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Annex B 

State of the art models and systems  

This annex addresses details about a number of state of the art models and systems that are 
considered for development of the conceptual and functional parts of the ColOnto system 
presented in this thesis. 

B.1. Ontology engineering 

This Section addresses the state of the art considered for development of the VBE-ontology. 

B.1.1. Definition and purpose 

Ontologies have emerged as an alternative to represent knowledge [91]. Since the concept of 
“knowledge”, as well as the two other correlated concepts of “data” and “information” often 
appear in this thesis, their definition, rooted in [8], is provided below: 
• Data represents a set of symbols. These symbols typically have no significance beyond 

their existence and do not have meaning on their own. In computer science, database cells 
generally hold data. 

• Information represents data that has been given certain meaning by means of a relational 
connection. However this "meaning" does not have to be necessarily useful to the users. In 
computer science, a relational database makes information out of the data that is stored 
within it. 

• Knowledge represents appropriate collections of information, intended to be useful for 
users. For example, when someone "memorizes" information, then they have amassed 
knowledge. This knowledge has useful meaning to them, but it does not provide 
an integration such as would infer further knowledge. 

An ontology is related to knowledge in such a way that it defines a set of 
representational primitives with which to model a domain of knowledge [92]. One of the first 
definitions of an ontology in the computer science domain is addressed by [93], who state that 
“an ontology defines the basic terms and relations comprising the vocabulary of a topic area 
as well as the rules for combining terms and relations to define extensions to the vocabulary”. 
One of the most cited definitions is the one proposed by Gruber [63]: “an ontology is 
a formal, explicit specification of a shared conceptualisation”. 

The common structure of ontologies is generally represented by classes (i.e. classifying 
main concepts of objects), attributes (i.e. representing properties of objects), and relations (i.e. 
identifying ways that objects can be related to one another) [94]. 

A wide variety of tasks related to processing information/knowledge is supported 
through the specification of ontologies. As examples of such tasks we can mention: natural 
language processing, geographic information retrieval, etc. [91]. Later on in Section 2.2.3 
a number of ontology-based mechanisms are addressed. But here we first address the main 
purposes for developing ontologies. 

According to [94], these purposes include:  
• Sharing common understanding of the structure of information among both people and 

software agents,  
• Enabling reuse of domain knowledge,  
• Making the domain assumptions explicit, 
• Separating domain knowledge from operational knowledge, and 
• Analysing domain knowledge. 
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B.1.2. Degree of ontology’s formality  

Both the amount of information and the degree of formality that is used to express it 
contribute to the content formality of the ontologies. In relation to the ontology content, two 
main types of ontologies are distinguished, namely the lightweight ontologies and 
the heavyweight ontologies [23], as describe below.  
• A lightweight ontology is a structured representation of knowledge, which ranges from 
a simple enumeration of terms to a graph or taxonomy where the concepts are arranged in 
a hierarchy with the simple (specialisation, is-a) relationship defined between them.  
• A heavyweight ontology adds more meaning to this structure by providing axioms and 
broader descriptions of knowledge. While a lightweight ontology is usually informal and 
sufficient to define concepts and the basic relationships between them, a heavyweight 
ontology is usually formal and contains axioms and definitions stated in logic to be used for 
reasoning. 

B.1.3. Ontology’s scope and content 

As addressed in [95], there are several types of ontologies. Each ontology type corresponds to 
a specific degree of context-independency of ontologies that enables their sharing and reuse in 
different environments. Ontology types include: 
• Knowledge representation ontologies - applied to formalise knowledge within knowledge 

representation paradigms, used in frame-based languages (i.e. classes, subclasses, 
attributes, values, relations and axioms).  

• General/Common ontologies - including vocabulary related to things, events, time, space, 
causality, behaviour, function, etc.  

• Top/upper level ontologies - containing the very general concepts (independent from any 
field/area specificities) that can define almost everything (e.g. physical object, abstract 
concept, event, etc.).  

• Core ontologies - comprising the general knowledge about a field or area of expertise that 
may include disciplines such as law, computer science, etc. These core concepts contain 
the root of different domain-specific ontology that represent different application domains. 

• Domain ontologies - specialised within a specific field/area, providing specific vocabulary 
about the application domain. 

B.1.4. Building the ontology 

According to [94], in practical terms, construction of an ontology includes the following 
steps: (1) defining classes in the ontology, (2) arranging the classes in a taxonomic (subclass–
superclass) hierarchy, (3) defining slots (for properties and relationships) and describing 
the range of values allowed for these slots, and (4) filling in the values for slots of 
the instances. 

This Section first gives an overview of approaches for design and further engineering of 
ontologies. Then it provides more details about different types of manual development of 
ontologies. Lastly, it addresses a list of most commonly used ontology languages. 

 
Engineering approaches. Depending on the availability of knowledge/information 

resources (e.g. text documents, database schemas, taxonomies, etc.) to support 
the construction of ontologies, four different approaches are introduced in the literature for 
ontology engineering (as summarised below, mainly based on [96]). 
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5. Developing and testing a methodology for building up an ontology - incremental building, 
only by domain experts. 

6. Designing and developing alignment tools and mediating, even automated - “integration” 
of other, existing ontologies, e.g. addressed by [97], [98], and [99].  

7. Using existing structured resources (e.g. database schemas, some types of thesauri, 
taxonomies) to design and develop ontology - reverse-engineering methods and 
algorithms [100]. 

8. Using existing semi-structured documents (e.g. the Web (especially XML pages), 
glossaries, and dictionaries) and unstructured resources (e.g. text corpora in general) - 
developing and adapting shallow and other types of NL parsers, e.g. addressed by [101], 
[102], [25], and [103].  
 

Engineering by experts. Ontologies in general deal with the order and structure of 
reality that makes them a branch of philosophy. Thus, designing a substantial ontology is not 
a trivial task, and designing it so that it has relevance and value to a broad audience is even 
more challenging. The literature addresses five main approaches for ontological design of 
the environment knowledge (as summarised below based on [53]), while the combination of 
these approaches is also possible: 
• Inspiration approach refers only to one individual viewpoint about the domain of 

knowledge. 
• Induction approach addresses a specific case within the domain of knowledge. 
• Deduction approach refers to a set of general principles about the domain of knowledge. 
• Synthesis approach involves the integration of a set of existing ontologies, each of which 

provides a partial characterisation of the knowledge domain. 
• Collaboration approach refers to a multiple individuals' viewpoints about the domain, 

possibly coupled with an initial ontology as an anchor. 
 

Ontology language. In order to be shared among users, ontology has to be encoded in 
a special ontological format [104]. The format preserves all the knowledge that is inside 
the ontology.  
• The most basic ontology language is XML, but it has many disadvantages, such as 

the lack of semantic description and the lack of commitment concerning the modelling 
primitives.  

• RDF (Resource Description Framework) is based on the XML syntax but adds more 
features to support the ontology representation. The encoding in RDF is usually guided by 
an RDFS (RDF schema) that defines the relations between the terms and the way they can 
be used together. The RDFS solves some problems of XML, however it is appropriate 
only for encoding lightweight ontologies.  

• A step towards heavyweight ontologies encoding was taken with OWL (Web Ontology 
Language), which is based on the Description Logics formalism. A main advantage of 
using OWL is that since the Description Logics is an established research field for many 
years, the OWL-based ontologies can benefit from the reasoning algorithms that have 
been intensively developed and optimised. 

