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Chapter 3 

Conceptual design of ColOnto system 

This Chapter introduces the conceptual aspects of the ColOnto system. The main aim 

for specification and development of a unified ontology for VBEs, the so-called “VBE-

ontology”, includes: establishing common understanding among VBE members, 

supporting instantiation of VBEs in different domains, handling dynamism and 

scalability of VBE activity areas, and boosting and balancing the involvement of 

heterogeneous VBE members in potential VOs. Furthermore, the VBE-ontology offers 

the formal and comprehensive specification of the VBE knowledge, usable by both 

human actors and software components.  

This Chapter introduces the methodology which we have developed an applied for 

construction of the VBE-ontology. It provides details about steps of this methodology, 

including definition of scope, design of the VBE-ontology, and identification of 

techniques for developing the VBE-ontology. The Chapter then narrows down and 

provides the in depth specification for one of ten addressed sub-ontologies of the VBE-

ontology, devoted to profiles and competencies. Competencies in VBEs specifically 

serve the challenge of boosting and balancing involvement of the VBE members in 

potential VOs that are established within VBE. The Chapter presents several example 

screenshots from the implementation of this sub-ontology.  

Parts of this Chapter have been previously addressed within some of the author’s 

earlier publications, including [66][26][67][48][68][69][49][70][50].  

3.1. Introduction 

Ontologies are increasingly applied in a wide range of areas of research and development as 
the means of representing knowledge about environments, e.g. in artificial intelligence, 
semantic web, biomedical informatics, and library science among many others. This 
Chapter presents an ontology which conceptually defines the Virtual Organisation Breeding 
Environments and aims to support the VBE operation and management stages. 

As addressed earlier in Chapter 1, Section 1.2.3, the “VBE-ontology” is an instrument 
to support several challenges of 1st generation VBEs, especially including: (I) establishment of 
common understanding, (II) VBE instantiation in different domains, (III) supporting 
dynamism and scalability in VBEs, and (IV) boosting and balancing VO involvement for VBE 
members. However, specification of the VBE-ontology is only the first step in response to 
these challenges. As addressed in Section 1.2.3, further to the VBE-ontology specification, we 
also need to develop a system to manage this ontology, which we call Ontology Discovery 
and Management System (ODMS). The VBE-ontology together with the ODMS represent 
the conceptual and functional parts of our ColOnto (Collaborative networks Ontology) system 
addressed before. The main contribution of this Chapter is addressing the design and 
specification of only the conceptual part of ColOnto, while the functional part of ColOnto is 
addressed in the Chapter 4 of this thesis.  

This Chapter consists of two main sections of 3.2 and 3.3. Section 3.2 addresses 
the specification and construction of the VBE-ontology. Section 3.3 provides details on 
the specification of one fundamental part of the VBE-ontology, namely the profile and 
competency sub-ontology, which also addresses the IVth challenge mentioned above. Finally, 
Section 3.4 outlines the conclusions of this chapter. Detailed specifications of several parts of 
the VBE-ontology are presented in Annex D and Annex E of this thesis.  
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Chapter 3 addresses two out of the three research questions indicated earlier in the thesis 
in Section 1.5.namely: 

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?  

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?  
The research question RQ1 is addressed in Section 3.2.2, through the definition of 

the scope of the VBE-ontology, while the question RQ2 is addressed in Section 3.2.3, through 
the definition of the structure and design of the VBE-ontology.  

3.2. VBE-ontology 

To develop the VBE ontology, we have introduced a methodology rooted in the methodology 
suggested in [51] and [52] (see Chapter 1, Section 2.2.1 for more details) for the construction 
of unified ontologies for enterprises. We have however needed to extend the “Building” step, 
in order to address specificities of developing large environmental ontologies such as the one 
needed for VBEs. Our extended methodology consists of the following set of steps, also 
illustrated in Figure 3.1.  
• Step 1. Purpose and definition. Specification of the purpose is the starting point for 
engineering an environment ontology. The main uses and a range of intended users for 
the VBE-ontology are specified at this stage.  
• Step 2. Formality. At this step, the level of formality for the VBE ontology is defined, and 
the language for its construction is suggested. 
• Step 3. Scope / Subject matter. This step defines what should and should not be included 
in the VBE-ontology out of the wide variety of heterogeneous concepts related to 
the endogenous and exogenous aspects of the VBE environments. This step particularly 
specifies the main areas of environment concepts which need to be included in the VBE-
ontology, and answers the research question RQ1 of this thesis. For this step, as well as for 
the next step, the ARCON’s CNO reference modelling framework [17] is applied. 
• Step 4. Building/specification. This is the main step of the VBE-ontology construction. It 
includes five different sub-steps. The last two sub-steps are taken from the methodology of 
Uschold, while we have introduced the first three sub-steps to represent the features specific 
to the VBE-ontology. 

o Step 4.1. Design. This step defines the organisation (including the physical 
organisation) of concepts in the VBE-ontology. It is required owing to the large 
scope of the VBE-ontology identified at the previous step. This task which also 
addresses the research question RQ2 of this thesis. The design approach is based on 
the results of the previous step of scope definition and specially aiming to address 
RQ2.  

o Step 4.2. Applicable sources and techniques identification. This step defines 
the types of sources (i.e. literature, text-corpora, databases, schemas, human 
expertise) out of which the related concepts to the VBE-ontology can be discovered. 
It also identifies and defines the techniques for discovery and transfer of 
the identified concepts from their source to the VBE-ontology. 

o Step 4.3. Ownership & access rights assignment. This step addresses the issues of 
sharing and updating the VBE-ontology by multiple stakeholders. This is important 
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due to multiple user types involved in the VBEs and the compound structure of 
the VBE-ontology as defined at the design step. 

o Step 4.4. Concepts capturing / Textual specification. This step addresses textual 
representation of discovered and defined concepts for the VBE-ontology. We have 
specified more than 170 concepts in this thesis, which are represented in Annexes D 
and E. 

o Step 4.5. OWL coding. This step addresses the development of the VBE-ontology in 
one specific ontology language, namely in OWL, which is chosen for this thesis. 

• Step 5. Evaluation. At this step the VBE-ontology is evaluated by being assessed as to 
how it responds to the generic and specific requirements addressed in Chapter 2.  

Below we further describe the Steps 1 to 4 of our approach. The Step 5 (evaluation) is 
not addressed in this section, rather it is addressed in Chapter 5 of this thesis. 

2. Formality

3. Scope / Subject matter

- Related research and 

development

- ARCON model for 

VBEs

RQ1

RQ2

1. Purpose & Definition

4. Building / Specification

Motivation
Requirements

5. Evaluation

4.1. Design

4.2. Applicable sources & 

techniques identification

4.3. Ownership & access rights   

assignment

4.4. Concepts capturing / Textual 

specification

4.5. OWL coding

 
Figure 3.1: Methodology to build the VBE-ontology 

This Figure addresses the 5 steps of our methodology for construction of the VBE-

ontology. These steps are performed in the sequence shown by the grey arrows. However, 

at the evaluation step, the need to repeat the 3rd and 4th steps again may arise. The input 

for the ontology construction process incorporates the motivation definition, requirements 

definition, as well as provision of the findings from the study of related work, and 

specifically from the ARCON reference model [17] for VBEs. 

3.2.1. Step 1 - Purpose and definition 

As addressed in Chapter 1, Section 1.2.3, the main purpose for developing the VBE-ontology 
is to respond to the challenges of the VBE information modelling and management, including 
the four identified challenges of: establishment of a common understanding, VBE 
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instantiation in different domains, supporting dynamism and scalability in VBEs, and 
boosting and balancing VO involvement of VBE members. Based on [52], this step of 
the methodology should also define the possible users for the VBE-ontology. Our main 
targets for developing the VBE ontology are summarised below. These are partially extracted 
from the list of reasons for using ontology in VBEs (from Section 1.2.3), and further include 
the VBE user concerns: 

 
Main targets for development of VBE-ontology: 

• Establishment and support of a common understanding:  
− Representation and definitions of all VBE concepts and relationships among concepts  
− Introducing linguistic annotations such as synonyms and abbreviations to resolve 

the problem caused by different names for the same concepts  
• Support for VBE instantiation: 

− Semi-automated conversion of VBE ontology into database schemas at different 
domains 

− Semi-automated parameterisation of generic VBE management tools at different 
domains 

• Support for VBE dynamism and scalability:  

− Semi-automated processing of knowledge in the VBE ontology by software tools  
− Semi-automated knowledge discovery from text-corpora (sources used for ontology 

specification) 
• Balancing and boosting VO involvement for VBE members: 

− Modelling organisations’ profiles and competencies in VBEs within the VBE-
ontology to support automatic search and discovery 
 
Main groups of users for the VBE-ontology and their concerns:  

• Human users - actors 

− All stakeholders (including those related to any VBE as well as those outside VBEs) 
that need to familiarise themselves with the VBE terminology and concepts 

− VBE database developers that need support with development of database schemas 
− VBE administrators and domain experts that need to parameterise the VBE 

management sub-systems with specific domain data  
− VBE administrators and domain experts that need to obtain data to insert into the VBE 

management sub-systems (i.e. profile data of VBE member organisations) 
• Software users - tools 

− VBE management sub-systems, e.g. VBE trust management system or partner search 
tool, that require a set of semi-automated data processing and discovery functionalities 

− Software tools which are used to maintain / expand the VBE-ontology itself 
− Software tools which enable a variety of VBE actors to display/view/navigate 

the VBE-ontology, necessary to familiarise themselves with the VBE concepts 
 

Based on the above, the generic definition for the VBE-ontology is provided in 
Definition 1.  

