representing a main type of collaborative 
networks. The VBE (Virtual organisations Breeding Environment) reference model represents 
one such predefined ARCON reference model [9]. 

The modelling framework of ARCON for CNs introduces and applies three 
perspectives, including: (i) CN environment characteristics, (ii) CN life cycle stages and 
(iii) CN modelling intents. Below these are addressed in more detail specifically in relation to 
the VBE reference model. 

Structural dimension

Componential dimension Functional dimension

Behavioral dimension

Societal dimension

Support dimension

Constituency dimension

Market dimension

Endogenous 

elements 

subspace

Exogenous 

interactions 

subspace

 
Figure 1.5 - Subspaces and dimensions in the ARCON reference framework 

for Collaborative Networks 
This Figure illustrates the two subspaces of the CN reference model, namely 

the endogenous and exogenous subspaces, and their related eight dimensions, which are 

the main features defining the ARCON reference model. These subspaces and their 

dimensions serve to classify wide variety of different elements / components of 

collaborative networks, for instance concerning the VBE environments. Namely, 

the Figure shows that the “Endogenous Elements” subspace consists of the structural, 

componential, functional and behavioural dimensions, while the “Exogenous 

Interactions” subspace consists of the market, support, societal and constituency 

dimensions.  

(i) VBE environment characteristics. The VBE reference model comprehensively 
addresses all heterogeneous elements / components of the VBE environment (as addressed in 
Figure 1.5). As an instantiation of the ARCON reference models, the VBE components are 
first grouped into two “subspaces”. The “VBE Endogenous Elements” subspace that 
represents all elements inside the VBEs and the “VBE Exogenous Interactions” subspace that 
represents all components outside of the VBE that have close interaction with it. Each 
subspace is then divided into four different “dimensions”, i.e. the structural, componential, 
functional and behavioural dimensions for the “VBE Endogenous Elements” subspace, and 
the market, support, societal and constituency dimensions for the “Exogenous Interactions” 
subspace. These two subspaces and their dimensions together fully capture and represent all 
characteristics of the VBE environments. While each of the eight dimensions are briefly 
described below [17], a more detailed specification of the endogenous element, i.e. 
the structural, componential, functional and behavioural dimensions, is provided due to their 
closer relevance to the subject of this thesis. 
•  VBE Endogenous Elements subspace: 
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- Structural dimension addresses the structural composition of the constituting “active” 
elements of VBEs, namely its participants and their relationships, the roles performed by 
these elements, and other compositional characteristics of the network, such as its 
typology, etc.  

- Functional dimension addresses the “base functions / operations” that must run in 
the network, as well as the time-sequenced flows of executable actions (e.g. processes) 
related to different phases of the VBE’s life cycle. The set of methodologies and 
procedures that run in the VBE are therefore captured by this dimension. 

- Behavioural dimension addresses the conduct principles and policies, as well as 
the governance rules that either drive or constrain the behaviour of the VBE and its 
members over time. Included here are elements such as the principles of collaboration 
and related rules of conduct for VBE members, principles of trust establishment, 
contracts, conflict resolution policies, etc. 

- Componential dimension addresses the individual tangible/intangible elements in 
the VBE’s network. As such, different resources such as the human elements, software 
and hardware resources, as well as the information and knowledge are all addressed by 
this dimension.  

• VBE Exogenous Interaction subspace: 
- Market dimension addresses the issues related to interactions with “customers”, 

representing potential beneficiaries as well as “competitors”. Facets related to customers 
include elements such as transactions and established commitments, marketing and 
branding, etc. Related to the competitors, issues such as market positioning, strategy, 
policies, etc. are addressed. Also included in this dimension is the purpose / mission of 
the VBE, its value proposition, joint identity, etc. 

- Support dimension addresses issues related to support services which are provided by 
the third party institutions (outside of the VBE). The certification services, auditing, 
insurance services, training, accounting and external coaching are examples of related 
issues. 

- Societal dimension addresses issues related to interactions between the VBE and 
the society in general. Although this perspective can have a very broad scope, the idea is 
to model the impacts that VBE has or potentially can have on the society, for example its 
impact on employment, economic sustainability of a given region, potential for attraction 
of new investments, as well as the constraints and/or facilitating elements (e.g. legal 
issues and public body decisions) of the society that affect the VBEs. 

- Constituency dimension addresses issues related to the VBE interaction with the universe 
of its potential new members, i.e. the interactions with those organisations that are not 
part of the VBE but that the VBE might be interested in attracting. Therefore, general 
issues like sustainability of the network, attraction factors, what builds / provides a sense 
of community, or specific aspects such as rules of adhesion and specific “marketing” 
policies for members, are considered here. 

 
(ii) VBE life cycle. The ARCON framework addresses the complete set of life cycle 

stages of collaborative networks in relation to their environment characteristics. For instance, 
in the ARCON reference model for VBEs, the VBE environment characteristics are addressed 
in relation to every phase of the VBE’s life cycle. As such, the VBE reference model 
represents at which stage of its life cycle specific VBE elements (e.g. specific information 
repositories or functionalities, etc.) have to be established, specified, activated, or become 
operational. The VBE life cycle phases are illustrated in Figure 1.6. It consists of three main 
phases and six related stages. The VBE’s creation phase includes the initiation and foundation 
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stages. The VBE’s daily business phase includes the operation and evolution stages. And 
the VBE’s change of nature phase includes the metamorphosis or dissolution stages. 

(iii) VBE modelling intents. ARCON captures not only the definitions of VBE’s 
elements and components, but also how they are modelled, as they may be represented in 
different modelling systems, such as using the UML diagrams, Petri nets, causal diagrams, 
etc. For this purpose, ARCON introduces three different VBE modelling intents, namely: 
the general representation intent (i.e. including the general definitions of its elements), 
the specific modelling intent (i.e. including detailed conceptual models related to specific 
aspects of the VBE elements) and the implementation modelling (i.e. including detailed 
models as implementation specification of each a specific VBE application). 

 
In order to systematise each element of the ARCON reference models, we have 

introduced a semantic indexing scheme for ARCON [18]. In this scheme, every element 
introduced within the ARCON framework as well as every specific instantiated element of 
the ARCON model has an index, which uniquely identifies its location/position within 
the framework/model. 

Initiation

Foundation

Creation

Operation

Evolution

Daily business

Metamorphosis

Dissolution

Change of nature

 
Figure 1.6 – Main stages of the VBE’s life cycle 

This Figure illustrates the three main phases of the VBE’s life cycle, including VBE 

creation, its daily business, and the change of the VBE’s nature. It also indicates their 

related more detailed stages, including VBE initiation and foundation during the first 

phase, VBE operation and evolution during the second phase, and VBE metamorphosis or 

dissolution during the third phase. 

The following Section addresses the endogenous elements of VBEs (namely for 
the structural, functional, componential and behavioural dimensions of its ARCON’s 
reference model) in more detail. It specially aims to demonstrate the complexity of these 
dimensions, which raises a number of challenges for the VBE creation and operation phases. 

1.2.1.1. Structural dimension  

The generic structure of the CNs, including the main types of its actors, the roles that they can 
play and the types of inter-relationships among them, needs to be carefully modelled [14] 
when instantiated to VBEs. Depending on the VBE’s size and domain of activities, the VBE’s 
structure can become complex and a challenge to its operation stage. The VBE members are 
typically heterogeneous in terms of their domain of activities, value systems, size and general 
reasons for their involvement in the VBE. This Section addresses the way in which 
the structural dimension of the ARCON reference model for VBEs specifies the generic 
structure of these networks, namely the way it categorises the variety of VBE actors, as well 
as their roles and relationships.  

The VBE actors can be characterised by their following parameters: 
a) Level of membership. Two levels of membership can be granted to the VBE members: 
(i) primary entity, which represents an actor that can have a direct participation in the main 
business processes, leading to the products or services produced in the scope of the VBE’s 



21 

domain; (ii) support entity, which represents an actor not directly involved in the “production” 
processes, but that performs supporting services to facilitate / enable the normal operation of 
the VBE, e.g. assisting VBE members with their cooperation preparedness. 
b) Role. Depending on the interest and aims of the organisations in the VBE, actors can play 
different roles. One VBE member can also play several roles in the VBE. Different types of 
roles that VBE members can play in the VBE include:  

o VBE regular member (i.e. the most common role), VBE administrator, VBE advisor, 
VBE expert (e.g. ontology expert, domain expert), VBE support provider (e.g. 
Ontology provider, Support service provider, etc.), VBE membership applicant, and 
VBE customer, as well as the roles that they can play within VOs (e.g. VO partner, 
Opportunity broker [15], VO planner, VO coordinator). 

c) Size. The VBE members can also differ in their sizes, which affects the amount of 
resources and competencies they can offer to the VBE, and thus their so-called “weight” in 
the VBE.  
d) Value system orientation. By their value system orientation the VBE actors can be 
divided into the following two types: For-profit entities representing business-oriented 
companies which provide products and/or services to the market/society, and that get involved 
in the VOs to gain quantitative benefits. Non-profit institutions representing for example 
universities, NGOs, environmental support organisations, etc., that get involved in the VOs to 
gain qualitative benefits.  
e) ICT development level and collaboration preparedness. Typically, organisations in 
VBEs differ by their ICT development level and collaboration preparedness, which in turn 
also affects how active and dynamic they are within the VBE. 