B.2. Related ontologies 

This Section addresses two types of ontologies developed within past research. The first type 
represents the enterprise ontologies. The second type of ontologies represents a few 
ontologies developed to address some aspects of VBEs.  
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B.2.1. Enterprise ontologies 

An enterprise ontology represents a collection of terms and definitions related to business 
enterprises [72]. Many enterprise ontologies are addressed in literature, for example those 
developed within the following projects: TOVE [105], Enterprise Project [106], O-Plan [107], 
ARPA [108], CEO [109], and ORDIT [110]. Two of them, namely the TOVE ontology and 
the Enterprise Project ontology are addressed below in this section. 

B.2.1.1. TOVE enterprise ontology 

The “TOVE enterprise ontology” was developed in the scope of the TOVE (TOronto Virtual 
Enterprise) project [105] aimed to create a data model with the following requirements:  
o Providing a shared terminology for the enterprise that each agent can jointly understand 

and use, defines the meaning of each term (i.e. semantics) in a precise and as unambiguous 
manner as possible 

o Representing the semantics in a set of axioms that will enable TOVE to automatically 
deduce the answer to many "common sense" questions about the enterprise 

The TOVE ontology is a formal representation of the enterprise domain. It is designed 
to specify the tasks that arise in integrated supply chain management and enterprise 
engineering. The ontology is divided into several top-level concepts to segment the enterprise 
into general categories, including Activity, States, Causality, Time, Resources, and 
Organizational structure. The TOVE ontology is enriched by a set of axioms that define and 
constrain the interpretation of these terms. The ontology is formalized using first order logic 
that allows answering questions. 

 
Figure D.1: Concepts of the AIAI enterprise ontology (Source: [72]) 

This Figure addresses the five work areas of the AIAI enterprise ontology, namely 

“Activity”, “Organization”, “Strategy”, “Marketing”, and “Time”. For each work area, 

the Figure illustrates its main constituent concepts. 
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B.2.1.2. AIAI enterprise ontology 

The “AIAI enterprise ontology” addressed by [72] is developed within the AIAI (Artificial 
Intelligence Applications Institute of the University of Edinburgh) as a part of the Enterprise 
Project [106] in order to provide a framework for enterprise modelling. The goal of 
the Enterprise Project is to provide a computer-based tool-set which helps to capture aspects 
of a business and analyze these to identify and compare options for the meeting of 
the business requirements.  
This enterprise ontology was mainly created from scratch, but it was inspired and influenced 
by many other projects such as TOVE, O-Plan, ARPA, and ORDIT. The main role of this 
ontology includes: 
o Acting as a communication medium between people, between people and implemented 
software systems, and between implemented software systems 
o Assisting: (a) acquisition, representation, and manipulation of enterprise knowledge, (b) 
structuring and organization libraries of knowledge, and (c) the explanation of the rationale, 
inputs and outputs of the Enterprise toll-set modules 

The enterprise ontology is formed of six sections, called “Meta-Ontology”, “Activity”, 
“Organization”, “Strategy”, “Marketing”, and “Time”, that are introduced for the convenience 
of exposition of the ontology. While the concepts on the Meta-Ontology are generic and 
constitute such terms as “Entity”, “Relationship” and “Attribute”, the concepts in other 
sections are more specific, as partially addressed below in Figure D.1. 

B.2.2. Early VBE ontologies 

There are only a few works addressing ontology development for VBEs presented in 
literature. Furthermore none of them address the VBE knowledge comprehensively, rather 
some parts of VBE knowledge related to a specific task performed in the VBE environment. 
Below is an overview of main state of the art works oriented towards the VBE ontology. 

B.2.2.1. JSI’s CNO ontology 

An early attempt to address an ontology for VBEs is done in the Joseph Stephan Institute 
(JSI) and presented in [29]. This ontology was developed empirically and aims at provision of 
common understanding among VBE members. This ontology is called “CNO ontology” and 
addresses the VBE as a subclass of Collaborative Networked Organizations (CNOs). It 
represents a narrow sub-set of the VBE related top-level concepts, namely only 34 concepts, 
such as “VBE”, “VO”, “Organization”, and “VBE Member”, their definitions and 
the relationships among the concepts. However since 2005 no extensions, as well as no 
utilization approaches for this ontology have been issued. 

B.2.2.1. PI and CO Ontology 

The ontology for VBE’s Performance Indicators (PIs) and VBE’s Collaborative Opportunities 
(COs) called “PI and CO Ontology” is presented by [30]. The main concepts of this ontology 
include: “PI”, “CO”, “Organization”, “VBE”, “VO”, “Performance requirement”, 
“Measurement objective”, etc. This ontology is developed to support measurement of 
performance of VBE members needed in VBEs to decide if these members can become 
the partners for a new VO. One specific aim of the ontology is to support selection of 
a minimal but sufficient sub-set of performance indicators, needed to measure performance of 
a VBE member in relation to a certain CO. A software tool implemented on top of this 
ontology provides functionality for annotation of PIs, as well as for searching of PIs.  
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B.3. Profile models 

This Section describes the profile models from two example collections of organizations’ 
profiles. The first collection is a governmental-level (Dutch) and represents the profile register 
of the Dutch Chamber of Commerce. The second collection is a European-level and 
represents the profile register of the EU proposal submissions. 

B.3.1. Register of the Dutch Chamber of Commerce 

The Dutch Chamber of Commerce [111] has a trade register consisting of a large number of 
companies’ profiles. Each company/organization is presented with an extensive set of data 
classified by several categories. The basic categories include: 
• “Name/address” information, including: business name or names and statutory name, 

place of business address and correspondence address, individual Chamber of Commerce 
registration number  

• Information concerning the roles and functions within companies, including: all 
managers (e.g. directors), including the extent of their authority, supervisory directors of 
BVs (Besloten Vennootschap - private limited liability company) or NVs (Naamloze 
Vennootschap - public limited company form), all other registered officers (those with 
power of attorney) together with the extent of their authority, single shareholder (if 
present), any trustee (in the case of insolvency)  

• “Other” information, including: date of establishment, legal form (see its description 
below), description of company, number of persons employed, information about capital 
(for BVs or NVs), information about all places of business, information relating to 
insolvency or suspension of payments  

An example extract from the company’s basic information is illustrated in Figure D.2 (in 
Dutch). 

There is also a second set of categories called “actual activities of a company”, that 
is used for market or academic research, or for a specialized mail campaign aimed at 
a particular target group. The main categories in this set include: 
• Size of the company, including the number of persons who are employed for an average 

of at least 15 hours a week, and the owner and/or family members are included if they are 
also involved in the business  

• Addresses and information, including: the addresses companies and legal entities in 
the trade register, telephone number, fax number, e-mail address or correspondence 
address, private address of the owner, partner, manager, company director or person with 
power of attorney, and the sole shareholder in the case of a BV, information about 
branches, the name of any receiver/trustee in the case of insolvency, any other companies 
with the same address 

• Summary of Figures, including: that provide a guide to general trends in economic 
development, Figures to be used for such purposes as investigating economic 
development, Figures to be used as factual information when negotiating with local 
authorities, and Figures to be used as an argument for more land to be made available for 
this kind of industry 
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Figure B.2: An example business extract from the Dutch Chamber of Commerce register  

including the contact information about a company 
This Figure addresses an example profile of an organization registered in the Dutch 

Chamber of Commerce. The left side of the Figure addresses the classes of organization’s 

characteristics, such as name (see “naam”), address (see “adres”), etc. The right side 

addresses the specific characteristics of an example organization.  