Definition 1: VBE-ontology provides a unified and formal specification of 
the heterogeneous concepts in the VBE environments, allowing these concepts to be 
easily accessed by and communicated between the human and the application systems, 
for the purposes of VBE knowledge modelling, collection, processing, analysis, and 
evolution. 
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3.2.2. Step 2 - Formality  

As earlier addressed in Chapter 2, Section 2.1.1, the VBE-ontology is developed lightweight 
[23], i.e. it does not support axioms and reasoning. However, its concepts specification need 
to be formalized so that they can be processed by variety of software tools. For this reason, 
OWL is selected as the implementation language, which supports defining both 
the lightweight and heavyweight ontologies, and is commonly used by ontology developers. 

Moreover, inspired by [71], which presented an approach to formally define 
an organizational competency model, we developed an approach to define the VBE-ontology 
using set theory.  

3.2.3. Step 3 - Scope / Subject matter 

Addressing the scope is the first step towards specification and engineering of the VBE-
ontology. Scope indicates the subject matter of the VBE-ontology [51] and how far it extends. 
This also aims to respond to the research question RQ1 formulated in Chapter 1 of this thesis: 
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 two techniques of: developing usage scenarios and brainstorming with stakeholders 

are usually used to define the scope of an ontology [51]. In our approach, a set of ideas for 
the scope definition is extracted from the purpose of the VBE-ontology (see Section 3.2.1), 
from the VBE stakeholders’ requirements for the VBE-ontology (see Section 2.4.2.1), as well 
as from the study of related works (see Section 2.2.2.1 on related ontologies and Section 1.2 
about the VBEs). The main elements contained in the scope of our VBE-ontology are 
summarised below: 

a. All elements and concepts that define the VBE environment in the ARCON reference 
model 

b. Concepts that are common to all the VBEs 
c. VBEs’ domain/business area terminology (e.g. for mechanical manufacturing)  
d. New VBE related technological/scientific terminology appearing in the literature from 

research and the R&D projects (e.g. for 2nd generation VBEs) 
e. European and international norms and standards to be adapted for use by the VBE 

actors 
f. Metadata for the data stored currently or to be stored in the 2nd generation VBE 

databases 
g. Classes of information used in the VBE management subsystems 
h. VBE’s Performance Indicators (PIs)  
i. VBE’s Collaborative Opportunities (COs) descriptions 
j. VBE’s profile and competency models 

 
The above list represents heterogeneous groups of concepts needed to be addressed by 

the VBE ontology. Concepts in these groups are of a different nature (e.g. organisation’s 
profile elements vs. business domain terminology). For some groups, their concepts still need 
to be discovered and specified, while for some others, some standards are already defined. 
This is why the extendibility of the VBE-ontology is one of main requirements.  

To define the scope of our VBE-ontology, the following two main characteristics of 
the VBE information / knowledge are applied, namely reusability of information by different 
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VBE applications and reusability of information needed within different VBE management 
functionalities. These groups are further addressed below. 

 
Reusability among different VBE applications. In order to support the instantiation and 
operations of the VBEs in variety of application domains, we have divided all VBE concepts 
into two main groups of domain-dependent information and domain-independent information. 
We have thus introduced two “concept-reusability levels” or “abstraction levels” for VBE 
information. They are defined below and illustrated in Figure 3.2. 

Definition 2: Concept-reusability level partitions the VBE-ontology into two 
sets/levels of concepts to represent that they can be reused: (1) by all VBEs – core 
level, or (2) by all VBEs from the same domain / area of activity – domain level. 

• The core level of the VBE information constitutes concepts that are common to all VBEs 
and independent of their application domains, for example concepts such as “resource”, 
“competency”, “product”, “practice”, etc..  
• The domain level of the VBE information constitutes those concepts that are specific to 
VBE application domains, for example concepts such as “turn lathe”, “drilling”, “metal 
parts”, “computer aided design practice”, etc. related to metalworking domain. Domain level 
concepts are resulted from population of the core concepts to each specific VBE domain 
environment. 

 The domain level of the VBE concepts can have a variety of “specialized domain 
levels” – one for each related sector / business area (e.g. metalworking, healthcare, etc.).  
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Figure 3.2: Levels of reusability of VBE information 
This Figure illustrates the core level and domain level of the VBE information reusability. 

Namely, it points out that there is only one core level, which is common for all VBE 

application domains. It also points out that there are many specialized domain levels - one 

per each application domain. The two blocks in the left part of this Figure represent 

the block of VBE information sources introduced earlier in Chapter 1 in Section 1.1 and 

Figure 1.1. 

 
Reusability among different VBE management functionalities. The functional dimension 
of the ARCON reference model for VBEs (as presented in Chapter 1, Section 1.2.1.2) 
addresses a number of VBE management functionalities, such as VBE membership 
management, profile and competency management, trust management, etc. In order to support 
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the management of information related to different VBE management functionalities, we have 
divided the VBE concepts into a number of sub-groups in such a way that each specific 
management functionality is almost entirely represented by one specific sub-group of 
concepts. Based on definition of VBE functionalities, we have introduced ten main sub-
groups of VBE concepts, that are described below and illustrated in Figure 3.3. Also, applying 
the notion of “work areas” presented by Uschold for development of his AIAI enterprise 
ontology [72], we call these ten sub-groups of concepts VBE-ontology “work areas”. Our 
work areas however have a different nature than those of the AIAI enterprise ontology. For 
instance, the work areas identified for the VBE-ontology have larger scopes.  

Definition 3: Work area is a partition of the VBE-ontology that includes the set of 
concepts while can be reused within one specific process/functionality of the VBE 
management, i.e. related to specific VBE management service, functionality, tool, or 
task. 

Please note, that each of the defined work areas from 2 to 9 support a specific VBE 
management functionality, while the work area 1 serves for integration of the above eight 
work areas, and the work area 10 specifies the information related to the VBE management 
system itself. The concepts for work areas 1, 2, and 3 mainly address the ARCON’s structural 
dimension. The concepts for work areas 4 to 8 mainly address the ARCON’s componential 
dimension. The concepts for work area 9 are taken from ARCON’s behavioural dimension. 
And the concepts for work area 10 represent ARCON’s functional dimension.  
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Figure 3.3: Work areas of VBE information 
This Figure illustrates the ten groups of concepts for the VBE-ontology called “work 

areas”. The work areas from 2 to 8 support specific management functionalities of 

the VBE management system. The work area 1 serves for integration of work-areas 2 to 8. 

And the work area 10 defines the VBE management system itself. The image on the left 

side of this Figure is a shrunk version of VMS representation, which is addressed further 

in Chapter 4 as Figure 4.1.The work area 4 is darkened to emphasise that it plays 

an important role in the design of PCMS system addressed in this thesis as a solution for 

the research Challenge 4. 

 
1. The VBE-self work area includes the main concepts characterizing the VBE network as 
a whole. For example, these concepts include the “VBE” concept itself and the concepts, 
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defining the main elements/components constituting a VBE, such as “VBE Actor” and “VBE 
Governance”.  
2. The Virtual Organization work area includes the main classes of knowledge 
characterizing a Virtual Organization and involved in VO information management 
functionalities in VBE. For example, it addresses the main attributes of VOs, such as “VO 
Partner” and “VO Model”. 
3. The VBE actor / participant work area includes main concepts characterizing VBE 
actors, and aims at supporting the VBE membership management functionality. For example, 
it addresses the main attributes of the VBE actor class, such as “VBE Actor Profile” and “VBE 
Actor Role”, as well as including a classification of multiple roles that VBE actors play in 
the VBEs, such as “VBE Member”, “VO Broker”, etc. 
4. The VBE profile and competency work area includes concepts characterizing the VBE 
member’s profile and competency, and aims at supporting the profile and competency 
management in VBEs. It addresses elements of the VBE member organization’s profile such 
as “Competency”, “Resource”, “Practice”, etc. 
5. The History and inheritance work area includes concepts characterizing the VBE historic 
information, and aims to support functionalities for management of history of VBE members, 
VOs, and the VBE-self. For example, it addresses the types of the VBE history, such as “VO 
Inheritance” and “VBE Actor’s History”, as well as the main sub-components of the VBE 
actors’ history, such as “Cooperation” and “Collaboration History”. 
 

 
 

Figure 3.4: Relationships among work areas of the VBE-ontology 
This Figure illustrates the type-of relationships among the main concepts of the ten work areas. 

Namely it addresses the fact that a VBE has the following interrelated work areas: VBE actors, 

VOs, Governance, VMS (VBE management system), Bag of assets and Value system. In turn, VBE 

actors and VOs have History, while the VBE actors also have Profiles and Trust. Moreover, 

value System and Governance also represent components of the bag of Assets. 