Members can also have a number of different relationships with each other. These 
include any kind of logical or physical connections or associations established with others, 
usually referring to some form of interaction, among two or more actors. In the case of VBEs, 
several relationships can be defined between actors. For each type of relationship and its 
involved actors a specific network topology (graph) can be represented. The main types of 
relationship include: cooperation (i.e. the norm in VBEs), collaboration (i.e. the norm in 
VOs), trusting, specific communication/information flow, exchange/sharing agreements, and 
control/supervision. 

The complexity of the VBE’s structural dimension addressed above may result 
obstacles to the VBE’s organisational set up. Both primary and support actors need to be 
aware of all the VBE’s structural organisations in order to better position themselves in 
the VBE and to achieve maximum productivity.  

1.2.1.2. Functional dimension and competency-based VO creation 

VBE performs a large number of different types of activities through its entire life cycle. 
The functional dimension of ARCON addresses the list of the VBE’s activities, as well as 
the methodologies needed to perform these activities [19]. All VBE activities are basically 
divided into the following three main types: (i) the background processes of VBE 
management (e.g. creation of repositories, and bulk registration of participants), (ii) 
fundamental operational processes of VBE management (e.g. VBE membership management, 
trust management) and (iii) VO creation management processes (e.g. most-fix partner 
selection and task planning). These operation together form the VBE management system 
(VMS). The above three types of VMS functionalities/processes are briefly addressed below: 
1. Background processes of VBE management typically take place during the VBE’s 
creation and change of nature phases. They include processes that are designed to assist 
the VBE in terms of its maintenance and operations improvement. The main such processes 
include:  
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o Creation of repositories 
o Setup of VBE management sub-systems 
o Bulk registration of founding participants 
o VBE common ontologies adaptation and evolution 
o VBE inheritance management 

2. Operational processes of VBE management take place during the VBE operation and 
evolution stage of its daily business phase. They are aimed at management of: the VBE 
members, the VBE information components, and preparing VBE for its main activities, 
namely the facilitation and support of VO creation. The fundamental processes in this 
category include:  

o VBE membership management (i.e. assignment of roles, rights and rewarding of 
members) 

o VBE members’ profile and competency management 
o Management of trust among VBE members 
o VO inheritance management 
o Management of VBE value system information, management of support institutions 

information (i.e. information about institutions that can support VBE members with 
services such as training, accounting, etc.) 

o Management of bag of assets information (i.e. the sharing of documents and software 
of common interest within the VBEs) 

o Management of information on VBE’s government and policies  
o Decision support management 
o Performance management. 

3. VO creation management processes take place during the VBE operation stage and 
comprise the main processes of VO creation, including: 

o Finding collaborative opportunities (COs) for new VOs 
o Decomposition of the identified COs into subtasks, and rough planning of the VOs 
o Search for and suggestion of candidate partners for the new VOs 
o Negotiation between the VO candidate partners, to finalise the VO establishment 

 
During the VO creation processes, an extensive analysis of certain qualification 

information related to VBE member organisations is required. When a new CO is identified 
and characterised, as a first step its specifies the need to be matched against aggregate 
competency information representing all VBE members, in order to primarily identify if this 
VBE can address this specific CO or not.  

Assemblies

Product

Sub-assemblies

Components

Activities

Project

Sub-activities

Tasks

 
 

Figure 1.7 - Product and Project Decomposition  
This Figure illustrates that the product description can be broken down into descriptions 

of its assemblies, sub-assemblies and components, while the project’s description can be 

broken down into a set of its constituents, namely activities, sub-activities and tasks.  
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The CO description is best represented through its two main components of product and 

project. The product represents the targeted product or service which needs to be produced 
together with its constituting components. The project specifies the production processes 
which are needed to develop the targeted product/service, together with its constituting 
activities [20]. The way a CO is broken down into related products and projects is illustrated 
in Figure 1.7. The arrows demonstrate decomposition of products and projects into their 
potential components. 

Therefore, a new VO will involve a number of VBE members that can collectively 
perform all activities/tasks needed for the project, as indicated in the project decomposition, 
as well as collectively producing all components of the targeted product/service, as defined in 
the product break-down. Usually, based on the analysis of competency information provided 
by all members, the VO broker selects the best-fit partners in the VBE for the potential 
establishment of a new VO. Consequently, in order to increase the chances for participating in 
VOs, each VBE member should provide relevant information about the activities it can 
perform and the products/services it can produce/offer, as a part of its organisation’s 
competency definition. The competency information is therefore the main information 
required to be collected from the VBE members in order for them to be considered for partner 
selection and VO creation, and fulfilling the CO’s requirements. Thus, the VO creation within 
the VBE can be referred to as the “competency-based VO creation”. 

Furthermore, in order to garner an invitation / involvement in new VOs, VBE member 
organisation must keep detailed and up-to-date information about its competencies.  

1.2.1.3. Behavioural dimension 

This dimension mainly addresses the set of elements which regulate the VBE operation. 
These elements are classified into four classes: 
• Prescriptive behaviour regulations – which address normative guidelines or rules for 
the proper behaviour in the VBE, such as (general) principles, strategies, and protocols. These 
regulations mainly address the following:  

o Cultural (behavioural) principles, including: regional traditions, business culture and 
NGO culture  

o Governance principles, including: VBE general member behavioural principles, and 
domain specific principles  

o Incentive policies and member rewarding 

• Obligatory behaviour regulations – which set out the rules and principles that must be 
followed inside the VBE network, such as the working and sharing policies, governance 
values and the associated enforcement steps. These regulations mainly include: 

o VBE bylaws: e.g. membership policy, financial policies, contract enforcement policy, 
conflict resolution policy, security issues policy, bylaw amendments policy 

o Internal regulations: e.g. ICT use guideline, rewarding/sanctions principles 
o General law in the VBE region  

• Contracts and agreements – which represent both the contracts established between 
the VBE and its external customers, as well as the internal contracts established for VO 
creation, and cooperation agreements among the network members. These models must have 
representations that are understandable to both humans and software systems.  
• Constraint & condition - which represent those VBE environment related features that 
limit the context of operation for the VBE and its members. These may include: 
confidentiality constraints, legal constraints, standard constraints, internal normative 
constraints and physical constraints. 
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The variety of VBE actors and functionalities addressed in the previous Sub-sections 
above makes the development of the VBE behavioural regulation elements challenging. 
Establishment of the government system for every VBE application is both time and effort 
consuming. 

1.2.1.4. Componential dimension 

This dimension addresses all resource components accumulated in the VBEs, including 
the physical resources, ICT resources, human and information resources, as outlined below in 
more detail. 

Related to the subject of this thesis, this Section puts the emphasis on information 
resources, while these resources also encompass information about the other dimensions of 
the VBE reference model, namely about the VBE structural, functional and behavioural 
dimensions. Each resource is briefly addressed below. 

• Physical resources mainly represent the production equipment needed for the specific 
application domain of the VBE. In the case of industry networks, it includes for instance 
the layout of the shared facilities as well as the logistics networks.  
• ICT resources represent entities characterising the ICT hardware equipment, software 

and infrastructures used / shared in the network. The software resource also includes 
the VBE Management System and its subsystems. 
• Human resources represent the human force available in the VBE network, listed 

mainly in terms of their competencies, profiles, the potential roles they can perform in 
VBE, etc.  
• Info / knowledge / asset resources comprise repositories of information and 

knowledge and online assets that are shared by the network members or that support 
the collaboration processes and the networked organisation. They also encompass all data 
and information accumulated in the VBE management sub-systems, as well as 
the knowledge acquired and stored by the VBE human resources and other actors, as 
exemplified below. 

o Data handled by VBE management sub-systems, including: 
− Profile/ competency data of VBE members, data related to management 
of trust of VBE members, information about new and running VOs, etc. 

o Information components stored within the VBE bag of assets to be shared by all 
VBE members:  
o General VBE characterisation information (e.g. its aggregate competencies) and 
VBE inheritance information (e.g. the knowledge that will be preserved when a VBE 
dissolves) 
o Ontologies stored for the VBEs, including the VBE common ontologies and VBE 
domain related ontologies 

Considering the wide variety of information resources needed in VBEs, these resources must be obtained 
thoroughly and organised carefully, while specialised supporting ICT tools are needed to maintain and 
analyse this information. 