 
The third set of information categories is called “finances of a business” and represents 

the information about the annual accounts of organizations, including: the balance sheet 
(reflecting the position of the company at a given time and includes debts, assets, outstanding 
accounts), the profit and loss account (indicating what has been earned throughout 
the accounting year and what costs have been incurred, and reveals whether the company has 
made a profit or loss), notes to the annual accounts (the amount of details contained in 
the notes depends on the size of the company; for a small company, the notes may simply be 
a brief indication of how the balance sheet was compiled, together with a statement as to 
the number of employees, but for a large company, the notes may form a complete book, 
including details of directors' remuneration, for instance). The annual accounts support 
calculation of “ratios” to gain a picture of a company's financial position, namely its liquidity 
(ability of the company to meet its obligations in the short term), solvency (relationship 
between 'own' capital and 'borrowed' capital), and profitability (relationship between revenue 
and the capital used to produce that revenue, can be described as the relationship between 
the capital which the entrepreneur has invested in the business and the profit generated by 
this) 

Additionally the Dutch Chamber of Commerce suggests the following categories of 
the legal forms of organizations, including  
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• Legal forms which do not involve a legal person, where the entire personal assets are 
liable for obligations, such as Sole trader, General partnership (VOF - Vennootschap 
Onder Firma), Limited partnership (CV - Commanditaire Vennootschap), and Partnership 

• Legal forms which do involve a legal person, where a legal form with a legal person has 
independent rights and obligations, such as Limited liability private company (BV), 
Association, and Foundation  

• Freelancer 
• Public limited company form (NV), which is rarely taken by start-up companies 

The people can also be registered in the organizations’ profile. They belong to 
the following main types:  
• The owner of the company  
• Partners of the VOF or managing partners of the CV 
• The managers of the legal entity 

In relation to VBEs, the register of the Dutch Chamber of Commerce represents 
an example for categorization of organizations’ information, which is further reused for 
development of an approach for categorization of VBE member organizations’ profile 
information. The only restriction of the Dutch Chamber of Commerce register is that 
the organizations registered in it are all commercial, while VBE members can also be non-
commercial, non-profit organizations. However, below an example related to the non-
commercial organizations’ profiles in provided. 

B.3.2. EU register of organizations 

An example of a collection of profiles for non-commercial organizations is the EU register of 

organizations that are involved in proposal submission [112]. The structure of information 
used for these organizations includes sixty six different categories. The following categories 
are considered as more relevant to VBEs:  
• Organization Legal Name 
• Short name 
• Department 
• Postal address 
• Legal national registration number (e.g. the Chambers of Commerce register) 
• Activity type 
• Legal Status, including: Governmental (local, regional or national public or governmental 

organizations e.g. libraries, hospitals, schools), International Organization (i.e. 
an international organization established by national governments), Joint Research Centre 
(i.e. the Joint Research Centre of the European Commission), Public Commercial 
Organization (i.e. commercial organization established and owned by a public authority), 
Private Commercial Organization including Consultant (i.e. any commercial organizations 
owned by individuals either directly or by shares), European Economic Interest Group, 
Private Organization, and Non Profit (i.e. any privately owned non-profit organization) 

• NACE business area [74] 
• Annual turnover 
• Annual Balance sheet Total, having the following values: less than or equal to EUR 5 

million, more than EUR 5 million or less than or equal to EUR 27 million, and more than 
EUR 27 million 

• Number of employees, having the following values: 0 employee, 1 – 9 employees, 10 – 49 
employees, 50 – 249 employees, 250 – 499 employees, 500 – 1999 employees, and 2000+ 
employees 
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• Independence, namely the name(s) of the company(ies) which own(s) 25 % or more of 
the organization in case on non independent organization 

• Owners, namely the legal name(s) of the organization(s) controlling the organization by 
25% or more  

• Affiliation 
• Affiliated Organizations, namely the participant number, and the short name(s) of 

the organization(s) to which your organization is affiliated, the character of 
the affiliation(s) (Direct or Indirect control), and the organization legal name, short name, 
department, postal address, legal national registration number (e.g. the Chambers of 
Commerce register), activity type, legal status, NACE business area [74], annual turnover, 
annual balance sheet total, number of employees, owners, affiliation, etc. 

• Authorized person 
The above categories are also considered for the design of the member organizations’ 

profiles in VBEs. One example screenshot from the EU register of organizations is addressed 
in Figure D.3. 

B.4. Competency models 

This Sub-section subsequently presents several existing organization’s competency 
definitions and models as addressed in three disciplines: (1) intra-organization managerial 
sciences and industrial engineering, (2) inter-organization managerial sciences, and (3) 
networks managerial sciences. These disciplines are in interaction, but since their positioning 
of competency is different, the resulted competency models also differ.  

The main objective for this Sub-section is to provide a comprehensive overview of 
different developed competency models in order to: (i) find the generic/common elements in 
the competency mode that can be reused for the development of VBE member’s competency 
model, and (ii) position the VBE’s model of competency, among existing competency 
models. Furthermore, we also aim to point the commonalities of the VBE competency model 
and those existing competency models (as addressed in Table 2.9) in order to prove that 
the VBE competency model belong to the main stream in the competency modelling related 
research, and provides a strong complementary contribution to that. 

B.4.1. Intra-organization managerial sciences 

In intra-organization managerial sciences competency is typically defined aiming at 
integration of competency models within strategic analysis. In industrial engineering 
(including production management and computer science) it is defined aiming at integration 
of “competency concept” within information systems, as a basis for performance analysis and 
for the development of the decision support system [113] [35]. 

B.4.1.1. Core competence notion 

The concept of “core competence” was introduced in 1990 by Prahalad and Hamel [54]. They 
defined core competencies as “the collective learning in the organization, especially how to 
co-ordinate diverse production skills and integrate multiple streams of technologies”. A core 
competence is concerned to meet the following three conditions: (1) it provides customer 
benefits, (2) it is hard for competitors to imitate, (3) it can be leveraged widely to many 
products and markets.  

The management of core competencies includes the four main tasks [114]: (a) 
selecting core competencies, (b) building core competence, (c) deploying core competence, 
and (d) protecting core competence. The notion of the core competence has popularized 
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a school of economic thought called the Resource-based View of the Firm [115]. The authors 
suggested that companies need to understand fully their core competencies in order to 
successfully exploit their resources. The collection and management of core competencies 
within an organization has two following main objectives: strategic planning and providing 
means for achieving better synergies among its various business units in a multi-business 
corporation. 
The core competencies are distinguished from the individual competencies. While 
the individual competencies stand alone and are generally considered in isolation, the core 
competencies are the aggregates of competencies, where synergy is created that has 
sustainable value and broad applicability [116]. 

 
 

Figure D.3: Example screenshot from the EU register of organizations 
This Figure addresses a partial screen-shot from the description of organization’s 

characteristics in the EU register of organizations that are involved in proposal 

submission. 