 
6. The VBE Bag of Assets work area includes concepts characterizing the main types of 
documents and software tools available in the VBE’s accumulated bag of assets and aims to 
support functionality for the bag of assets management. The concepts in this group include for 
example “Lessons Learned”, “Commercial Software” and “Document of Interest”. 
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7. The VBE Trust work area includes concepts to characterize trust establishment in VBEs 
and aims to support the trust management functionality in VBEs. For example, it presents 
the definition of “VBE Trust” through “Trust Objective” and “Trust Perspective”. It also 
presents two classes of “Trust Actors” in VBEs such as “Trustee” and “Trustor”. 
8. The VBE Value System work area includes concepts for characterizing VBE’s system of 
values and capitals, and aims to support the VBE value management functionality. For 
example, it defines the components of the VBE Value System such as “Value Generation 
Objects” and “Performance Indicator”. 
9. The VBE Governance work area includes concepts characterizing VBE rules, bylaws, 
principles and VBE collaboration culture. For example, it defines the sub-classes of the “VBE 
Bylaw” class such as the “Conflict Resolution Policy” and “ICT Use Guideline”. 
10. The VBE management system work area includes the main concepts defining the VBE 
management system as a whole. It includes concepts such as “Trust Management System”, 
and “Agreement Negotiation Wizard”. 

Please note, that some concept addressed in different work areas may belong to more 
than one work area. For example, the concept of “Profile” can belong to both the “VBE 
actor/participant” work area and to the “VBE profile and competency” work area. Figure 3.4 
illustrates the type-of relationships among these ten sub-ontologies through also reflecting 
the relationships defined among their main concepts.  

The ten work areas of the VBE-ontology are complementary and each has some 
concepts that it shares with some other work areas. In addition, while these ten work areas 
comprehensively capture all concepts related to different functionalities in the 2nd generation 
VBEs, it is clear that in future when and if needed more work areas can be defined and added 
to the VBE-ontology, while also specifying their interrelations with other work areas.  

Additionally, each of these ten work areas can also split into smaller work areas 
depending on the level of details which may be needed to be captured by them. For example 
in the Profile and Competency work area, the Competency work area can be separated from 
the Profile work area, if their details need to be drastically expand for one VBE.  

3.2.4. Step 4 – Building 

The building step includes a set of sub-steps that lead to construction of the VBE-ontology 
from its design phase to the actual building up of the physical OWL ontology. In the previous 
Section we pointed out that the scope of the VBE-ontology is large and its concepts have 
heterogeneous nature. This is the main reason why both designing of the VBE-ontology on 
a detailed level, and finding a suitable approach for its construction were the most challenging 
tasks in our research. At this step, we have also answered to the research question RQ2 
formulated in the thesis: 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? 

3.2.4.1. Step 4.1 - Design 

In order to make a detailed design of the VBE-ontology, we have gone further with our idea 
of grouping all possible VBE-concepts into smaller groups, and designing them inside these 
groups. Namely, we have applied the divide and conquer principle in order to simplify 
coping with the large size and the wide variety of aspects. Our design for the VBE-ontology is 
based on the “ontology partitioning” approach [73] and dividing various aspects on both 
the logical and physical levels. Our approach for partitioning is addressed below in this 
section. This partitioning resulted into representation of the VBE-ontology as a set of “sub-

ontologies” which are also defined in this section. We also explain the way in which 
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the VBE-ontology for every specific VBE application environment shall be assembled out of 
a number of sub-ontologies. 

 
Sub-ontologies. The previous Section addressed the scope of the VBE-ontology 

through grouping its concepts into the two concept-reusability levels and the ten work areas. 
The results of intersection of the “horizontal” reusability levels and the “vertical” work areas 
are introduced in this thesis as sub-ontologies of the VBE-ontology.  

Definition 4. Sub-ontology is a partition of the VBE-ontology representing on one 
hand an independent physical unit, i.e. that can be used independently by VBE’s 
human and software agents, but on the other hand its complementarity to other sub-
ontologies, i.e. the fact that all sub-ontologies together comprise the complete VBE-
ontology. 

Similar to work areas, sub-ontologies may also be further split into a set of “sub-sub-
ontologies”. For example from the “Core level Profile and Competency sub-ontology”, 
the “Core level Competency sub-sub-ontology” can be separated. Therefore, a “sub-sub-
ontology” describes a smaller work area but the same concept-reusability level. Splitting 
a sub-ontology depends on the convenience of engineering and processing of the smaller 
partitions instead of the entire sub-ontology by software and human agents. Please note that in 
relation to the entire VBE-ontology, in most cases there is no difference between “sub-
ontologies” and “sub-sub-ontologies”, thus the “sub-sub-ontologies” can be also referred to as 
“sub-ontologies”. 

The sub-ontologies represent the minimal physical units of the VBE-ontology, i.e. 
physical OWL files on a computer, while the whole VBE-ontology itself shall be assembled 
from its physical sub-ontologies according to its logical structure. Therefore, the VBE-
ontology at the physical level represents an assembly of independent but complementary sub-
ontology files.  

One benefit of building and maintaining sub-ontologies is to support incremental 
development of the VBE-ontology by a number of different ontology developers. Therefore, 
while some sub-ontologies are still under development, the developed sub-ontologies may be 
used to support VBE information management in both new and running VBEs. This 
especially applies to the domain level sub-ontologies that need to be constructed on demand, 
when a new VBE needs to be established in a specific domain. Only the core level sub-
ontologies should be established independently of any VBE applications. 

Below is a list of the main characteristics of the domain-level sub-ontologies that make 
the decomposition of the VBE-ontology indispensable: 
• Usability variety. The VBE domain sub-ontologies may totally differ from one VBE 

domain to another. Namely the competencies of organisations in a manufacturing domain, 
completely differ from the competencies of an organisation in a healthcare domain. 

• Source variety. Some standards / classifications of knowledge may already exist for some 
of the business/industry domains, e.g. [74], which can contribute to the construction of 
the VBE domain level sub-ontologies. However, this is not the case for all VBE domains. 

• Dynamism variety. The VBE domain sub-ontologies need to be continuously extended 
during the VBE operation/evolution stage, in order to support the VBE’s dynamism. 

• Content variety. The knowledge in the VBE domain sub-ontologies primarily includes 
all the knowledge related to the specific domain / business area of the VBE, as well as all 
the relevant knowledge collected from the VBE members / actors. 

• Dynamism level. The dynamic nature of the VBEs makes it difficult for human VBE 
experts to continuously monitor and collect the new domain data that is brought to 
the VBE by the newly joined actors and/or new business opportunities in 
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the market/society, which subsequently must be introduced within the VBE domain sub-
ontology. 

• Reusability variety. The domain level sub-ontologies shall be reusable by the VBEs from 
the same domains. 

• Actors variety. The domain sub-ontologies must be developed and evolved in 
commitment with all actors in the same domain. 

 

Sub-ontologies for a specific VBE application. Earlier in Section 3.2.3 we outlined 
that the domain level of the VBE-ontology is represented by a number of specialised domain 
levels – one for every domain or business area of activity. To support a specific VBE 
application however, its management does not need to apply the entire domain level ontology, 
rather usually only a subset of the specialised domain levels is required, in which this VBE 
operates. Therefore, every VBE requires its own “exemplar” of the whole VBE-ontology 
including a part of its domain ontology. We define of our VBE-ontology exemplar as 
following:  

Definition 4. An exemplar of the VBE-ontology is a partition of the entire VBE-
ontology that represents: (1) the whole core level of the VBE-ontology, and (2) 
a subset of specialised domain levels from the specific domains, in which the VBE 
operates. 

3.2.4.2. Step 4.2 - Applicable sources & techniques identification 

A number of existing sources can be used for acquiring concepts for the VBE-ontology. For 
example, the knowledge of VBE experts, reference books about VBE activity domains, 
research publications, databases and web-sites of existing VBEs, etc. Every type of source 
requires a specific technique for extraction/discovery of concepts. There are four main types 
of techniques usually applied, including: (1) manual development, (2) existing ontologies 
integration, (3) reverse engineering, and (4) natural language parsing (as described in 
Annex B, Section B.1.4).  

The sources and techniques differ for the core level and domain level of the VBE-
ontology. Since the concepts for the core level are common for all VBEs, they need to be 
specified objectively. Therefore, the terms cannot be taken only from the practice of either 
one specific VBE or a set of VBEs from the same domain. Furthermore, since the research on 
VBEs is still ongoing, new types of generic terminology are still being introduced. This 
terminology in some cases replaces the earlier terminology used for these networks. 
Therefore, for the core level terminology we apply the VBE reference model [9]. 

Finding terms and concepts for the ontology o the VBE domain level is usually easier 
than for the core level, since in most domains (e.g. metalworking, healthcare) their 
terminology is already specified and standardised in specialised domain literature, e.g. 
reference books, taxonomies, etc. Domain concepts mainly represent sub-classes of the core-
level concepts, for example a hierarchy of domain related business processes can be formed 
for the profile and competency work area. Furthermore, the terminology for the domain level 
sub-ontologies can be extended with the involvement of domain experts.  

A set of reusable sources and techniques, for building the VBE-ontology, are illustrated 
in Figure 3.5 and defined in more details in this section. 