1.2.2. VBE management challenges  

Considering the diversity of the VBE endogenous elements, namely the VBE structure, 
functionalities, behavioural regulations, and resource components (as addressed in Section 1.1 
and detailed in Section 1.2.1), the creation and operation of VBEs are challenging. 
The experience of the currently running VBEs demonstrates that these challenges even cause 
failure of the VBEs.  
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In Section 1.1 we have briefly introduced four main challenges, which in this thesis will 
be further addressed, which are also illustrated in Figure 1.4. Below this Section presents 
a more detailed specification of these challenges.  

1.2.2.1. General description of the four challenges 

Addressing these four challenges through introduction and provision of new approaches, 
models, mechanisms and tools is the main motivation behind the research addressed in this 
thesis. Table 1.1 briefly outlines the four challenges, while more details about every challenge 
are addressed below in this section. 
 
Challenge I - Establishing common understanding of VBE aspects. Common 
understanding of both the general (domain and application independent) and the domain-
related VBE concepts is the basic requirement for effective cooperation and collaboration 
among its members. VBEs accumulate wide variety of knowledge, including 
the general/common knowledge, as well as the domain/business area knowledge, which needs 
to be commonly understood, processed and/or analysed. To facilitate interoperability and 
smooth collaboration, all VBE stakeholders must use the same definition for common 
concepts, and have the same understanding of different aspects related to in the VBE, 
including: VBE’s aims and activities, policies, membership regulations, working/sharing 
principles, VBE member competencies, performance measurement criteria, and many others.  

There is still a lack of consensus on the coherent definitions and terminology addressing 
common concepts and generic intra-VBE structures and operations. Many general VBE 
concepts are still vaguely defined and the same terms are being used with different meanings, 
resulting in confusion in communication and co-working [11]. In our empirical case study, 
which involved eight VBEs (as addressed in Annex C), the VBE representatives unanimously 
identified the disadvantage of lacking common conceptual understanding within their 
networks and the importance of establishing such commonality in the network. They have 
also emphasised that this problem becomes more severe when new organisations dynamically 
join the VBE (e.g. when new organisations joins the VBE from different geographic region, 
or when a new VBE support institution e.g. an insurance or training organisation joins 
the VBE to provide some services to VBE members). 

Besides the need for intra-VBE commonality, some inter-VBE commonality must also 
be achieved. Using and sharing common VBE terminology among different VBEs is 
challenging. Often representatives of existing VBEs face difficulties in reusing experiences 
and results from one another, through both oral communication and exchange of text 
documents, as it is expressed by participants in our VBE survey.  

Therefore, identification and specification of common generic VBE terminology, as well 

as development of common semantic description for VBE information/knowledge is required. 

 

Challenge II - Reusing VBE information system and mechanisms, when instantiated to 

different domains. New VBEs are being created and operated in a variety and range of 
domains and application environments, e.g. from supporting the provision of business 
services, and product design and manufacturing to the management of natural disasters, and 
facilitating scientific virtual laboratory experimentation, among other areas. Clearly, each 
domain/application environment has its own features, culture, terminology, etc. that shall be 
considered and supported by its VBEs’ management systems.  

Typically when a new VBE is created, a large amount of time, effort and resources are 
applied for development and parameterisation of the new VBE management system. Lack of 
resources, time and effort needed may stop the creation process of a new VBE.  
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Table 1.1: Summary of the VBE challenges addressed in this thesis 

Challenges / 

Characteristics 

Meaning and 

importance 

Summary of findings from 

empirical case study  

Identified approaches 

to respond to 

challenges 

I – 

Establishing 

common 

understanding 

of VBE aspects 

Common 
understanding is 
the required base 
for collaboration 
in networks 
 

There is a lack of common 
understanding about the existing 
VBE concepts and the new VBE 
terminology:  
introduced in research: 
- by new members of VBEs 
- among different VBEs 

A dictionary/glossary/ 
ontology of VBE 
concepts is vital for this 
environment 

II – Reusing 

VBE 

information 

systems and 

mechanisms, 

instantiated in 

different 

domains 

VBEs information 
systems need to be 
installed and 
operating in 
various domains 
of activities 

In current VBEs: 
- Very large amount of 
time/effort is spent on creation / 
parameterisation of new VBE 
information systems: 
- There is a lack of generic 
reusable systems for VBE 
creation 

Some generic VBE 
related information 
models and mechanisms 
should pre-exist, 
namely: 
- generic information 
models for VBE 
element and concepts 
- domain-dependent 
information 
classifications 
- generic mechanism to 
maintain and 
manipulate data  

III - 

Supporting 

dynamism and 

scalability of 

VBEs 

Frequent changes 
in 
the market/society 
demands fast 
changes in VBEs 
and its member 
organisations 

Traditional (mostly manual) 
methods, currently used for 
management of evolving 
information are ineffective 

Automated and semi-
automated approaches 
and software tools are 
fundamental for dealing 
with VBE dynamism 
and scalability 

IV – 

Facilitating 

the balancing 

and boosting 

of VO 

involvement 

for VBE 

members 

Involvement of 
VBE members in 
VOs must be fair 
and percentage of 
success in VOs 
created within 
VBEs needs to 
increase  

Traditional methods of VO 
creation in VBEs are ineffective, 
due to the following: 
- VBE members do not know 
each other’s capabilities 
- traditional (e.g. manual) 
matching of VBE members 
against collaborative 
opportunities (best-fit VO 
partners selection) are ineffective 
- limited mechanisms are 
applied for evaluation of 
organisations’ suitability for 
collaborative networking  
- VBE members are not directed 
towards new customers through 
the Internet 

Digital and advanced 
maintenance and 
management of 
comprehensive VBE 
members’ 
characteristics is 
mandatory in this 
environment 

 
For example, during the creation stage of the VBE, several databases need to be created 

to support the storage and manipulation of information/knowledge which will be handled by 
different VBE management sub-systems. Considering the large variety of the VBE’s 
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information which needs to be managed during the VBE operation phase, the pre-existence of 
common reusable VBE management system as well as semi-automated mechanisms 
supporting database design, development and parameterisation would effectively assist 
creation of new VBEs and significantly reduce the needed resources, time and effort. 
Furthermore, during the VBE’s creation stage, parameterisation of its management system to 
reflect both its generic characteristics as well as its specific domain-related and application-
related characteristics are required. For instance, the members’ roles, governance principles, 
and assets supported by the new VBE need to be specified, as well as the competencies, 
practices and resources needed in this new VBE, among many others. Due to the lack of 
commonly available standards, at present every new VBE needs to start from scratch and 
individually invest in creating and evolving its data/knowledge specification and 
classifications. During our empirical case study (as addressed in Annex C), the VBE 
representatives unanimously identified the difficulty of such tasks and the benefits they can 
gain from the reuse of pre-existing information specifications/classifications related to their 
VBEs. 

Therefore, development of reusable VBE management system and approaches for 

instantiation and adaptation of the reusable VBE management sub-systems to different 

domains / areas of activities is required, and their semi-automation is desired.  
 
Challenge III – Supporting dynamism and scalability of VBEs. Frequent changes in 
the market and society, such as the emergence of new customer demands or new 
technological trends, drive VBEs to work in a very dynamic manner. Supporting dynamic 
aspects of VBEs generates a number of requirements, e.g. it requires that the VBE 
management system is endowed with specific functionalities to support the human actors in 
VBEs in coping with necessary changes in the environment. Furthermore, the VBE 
management system needs to be adaptable, customisable and extendable when necessary, in 
order to cope with changes that cannot be predefined or predicted. Also, in order to obtain 
the new needed competencies or recourses in the VBE for addressing new emerged 
opportunities in the market or society, the number of VBE members shall increase. This 
increase happens sporadically or intensively during the VBE evolution time. Nevertheless, 
with every new VBE member, its information shall be processed, e.g. in order to both classify 
and extract the necessary general information about the VBE members and to extend 
the aggregate VBE competency catalogue, and this should occur in a very dynamic manner. 
Clearly, manual processing of new VBE members’ information in a dynamic manner is not 
efficient and is error prone. 

In our empirical case study of 1st generation VBEs (as outlined in Annex C), VBE 
representatives have unanimously identified the need for improvement in the process of 
collection and analysis of information related to the VBE members. For example, specific 
functionalities are needed for processing the competencies of VBE member organisations, 
including: the categorisation and analysis of VBE member competencies, classification of 
different competencies into catalogues and search for competencies in VBEs versus 
the criteria specified in the emerging collaboration opportunities (e.g. the call for proposals). 
While some of these functionalities can be automated (e.g. cataloguing the competencies), 
others require support with semi-automated tools. For example, supporting the dynamic 
nature of VBEs, that can continuously accept new members, extending the competency 
catalogues and keeping it up-to-date needs to be supported semi-automatically.  