B.4.1.2. Core competence hierarchy 

Many researchers have tried to highlight and further illuminate the meaning of core 
competence. Javidan [55] defines the competency hierarchy (see Figure D.4). In this 
definition, resources are the inputs into the organization’s value chain. Javidan categorizes 
resources into three groups of physical resources (e.g. equipment, location and assets), human 
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resources (e.g. manpower, management team, training and experience) and organizational 
resources (e.g. culture and reputation). Capabilities refer to the organization’s ability to 
exploit its resources. They consist of a series of business processes that manage the interaction 
among its resources. Capabilities (e.g. marketing capabilities, production capabilities, 
distribution capabilities and logistics capabilities) are functionally based. Competencies thus 
represent a cross-functional integration and coordination of capabilities. In a multi-business 
corporation, competencies are a set of skills and know-how housed in a SBU (Strategic 
Business Unit). Core competencies are skills and areas of knowledge that are shared across 
business units and result from integration and harmonization of SBUs’ competencies. 

Core Competencies

Competencies

Capabilities

Resources

Increasing

Value
Difficulty

Mission Statement (CEO)

Corporate Strategy (CEO)

Business Strategy (SBU)

Functional Strategy 
(Departamental Funcions)

Competencies Hierarchy Strategic Hierarchy

 

Figure D.4: Competencies Hierarchy and strategic hierarchy by Javidan (Source: [55]) 

This Figure addresses the formation and use of the competency concept for management 

of corporations. Namely it shows the way in which the competency definition is formed 

based on the resource definition (on the left side). It also shows the use of competency 

definition for different levels of corporation strategy planning (on the right side). 

B.4.2. Inter-organization managerial sciences 

The inter-organization managerial sciences address the competencies of organizations that are 
needed when an organization is involved in some relationships with other organizations. 
However, there is still no organized network/alliance of these interacting organizations. 

B.4.2.1. HR-XML competencies schema  

This XML-based competencies schema was introduced within the HR-XML consortium [56] 
in 2001. The evolution of this schema is a part of an on-going project. The objective of this 
project is “the creation of an XML schema to provide trading partners standardized and 
practical means to exchange information about competencies within a variety of business 
contexts”. The HR-XML competencies schema allows the capture of information about 
evidence used to substantiate a competency and ratings and weights that can be used to rank, 
compare, and otherwise evaluate of the sufficiency or desirability of a competency. This 
schema is intended as a fragment or module that would be incorporated within broader 
process-specific schema. The competencies schema is particularly relevant to processes 
involving the rating, measuring, comparing, or matching an asserted competency against one 
that is demanded (for example, a skill required in a job description or requisition). In this 
paper we address the version of the schema dated April 2007 [117]. 

The competency, represented by the HR-XML schema, is defined as “a specific, 
identifiable, definable, and measurable knowledge, skill, ability and/or other deployment-

related characteristic (e.g. attitude, behavior, physical ability) which a human resource 

may possess and which is necessary for, or material to, the performance of an activity 

within a specific business context”. 
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The main elements of competency in this schema include: 

- Taxonomy Id is a code that identifies a specific competency taxonomy. However 
the development of such taxonomies is stated to be outside the research on the HR-XML 
competencies schema. 

- Competency Id is an identification code assigned to identify or classify a specific 
competency within the taxonomy. 

- Competency Evidence is used to capture information to substantiate the existence, 
sufficiency, or level of a competency. The competency evidence might include test results, 
reports, performance appraisals, evaluations, certificates, licenses, or a record of direct 
observation, such as a report given by a former supervisor or other employment reference. 

- Competency Weight allows the capture of information on the relative importance of 
the competency or the sufficiency required or other type of dimension. An extensible 
“type” attribute is available so that custom weights or dimensions may be specified. 
Multiple competency weights are permitted since more than one type might apply to 
the competency. 

- Competency is another competency resulted from the decomposition the “top-level” 
competency. 

While the HR-XML competency schema provides a good practical example of 
a competency model, it still addresses the competency as an attribute of the human resource 
(HR) within an organization, but not the attribute of the organization itself.  

B.4.3. Network managerial sciences 

The networks managerial sciences address competencies of organizations that are defined for 
networks of organizations, and particularly for VBEs. The three models presented here have 
different purposes, and therefore they also differ. 

B.4.3.1. Core competencies in manufacturing clusters  

In 1999, Molina and Flores [33] adapted the Cope Competency notion to the context of 
industrial clusters of organizations. They defined competences as the match of fulfilling 
the tasks defined for a new VO against the constituent skills provided by the cluster. In this 
scenario there is no representation of Core Competences Information, but there is 
a representation of constituent skills which is describing the capability to make products, 
perform process or use technologies (humans, practices/methods, resources). Therefore, 
constituent skills can be described using the information entities addressed in Figure D.5, 
which describes the elements and its relations using some basic UML notation: 

 

The competency components addressed in Figure D.5 are defined as follows: 

- Products: Represents the core products of companies or the cluster, which are 
attractive from the perspective of the customer and the market, and which make 
a substantial contribution to the company’s or cluster’s success.  

- Processes (Business Processes): All the core processes of a company. Examples of 
core process are: product development, order generation and fulfilment, integrated 
logistics, etc. 

- Skills (Technology): In this research skill was named as technologies. Technologies 
are theoretical and practical knowledge, human skills and abilities, artefacts that can 
be used to develop products and services. 
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- Task: It refers to the set of activities/operations that must be carried out in order meet 
the business requirements given by customer: manufacture of a product or offering 
a service. 

Product

Process

Sk ills

(T echnology)

C om petence Task

d elivers  [1]
m akes
[1 :n]

n eeds
[1 :n]

flow s in to

is-carried -ou t-by  [1 :n]

H um an O rgan isation Resources

n eeds
[1 :n]

 

Figure D.5: Representation of Core Competences based on information entities  
by Molina and Flores (Source: [33]) 

This Figure addresses definition of organization’s competency through its related entities, namely: 

task, product, process, and the combination of skills and technology. 

B.4.3.2. Competence cells 

A concept of the “competence cell” was introduced at the Collaborative Research Centre 457 
in 1999 [118] and further extended in the works of Egon Müller and Sebastian Horbach, [57] 
[58]. A competence cell is defined as “the smallest autonomous performance unit able to 
create value, be indivisible and able to exist independently”. Thus, the competence sell is 
simply a small company or organization operating in the market or society. The network of 
such organizations is called a “competence cell-based network”. According to Müller, each 
competence cell is represented by the following characteristics: 

- Competence of humans, arranged according to professional, methodological, social 
and personnel competencies 

- Available resources (production areas, stocks, personnel, work equipment and 
auxiliary equipment, organizational and financial means) 

- Fulfilled task or executed function 
The networking of competence cells is considered as consisting of three following levels: 

1. Regional network (i.e. a set of independent organizations in the market/society) 
2. Institutionalized competence network (i.e. a VBE in terms of our research) 
3. Production network (i.e. a VO in terms of our research) 

The main objective for the introduction of the competence cells is to develop 
approaches for planning of production system in the competence cell-based networks. 

B.4.3.3. “s-a-r-C” competency qualification in networks of firms 

Work of Xavier Boucher and Ali Harb [34] [35] tackles the issue of competence increase for 
individual firms within a network of firms, taking advantage of collaborative relationships. 
Specifically they address a multi-criteria decisional method, and a formalized decision 
process to qualify a specific competency.  