 
1. Experts’ knowledge ( to reuse by manual development techniques) 

• K1: Knowledge of work area experts, including: 
- Publication about specific work areas, namely about modelling and management 

of trust between companies, management of profiles and competencies of 
organizations, modelling of value systems, etc. 
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• K2:Enowledge of VBE experts, including: 
- Knowledge and expertise of the academia experts working in the area of 

collaborative networks and VBEs in particular. 
- Knowledge and expertise of the administrators, coaches, technical support 

providers, and other members of existing VBEs. 
• K3: Knowledge of domain experts, including: 

- Knowledge of domain experts working for networks of companies or single 
companies operating in a specific domain. 

2. Other ontologies (to reuse by ontology integration techniques) 

• O1: Existing work area ontologies, including: 
- Ontologies introduced by the earlier research related the VBE, for example 

the VO performance indicators ontology (as addressed in annex B, Section B.2.2) 
• O2: Existing domain ontologies, including: 

- Ontologies that exists for some domains of activities, for example the GENE 
ontology [75] for the biodiversity domain 

3. Structured sources, e.g. DB schemas, taxonomies (to reuse by reverse engineering 

techniques) 

• S1: Schematic assets of work areas, including: 
- Database schemas and data models from the related work areas, such as 

organizations’ competency management (e.g. as addressed in B.4.2.1),  
• S2: Schematic assets of running VBEs, including: 

- Database schemas, ontologies, diagrams, and information collection forms of 
existing VBEs. 

• S3: Domain schematic assets, including: 
- Database schemas and data models developed and used by organizations, 

institutions or consortiums working in a specific domain of activities. 
4. Semi-structured and unstructured sources, e.g. web pages, dictionaries) (to reuse by 

natural language parsing techniques) 

• U1: Domain reference books and web-sites, including: 
- Reference books, dictionaries, standard specification, and other domain literature 

describing domain information, such as terminology, taxonomy, definitions, etc. 
 
For building up the core level of the BE-ontology, as well as several domain sub-

ontologies for the manufacturing domain level, we reused the following sources: 
• For the core level sub-ontologies: 

- Expertise of academia experts from organisations representing partners of 
the ECOLEAD project and members of the SOCOLNET society 

- Expertise of VBE representatives from existing VBEs participating in the ECOLEAD 
project  

- Reports and publications of the ECOLEAD project [76], particularly, the main concepts 
were extracted from [14] 

- Diagrams and information collection forms from existing VBEs participating in 
the ECOLEAD project 

• For the domain level sub-ontologies: 
- NACE classification of business activities. 
- Data categories from the management tool of the metalworking domain VBE from 

Mexico called IECOS  
- Knowledge of experts working in the metalworking domain, particularly from Mexico 

and Switzerland 
- Reference books for metalworking domain 
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Figure 3.6: Sources and techniques for building up the VBE-ontology 

This Figure illustrates nine main sources for acquiring concepts for the core and domain 

levels of the VBE-ontology, such as experts’ knowledge, existing database schemas, 

existing ontologies, etc. For each source, its related technique for concepts discovery is 

also illustrated. 

 
The four types of techniques are introduced in Figure 3.6 below in more detail: 

a) Manual development by experts. This technique for engineering sub-ontologies is based 
solely on the experts’ knowledge. In annex B, Section B.1.4 five approaches for manual 
ontology building are addressed. The choice of an approach depends on the specifities of 
a sub-ontology, as follows: 
- The Inspiration approach is suitable for sub-ontologies that can be only developed from 

scratch, such as the sub-ontologies for the VBE-self work area and the VO work-area.  
- The Induction approach is suitable for development of all core level sub-ontologies based 

on cases of existing VBEs.  
- The Deduction approach is suitable for development of all domain level sub-ontologies 

after their related core level sub-ontologies are developed.  
- The Synthesis approach is suitable for integration of all developed sub-ontologies. 
- The Collaboration approach is suitable for making a convention by a number of experts on 

all VBE related concept names as well as on the structure of all sub-ontologies. 
 

b) Existing ontologies integration. There are many approaches for integration of ontologies 
(as addressed in Annex B, Section B.5.1). However, for core level sub-ontologies there is 
a small number of existing ontologies that can be reused for integration. But, the domain level 
ontologies exist for many of the wide variety of activity domains.  
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c) Reverse engineering. There are a number of existing database schemas and other models 
related to the VBEs. Namely, some running VBEs can provide their database schemas for 
reuse. They also use some forms for collecting data from their member organisations. These 
resources are in specific predefined format, which means they can be processed by a software 
tool, for their terms to be extracted and organised in an ontological format. For every resource 
format, a reversing/converting software tool shall be developed. 
d) Shallow NL parsing. For the semi-structured resources that are represented in the form of 
reference books, dictionaries or taxonomies, extraction of concepts from these resources can 
also be semi-automated. An example semi-automated concepts discovery tool called tOKo, 
which we have also used for extension of the VBE-ontology, as briefly addressed in annex B, 
Section B.5.2.  

3.2.4.3. Step 4.3 - Ownership & access rights assignment 

Since the sub-ontologies of VBE-ontology are developed to be distributed and shared among 
different VBEs, the issue of ownership, access rights, and confidentiality needs to be 
addressed. 

In relation to the core level of the VBE-ontology that is developed to be common for all 
VBEs, it should not be owned by any specific VBE, but instead by an external institution that 
develops and maintains. Therefore, the access rights for editing these levels should belong 
only to that institution, while the access rights for loading and processing these levels should 
belong to all varieties of their possible users. Furthermore, these levels are not confidential. 

In relation to every exemplar of the domain level of the VBE-ontology, its sub-
ontologies can be owned either by some external institutions or by specific VBE networks. 
The institutions owning some domain level sub-ontologies shall represent domain experts. 
They shall have the access rights for editing their sub-ontologies, while access rights for 
loading and processing these sub-ontologies should belong to all varieties of their possible 
users. The VBEs owning some domain level sub-ontologies either keep them confidentially or 
share them with their collaborators. They can also provide their sub-ontologies to others 
together with the editing rights. Then such “copies” of sub-ontologies can exist and evolve 
independently as separate sub-ontologies. 

3.2.4.4. Step 4.4 - Concepts capturing / Textual specification  

This Section describes the approach that we used for capturing of concepts and textual 
specification of all core level sub-ontologies as well as a number of domain level sub-
ontologies. 
 

Concept capturing. Considering that different stakeholders within VBEs may use its 
terms flexibly (i.e. with varying meanings), and moreover some of the terms specified in 
the VBE-ontology may not be the obvious choice for a certain concept in a certain VBE 
environment, our main goal when defining a concept is to provide variety of synonyms as 
well as other annotations for it. Furthermore, annotating concepts, as well as defining 
relations between them, also supports integration of sub-ontologies developed by different 
developers within the whole VBE-ontology.  

When annotating a concept, we kept in mind that concept definitions in ontologies are 
typically different from definitions in dictionaries [72]. While dictionary definitions report 
how words are used, ontology definitions often report how a limited set of terms are used in 
relation to each other. Therefore, understanding an ontology requires a willingness to dispense 
with preconceptions based on the dictionary meaning and/or other common usage of terms. 
This is why we prefer to use terminology from literature / publications when labelling 
concepts from the core level. But we also prefer to use specific terminology from running 
VBEs’ application environments as synonyms for concepts. 
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The types of annotation introduced for the VBE-ontology include the following: 
• Concepts annotations 

o “Label”: The Label of a concept in the VBE-ontology is either one word or a short 
phrase written in the rules of a natural language, representing this concept. The Label 
represents the term that is intended to be used and shared by different VBEs. While 
the same concept can be expressed through different terms in different VBEs, its label 
is intended to represent a kind of standard uniform representation of the concept. 
The label can be different from the machine representation of the name of the concept, 
since most ontology editors do not allow spaces in the names of concepts (they are 
usually replaced by dashes), while labels are written in a natural language. Labels in 
the VBE-ontology are intended for understanding by both: human actors and software 
components. 

o “Definition”: The Definition of a concept in the VBE-ontology is a textual 
explanation of the meaning of this concept. The main purpose of the definition is to be 
read and understood by all VBE stakeholders. 

o  “Synonym”: A Synonym of a concept in the VBE-ontology is any word or a short 
phrase written in the rules of a natural language that is used in some VBEs or in other 
contexts for expression of this concept, but is not equal to the label of this concept. 
A concept can have many synonyms representing different terms or words used in 
speech or in documents for expression of this concept. Similarly to labels, synonyms 
in the VBE-ontology are used for understanding by both: human actors and software 
components. 

o “Abbreviation”: An Abbreviation in the VBE-ontology represents the abbreviated 
form of a label or a synonym of a specific concept. One concept can have many 
abbreviations. The abbreviations are also intended to be used by both human actors 
and software components.  

o “Kind”: The Kind of the concept represents a modelling aspect for the concept. 
The following four kinds of concepts are defined based on the ARCON model: Active 
Entity, Passive Entity, Function, and Concept. 

o “Sub-ontology”: This property addresses the name of one of a set of sub-ontologies to 
which a concept belongs. 