However, in order to be processed by semi-automated software tools, the wide variety 
of VBE information needs to be formally represented, categorised and digitised. There is still 
a lack of such formal representation, categorisations and digitisation in practice.  
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Therefore formal modelling and specification of VBE information, as well as 

development of semi-automated approaches for speeding up the VBE information processing 

is required to effectively support its dynamism and scalability. 

 
Challenge IV - Facilitating the balancing and boosting of VO involvement for VBE 

members. The main aim of VBEs is the fluent configuration of Virtual Organisations to 
enable its member organizations with taking advantage of the emerging opportunities. 
However, currently VBEs often fail to effectively address the emerged collaborative 
opportunities due of the following main reasons:  

First, in medium size VBEs (i.e. VBEs with more than 30 members) or larger ones, 
organisations often do not even have the possibility to properly get to know each other and 

learn about each other expertise and potential, which in turn prevents them from 
collaborating. As VBEs are typically composed of distributed companies, each with highly 
specialised knowledge, skills and technologies, they need to enable these diverse and 
distributed organisations to bridge their differences in the creating new shared perspectives. 
According to [21], inter-organisational learning happens in two ways: either through (1) 
transfer of existing knowledge from one organisation to another, or (2) through the creation of 
new knowledge that is jointly developed and shared. Therefore, gathering, organising, 
aggregating and sharing of the basic characteristic information about VBE members (e.g. their 
contact data, industry sector, vision, competency, etc.) is a critical instrument for supporting 
collaboration among VBE members. At present however, due to lack of conceptual 
approaches, and considering the heterogeneity among VBE member organisations (such as 
differences in their sizes, computer skills, expertise, domain/business areas, etc.) 
the application of some form of automation to gather and organise their 
characteristics/information in a uniform way is challenging. 

Second, in order to fairly select most-fit organization for involvement in a new VOs, 
VBE members must provide detailed up-to-date information about their competencies. For 
this purpose, in our research, we have identified that the competency-related information 
typically needed from every organisation includes: accurate description of the member’s 
capabilities, its free resources’ capacities, the production costs for each product, as well as 
conspicuous proof of the validity of all provided information. Based on the analysis of such 
competency information provided by all members, the VO brokers can then select the best-fit 
partners for each new VO. In small VBEs, the competency information may even be only 
orally communicated from the VBE members to the VBE administrator and/or the VBE 
coach. However, in medium and large VBEs, depending on the organisation’s complexity, 
and especially in the dynamic VBEs – with continuous adjustment of VBE member 
competencies to the changing conditions in the market/society – gathering and analysis of 
competency information by human actors in the VBE is error prone and not effective. In such 
VBEs, new ideas and mechanisms for competency management are required. Both 
the literature and case studies have identified the lack of proper competency management 
approaches for VBEs, as well as the lack of VBE member competency models. At present, 
the mere definition of a member organisation’s competency is difficult, since competency is 
generally considered as “tacit knowledge”, hard to comprehensively capture, model, and 
represent. 

Third, in order to form a strong VBE that capable of addressing a sufficient number of 
collaborative opportunities, each VBE member shall be evaluated before it is allowed to 
participate in VO configuration activities. Our empirical case study shows the need for 
personal contact with members of organizations when it is needed to check the organization’s 
competency. The 1st generation VBEs lack an up-to-date digital collection of members’ 
competency information, in order to carry out their evaluation for VBE.  
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Fourth, in order to generate more opportunities for the VBE, the VBE administration 
should introduce / advertise the VBE as a collective representation of all its members 
competencies and all its abilities and resources, to the market / society and its potential 
customers. Our empirical case study of 1st generation VBEs has identified that at present ,the 
VBE administrator personally meets with the potential customers, for example at the fairs to 
present some general aspects about the VBE and its activities. The VBE representatives have 
stated that they need approaches and instruments for advertising online and providing 
the accurate detailed information about the VBE’s capabilities, capacities, etc., for producing 
specific products or services.  

Therefore, to boost VO creation, innovative approaches for modelling, management and 

presentation of the VBE’s characteristics as well as its members’ characteristic information 

in digital format is required to promote the VBE in the market/society and towards its 

customers. 
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uniform reusing of 
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semi-automated 
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Figure 1.8 - Projection of the four VBE challenges into  
VBE information modelling and management aspects 

This Figure illustrates further projection of the four VBE challenges into their information 

modelling and management aspects in VBEs. Namely, addressing every challenge in terms 

of more specific challenges.  

1.2.2.2. Further projection to VBE information modelling and management 

We have done a more detailed analysis of the four challenges specifically in relation to 
the need for information modelling and management in VBEs, as illustrated in Figure 1.8 and 
described in this section. 

In terms of the VBE information modelling and management, for the 1st challenge, we 
first need to address standardisation of VBE terms. We then need to develop an effective 
approach to support VBE members with learning about the VBE terminology. Furthermore, 
we have to support interconnections or integrability of various kinds and groups of terms 
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represented in VBEs. And we also need to represent the knowledge about VBEs in such a way 
that it can be transferred to other VBEs or organizations for legacy support systems purposes.  

In order to address the 2nd challenge, some catalogues of domain terminology should 
be defined prior to establishing VBEs in a domain. Furthermore, in order to establish VBEs 
uniformly in different domains, some generic VBE information models, common to all VBEs, 
should exist. In order to support the agility of ICT infrastructure set-up in every new domain 
of VBE activities, the main database schemas for the VBEs should be predefined and thus 
pre-exist. However, these database schemas should be easily extendable to support specifities 
of new VBE application domains.  

In order to address the 3rd challenge, some intelligent approaches for semi-automated 
information discovery and processing must be developed. In its turn, the classification and 
presentation of the VBE information and data should support these semi-automated 
processing.  

In order to address the 4th challenge, the most efficient way of homogeneous 
representation of VBE members’ information (namely, the VBE members profiles and 
competencies) shall be developed.  

1.2.3. VBE-ontology and ColOnto system 

The research performed by this thesis addresses the design and development of a unified 
VBE-ontology, as well as ontology engineering mechanisms to directly tackle the challenges 
listed and described above in Section 1.2.2.  

Ontologies provide the classical means for conceptual representation of knowledge, 
such as specification, conceptualisation, annotation, generalisation and mapping of 
information/knowledge classes. Engineering of ontologies using standard ontology languages, 
such as Web Ontology Language (OWL) [22] provides formalism [23] and uniformity to 
conceptual knowledge representation. Our specification and engineering of “one” unified 
ontology for the specific domain of VBEs provides unified and common conceptualisation of 
this domain.  

The way in which the VBE-ontology addresses the previously mentioned four 
challenges is illustrated in Figure 1.9, and described below in this section. 

 
Specifically, the development of our unified VBE-ontology helps responding to 

Challenge I - on common understanding as follows:  
• The VBE-ontology represents a single point of reference for concepts and terms, as well as 

their definitions, abbreviations, and synonyms. This means that: 
o The VBE-ontology serves as the primary container of standard representation of 

VBE concepts. 
o The detailed annotations of VBE concepts, such as labels, synonyms, definitions, 

and abbreviations support VBE members with learning about a specific VBE 
concept.  

o Addressing the wide variety of VBE concepts in one unified VBE-ontology 
supports integrability among all concepts. 

o Using the same VBE-ontology by different VBEs supports transferability of 
the VBE information from one VBE to another VBE.  

 
In relation to Challenge II - on reusable VBE information systems and their 

instantiation, the VBE ontology addresses it as follows: 
• The VBE-ontology supports cataloguing of domain-related terms.  
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• The uniform VBE-ontology supports a uniform representation of VBEs from different 
domains. 

• The VBE-ontology is a base for other information or data models and we also apply 
existing techniques for semi-automated conversion of ontologies into database schemas 
[24]. This supports the database development process during the VBE establishment stage.  

• Integration of the common VBE concepts with the domain concepts into one unified 
ontology supports extendibility of common VBE information models with their needed 
domain-related counterparts.  

In relation to Challenge III - on VBE dynamism and scalability, the developed VBE-
ontology responds to it in the following manner:  
• Formal representation of the knowledge in the VBE-ontology facilitates semi-automated 

processing of this knowledge through software tools. The ontology itself can be used to 
support the semi-automated knowledge discovered and extraction from the text-corpora 
about the organizations [25][26]. 
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Figure 1.9 – Addressing the four challenges by the VBE-ontology  

This Figure illustrates the way in which a unified ontology for VBEs addresses and 

support the four main VBE information modelling and management challenges. As such, 

the VBE-ontology provides the formal, uniform, homogeneous, semantic, and extendable 

specification of the VBE information. It also represents a single point of reference for 

addressing the specification of VBE concepts and terminology.  