The presented “s-a-r-C” model of competency is associated with three following characteristics: 
Situation, Actor, and Resource (see Figure D.6). Furthermore, the competency itself is defined as the result of 



150 

“the interaction between three components: the professional situations, the actors, and the resources”. Brief 
definitions of the three components of competency in this model follow: 

- Professional Situation refers to a professional context linked with various tasks to be processed 
and various problems to be solved.  

- Actor refers to the individual or collective human resources of the firm. 
- Resource refers to the material resources characterized by the service they provide (i.e. 

material capabilities). 
  

 
 

Figure D.6: The “s-a-r-C” model of competency by Boucher et al. 
(Source: [34]) 

This Figure addresses definition of organization’s competency as an instrument to 

respond to Professional Situations by involvement of Actors (i.e. human resources) and 

Resources (i.e. material resources). 

B.5. Ontology maintenance and management 

This Section describes a specific set of functionalities as well as some management systems 
for maintenance and management of ontologies, as addresses in the state of the art literature.  

B.5.1. Ontology library  

In [32] [31] the concept of an Ontology Library System (OLS) is addressed. The OLS is 
defined as “an important tool in grouping and re-organizing ontologies for further re-use, 
integration, maintenance, mapping, and versioning”. Namely, the OLS offers the three 
following groups of functionalities: 
• Management, including the services of: Storage (how to store the ontology), Identification 
(how to uniquely identify an ontology), and Versioning (how to maintain the changes of 
ontologies in an ontology library system) 
• Adaptation, including the services of: Searching (how to search ontology from 
the ontology library system), Editing (how to add, delete and edit specific ontologies in 
the ontology library system), and Reasoning (how to derive consequences from an ontology) 
• Standardization, including the services of Language support (which kind of standard 
ontology language is used in the ontology library system), and Upper-level ontologies support 
(is the ontology library system ‘grounded’ in any existing upper-level ontologies) 

 
One of the main functionality in the OLS is integration/merging of its ontologies. Below 

a brief summary about the state of the art on ontology integration is addressed. 
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Ontology integration is defined in literature either as building of a new ontology 
reusing other available ontologies or as merging different ontologies on the same subject into 
a single ontology that “unifies” all of them [119]. Ontology integration is challenging. 
The main reason for this is that each ontology has its own naming conventions, philosophical 
orientation and design biases. One of the most used ontology languages such as OWL [22] 
currently is not expressive enough to support mapping among ontologies.  

The ontology integration issue is addressed by many theoretical and practical works 
[119][97] [98] [99] [120]. For example, the approach defined in [98] addresses a set of steps 
for ontology integration, such as: identification of integration possibilities, identification of 
resulting ontology top-level blocks and modules, identification of assumptions and 
ontological commitments, identification of the knowledge for representation in each module, 
study and analysis of candidate/source ontologies, applying the integration operations, and 
analyzing the resulting ontology. 

B.5.2. Ontology engineering environments 

There are many existing free and commercial tools for engineering of ontologies. In [120] 
a survey of ninety four ontology engineering environments is addressed. These tools are 
characterised through their thirteen different features. Some of the features are basic, such as 
release date, version, language, input/output formats, etc. Other, more advanced, features of 
ontology environments are addressed below: 
• Web-support: Support for Web-compliant ontologies (e.g. Uniform Resource Identifier - 

URI) and use over the Web (e.g. in browser clients). 
• Graph view: The extent to which the built ontology can be created, debugged, edited and/or 

compared directly in graphic form. 
• Consistency checks: The degree to which the syntactic, referential and/or logical 

correctness of the ontology can be verified automatically. 
• Multi-user support: Features that allow and facilitate concurrent development of the built 

ontology. 
• Merging: Support for easily comparing and merging independent built ontologies. 
• Lexical support: Capabilities for lexical referencing of ontology elements (e.g. synonyms) 

and processing lexical content (e.g. searching/filtering ontology terms). 
• Information extraction: Capabilities for ontology-directed capture of target information 

from content and possibly subsequent elaboration of the ontology. 
None of the ontology environments defined in the survey addresses all of the above 

features at once. However, some of them address many of the required features, for example 
the Protégé editor [78][79].  

Protégé is an ontology editor and a knowledge acquisition system that is constantly 
evolving. It is supported by a strong community of developers and academic, government and 
corporate users, who are using Protégé for knowledge solutions in areas as diverse as 
biomedicine, intelligence gathering, and corporate modelling. Protégé has a large number of 
specific functionalities, as well as a number of plug-ins providing a number of additional 
functionalities. It can be also either customised or extended. We have studied Protégé in order 
to check if some of its parts can be reused for the ODMS development. 

Protégé organizes concepts in the generalisation hierarchy. Although, it has a special 
tab for representation of other types of relationship among concepts, it is not easy to follow 
the organization of concepts connected with the “part of” relationships. Protégé (through it 
plug-ins) has the following advanced features for ontology maintenance and management that 
are useful for ODMS: 
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o Graph representation of concepts. This feature facilitates navigation the concepts and 
understanding their interconnection. Although illustrating the concepts in the forms of 
graphs is beneficial, presenting of larger amount of information in the form of these 
graphs is limited. 

o Ontology mapping/merging. This feature supports creation of a mapping between two 
ontologies, and executing the mapping using a mapping interpreter. 

o Linguistics support. This feature supports introduction of synonyms for the concepts 
names. 

B.5.3. Information discovery and ontology discovery 

Knowledge discovery [121] facilitates many information management systems by 
automatically obtaining knowledge. Knowledge can be discovered from a variety of sources, 
including sources that are structured (e.g. database and XML schemas), semi-structured (e.g. 
HTML-pages), or unstructured (e.g. plain text) documents [96]. Knowledge discovery 
approaches apply ontologies in order to set up and annotate the vocabulary and thesaurus 
needed for semantic discovery.  

The knowledge discovered from text can be also further used to enrich the ontology. 
For example, the tool called tOKo addressed in [25] supports ontology-based knowledge 
discovery from text corpora such as HTML-pages and MS Word documents. It also supports 
selection of concepts in text-corpora and introducing them in the original ontology. 

tOKo is an open source tool for text analysis and browsing a corpus of documents. It 
implements a wide variety of text analysis and browsing functions in an interactive user 
interface. An important application area of tOKo is ontology development. It supports both 
ontology construction from a corpus, as well as relating the ontology back to a corpus (for 
example by highlighting concepts from the ontology in a document). 

Below is an incomplete list of features. If the feature is currently documented a link 
with more information is given. 

• Text corpus management: tOKo creates an application from a collection of HTML or 
text documents, and from some weblog formats. A corpus may be hierarchical, while 
documents can be typed (e.g. folder vs. file distinction) and may contain a body of text 
as well as metadata.  

• Text analysis: tOKo makes conclusions about: word frequency (by word class, by 
lemma, etc.), context (postfix, infix, prefix). It can also parse phrases (i.e. 
identification of word class information in English or Dutch. Moreover it supports 
a powerful pattern search facility. 

• Ontology development: tOKo supports creation of concepts and specifies the relation 
to natural language of the concepts (including abbreviations and other alternate 
spellings). It also organises concepts in is-a and part-of hierarchies. 