• Relationships annotations 

o “type of”: Many concepts of the VBE-ontology are organised in hierarchies, i.e. they 
have the ”type of” (also-called “hyponymy” or “subsumption”) relation. For example, 
“VBE actor” has a subclass “Regular VBE member”. 

o  “has part”: Many entities in VBE environments are constituted of other entities, i.e. 
have the “aggregation” (also-called “meronymy”) relation. For example, every 
“Profile” has “Competency” as its part.  

o “has attribute”: This is the “association” relation which connects other semantically 
related entities, that cannot be connected with the “type of” or “pas part” relations. For 
example, every “VBE actor” has a “Role” as its attribute. 
 

Textual specification. The textual specification of the developed sub-ontologies of 
the VBE-ontology, addressed in our research, is organized specially for the sake of easier 
visualisation of the concepts’ characteristics and for publishing the VBE-ontology in 
academic proceedings. This Section briefly addresses this specification, while the complete 
set of VBE-ontology specifications are presented in annexes D and E of this thesis.  

In our VBE-ontology research, all ten sub-ontologies of the core level are defined. Also, 
a few specialised domain level sub-ontologies are specified as examples. Please note that in 
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Annex D, for some core level sub-ontologies, definitions of several of their “secondary” 
concepts are skipped due to the space limitation in the thesis. Particularly, some concepts are 
only mentioned while their details are not provided. In this case the phrase “(is not 
presented)” appears next to such concepts. Annex E gives two example domain level sub-
ontologies developed for the manufacturing domain, namely (1) the sub-ontology for 
automatic machining processes and (2) the sub-ontology for manufacturing practices. Both 
sub-ontologies can be reused by VBEs operating in the domain of manufacturing activities. 
Our main innovative contribution in relation to the specified VBE-ontology is related to 
modelling VBE competencies, a main part of the VBE core level ontology. 

3.2.4.5. Step 4.5 - OWL coding 

The sub-ontologies of the VBE-ontology are implemented using two ontology editors – Hozo 
[77] and Protégé [78]. Hozo is a graphical ontology editor and ontology viewer environment 
that has a user-friendly interface that supports building of ontologies. Protégé is an extensive 
ontology editor that supports OWL ontologies development. For our purposes, first Hozo is 
used to model VBE concepts and their relationships in a graphical format. Afterwards, 
Protégé is used to specify the OWL-based features of the VBE sub-ontologies.  

The developed core level of the VBE-ontology is represented by ten sub-ontologies (i.e. 
ten OWL files). The developed domain level of the VBE-ontology includes several example 
sub-ontologies developed specifically for the manufacturing domain example, as applied in 
the ECOLEAD project.  

 

 
Figure 3.7: Partial screen-shot of the VBE profile and competency ontology at the core level  

This Figure shows a part of the VBE profile and competency sub-ontology at the core 

level, represented using the graphical Hozo editor. In this editor, the concepts are 

represented by boxes, while the three types of relationships are represented by connectors. 

The “is-a” connector stands for the “has subclass” relationship. The “p/o” connector 

stands for the “has part” relationship. And the “a/o” connector stands for the “has 

attribute” relationship. 

 
A few screen-shots from these sub-ontologies are illustrated below. Figure 3.7 

demonstrates a part of the VBE profile and competency sub-ontology of the core level, 
represented with the graphical Hozo editor. In this editor, the ontology concepts are 
represented by boxes, while the three types of defined relationships are represented by 
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connectors. The “is a” connector stands for the “has type” relationship. The “p/o” connectors 
stand for the “has part” relationship. And the “a/o” connectors stand for the “has attribute” 
relationships. 

 

 
Figure 3.8: Screen-shot of the manufacturing practice sub-ontology of the domain level 
This Figure shows the manufacturing practice sub-ontology of the domain level 

represented in the Protégé editor. On the left-hand side Protégé displays a catalogue of 

ontology concepts, where the concepts are located according to their “has subclass” 

relationships. On the right-hand side Protégé displays the meta-properties, attributes and 

other relationships of concepts.  

 
Figure 3.8 addresses the manufacturing practice sub-ontology of the domain level 

represented in the Protégé editor, as an example for domain level ontology. On the left-hand 
side Protégé displays in one tab a catalogue of the ontology concepts, where the concepts are 
located according to their “has subclass” relationships. On the right-hand side, Protégé 
displays the meta-properties, attributes and other relationships of the concepts in a number of 
tabs. 

3.3. Profiles and competencies 

This Section provides details about the engineering of one sub-ontology of the VBE-ontology, 
namely the “core level profile and competency sub-ontology”. We developed this sub-
ontology on top of the models for profiles and competencies of VBE member organisations. 
Its main goal is to facilitate management of characteristic information about VBE member 
organisations. Specifically, this Section addresses the approach which we developed for 
identification of this sub-ontology’s concepts and the relationships among these concepts 
from different types of sources (see Section 3.2.5). It also addresses the engineering of 
domain level sub-ontologies related to this core-level sub-ontology. 

Detailed addressing of the development of core level profile and competency sub-
ontology represent an example for how other sub-ontologies are developed, and specifically 
exemplifies how much details are involved in the research, related to every work area and 
every VBE sub-ontology,.  

Further below in this section, we present both the specification of the profile model in 
Sub-section 3.3.1, and the specification of the competency model in Sub-section 3.3.2. This 
Section also discusses the VBE domain variety in relation to the VBE members’ profile and 
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competency model in Section 3.3.3. The Section also introduces two new concepts of 
“aggregate competency” and “collective competency” (in Section 3.3.4), which play a role in 
facilitating VO’s configuration.  

In annex F one example for organization’s profile and one example for organization’s 
competency is provided. 

3.3.1. Generic model of profile 

As addressed in Chapter 1, Section 1.2.2.4, the main objective of the ICT-based design and 
management of member organisations’ profiles is to facilitate the involvement of VBE 
member organisations, from some specific line of activities / operations, in creating their 
profiles semi-automatically. Based on that, the following definition of profile is proposed: 

Definition 6. The VBE member organisation’s profile consists of specific set of 
identifying characteristics (e.g. name, address, capabilities, etc.) about each 
organisation, that are collected specifically to facilitate their semi-automated selection 
for involvement in some specific line of activities / operations in VOs.  

Organizations’ profiles need to be created and kept up to date, due to the following 
specific reasons: 
- Creation of awareness inside the VBE: that needs basic information about name, creation 

date, location, size, area of activity, general textual description of an organisation 
- Configuration of new VOs: that needs basic information (i.e. name, size, etc.), contact 

information, competency information and financial information. 
- Evaluation of members by the VBE administration: that needs records about past activities 

of organisations including past collaboration/cooperation activities, as well as 
products/services produced and practices applied. 

- Introduction / advertising in the marker / society: that needs aggregation of characteristics 
such as locations, competencies and past history. 

To identify a complete set of profile elements, we considered the results of our 
requirement analysis (Chapter 2) . Based on the state of the art (Section 2.2.4) as well as 
the identified requirements (Section 2.4.5.2), we drew down an embedded list of elements for 
VBE members’ profiles.  

Further in this Section our design of the generic/unified structure of the VBE members’ 
profile is presented. Sub-section 3.3.1.1 presents the three major categories of profile 
information, and Sub-section 3.3.1.2 addresses the elements identified for the generic model 
of VBE member organisations. 

 
The following three major categories of profile information for organizations have been 

identified:  
•••• VBE-independent information includes the organisation’s characteristics that are 
independent on their involvement in any collaborative and cooperative consortia.  
•••• VBE-dependent information includes the organisation’s characteristics that are 
dependent on their involvement in collaborative and cooperative consortia within the VBEs, 
VOs, or other types of CNs.  
•••• Conspicuity documents are required as the indication / proof of validity of the profile 
information provided by the organisations, related to both previous categories of information. 
The conspicuity can be either an on-line document or web accessible information, e.g. 
organisation’s brochures, website, etc. 
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A generic model for the VBE member organisation’s profile is developed. Its partial 
model is presented in Figure 3.9. This Figure illustrates the three main categories of 
the profile elements, including: (1) VBE-independent information, (2) VBE-dependent 
information, and (3) Conspicuity documents. Each category has a set of subcategories, such as 
basic information, legal information, etc. Further, each subcategory has a set of profile 
elements. Figure 3.9 illustrates elements of each category. Due to the space limitation, this 
Figure illustrates up to only three elements in each category, while other elements are also 
named and described below in this section. 

 

 
Figure 3.9: Partial model of the VBE member’s profile 

This Figure illustrates the main structure of the profile definition. The gray boxes 

illustrate a few complex objects, e.g. VBE-dependent information and VBE history 

information, which have other objects as attributes. The white boxes represent objects that 

have only simple textual attributes. 

 
Below, Table 3.7 addresses the three categories of profile information in more details. 

For each category its purpose, main information classes, and other details are provided. Many 
elements in this profile model are the result of our in-depth study in this area. For each profile 
information class, its confidentiality level is also defined in the table. Four levels of 
confidentiality (“Conf. level” in the table header) are identified, namely: (I) visible only to 
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VBE administration, (II) visible for VBE administration and VBE experts (such as VBE 
coaches, VO brokers, etc.), (III) visible to all VBE members, and (IV) visible to all VBE 
members and also to everybody outside the VBE.  