 
In relation to Challenge IV - on balancing and boosting VO involvement, the VBE ontology 

addresses it as follows: 
• The VBE-ontology provides uniformity and homogeneity in representation of VBE 

information, including the member organizations’ information. In addition to that it 
supports: 
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o Modelling organisations’ profiles and competencies in VBEs, within the VBE-
ontology, supports digitalising the VBE members’ characteristics (such as 
the name, address, size, area of activities, etc.) which facilitate automating the VO 
creation, and supports activities, such as familiarisation of VBE members with 
one another, promoting the VBE to its potential customers and evaluation of VBE 
members’ for their preparedness and readiness to collaborate. 

o Uniform digital representation of VBE members in the VBE through their profiles 
in turn smoothens their differences, and supports a more balanced involvement in 
potential VOs. 

o Digitalising the “competency” related information (such as members’ capabilities 
and capacities) supports automation of the VO creation process by facilitating 
the process of matching the VBE members’ competencies against 
the characterisation of Collaborative Opportunities; while digitalising the rest of 
“profile” data supports selection of the best-fit VO partners. 

 
In order for VBEs to fully benefit from their specified ontology, a number of 

functionalities for ontology engineering and management need to be developed. As planned in 
our research, ontology engineering functionalities shall support the discovery actions and 
evolution of the VBE-ontology itself. Also, as planned, the ontology management 
functionalities shall support the VBE stakeholders with their learning about the VBE 
concepts, shall preserve the consistency among different VBE databases and their domain 
parameters with the VBE-ontology, and shall perform semi-automated information discovery 
from the VBE environment. All of these functionalities, which are required for VBE 
management support, are designed and prototypically developed within the Ontology 

Discovery and Management System (ODMS), as described in Chapter 4. 
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VBE-ontology
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Figure 1.10 – Two main modules of the ColOnto system 

This Figure illustrates the two main modules of the ColOnto system, which are 

suggested in this thesis to address four main VBE challenges. Its conceptual model 

addresses the VBE-ontology specification, which also includes the profile and 

competency models, incorporated within this ontology. Its functional module consists of 

the system called the Ontology Discovery and Management System (ODMS). The ODMS 

is developed on top of the VBE-ontology and is aimed at maintenance and management 

of this ontology. A sub-system of the ODMS consists of the Profile and Competency 

Management System (PCMS), specifically aiming at the management of the profile and 

competency models and data related to VBE member organisations. 
 
More specifically, in order to handle the profile and competency of VBE member 

organisations due to the specific role played by them inside the VBEs, as planned in our 
research, a number of maintenance and management functionalities are designed and 
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developed focused on supporting and manipulation of the profile and competency information 
and knowledge. As such, the maintenance functionalities support the creation and 
manipulation of basic collection of profiles and competencies in digital format, while after 
management functionalities provide user-friendly processes needed for boosting the VO 
creation. These use-based processes shall support: (i) viewing of VBE member profiles and 
competencies in order to aid VBE members in getting familiar with one another, and (ii) 
representing the aggregated view of members’ profiles and competencies, to support 
the promotion of VBE towards customers, searching for collaborative opportunities and 
retrieval of profile and competency information to help match VBE members’ characteristics 
against collaborative opportunities that have arisen. The required profile and competency 
maintenance and management functionalities are further addressed in this thesis in Chapter 4 
as they are developed within one VBE subsystem called Profile and Competency 

Management System (PCMS). 
In order to develop a comprehensive solution to the four main addressed Challenges, in 

this thesis we introduce a system called ColOnto (Collaborative networks Ontology system. 
The ColOnto system is represented by its two main modules, namely: (1) a conceptual part, 
consisting of the VBE-ontology and (2) the functional part consisting of the set of 
functionalities required for the VBE-ontology maintenance and management. These two 
modules are illustrated below in Figure 1.10. 

1.3. Research motivation and problem area description 

This Section first presents and summarises the background for the research and development 
of ontologies for VBEs, as well as for the VBE profile and competency modelling and 
management. Then it presents the main related research problems that are identified. 

1.3.1. Research background 

Although the need for ontology development and management to support Collaborative 
Networks and VBEs is identified in previous research [27][28], progress in this area of 
research is still at its early stages. Only a small number of publications exist close to our 
work, which have mainly focused on the following three topics: 
• An empirical development of an ontology for VBEs. An early attempt to address 

an ontology for VBEs is presented in [29]. This ontology is limited and aims to provide 
some commonality among VBE members. It is called the “CNO ontology” and only 
briefly addresses the VBE as a subclass of the Collaborative Networked Organisations 
(CNOs). It includes a narrow subset of the VBE related top-level concepts, such as 
“VBE”, “VO”, “Organisation”, and “VBE Member”, providing their limited definitions 
and inter-relationships.  

• A sub-ontology for specific VBE management subsystem. An ontology for 
the VBEs’ Performance Indicators (PIs) and the VBEs’ Collaborative Opportunities 
(COs) called the “PI and CO Ontology” is presented by [30]. The main concepts in this 
ontology include: “PI”, “CO”, “Organisation”, “VBE”, “VO”, “Performance 
requirement” and “Measurement objective”. This ontology is specifically developed to 
support the measurement of the performance of VBE member organisations primarily 
needed to select the most-fit VO partners. A software tool implemented on top of this 
ontology provides the functionality for annotation and searching of PIs. 

• Ontology library for VBEs. In [31] the general concept of an Ontology Library 
System (OLS) which is introduced in [32] is further adapted for the case VBEs. 
The OLS is defined as “an important tool in grouping and re-organising ontologies for 
reuse, integration, maintenance, mapping and versioning”. Namely, the OLS offers 
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the following three groups of functionalities: ontology management, ontology 
adaptation and ontology standardisation (as addressed in Section 2.2.3.1 in more detail). 
However, while this research applies the OLS to VBEs, it does not in fact specify 
the VBE ontology itself. 

 
In relation to our profile and competency partition of the VBE-ontology, while there 

are significant numbers of research publications addressing the general topic of competencies 
of people, mainly within the human resources management area, there is a limited number of 
research addressing competencies of organisations, especially within the context of 
organisations’ networking. Existing competency definitions and models each address different 
constituting components, depending on the context for which they are developed. Research 
and development on generic profiling for organisations are also very limited. The existing 
organisations’ profiling is represented by individual practical cases. While the related research 
and practice on profiles and competencies, that are not specifically related to CNs and VBEs 
in particular, are addressed in the next Chapter (in Sections 2.2.4 and 2.2.5), our main 
findings on VBE-related profiles and competencies are addressed in the following three 
groups: 
• Organisation “competency models” for VBE members. In [33] a competency model for 
“clusters of manufacturing organisations” is addressed, which aims to support the automation 
of VO formation within this cluster. The introduction of this model was the first step towards 
competency-based support for boosting the VO creation, but the model is not generic enough 
to be adapted to the variety of different VBEs. In [34] and [35], another competency model 
for networks of organisations is introduced, which is not aimed at facilitating the VO creation, 
but rather to “increase and extend” competencies themselves within individual firms. 
Section 2.2.4 addresses competency models in more detail. 
• Requirements for “competency management” in VBEs. In a number of past research 
[14][36][37] the need for competency management functionalities as a subsystem of the VBE 
management system is identified (as also addressed in Section 2.2.5 in more detail). These 
functionalities include: competency appraisal, competency gap analysis, competency-based 
marketing support, and development of new core competencies in the VBE, among others. 
However, while some of these functionalities are identified in previous research, they are not 
further specified or developed. 
• Profile and competency management in currently running VBEs. A few existing VBEs 
handle digitised profiles and competencies of their members (see more details in Section 2.3). 
Furthermore, while every VBE stores profiles of their members, which represent a variety of 
characteristics about their member organisations, only a few have a limited model of 
competency and store some details about competencies of their members. In other words, 
an organisation’s competencies are typically drawn up and generated through defining 
companies’ products, processes, and resources. Moreover, every VBE individually invests 
into development of its proprietary management subsystems for handling their members’ 
profiles and competencies. This indicates the lack of generic and comprehensive models and 
approaches for profile and competency management that can be applied to the existing VBEs. 

1.3.2. Research problem areas 

The overview of the research background presented in this thesis demonstrates the significant 
gaps existing in areas of VBE ontologies, as well as incomplete ontologies for VBE members’ 
profiles and competencies. Based on these, the thesis identifies four open problem areas 
which are addressed within its scope, including: 
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1. Systematic design and development of the VBE-ontology. In order to develop 
a VBE-ontology that can be shared by different actors for different purposes, including its 
collective management, maintenance and extension, the VBE-ontology first needs to be 
carefully designed. Therefore, a systematic approach to design and further develop of 
the VBE-ontology needs to be defined and applied while responding to the following 
questions: Should there be one VBE-ontology or a set of ontologies? Which areas of VBE 
related knowledge and information should be addressed by the VBE ontologies? Should 
the VBE ontologies be formal or informal? What are the sources of information needed for 
development of the VBE ontologies? Which existing ontologies can be reused for building 
the VBE ontologies?  