B.5.4. Maintaining consistency between ontologies and databases 

The approaches for transformation of abstract ontologies to valid database schemas are a part 
of the modern approaches for data structure generation. These transformation approaches 
solve the problem when the developers are proficient on database languages, but lack 
sufficient knowledge in the application domain. They also automate and speed up 
the database development.  

For example the DOSG (Dynamic Ontology-based data Structure Generation) system 
presented in [122] addresses a number of transformation steps for automated translating 
an ontology to a database schema.  
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DOSG is a part of the TeleCARE system [24] that is developed in order to assist 
management of a specific type of Virtual Organizations. These VOs constitute of institutions 
and/or individuals (e.g. medical centres, insurance companies, family members) aimed at 
supporting everyday life of elderly people. DOSG aims to create a database for TeleCARE 
from a pre-defined ontology. The DOSG’s ontology transformation steps include: 

• Specification of mapping rules between the object oriented model and the relational 

schema. Since the ontologies are the object oriented structures, while databases in 
many cases are relational, a number of rules should be defined for automatic 
conversion of ontologies into relational format.  

• Transferring of the relational representation of the ontology into SQL commands. 

The resulted SQL commands represent the commands for creation of database tables. 
• Deployment of the database. At this step the database tables are created from the SQL 

commands. 
 
Mapping between ontologies and database can also support their evolution process. 

Below a brief summary of the state of the art research on ontology evolution is addressed. 
The ontology evolution process is defined as the “timely adaptation of an ontology to 

the arisen changes in the consistent propagation of these changes in the dependent artefacts” 
[123]. It specially aims at: (1) enabling handling the required ontology changes, (2) ensuring 
the consistency of the underlying ontology and all dependent artefacts, (3) supporting the user 
to manage changes more easily, and (4) offering advice to the user for continual ontology 
reengineering.  

The ontology evolution mechanism typically consists of the following six main phases 
[123]:  
• Change capturing (such as business strategy evolution, the modification in the application 

domain, new user’s needs, additional functionality, etc.), that includes Structure-driven 
Change Discovery, Data-driven Change Discovery, and Usage-driven Change Discovery. 

• Change representation, that is decomposition of complex changes into simpler ones and 
recording them in a suitable forms. 

• Change semantics specification, that represents resolution of induced changes in 
a systematic manner, ensuring consistency of the whole ontology.  

• Change propagation, that refers to bringing automatically all dependent artefacts into 
a consistent state after an ontology update has been performed. 

• Change implementation, that includes (i) informing an ontology engineer about all 
consequences of a change request, (ii) applying all the (required and derived) changes, and 
(iii) keeping track about performed changes. 

• Change validation, that helps ontology engineers to find out whether they have built 
the right ontology. 

B.6. Competency management 

This Section further addresses the state of the art on organization’s competency management 
as addressed in the three following disciplines: (1) intra-organization managerial sciences and 
industrial engineering, (2) inter-organization managerial sciences, and (3) networks 
managerial sciences. The main objective for this Section is to specify a set of both: 
competency management functionalities as well as competency-based management 
functionalities that are addressed in these three disciplines and can be reused for the PCMS 
development. 
 



154 

B.6.1. Intra-organization managerial sciences 

In intra-organization managerial sciences and industrial engineering the organization 
competency management is considered as the means to both distinguish the organization from 
its competitors and provide it with a dominant position in the market. In [124] a competency 
management system is introduced, that is developed and applied at the Tremery plant, 
a subsidiary of French PSA group (Peugeot Citroen).  

The Tremery system has the following main functionalities: 
• Identification of acquired and required human competency  
• Adaptation of competency schema to the domain 
• Definition of strategic competency  
• Structuring of the competency catalogue  

B.6.2. Inter-organization managerial sciences 

In inter-organization’s managerial sciences, that aim at providing the trading companies with 
the common models and mechanisms supporting their interaction, the organizations’ 
competency data needs to be shared among organizations. In these sciences, the main business 
processes related to competency management are still mainly performed inside every 
organization.  

In [117] a number of functionalities for management of competency on top of the HR-

XML competency model (see Section D.3.1.1) is addressed. These functionalities include: 
• Assessments of competencies collected within an organization 
• Evaluation of competencies by peers 
• Different types of performance measurement that measure competencies 
• Competency-based individual performance development planning and goal setting 
• Competency-based performance monitoring & reporting 
• Training curricula and individual courses that build competencies within 

an organization 
• Competency-based career development systems 
• Inventories of workforce competence (taxonomies for general and specialized uses) 
• Selection procedures that assess competencies 
• Succession planning systems 
• Pay-for-competencies compensation systems 
• Automated job descriptions 
• Identification of the core competencies for strategic planning 
• Human resources recruiting 

B.6.3. Network managerial sciences 

In network managerial sciences several works address needs, requirements and functionality 
identification for competency management in organization networks as follows: 

A number of specified competency management functionalities are developed within 
the Mexican-Industry project [36]. This project was aimed at creation of a VBE network in 
metal-mechanic and plastic industrial sector in Monterrey, Mexico. The following 
functionalities are suggested for competency management: 

• Deployment – identification of VBE members’ core competencies and matching them 
against the arisen business opportunities.  

• Selection - selection of new VBE members with needed core competencies. 
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• Development – development of new core competencies in the VBE 
• Protection – monitoring and evaluation of current set of core competencies. 

 
In [37] a framework for creation of a VBE network in the mould and die sector in Brazil 

is addressed, which is called AmbianCE (in Portuguese: Ambiente de Criação de Empresas 
Virtuais). In this framework a number functions for competency management are introduced as 
follows: 

• Core-competency development and consolidation within organizations 
• Collection of member organizations’ core-competencies 
• Development a Competency Management program for a new VBE 

B.7. ARCON reference model 

This Section describes ARCON (A Reference Model for COllaborative Networks) that is 
applied for modelling of VBEs. This represents the way of VBE conceptualisation, that is 
useful for building of the VBE-ontology. 

B.7.1. ARCON model of VBEs 

Based on the ARCON modelling framework (see Section 1.2.2), a number of reference 
models for collaborative networks (CNs) are defined. The reference model for VBEs is 
prepared by the group of experts empirically through analysing the variety of VBE elements 
and characteristics related to different dimensions of the ARCON modelling framework 
[125]. This Section defines every of the two subspaces of the CN environment characteristics 
in more details and addresses the elements in the VBE reference model related to these 
subspaces. The VBE reference model is presented in literature in the form of tables. Below 
Table D.1 addresses the exogenous dimension, while Table D.2 addresses the endogenous 
dimension of the ARCON’s VBE reference model. These tables are prepared rooted in [125] 
and [17]. The VBE elements in these tables are summarised and they are life cycle 
independent. Please note that the abbreviation “LA” in these two tables stands for “long-term 
strategic alliance”. 

The Exogenous Interactions subspace addresses the aspects related to the interactions 
between the CN, as a whole, and its surrounding environment. Therefore three natures of 
elements are considered for each dimension such as Network identity, Interaction parties, and 
Interactions. This subspace is also divided into four following dimensions: 

• Market dimension addresses the issues related to both the interactions with 
“customers”, representing potential beneficiaries, and “competitors” are covered by this 
dimension. Facets related to customers include elements such as the transactions and 
established commitments (contracts with customer), marketing and branding, etc. On 
the competitors’ side issues such as market positioning, market strategy, policies, etc. can be 
considered. Also part of this dimension are the purpose / mission of the CNO, its value 
proposition, joint identity, etc. 