 
Table 3.7: Information classes in the generic model for VBE member organisation profile 
Information 

class 
Attributes and description of the information class 

Conf. 

level 

VBE-independent information 

Basic 

information 

Basic information represents a minimal set of data identifying and 
characterising an organisation, including: Name, Locations, Creation 
date, Domain of activities, Number of Employees, and General 
Description. Providing the basic information is obligatory for all 
member organisations at the registration stage in the VBE. The basic 
data is accessible to the public. Its main objective is to introduce 
the organisation both inside the VBE and outside the VBE in 
the market / society. 

IV 

Legal 

information 

Legal information represents a set of characteristics of the organisation 
such as Legal Name, Legal status, Legal address, that can be accessed 
mainly by the VBE administration and needs to be submitted at the time 
of application for the VBE membership. 

III 

Mission 

information 

Mission information represents the description of the organisation’s 
Vision, Mission, Strategy, and Targeted Group (i.e. Market/Society 
sector). This data is mainly used within the VBE to analyse whether or 
not it corresponds to the common Vision, Mission, Strategy and intended 
Targeted Groups of the entire VBE.  

III 

Contact 

information 

Contact information describes how the organisations can be contracted, 
such as through: Postal Addresses, Phones, Faxes, E-mails, and 
Websites. The contact data also provides links to descriptions of Contact 
People (i.e. individuals within the organisation). The contact information 
must also be provided when the organisation is registered in the VBE. It 
is publicly accessible mainly inside the VBE. 

II and III 

Competency 

information 

Competency information includes different aspects of the organisation’s 
competency description, including the specification of the competency 
itself. Namely, it includes: 
• The Competency indicates what an organisation can do and is 
used mainly for the sake of VO creation. The competency model is 
defined further below in this Chapter in Section 4.4.2. 
• The Product represents the description of the variety of services 
and goods developed, produced, and delivered by the organisation. 
The main descriptors of the product include: Name, Textual 
Description, Type (i.e. of product or service), and Production Strategy 
(e.g. “engineering to order” for goods and “design of services” for 
services). 
• Resource represents the element applied to a business process in 
the organisations. Several types of resources can be identified (see 
Section 4.1.2.1), including: human resources, ICT resources (e.g. 
software, hardware, and communication facilities), physical resources 
(e.g. buildings, equipment, machines, transport and recorded 
information) and organisation resources (e.g. brand and culture). 
The main descriptors of resources differ from one type of resource to 
another. For example, the human resource descriptor can include: Job 
Function, Educational Level, Professional Field, Degree Obtained, 

From I to 
IV  
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Information 

class 
Attributes and description of the information class 

Conf. 

level 

Years of Experience, and Number of Employees; while for the ICT 
resource they include mainly: Type (e.g. software), Developer, Name, 
and Description. 

Associated 

partner 

information 

Associated partner information represents a description of a second 
organisation (e.g. a sister company, a supplier, or a customer) which has 
some (business) relations with the member organisation. The main 
descriptors include: Partner name, Type of relationship (with 
the member organisation), and Duration of Collaboration. 
The information about associated partners provided in the profiles 
supports the further invitation of these organisations to the VBE as new 
members. 

From I to 
III 

Financial 

information 

Financial information about a member organisation is typically required 
by the VBE in order to verify their financial stability (see 
Section 4.1.1.1). For instance, the financial stability of a VBE member 
organisation is important in order to assure the VO broker that 
the organisation will survive during the VO’s operation. The main 
descriptors of the financial information include: Total Sales, Total 
Revenue, Annual Balance and Operational Costs. Financial data 
collected from the organisations shall be treated with a very high degree 
of confidentiality, i.e. it can be accessed only by VBE administration and 
designated partners, e.g. a VO broker. 

I and II 

History 

information 

History information represents the record of past events at 
the organisation. The attributes of History of a member organisation 
include: a textual History Description, as well as more detail about 
the History of the Products Produced and Practices Applied. This 
information is needed mainly by VBE administration and VO brokers to 
evaluate of this member organisation’s past activities. 

From I to 
III 

VBE-dependent information 

VBE 

registration 

information 

VBE registration information represents the main characteristics of 
the organisation in relation to the VBE where this organisation is 
registered, such as Registration ID, Registration Date, and Participation 
Role. This information is needed by regular VBE members as well as by 
the VBE administration and VO brokers to see the current position of 
a VBE member in a VBE mainly for evaluation of this member’s 
activities in VBEs. 

III 

VBE history 

information 

VBE history information represents the record of past events at 
the organisation in relation to VBE consortium activities, including 
Collaboration History (i.e. in VOs) and Cooperation History (i.e. in 
VBEs). This information is needed mainly by the VBE administration 
and VO brokers for evaluation of this member organisation’s past 
activities within VBEs. 

II and III 

Conspicuity documents 

This category is represented here only by one high-level information class, namely 
the “Conspicuity” class. However, the conspicuity documents can be of two different 
kinds: the “witnessed evidence” documents (e.g. a letter of recommendation or an article 
in a magazine/newspaper) or the “authorised / certified evidence” documents (e.g. 
accreditation statements, financial ratings, licenses, certificates, patents and awards). 
Evidence documents can indicate the product quality, financial stability, and so on, and 
they will be kept in the VBE when provided by the organisations. 

I and II 
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3.3.2. Generic model of competency 

The main objective of our introduced competency model for VBE member organisations, 
called the “4C-model of competency”, is to promote the involvement of the VBE member 
organisations in future VOs [48][50]. While the competency itself is an element of the profile 
model, it also has an embedded, compound structure. The four fundamental components 
characterising the competency in this model are designed based on the state of the art study 
and the requirement analysis in running VBEs. These four represent: “Capability”, 
“Capacity”, “Cost” and “Conspicuity”. A description for and the reason behind the design of 
each component in this model, is further addressed below.  

Definition 7. Organisations’ competencies in VBEs represent up-to-date information 
about their capabilities, capacities, costs, as well as the conspicuities, illustrating their 
accuracy, all aimed at qualifying organisations for VBE participation, and mostly 
geared towards their VO involvement. 

The main features that make up the 4C-model unlike other models (as addressed in 
Section 2.2.4.2) include the following: 

• The 4C-model is developed addressing the context of VO creation within VBEs. Thus, 
the competency structure and main elements primarily intend to meet the specific VBE 
requirements, and potential VO qualification. 

• The 4C-model is the basis for development of a competency database at the VBE, as well 
as the system for cataloguing and processing of competencies (i.e. the PCMS). Hence, 
the competency structure shall support dynamic structuring and processing of competencies. 

 
Figure 3.10 - Generic 4C-model of competency 

This Figure illustrates a UML diagram specified for the 4C-model of competency. It 

addresses the main elements of Competency including: Capability, Capacity, Conspicuity 

and Costs, as well as two other related elements: Product and Resource. 
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To properly support the competency-based VO creation in VBEs, sections 3.3.3 and 

3.3.4 also introduce two new concepts: the “aggregate competency” and the “collective 
competency”. 

But similar to other competency models addressed in Section 2.2.4.2, the 4C 
competency model in VBEs also has a compound structure. However, the primary emphasis 
in this model goes to its four main components. Reasons for design of these elements are 
introduced below as prerequisites for the 4C-model:  

 

1. Capabilities represent the capabilities of organisations, e.g. their processes and activities. 
When collective business processes are modelled for a new VO, the VO planner has to search 
for specific processes or activities that can be performed by single organisations, an order to 
fulfil the plan. 
2. Capacities represent free capacities of resources at organizations that are needed to 
perform one capability. For a VO planning example, specific capacities of organisations are 
needed to fulfil the required quantitative aspects of capabilities, e.g. the amount of production 
units per day represents the capacity of production at an organization. If the capacity of one 
member for a specific capability is not sufficient for a new VBE plan, another member (or 
a group of members) with the same capability can be also asked to get invited.  
3. Costs represent the costs of supplying products/services in relation to offered capability 
and capacity. This information is needed to estimate whether or not inviting a specific group 
of members to fulfil the VO plan may exceed the planned VO budget. 
4. Conspicuities represent means for verification of the validity of information provided by 
the VBE members about their capabilities, capacities and costs. The conspicuities in VBEs 
mainly include certified or witnessed documents, such as official certifications, licenses, 
recommendation letters, etc.  

An illustration of the generic 4C-model of competency, applicable to all variety of 
VBEs, is shown in Figure 3.10. 

More details about each element in the 4C competency model are provided further in 
this section. As such, the top-level view on competency is addressed in Section 3.3.2.1, while 
sections 3.3.2.2 to 3.3.2.5 address the four elements of competency in more detail. For each of 
these classes, its properties, description, and an example from an educational organisation are 
provided. 

3.3.2.1. Competency  

As also addressed in previous research (Section 2.2.4.2), the definition of competency cannot 
be restricted to only a mnemonic competency name, given that it represents a variety of 
different characteristics. In other words, competency represents a container of a number of 
characteristics. Some of these are primary characteristics. The main characteristic in 
the competency definition is Capability, which refers to a process, task or activity, and defines 
what an organisation can do.  