2. Maintenance and evolution functionalities for VBE-ontology. The VBE-ontology 
needs to continuously evolve both to reflect the new findings in the VBE area of research and 
to cope with the changes in the VBEs due to market and society dynamism. Since the VBE-
ontology shall be used by a large number of users, its dynamic collective maintenance and 
evolution are challenging. Therefore, a system providing access to the VBE-ontology needs to 
be developed, which also supports tracing the changes/extensions done in the VBE-ontology 
and its versioning. The thesis addresses the following four specific functionalities for this 
purpose: 

o Ontologies library. If the VBE has a number of ontologies, there is a need for 
a library system facilitating access to these ontologies by human and software 
agents. 

o Collective development of ontologies. The common ontologies for VBEs shall be 
collectively developed and evolved by its various actors. Therefore, an approach to 
support simultaneous access to the VBE-ontology needs to be developed. 

o Semi-automated ontology discovery. Mechanisms shall be developed to support 
continuous dynamism and evolution of the VBE-ontology. This ontology can be 
discovered from many sources, e.g. the existing databases at the member sites, 
websites, online brochures and advertisements available about the members, and 
online forms and documents existing at each organization in different formats, e.g. 
database schemas, structured text (e.g. HTML), unstructured text, etc. 
Development of such mechanisms is challenging and also raises the following 
questions: Which semi-automated techniques can be developed for ontology 
discovery that can also be reused? What sources can be used to discover concepts 
of the VBE-ontology be found?  

o Semi-automated integration of related ontologies. For development and extending 
of some partitions in the VBE-ontology, a number of existing related ontologies 
from the same domain must be found to be reused. Thus, a special mechanism 
shall be developed to support the engineering and evolution of the VBE-ontology 
through integrating other ontologies into it.  

3. VBE ontology-based management functionalities. A number of ontology-based 
functionalities need to be developed to support the VBE through its entire life cycle from its 
creation stage to its dissolution stage, aimed mainly at both coping with the large amounts of 
information to process, and accelerating the VBE management operations. The thesis 
addresses following main functionalities for this purpose: 

o Establishing of common understanding. Supporting this functionality calls for 
development of a graphical user interface for the VBE-ontology, to be accessed by 
all stakeholders to familiarise themselves with VBE concepts. Development of 
an easily navigable interface is required. First, the requirements from different 
stakeholders navigating the VBE-ontology need to be analysed. Then, the GUI 
shall be realised satisfying those needs.  
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o Instantiating VBE to different domains. This functionality needs above all 
the development of a software interface for the VBE-ontology, which provides 
some restrictions on the uniformity and formal expression level of the VBE-
ontology. A specific mechanism shall be developed which, when using the VBE-
ontology, can customise and parameterise the generic VBE management 
subsystems to each specific VBE environment. The following questions must also 
be answered: How can the VBE-ontology be developed so that it can be easily 
converted into database schemas for different VBE management subsystems? 
What specific features are needed for the VBE-ontology in order for it to be used 
for parameterisation of different VBE management sub-systems? 

o Supporting dynamism in VBEs. For this functionality the VBE-ontology shall 
provide operations supporting both the semi-automated dynamic information 
discovery and management, as well as some semantic mechanisms, i.e. semantic-
based search mechanisms that accelerate the execution of information management 
operations. As such, some existing approaches (e.g. an approach for ontology-
based information discovery from text-corpora) shall be adapted to support this 
purpose, and a constant connection between the VBE management sub-systems 
and the VBE-ontology shall be established. Prior to this, the following questions 
need to be answered: How to make the VBE-ontology easily reusable within by 
a number of software tools (e.g. the VBE management subsystems)? How can one 
trace the correspondence between the VBE-ontology and the information stored 
internally within the VBE software tools?  
 

4. Ontology visualisation. Visualisation of the ontologies is challenging. Most ontology 
viewers typically locate ontology classes through their hierarchical (i.e. subclass-superclass) 
relationships with other classes. However such an approach for locating ontology elements is 
often not convenient or user-friendly for human VBE actors who wish to learn about 
the entire network of VBE concepts and the relationships among them (e.g. including part-of 
relationships). Furthermore, the VBE-ontology is large, with concepts described by a number 
of attributes and relationships with other concepts. Therefore, existing approaches for 
visualisation of ontologies, including catalogues, graphs, etc., shall be considered in order to 
select a suitable approach for visualisation of the VBE-ontology.  

 
In relation to the profile and competency partition of the VBE-ontology, open problem 

areas of research include the following: 
a. Establishing unified/generic models. The profile and competency models included 

in the VBE-ontology need to be generic in order to suit every VBE regardless of its domain 
and application area. Some challenges in such models are related to unification of different 
existing models of competency. Traditionally, every cluster/VBE has introduced a different 
model, with different elements and formats representing its competencies. There is also no 
uniformity in the literature related to modelling competency presenting it. Specification of 
a unified/generic model for VBE competency is a necessity at least to support its processing 
by different VBE subsystems, if not also to simplify the processing by human actors in 
the VBEs.  

b. Continuous update of profile/competency data. In today’s dynamic market, a large 
number of an organisation’s characteristics, such as their resources (human, machinery, etc.), 
position in the market, financial status, organisation’s aim/strategy, details of its products, 
associated partners etc., are not static and subject to changes at different times during the life 
cycle of the organisation. Therefore, people who represent VBE organisations, as well as 
those who represent the VO networks established within the VBEs, face the difficulty of 
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continuously providing new up-to-date data about their organisations/networks, which is time 
and effort consuming and not feasible for SMEs. Automating a large part of this task is 
possible, albeit challenging.  

c. Handling the confidentiality of profile/competency data. While a part of the profile 
data of each organisation is public knowledge, another part of it needs to be handled as 
proprietary, e.g. the financial data and market strategy of the VBE member organisations. 
Merely adding of private, restricted and public categories (as applied to file systems) on top of 
the profile data is not sufficient. Different levels of authorisation must be defined on 
accessing/updating elements of the VBE organisation profiles. These levels shall be granted to 
different requesters/actors in the VBE, depending on the roles they are assigned. The roles in 
VBEs are dynamically assigned to actors by the VBE administrator. 

d. Maintenance and management of VBE profiles. The profile and competency 
models should support the VBE management functionalities/operations, which are mainly 
aimed at boosting the VO creation. These include collection of up-to-date profile and 
competency data, navigation of profile/competency data, and their search and retrieval. 
The above types of functions require both graphical interfaces for human actors as well as 
software interfaces. The software interfaces are used by other VBE management subsystems 
to manipulate profile and competency data. 

e. Generic competency naming. With the lack of standards for naming of 
the competencies in different domains and applications, it is challenging for VBE 
organizations to specify and describe their competencies. Nevertheless, the problem of 
naming and developing taxonomy for the existing and emerging competency names in 
different domains and applications is outside the scope of our research. Nevertheless, though 
in ontology different names assigned to the same competency can be recognized through their 
definitions and thus connected within the VBE-ontology. 

f. Cataloguing competencies. Automated and manual classification of the wide variety 
of existing competencies in the world, even if limited to a specific domain and application 
area is still challenging. So far, there are no standards defined for classification of 
competencies, and every day new competencies emerge in many domains and application 
areas. In practice, every VBE (typically small clusters) develops its own very small base 
competency classification that it uses manually to match VBE competencies against 
the criteria required in emerging opportunities, e.g. the calls for tenders. Managing 
competencies in large networks (even more than 50 organisations) calls for formalisation of 
competencies and semi-automation of their classification in uniform manner, with 
the involvement of human experts. 

1.4. Summary of research objectives and research questions 

for the thesis 

The main research objective for this thesis is to specify and develop the ColOnto system in 
order to address the four mentioned challenges for VBE information modelling and 
management, as introduced in Section 1.2.2. We further split this objective into two specific 
conceptual objectives (RO1 and RO2) and two specific functional objectives (RO3 and RO4) 
as follows: 
1. Conceptual research objective RO1: Design and development of the VBE-ontology. 

This includes definition of the scope, specification of the design, and building the first 
version of the VBE-ontology. 

2. Conceptual research objective RO2: Design and development of suitable models for 
profile and competency of VBE member organizations. This includes detailed 
specification of the profile and competency models within the VBE-ontology. 
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3. Functional research objective RO3: Development of Ontology Discovery and 
Management System. This includes specification and development of functionalities to 
support: establishing common understanding of VBE aspects, VBE instantiation in 
different domains, and dynamism and scalability in VBEs, as well as implementing 
a prototype of ODMS. 

4. Functional research objective RO4: Development of Profile and Competency 
management System. This includes specification and development of functionalities to 
support balancing and boosting partners’ VO involvement within VBEs, and 
implementing a prototype of PCMS. 