• Support dimension addresses those issues related to support services provided by 
the third party institutions (outside of the CN) are to be considered under this dimension. 
The Certification services, auditing, insurance services, training, accounting, and external 
coaching are among example related issues. 

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

• Constituency dimension addresses the issues related to the interaction with 
the universe of potential new members of the CN, i.e. the interactions with those 
organizations that are not part of the CN but that the CN might be interested in attracting 
them, are focused in this dimension. Therefore, general issues like sustainability of 
the network, attraction factors, what builds / provides a sense of community, or specific 
aspects such as rules of adhesion and specific “marketing” policies for members, are 
considered here. 
 
Table D.1: Main exogenous interactions for VBEs 
Market Support Societal Constituency 

Network identity  

� Mission statement 
- (General) Strategy 
- (Long term) Goals 
� References / 
testimonials 
� Network profile 
- Who we are 
- How to contact us 
� Market strategy 
- Marketing strategy 
- Branding strategy 
Interaction parties 
�  Customers 
- Strategic customers 
- Potential customers 
• Competitors 
- Direct competitors 
- “Indirect” 
competitors 
� (Potential) 
Suppliers 
Interactions 

� Advertising 
- Broadcast 
- Direct  
� Bidding 
� Handling inquiries 

 
 

Network identity 

� Network’s social nature 
- Profit 
- Not for profit 
- Governmental 
- NGO 

Interaction parties 

� Certification entities 
- National institutions  
- International institutions 

� Insurance entities 
- Private institutions  
- Public institutions 

� Logistics entities 
• “Standard” registries 

- Clearing centers 
- Master data providers 

� Financial entities 
- Banks 
- Investors 
- Sponsors  

� Coaching entities 
- Advisers 
- Individual external experts 

� Training entities 
- Advisers 
- Professional association 
- Individual external experts 

� Research entities 
- Universities 
- Research institutes 

Interactions 

� Service acquisition 
- Financial relation 
- Technological service 
- Training action 
- Coaching action 
- Guarantee action 
- Knowledge transfer 
- Consulting service 

� Agreement establishment 

Network identity 

� Legal status 
- Legal entity 
- Informal entity 
� Values & 
principles 
Interaction parties 

� Governmental 
organizations 
- Social security 
- City hall 
- Civil defense 
� Associations 
� Interest groups 
- Supporters 
- Opponents  
� Regulatory bodies 
� Other entities 
Interactions 

� Political relations 
� Seeking support 
� Information 
transfer 
- Broadcast 
- Direct 
� Social relations 
- Cultural  
- Patronage 

Network identity 

� Attracting & 
recruiting 
strategy 
Interaction 

parties 

� Business 
organizations 
- Private 
institutions 
-  Individual 
experts 
� Public 
institutions 
Interactions 

� Member 
searching 
� Invitation 
� Solicitation 
� Receiving 
applications 
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Table D.2: Main Endogenous Elements for VBEs 
Structural Componential Functional Behavioral 

Active entity 

� Actor 
� Primary
-entity  
� Support-
entity  

Passive entity 

--- 

Action 

--- 

Concept 

� Role 
� VBE 
member  
- 
Administrato
r 
- Adviser 
- Support 
provider 
- VO broker 
- VO planner 
- VO partner 
� Spot 
member  

� Relation
ship 
� Trusting 
� Coopera
tion  
� Commu
nication / 
information 
flow 
� Exchang
e / sharing 
� Socializi
ng  
� Control/
supervision  

� Network 
� VBE-
self network 
� VO-self 
network 

 
 

Active entity 

--- 

Passive entity 

� Domain specific 
device  
� ICT resource 
� Hardware 
� Internet 
� Software 

- VBE Management 
System 

� Human resource 
� Contact person for 
Network  
� Contact person for 
an Actor  

� Info / knowledge / 
asset resource  
� Profile/ competency 
data 

- Actor’s profiles 
data 
- Network’s profiles 
data  

� Inheritance 
information 

- LA inheritance  
- Sub-network 
inheritance  

� Ontologies 
- VBE’s common 
ontologies 
- Domain ontologies 

� Bag of assets 
- VBE Governance 
information 
- Value System 
information 
- Sharable SW tools 
- VBE document 
repository 
- Templates 

� Network result 
� VO characterization 
Action 

--- 

Concept 

--- 

Active entity 

--- 

Passive entity 

--- 

Action 

� Fundamental process 
� LA management process 

- Membership management 
- Profile and competency  

management 
- Trust management 
- Sub-network inheritance/ 

performance management 
- Value System info. 

management 
- Support institution info. 

management 
- Bag of Assets 

management  
� Participants operational 

processes 
- Member enrolment 
- Roles/responsibility 

update request 
- Participants trust 

assessment 
- Sub-network creation 
- Sub-network registration  

� Background process  
� LA management process 

- Creation of repositories 
- Setup LA management 

system 
- Bulk registration of 

founding participants 
- LA inheritance 

management 
- Decision support 

management 
- Members’ rewarding 
- Ontology adapt/evolution 

management 
- Performance 

measurement 
- IP Management 

Concept 

� Methodology & 
Approach 
� Network setup handling 
� Network operation 

handling 
LA evolution/ 

metamorphosis  
� LA dissolution / 

inheritance handling  

Active entity 

--- 

Passive entity 

--- 

Action 

--- 

Concept 

� Prescriptive behavior  
� Cultural principles 

- Regional traditions  
- Business culture  
- NGO culture  

� Governance 
principles  

- VBE general 
principles  
- Domain specific  
principles 

� Incentive policies 
and rewarding 

� Obligatory behavior 
� VBE bylaws 

- Conflict Resolution 
Policy 
- Security issues 
policy 
- Bylaw amendments 
policy 
- Membership policy  
- Financial policies 
- Contract 
enforcement  
policy 

� Internal regulations 
- ICT Use Guideline 
- Sanctions 
Principles 

� General law  
� Contract & agreement  
� VBE adhesion 
agreement 
� Agreement 
amendments 

� Constraint & condition 
� Confidentiality 
constraints  
� Legal constraints  
� Standards constraints 
� Internal normative 
constraints 
� Physical 
constraints  
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For the Endogenous Elements subspace, the elements that are defined in each of its 

dimension are classified into the following four categories according to their nature, such as: 
Active entity, Passive entity, Action, and Concept. This subspace is also divided into four 
following dimensions: 

• Structural dimension addresses the structure/composition of the constituting elements 
of CNOs, namely its participants and their relationships, as well as the roles performed by 
those elements, and any other compositional characteristics of the network such as its 
typology, etc. are addressed by this dimension. This perspective is introduced and applied in 
many disciplines (e.g. systems engineering, software engineering, economy, politics, 
cognitive sciences, manufacturing, etc.), although with different “wording” and diversified 
tools.  