 
Table 3.8: Properties of Competency 

Property 

name 
Specification Example 

Competenc
y ID 

Every competency needs to have an identifier that distinguishes it 
from other competencies. On the one hand, similar competencies 
(e.g. “teaching” competencies of two different educational 
organisations) can be distinguished from each other through the set 
of competency related characteristics (e.g. the teachers at these two 
organisations have different levels of experience). But on the other 

Comp-1, 
Comp-2, 
etc. 
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Property 

name 
Specification Example 

hand, a single unique mnemonic/semantic identifying parameter 
would be more convenient. However, considering the compound 
nature of competency, a single textual identifier cannot be easily 
defined, since it should represent/summarise the variety of 
competency related characteristics. We suggest a competency 
identification approach addressing two types of identifiers – first 
the one used by the software agents and second the one used by 
the human agents who access the VBE’s competency information. 
For the access by the software agents, competencies shall be 
identified at the level of databases, through a special system ID. This 
ID has no associated semantic, but it supports unique competency 
identification, used within software systems. On the other hand, for 
the access by people, competencies shall be identified through 
a combination of the Competency class and a detailed textual 
Competency description (as addressed below). 

Competenc
y name 

As addressed above, no single globally agreed textual mnemonic 
identifier for competency can be defined. Therefore, it makes both 
the need for and the role played by the “name” for competency 
doubtful. However, a competency name is needed in order to refer to 
competencies by human actors. In our approach, such a name is 
represented by the name of the Competency class, to which 
a specific competency belongs. 

Teaching 
course of 
“Databases” 

Competenc
y 
description 

This represents a short textual description/summary of different 
characteristics of a specific competency. It is needed mainly to give 
a quick overview of the characteristics to the human actor. 
The Competency description (together with the Competency class) 
represents a partial semantic identifier of Competency. 

Teaching 
course of 
Databases, 
based on 
Silberschatz 
textbook  

Competenc
y class 

Competencies within a VBE need to be classified. This facilitates 
management and navigation of competencies. Since competency 
represents an assembly of different characteristics, it can be 
categorised by one of them. In our approach, competencies are 
classified/categorised by their primary characteristic, namely 
the Capability. In other words, the Capability classification (as 
addressed in Section 3.3.2.2) also serves as the Competency 
classification. As such the Competency class (together with 
Competency definition) represents a partial semantic identifier of 
each Competency. 

Teaching 
course of 
Databases 

Capability See Section 3.3.2.2. 

References 
to 
capability 
Capab-1 

Capacity See Section 3.3.2.3. 
References 
to capacity 
Capac-1 

Costs See Section 3.3.2.4. 
References 
to cost 
Cost-1 

Conspicuity See Section 3.3.2.5. 

References 
to 
conspicuity 
Cons-1 
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Large number of different characteristics are associated to competencies of organisations, 
such as process, resource, product, technique, etc. However these characteristics can be 
clustered and abstracted, so that only the main/fundamental characteristics can be defined. In 
our approach, the defined fundamental characteristics such as Capability, Capacity, Costs and 
Conspicuity. Further details about properties of Competency are defined in Table 3.8. 

3.3.2.2. Capability 

The capability concept in our approach is mainly rooted in the notion by [55] (see 
Section 2.2.4.2) who addresses competencies as: a cross-functional integration and 
coordination of capabilities. However, in our approach capability represents a generalisation 
of the following concepts: “activity”, “process”, “production skill”, “professional situation”, 
“task”, or “problem”. Basically it defines what an organisation can do. Capability represents 
the fundamental characteristic of competency in our model. Having the “process” as its 
nature, Capability is defined through its inputs and outputs. The inputs for capabilities 
represent a variety of resources, while the outputs represent a variety of products. The details 
about properties of Capability are defined in Table 3.9 

 
Table 3.9: Properties of Capability 

Property 

name 
Specification Example 

Capability 
ID 

The nature of this identifier is similar to the nature of 
the Competency ID. Namely, it is presented for use by 
software actors (e.g. to identify capabilities in databases and 
software programs). 

Capab-1 

Capability 
name 

The nature of Capability name is similar to the nature of 
Competency name. Thus this name can be completely replaced 
by the definition of the Capability Class. 

Giving lectures 
on Databases 

Capability 
description 

The Capability description is more extensive than 
the definition of the Capability class/name and provides a brief 
summary of other characteristics of Capability. 

Giving lectures 
on Databases 
based on 
Silberschatz 
textbook and 
slides 

Capability 
class 

This is one of the most important characteristics of Capability, 
as well as of Competency in general. The Capability class 
represents the main characteristic that positions an organization 
in a specific area of activity. As briefly addressed in 
Section 2.2.4.1, there are some standardised classifications of 
activities, for example the NACE business area classification 
[74]. In our approach NACE is taken as the base for 
the capability classification. Clearly, in order to support 
specific VBE applications, NACE can be extended with new 
classes. Furthermore, capabilities can belong to two or more 
classes from different parts of capability classification. 

Giving lectures 
on Databases (as 
a subclass of 
“Teaching” and 
“Databases”) 

Resource The resource definition is rooted in the notion of resource by 
[55] (see Section 2.2.4.2), stating that capabilities represent 
the organisation’s ability to exploit its resources. Resources 
are defined through a variety of its attributes, such as class, 
name, description, amount, etc. However, most resource 
attributes depend on the class of resource. In resource 
classification, first resources are divided into four separate 
classes of “Human resources”, “Physical resources”, “ICT 
resources”, and “Organisational resources” (e.g. brand, 

References to 
resources, e.g. to: 
• Human 
resource: teacher 
• ICT resource: 
slides by 
Silberschatz 
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Property 

name 
Specification Example 

reputation, specific location) [55]. Furthermore, for each class, 
the domain-specific sub-classes can be provided, such as 
“manufacturing machinery” for the “physical resource” class, 
etc. 

Product The Product appears as an attribute of competency in [33]. 
The Product represents both goods and services that belong to 
the outputs of the processes/activities represented by 
the member organisations’ capabilities. The main descriptors 
of product include: name, textual description, class (i.e. of 
product or service), production strategy (e.g. “engineering to 
order” for goods and “design of services” for services), and 
contribution to sales, etc. 

References to 
products, e.g.: 
Lecture on 
Databases 

Conspicuity See Section 3.3.2.4. References to 
conspicuity Cons-
1 

3.3.2.3. Capacity  

The need for Capacity is mainly identified through the VBE stakeholders’ requirements. It 
represents the current availability of resources (i.e. currently free resources) related to what is 
needed to perform one specific capability. Capacity is a dynamic object that may change 
regularly, depending on the current workload at the organization and specific events 
happening in that can affect the lead and/or the management of an organisation. Details about 
properties of Capacity are shown below in Table 3.10. 
 
Table 3.10: Properties of Capacity 
Property 

name 
Specification Example 

Capacity 
ID 

This ID is intended for use by software actors (e.g. in identifying 
capabilities in databases and software programs). Thus, is not 
mnemonic. 

Capac-1 

Capacity 
description 

This characteristic provides explanation of how capacity rates 
are related to capabilities. 

Course is given in 
fall and spring 
semesters 

Capacity 
measure 

This characteristic represents a unit of measure for a specific 
capacity, e.g. “thousands of units per hour”, or “hours per day”. 

Two hours of 
lecture per day 

Capacity 
rate 

This is a specific numeric value for capacity related to its unit of 
measure. 

Two hours of 
lectures for eight 
weeks every 
Monday 

Resource See Section 3.3.2.2. 
References to 
a resource, e.g.: 
Teacher 

3.3.2.4. Cost  

This element of competency is identified through the VBE stakeholders’ requirements. Costs 
represent the costs of providing products/services in relation to a competency. They are 
needed to estimate whether or not an invitation of a specific group of members for 
establishing a new VO will not exceed the planned VO budget. The details about properties of 
Cost are shown in Table 3.11. 
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Table 3.11: Properties of Cost 
Property 

name 
Specification Example 

Cost ID 

This ID is intended for use by software actors 
(e.g. in identifying capabilities in databases 
and software programs). Thus, it is not 
mnemonic. 

Cost-1 

Cost 
description 

This characteristic provides an explanation of 
how capacity rates are related to capabilities. 

Cost for teaching a course on 
Databases 

Cost item 
This is an item for which the cost is provided, 
for example “100 thousands units a day”. 

Teaching course on databases, 8 
lectures, 2 hours each 

Cost value This is a monetary price of the Cost item. XXXXX euro 

3.3.2.5. Conspicuity 

The conspicuity of the competency information is provided through the evidence documents 
that are a part of the profile model (Section 3.3.1). This knowledge class is introduced to 
provide the reason / proof of the validity of the competency information provided by 
the organisation. A conspicuity can be an on-line document or web accessible information, 
e.g. an organisation’s brochures, website, etc. Conspicuity documents can also indicate 
the product quality, financial stability, etc., and they will be kept in the VBE when provided 
by the VBE entities. The main reason for introducing the conspicuity documents in the VBE 
is to avoid baseless claims of competencies by organisations. As such, conspicuity can be 
used to address verification/validation of the competency data. Details about properties of 
Conspicuity are given in Table 3.12. 