 
As a part of addressing the four research objectives mentioned above, we carefully 

address each research problem areas e presented in Section 1.3.2, specifically: 
- Our research results on VBE-ontology and ODMS addresses: systematic design and 

development of the VBE-ontology, maintenance and evolution functionalities for 
VBE-ontology, VBE ontology-based management functionalities, and ontology 
visualisation, among others. 

- Our research results on profiles & competencies and PCMS addresses: establishing 
unified/generic models, semi-automated continuous update of profile data, handling 
the confidentiality of profile data, maintenance and management of VBE profiles, 
generic competency naming, and cataloguing competencies, among others. 

 
Through the approach we introduce for addressing the four research objectives, we 

answer the main (general) research question (GRQ) for the thesis as follows: 
 

GRQ. Can we effectively specify an ontology for the Virtual organisations Breeding 

Environment (VBE), as well as develop semi-automated ontology-based functionalities to 

support VBEs, such that they can respond to the following four challenges of:  

1) establishing common understanding of VBE aspects,  
2) reusing VBE information systems and mechanisms, instantiated in different domains,  
3) supporting dynamism and scalability of VBEs, and  
4) facilitating the balancing and boosting of VO involvement for VBE members? 
 

This GRQ is further refined into three more specific questions (RQ1 to RQ3). 
The RQ1 addresses the definition task of VBE-ontology and particularly introduces the need 
for definition of the profile and competency models within the VBE-ontology. 
 

RQ1. Can we identify the scope and elements of the ontology encompassing wide 

variety of VBE related entities and concepts, so that it represents the inherent 

diversity in its subspaces, addressing all endogenous elements and exogenous 

interactions of the VBE reference model, and specifically the subspace of profile 

and competency management?  

 
The RQ2 addresses both the logical and physical organisation of the VBE-ontology. 

Particularly it introduces the manner in which this physical/logical organisation responds to 
identified challenges for VBE-ontology development. Furthermore, it exemplifies 
the specification of the VBE profile and competency models within it. 

 
RQ2. Can we capture, organise, and specify the large set of diverse but 

interrelated aspects identified in RQ1 within the VBE-ontology, considering both 

their evolutionary nature and the heterogeneity of their sources?  
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The RQ3 addresses the required ontology management functionalities to be developed 

on top of the VBE-ontology. These functionalities are mainly divided into two main groups: 
(i) functionalities for maintaining the VBE-ontology itself, and the VBE-ontology-based 
support functionalities, (ii) functionalities is specifically aimed at supporting profile and 
competency management in VBEs. 

  
RQ3. Which set of functionalities are needed to maintain (e.g. discover, engineer 

and integrate) the continuously evolving VBE-ontology, as well as the semi-

automated management of the information supported through the VBE-ontology?  

1.5. Research and development methodology  

The methodology addressing design and development of the ColOnto system for VBEs 
consists of three main phases of “Gathering background input”, “ColOnto design & 
development” and “ColOnto Validation”. These phases are further described below. 
 
•••• Phase 1: Gathering background input 

o Step 1.1: Analysis of state of the art in research - to develop the ColOnto system for 
VBEs to position among the competing research and practices.  

o Step 1.2: Analysis of state of the art in practice - through contacting several existing 
1st generation VBEs, and collecting information through questionnaires. 

o Step 1.3: Requirements analysis - identification of VBE stakeholders’ requirement 
from running VBEs, as well as and some general VBE requirements obtained from 
the literature.  

•••• Phase 2: ColOnto design & development 
o Step 2.1: Conceptual design of ColOnto - aimed at the development of 

the conceptual specification of the VBE-ontology.  
o Step 2.2: Functional specification and development of ColOnto - aimed at 

the development of functionalities for management of the VBE-ontology.  
•••• Phase 3: ColOnto validation - through some empirical and some rational approaches.  

1.6. ECOLEAD project  

The research addressed in this thesis is conducted for the most part within the FP6-IP project 
ECOLEAD (April 2004 - June 2008) funded by the European Commission [38], with more 
than twenty research, academic and industry partners. This Section briefly describes the main 
aspects of this project.  

The name “ECOLEAD” stands for “European Collaborative networked Organisations 
LEADership initiative”. This project aimed to create the strong foundations and mechanisms 
needed to establish most advanced collaborative and network-based industry society in 
Europe. The main goals of the ECOLEAD project were specified based on two earlier road-
mapping projects on collaborative networks, i.e. the two European IST projects called VOmap 
[39] (duration 2002-2003) and THINKcreative [40] (duration 2001-2004).  

The research and development work in ECOLEAD is primarily focused on five 
different areas, as shown in Figure 1.11, including the three “vertical areas” of: (1) Virtual 
Organisations Breeding Environments, (2) Dynamic Virtual Organisation management and 
(3) Professional Virtual Communities, and the two “horizontal areas” of: (4) the theoretical 
foundation for collaborative networks and (5) the ICT infrastructure [41].  

A summary of the main achievements in the five abovementioned areas of ECOLEAD 
in more detail are provided in [42]. Please note, that the research results presented in this 
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thesis are primarily related to the focus area (1) VO Breeding Environments of ECOLEAD 
project. 

 
 (1) VO Breeding Environment. This focus area of ECOLEAD is aimed at 

understanding, and comprehensive, generic and domain-independent specification of VBEs. 
The following three main sub-areas are addressed for VBEs [43]: 
• Generic VBE models and mechanisms. This sub-area has focused on conceptualisation and 
modelling of VBE structure and operation principles and specifically the VBE stakeholders 
and their roles; VBE typology; working and sharing principles; common ontologies; members 
profiling; competency management; value system definition; establishing basic trust among 
VBE members and managing the trustworthiness, among others. 
• VBE management system. This sub-area focused on development of mechanisms and tools 
to support the VBE during its entire life cycle stages. These prototypically implemented tools 
and subsystems included: competency collection and management; trust establishment and 
management; VBE members management; management of VBE Bag of Assets; management 
the VO configuration information, management of VBE ontology; decision support in VBEs; 
and VBE instantiation to different application domains. 
• VO creation framework. This sub-area has focused on supporting the creation of VOs 
within the VBE. It specifically addresses: guidelines for configuration and launching of VO; 
identification of collaboration opportunities; brokerage and planning of VOs; mechanisms for 
search and selection of partners based on their profiles, competencies, trustworthiness and 
past performance; agreement negotiation and contract establishment support. 
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Figure 1.11 - The main components of ECOLEAD 

This Figure illustrates the main areas of the ECOLEAD project, namely the three 

“vertical areas” of: (1) Virtual Organisations Breeding Environments, (2) Dynamic 

Virtual Organisation management and (3) Professional Virtual Communities, and the two 

“horizontal areas” of: (4) the theoretical foundation for collaborative networks and (5) 

the ICT infrastructure.  

 
 (2) Dynamic VO Management. This area of ECOLEAD is aimed at development of 

models to support VO management. Namely the models help the VO with its planning, 
control, organisation and management, taking into account the of social mechanisms in multi-
interest collaboration networks. The following subareas are addressed for VO management: 
• VO performance measurement approach and assessment mechanisms. This sub-area 
focused on: common understanding of intra-VO shared benefits and costs (i.e. values), as well 
as VO performance metrics and related measurement systems. 
• VO management, coordination and supervision. This sub-area focused on supervision, as 
well as comprehensive modelling of the VO processes. Specific issues include: distributed 
business processes (DBP) modelling methodologies and tools; models and control methods 
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for adaptive and pro-active management; VO supervision including enactment, monitoring, 
diagnosis and error recovery; and identification, prevention and handling of conflicts in VOs. 
• VO inheritance management. This sub-area focused on the generated knowledge, which 
shall be inherited after the dissolution of a VO, as well as the liabilities that need to be 
transferred.  

(3) Professional Virtual Communities. This focus area of ECOLEAD is aimed at 
leveraging human centred management and exploitation of the individuals’ knowledge for 
value creation within Professional Virtual Communities (PVCs). The following sub-areas 
were addressed for PVCs: 
• Collaboration models and social forms. This sub-area focused on a conceptual framework 
for Professional Virtual Communities, addressing: identification of the open legal and social 
issues for PVCs; dynamic knowledge aggregation; intellectual property issues; and 
relationships with VOs and VBEs. 
• Advanced collaboration space platform. This sub-area focused on specification and 
development of: generic collaborative support services (e-collaboration spaces), including 
multi-modal interfaces; with a specific emphasis on social, business and knowledge capital 
evaluations. 