• Componential dimension addresses the individual tangible/intangible elements in 
the CNO’s network, e.g. different resources such as the human elements, software and 
hardware resources, as well as information and knowledge are addressed by this dimension. 
Not all these elements are “physical” or tangible in a strict sense; in fact some are conceptual, 
e.g. the collected knowledge in CNs. Nevertheless, these elements together represent 
the “things” or components out of which the network is built. Furthermore, the componential 
dimension also consists of the intangible ontology and the description (meta-data) of 
the information/knowledge repositories that pertain to the CN. 

• Functional dimension addresses the “base functions / operations” running/supported 
at the network, and time-sequenced flows of executable operations (e.g. processes) related to 
different phases of the CN’s life cycle are addressed by this dimension. The methodologies 
and procedures running at the CN are therefore also addressed by this dimension. 

• Behavioural dimension addresses the principles, policies, and governance rules that 
either drive or constrain the behavior of the CN and its members over time, are addressed by 
this dimension. Included here are elements such as the principles of collaboration and rules of 
conduct, principles of trust, contracts, conflict resolution policies, etc. 

B.7.1. ARCON semantic indexing 

The semantic indexing schema for ARCON [18] is suggested in order to formalize 
the ARCON’s reference models of CNs. Namely it provides unique identifiers for every 
element of ARCON’s reference models, that helps to uniquely position this element in 
the model. This strict positioning of the elements also reduces confusion in the structure of 
the ARCON models that may happen during the evolution of this system which can be done 
by several people/experts.  

The ARCON’s index consists of a number of components. The elemental 
characteristics for the indexes of all elements in the ARCON reference model follows:  

o CN-type (C) 
o Model-Intent (M) 
o Sub-space-dimension (SD) 
o Nature-of-element (N) 
o Relative-order-number (E)  
o Life-cycle-stages (Ls) 
o Mnemonic-Label (Lb) 
A formalized description and examples of element-indexes are illustrated in Figure D.7. 

It introduces a “formula” on top, for each element-index. It further defines all elements in this 
formula one by one. It finally gives example indexes for 2 real ARCON elements at 
the bottom, namely the indexes for “ICT resource” and for “Market strategy”.  
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ARCON_element_index = ( C. M. SD. N. E. (Ls):  Lb ) 
 
C ε {VBE, PVC, VO, VT, VLC, LA, GO, CNO}           * C is a type of Collaborative Network,  
 
 M ε {GR, SM, IM}                     * M is a Model Intent,    
where: 
GR is a General representation, SA is a Specific Modeling, and IM is a Implementation Modeling. 
 

SD ε {E1, E2, E3, E4, I1, I2, I3, I4}                            * SD is one Dimension in a Sub-space,  
where in E (Endogenous Element) sub-space:             where in I (Exogenous Interaction) sub-space: 
E1 is the Structural dimension,                                        I1 is the Market dimension,  
E2 is the Componential dimension,                                 I2 is the Support dimension,  
E3 is the Functional dimension,                                      I3 is the Societal dimension,  
E4 is the Behavioral dimension,                                      I4 is the Constituency dimension. 
 

N ε {AE, PE, AT, NI, IP, IL, IA}          * N represents the Nature of an ARCON’s element within a Sup-space,  
where in E sub-space:  where in I sub-space:  
AE is Active entity,   NI is Network Identity, 
PE is Passive entity,   IP is Interaction Party, 
AT is Action,     IA is Interaction 
CP is Concept 
 

E            * E is a list of ei numbers, separated by ‘.’, representing the hierarchic order in which each 

                         ARCON’s element (or sub-element) appears within the (C.M.SD.N) section,   where: ei ε NNNN 

 

Ls                         * Ls is an ordered subset of {c, o, e, m, d} representing the CNO’s Life Cycle Stages  

    for this ARCON’s element, and where:    
    Ls = concat ( [c | NILL], [o | NILL], [ e | NILL], [m | NILL], [d | NILL] ) ,  and    
c is Creation, o is Operation, e is Evolution, m is Metamorphosis, d is Dissolution 
 
 

lb          * lb is a label / name for the ARCON’s element 
 
 
 

Examples: 
CNO.GR.E1.PE.2(coemd): ICT resource 
LA.GR.I1.NI.4.1(coem): Market strategy  

Figure D.7: Semantic-indexing for elements in the ARCON reference models 
(Source: [18]) 

This Figure addresses the components of indexes for al specific elements in ARCON’s 

reference models. 

 
In addition to the element-indexes, described above, for comprehensive representation, 

two other aspects of the ARCON elements are addressed and formulated, namely: (1) 
representation of the potential relationships that can be defined between different ARCON 
elements, and (2) representation of the specific model (also-called the model-representation-
extension) being defined/developed for an element in the ARCON reference model of a CN,  

Introducing semantic-indexes addressing these two other aspects of the ARCON 
elements is necessary for full representation of these elements with all their potential 
characteristics and features. The definitions of Relationships of each ARCON element with 
other elements (Rs), as well as the Model representation Extension of each element (X) are 
therefore addressed in Figure D.8.  

The Model-representation-extension represents a specific model of the element, 
depending on its modelling intent, e.g. a semantic-index must be generated for the textual 
definition generated for an ARCON element at its “General representation” modelling intent 
level.  

Figure D.8 first provides a “formula” on top, for each ARCON element. It further 
defines all elements in this formula one by one. It finally illustrates two example elements at 
the bottom, namely the extensions for the “ICT resource” and for the “Market strategy” 
ARCON elements.  

Please note that while the formula on top represents the complete semantic index for 
each ARCON element, e.g. including the set of relationships, as well as the specific model (or 
a pointer to the specific model) within the defined index, the example at the bottom of 
the Figure, only exemplifies these two potential extensions of the ARCON element in a table 
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format. Therefore, please do not confuse the representation of these examples with the format 
for representation of the semantic-index for the ARCON elements. 

 
ARCON_element = ( ARCON_element_index, Rs, X ) 

 

 

Rs      * Rs is a set of tuples for relationships defined between this element and other ARCON elements,  
              where for each r  ε  Rs   
              r = (  r_name, ARCON_element_index  ) , and  
                     r_mane is the mnemonic name for a relationship with another ARCON’s element 
 

 
X             * X is the model for the ARCON’s element, where for each x  ε  X   
       x = textual_definition  if  M=GR, x = specific_model  if  M=SM, x = implementation_ model  if  M=IM 
 
 
 

Examples of ARCON’s CNO reference model elements for the GR model intent: 
 

ARCON_element_index   R X 

CNO.GR.E1.PE.2(coemd): ICT resource  

 
4. is related to Actor,  

CNO.GR.E1.AE.1(coemd): Actor 
5. is related to Network,  

CNO.GR.E1.CP.1(coemd): Network 
 

Entities characterizing the ICT equipment, 
software, and infrastructures used / 
shared in the network. It can include the 
architecture of the computer network 
supporting the collaboration. 

CNO.GR.I1.NI.4.1(coem): Marketing strategy 
6. is defined for Customer,  

CNO.GR.I1.IP.1(coemd): Customer 
 

Marketing strategy – defining how the 
CNO concentrates its resources on 
the most relevant opportunities for 
achieving its goals and a sustainable 
competitive advantage. 

  

Figure D.8: ARCON element representation 
(Source: [18]) 

This Figure addresses the index-based representation of ARCON’s reference model. 

Namely, for every ARCON’s element it has a set of its relationship with other elements, as 

well as the definition or the model of its element. 