 
Table 3.12: Properties of Conspicuity 

Property name Specification Example 

Conspicuity ID 
This ID is intended for use by software actors (e.g. in 
identifying capabilities in databases and software 
programs). Thus, it is not mnemonic. 

Cons-1 

Conspicuity 
name 

This characteristic represents a short name of 
the conspicuity document. 

Confirmation letter 
from university 

Conspicuity 
description 

This characteristic provides explanation of how 
the conspicuity document validates competency 
information. 

Document 
validating teaching 
capability  

Conspicuity 
class 

The conspicuity of information validity, can be of two 
different kinds: the “witnessed conspicuity” documents 
(e.g. a letter of recommendation or an article in 
a magazine/news section) or the “authorised / certified 
conspicuity” documents (e.g. accreditation statements, 
financial ratings, licenses, certificates, patents and 
awards). 

Certified teaching 
document - BKO 

Document title This is an original title of a specific conspicuity document. Confirmation  

Document ID 
This is a specific identifier (e.g. license number) of 
a conspicuity document. 

XXXXXX 

Issuer 
This is the name of an organisation, or a person, that 
issued a specific conspicuity document. 

Personnel 
department of 
University of 
Amsterdam 

Validity period This is a validity period of a conspicuity document. 
March 2010 - 
March 2020 
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3.3.3. Domain level for profile and competency models 

As addressed earlier, further to the elements of the generic profile and competency models 
that are shared by all VBEs regardless of their domain area application, there are a number of 
elements that are VBE domain (business area) dependent. Therefore, to address 
the specificities of profiles and competencies in different VBE domains, while supporting 
their reusability and replicability of in different VBE domains, the profile and competency 
models each have the two following levels: 
• Core level that represents the generic profile and competency models applied to all VBEs. 
• Domain level that represents an extension of the core level with specific components 

related to each domain or business area of the VBEs. Many domain extensions can be 
defined for the profile and competency models, depending on the number of different VBE 
activity/business domains existing in the market and society. All VBEs from the same 
domain can share the same domain extension. At the domain level, the domain extension is 
integrated to the object-classes (e.g. Resource Class, Competency Class, Capability Class, 
etc.) in the generic competency model of the core level (see Figure 3.10). For instance, as 
illustrated in Figure 3.11, the Capability Class definition of the generic 4C-model at 
the core level is extended at the domain level with a number of domain specific capability 
classes (e.g. Metalworking, Product design, etc.). Please note that for the “Capacity” 
element in the 4C-model, the domain extension is applied to the Capacity Measure element 
(see Figure 3.10). 

 
Figure 3.11: Domain extension of the 4-C model of competency 

This Figure illustrates: A) generalised representation of domain capability extension, 

namely an abstract example of classification of the capability classes, and B) some 

exemplified domain capability extensions, namely a real example of the capability classes 

classification.  
 

Based on the domain classifications introduced in each VBE, the PCMS will 
organise/collect/group the profile and competency information. 

During the creation stage of every VBE’s life cycle [14], the domain level extensions 
for its profile and competency models shall be created, while during the VBE’s operation and 
evolution stage, these extensions are usually further evolved.  

Development of extensions related to the domain from scratch is very time-consuming. 
However some software “prototypes” exist for partial extension of ontology related to 
domains. For example, the activity classifications provided in the NACE codes [74] represent 
a “prototype” for domain-dependent classifications of the competencies and capabilities that 
can be used for such extensions at the VBEs.  

3.3.4. Aggregate and collective profiles and competencies 

It is important and necessary to analyse and address the profile and competency data related to 
the VBE member organisations at the level of the entire VBE (i.e. to provide a summarisation 
of all members’ competency information) for several reasons. A main reason is for 
introducing / advertising the VBE in the market / society (as described in Section 1.3). For 
this purpose, the VBE needs to show an aggregation of organisations’ profile/competency 
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information to the market/society, without releasing the names of the individual organisations 
that provided this information. The second reason for summarisation of profile information, 
and particularly of the competency information, is for compiling the candidate VO partners’ 
information during the configuration of new VOs (as also addressed in Section 1. 3). 
The result of such compilation itself forms be a new competency that can address specific 
collaboration opportunities that my rise in the market and/or society. Therefore, new models 
for summarisation of profiles and a competencies need to be developed. 

The remaining of this Section gives an example of summarisation of competencies. In 
order to address the competencies collected in the VBE at the VBE level itself, the two new 
concepts of “aggregate competency” and “collective competency” are introduced in our 
approach. 

An aggregate competency represents a total aggregation/merge of competency 
definitions of a number of members, or all members inside a VBE. This aggregation is 
primarily focused on: (1) evaluation of the ability of a group of VBE members, or of all its 
members, to address the criteria demanded by a collaborative opportunity, (2) identification of 
the general competency gaps in the entire VBE in comparison to most COs related to the VBE 
domain, as well as (3) preparation of the VBE’s aggregate competency catalogue for the VBE 
customers, as a part of VBE marketing initiatives.  

 

 
Figure 3.12: Example VBE structure and competency dissemination in the VBE 
Part (A) of this Figure illustrates a sample VBE structure. Namely, the gray circles 

represent VBE member organisations. The black circles represent a VO. And the gray 

ring represents a VBE as a whole. In part (B) the Figure illustrates the competency 

dissemination in the VBE. Namely, the individual competencies are assigned to VBE 

member organisations. Collective competencies are assigned to VOs. And aggregate 

competencies are assigned to the VBE as a whole. 

 
Competency aggregation is performed only at the level of “competency instances” 

(actual existing competencies in the VBE), and not at the level of the “competency model”. 
The main rules for aggregation of several object-instances (e.g. competency-instances, 
resource-instances, capability-instances, etc.) are the following: 

a. If two or more object-instances belong to the same class (e.g. Competency-Class, 
Capability-Class, as well as Capacity-Measure), they are merged into one aggregate 
object-instance. For example, if competencies c1, c2 and c3 (see Figure 3.12) belong to 
the same “Welding” class (see Figure 3.11), they become one aggregate competency-
instance. However, if they belong to different classes, they remain separate instances. If 
two of them, e.g. c1 and c2, belong to the same Competency-Class, while c3 does not, 
the c1 and c2 instances become one aggregate competency instance, while the c3 instance 
remains a separate instance. 

b. If the values for the same attribute of two or more aggregated object-instances (see a. 
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above) are strings, they all become values of the same attribute of the aggregate object-
instance. For example, if the competency-instances c1, c2, and c3 are aggregated into one 
instance, the Competency-Description attribute (see Figure 3.10) of the resulted aggregate 
competency instance has 3 values that are equal to Competency-Descriptions of c1, c2, 
and c3.  

c. If the values for the same attribute of two or more aggregated object-instances (see a. 
above) are numeric, they are summarised. For example, the capacity-rate of 
an aggregation of two capacity-instances is the sum of capacity-rates of these capability-
instances. 

d. If the values for the same attribute of two or more aggregated competency-instances (see 
a. above) are objects-instances (e.g. capability-instances), they are processed in the same 
way as competency-instances (i.e. from a. to e. above). For example, if the competency-
instances c1, c2, and c3 are aggregated, the Capability attribute (see Figure 3.10) of 
the resulting aggregate competency is equal to the aggregation of all capabilities 
associated with c1, c2, and c3.  

A collective competency represents a partial aggregation/merge of competencies of 
a group of VBE members that constitute the (candidate) partners to form a specific VO. In 
other words, the collective competency represents a VO Broker’s predefined “competency 
plan” for VO, that needs to be fulfilled by the selected group of VBE members. 
The predefined collective competencies are primarily needed in order to (1) get matched 
against the aggregate competency of the same group of VBE members, (2) calculate 
the remaining free capacities of each VBE member in addition to those which are currently 
occupied by its involvement in the VOs, and (3) develop the VO’s profile.  

All collective competencies shall be defined through matching of the VO Brokers’ 
plans, based on COs, during the creation phase of each VO. 

3.4. Conclusion 

This Chapter introduces the conceptual part of the ColOnto (Collaborative networks Ontology) 
system addressed in this thesis, namely the design of the unified ontology, called the “VBE-
ontology”, which is specified and developed in order to address the VBE’s challenges such as: 
establishing a common understanding, VBE instantiation in different domains, dynamism and 
scalability in VBEs, and boosting and balancing the VO involvement. The VBE-ontology 
offers a formal and comprehensive specification of conceptual VBE knowledge that aims to 
support both human actors and software components.  

This Chapter introduced the methodology developed for construction of the VBE-
ontology. It then detailed every step of this methodology: definition of the scope and 
the design of the VBE-ontology, identification of the techniques for development of the VBE-
ontology, etc. Next, we narrowed down on the depth at a specific part of the VBE-ontology 
devoted to profiles and competencies. This part specifically aims to support the boosting and 
balancing involvement of VBE members in potential VOs.  

The conceptual research results described in this Chapter contribute to the design of 
the functional part of the ColOnto system, namely the development of ODMS and PCMS 
systems, addressed in Chapter 4. The ODMS (Ontology Discovery and Management System) 
consists of functionalities for both VBE-ontology management and VBE-ontology based 
information management. In turn, the PCMS (Profile and Competency Management System) 
builds a database, designed to support handling of the profile and competency data within 
the VBE profile and competency sub-ontologies. 