(4) Theoretical Foundation. This focus area of ECOLEAD is aimed at 
the establishment of Collaborative Networks (CNs) as a recognised scientific discipline. 
The following four sub-areas are addressed: 
• Formal modelling foundation. This sub-area collects a number of theories, approaches and 
models developed in different disciplines, and assesses them regarding their applicability to 
the CN modelling needs. Specific approaches addressed within this sub-area include: formal 
languages, graph theory, multi-agent models, game theory, and modal logics, among others. 
• Reference models for collaborative networks. This sub-area focused on development of 
a comprehensive reference modelling framework and a set of reference models for the VO 
Breeding Environment, Virtual Organisation, and Professional Virtual Community.  
• Soft models for collaborative organisations. This sub-area focused on the soft modelling 
needs in collaborative networks and elaborates on potential modelling approaches, including: 
causal models; soft reasoning models and decision-making support. 
• Basis for combination of models. This sub-area focused on interoperability among different 
modelling tools and approaches, required for modelling CNs, and specifically on 
characterisation of multi-level modelling perspectives, and devising approaches for model 
combination and integration, in order to enrich the reference models for CNs. 

(5) ICT Infrastructure challenges for collaboration. This focus area of ECOLEAD is 
aimed at development of transparent, easy to use and affordable infrastructure to support 
the networked organisations. The following three sub-areas are addressed: 
• Infrastructure reference architecture principles for networked organisations. This sub-area 
focused on platform and technology independent ICT reference architecture for collaborative 
networks and addressing: Software-as-Service and Interoperability Service Utility paradigms; 
on-demand and pay-per-use services via the concept of Services Federation; and approaches 
for enterprise applications integration, both at inter- and intra-enterprise level. 
• Generic security framework. This sub-area focused on configurable, multi-level security 
architecture and AAA (authentication, authorisation and accounting) mechanisms; and 
dynamic security for allocation and revoking of access rights. 
• Transparent inter-enterprise plug-and-play infrastructure. This sub-area focused on 
concepts and technologies needed to configure applications and infrastructures for networked 
organisations as well as an extended collaboration model where services of different CN 
members can be shared. Specific contributions include: elaboration of inter-enterprise plug-&-
play concept in line with current infrastructure trends; federated information and resource 
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management support; and support for legacy systems and corporate database integration. 
 
Relation of ECOLEAD project to the research in this thesis. The ECOLEAD project has 
involved more than twenty partners from Europe and Latin America, including 
(a) universities, (b) commercial companies and (c) running collaborative networks of 
organisations and people. The type (c) of partners, namely the collaborative networks of 
organisations and people, played the special role of end-users in this project, and thus actively 
contributed to the definition of the project’s motivations, definition and analysis of 
requirements, and the testing, trial and validation of all project results. 

In relation to the VBEs research in the ECOLEAD project, the main input and 
requirements were primarily based on the empirical study of many existing networks of 
organisations in different countries in Europe and Latin America, the so-called “1st generation 
VBEs”. These large VBEs included the VIRFERBRAS from Brazil [37], Virtuelle Fabric 
from Switzerland [44], CeBeNetwork from Germany [45] and HELICE from Spain [46], 
among others. In particular, the requirement engineering stage of our work is conducted with 
these networks. We have studied and identified the main structural elements, life cycle stages, 
functionalities, as well as the main challenges, needs and other requirements of these VBE 
networks as the basis designing and specification of the advanced type of VBEs, the so-called 
“2nd generation VBE”.  

The nature of the research results presented in the thesis: the conceptual work, 
the engineering work and the experimental work. The conceptual results represent the design 
of the VBE-ontology, specification of the ODMS, introduction of new models for 
organization competency, and specification of the PCMS system. The engineering results 
include the development of the VBE-ontology, prototypical implementation of the ODMS, 
development of the profile and competency models as a part of the ontologies, and 
the prototypical implementation of the PCMS. The experimental results represent our take-
up activities for lunching and using the ODMS and PCMS within the environments of 
a number of running 1st generation VBEs, e.g. Swill Microtech. 
 
Research publications. Many sections presented in this thesis have been published in 
a number scientific journals and peer-reviewed conference proceedings, as well as appearing 
as book chapters and technical reports. A summary of these publications is shown in 
Table 1.2, while the complete references to these publications are provided in annex G. In 
the left column of Table 1.2, the four components of the ColOnto system are listed, then for 
every component a number of publications are shown on the right. The dingle star sign means 
that a corresponding ColOnto component is addressed at least in one publication. The double 
star sign means addressing a corresponding component in at least two publications. 
 
Table 1.2 – Summary of author’s publications 

Topic 
Journal 
articles 

Conference 
papers 

Book 
chapters 

Technical 
project reports 

ColOnto-concepts: Design and 
development of VBE-ontology  

* ** * * 

ColOnto-concepts: Design and 
development of profile and competency 
model/sub-ontology 

* ** ** * 

ColOnto-functionality: Maintenance and 
management of VBE-ontology (ODMS) 

* ** * * 

ColOnto-functionality: Management of 
profile and competency data (PCMS) 

* ** * * 

Total publications = 17 4 7 3 4 
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1.7. Thesis structure  

This thesis includes five main chapters and eight annexes. A brief description of these 
chapters and annexes follows:  

Chapter 1 presents the problem area, motivation, open questions and the methodology 
for the research addressed in the thesis. This Chapter starts with the definition of the Virtual 
organisation Breeding Environment (VBE). It addresses its reference model, with 
the emphasis on the endogenous elements of VBE environments (namely: the VBE structure, 
its functionalities, behavioural polices and regulations and its resource components), as well 
as a number of VBEs’ distinguished characteristics, which make the creation and operation of 
VBE environments challenging. Specifically, it introduces four main challenges for creation 
and operation of VBEs. It then describes the need for development and management of 
ontologies for VBEs, which shall be developed to address these four challenges of VBEs, and 
briefly describes the methodology for their development. 

Chapter 2 addresses three main issues: (1) survey of the related work, (2) case study of 
1st generation VBEs and (3) analysis of VBE stakeholders’ requirements. These three issues 
represent the main input for development of the ColOnto system. 

Chapter 3 presents development of the conceptual part of the ColOnto system, namely 
the definition, design and specification of the VBE-ontology. Moreover, it specifies the part 
of this ontology which is devoted to modelling the VBE related profiles and competencies in 
more detail. This Chapter addresses the research questions RQ1 and RQ2. 

Chapter 4 addresses the development of the functional part of the ColOnto system, 
namely the specification and prototyping of the two information management systems. These 
Ontology Discovery and Management System (ODMS), which is developed for discovery, 
maintenance and management of the VBE-ontology, and the Profile and Competency 
Management System (PCMS), which is developed for management of profiles and 
competencies in VBEs. It further shows how the VBE-ontology supports information 
management in VBEs. This Chapter addresses the last research question RQ3, and together 
with Chapter 3, they also address the general research question GRQ. 

Chapter 5 addresses the validation of the developed ColOnto system, summarises 
the research results addressed in chapters 2 to 4 and introduces other potential applications for 
our achieved research results as well as the future challenges. 

Furthermore, the thesis has the following eight annexes: Annex A provides the list of 
1st generation VBEs which participated in this research. Annex B describes a number of state 
of the art models and systems related to ColOnto. Annex C gives examples of questionnaires 
primarily used for collection of information about the current state of the art practices in 1st 
generation VBEs, as well as for collection of requirements for the ColOnto. Annex 
D provides examples from the core level of the specified VBE-ontology. Annex E provides 
examples from domain level of the VBE-ontology. Annex F provides examples of one 
specific profile and one specific competency description. Annex G gives a list of authors’ 
publications, addressing the topics presented in this thesis. 

1.8. Conclusions 

This Chapter introduces the research problem which is addressed in the thesis. It starts with 
presenting the background concepts of Virtual organisations Breeding Environments (VBEs). 
It then addresses the reasons behind the planned research, outlining a number of VBE 
challenges that need to be addressed by research and development. Next it presents 
the ColOnto (Collaborative Ontology) approach addressing development and application of 
ontologies for VBEs, in order to respond to the identified challenges. Based on the research 
problem, a number of research questions, which are addressed later in the thesis, are defined. 
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Then, the objectives and contributions of this thesis are addressed. The Chapter also presents 
the research approach and methodology followed in the thesis. Lastly, this Chapter addresses 
the research context of the ECOLEAD project, summarises the author’s related publications 
and the structure of the thesis. 
This Chapter is interrelated with the other chapters of this thesis, as follows. The description 
of the background concepts addressed in Section 1.2 is further explored in this thesis in 
Chapter 2. The four identified VBE challenges (Section 1.3), as well as their projecting to 
information modelling and management (Section 1.2.2.2) are further addressed in chapters 3 
and 4, defining the conceptual and functional solutions developed within the ColOnto system. 
The research methodology (Section 1.4) is further described in chapters 2 to 5, addressing 
the following steps: (i) identification and study of related works (in Chapter 2), (ii) analysis of 
generic requirements and end-users’ requirements (in Chapter 2), (iii) definition, design and 
specification of the VBE-ontology (in Chapter 3), (iv) development and prototyping of 
the VBE-ontology based management approaches (in Chapter 4) and (v) validation of 
the research and development results (in Chapter 5). 


