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Chapter 4 

Functional development of the ColOnto system 

Development of ontologies alone is not enough to overcome the challenges of VBE 

information modelling and management addressed in this thesis. First, development of 

a user-friendly interface for the VBE-ontology is required to support diverse VBE 

actors familiarising themselves with the VBE concepts. Second, a set of functionalities 

are needed to be designed and developed for maintenance of the VBE-ontology and its 

sub-ontologies. Third, a variety of other ontology-based support functionalities need to 

be developed and integrated into VBE management, for collection and classification of 

ontology aspects.  

This Chapter addresses both the identification and specification of all this needed 

functionality for the management of the VBE-ontology. As such, it covers the functional 

focus of the ColOnto system addressed in the thesis, which is referred to as 

the Ontology Discovery and Management System (ODMS). Furthermore, 

the specification of one subsystem of ODMS, called the Profile and Competency 

Management System (PCMS), is addressed in detail. The PCMS aims at introducing 

the needed functionality for managing the sub-ontology of the VBE-ontology, related to 

profile and competency management. The implementation of ODMS and PCMS also 

serves as the proof of concepts for the conceptual focus of the ColOnto system, as 

addressed in Chapter 3. 

Some parts of this Chapter have been addressed previously in author’s earlier 

publications, including [49] and [70]. 

4.1. Introduction 

This Chapter addresses the design specification of the functionality required for the Ontology 
Discovery and Management System (ODMS) and the Profile and Competency Management 
System (PCMS), thus focused on the functional aspect of the ColOnto system.  

Particularly, the ODMS provides software functionalities needed to address 
the following four specific challenges of the VBE information modelling and management: 
(i) establishing common understanding, (ii) assisting VBE instantiation in different domains, 
(iii) supporting dynamism and scalability in VBEs, and (iv) boosting and balancing VO 
involvement for VBE members. To address the specific challenge of boosting and balancing 
VO involvement for the VBE members, one sub-ontology of the VBE-ontology is dedicated 
to specification of the profile and competency of the VBE members (as addressed in 
Chapter 3, Section 3.3), and one component of the ODMS, namely the PCMS, is designed and 
developed to support the profile and competency management in VBEs.  

This Chapter includes five sections. Section 4.2 describes the approach for design of 
the ODMS and PCMS. The Chapter addresses the specification, system design and prototype 
implementation of the ODMS in Section 4.3, while in the Section 4.4 the specification, 
system design and prototype implementation of the PCMS, are outlined. Section 4.5 
concludes this chapter.  
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4.2. Approach for development of ColOnto’s functional 

aspects 

Design and development process of the ODMS and PCMS systems follow the standard 
systems development lifecycle as addressed in [80] and therefore consists of seven main 
steps, including: business analysis, system design, implementation, integration, deployment, 
operation, and maintenance. Here we first briefly describe these seven steps. The business 
analysis step focuses on determining and specifying customer requirements. It defines 
the variety of activities that need to be conducted through the system by its different actors, as 
well as identification of constraints for the system development. The system design step 
focuses on description of the structure of the system - architectural design, and its 
components - detailed design. The architectural design describes the system in terms of its 
modules. It is concerned with the selection of a solution strategy and the modularisation of 
the system. The detailed design however develops detailed algorithms and data structures for 
each module/component. The implementation step involves the coding of the custom-written 
software and/or the installation of the software purchased. It also involves specification of 
hardware, database development, program testing and specification of user interfaces. 
The integration step focuses on incremental integration and deployment of software 
modules/sub-systems. The deployment step follows a handover of the implemented software 
to a customer. The operation step represents the changeover from the existing business 
solution to the new one. And the post-delivery maintenance may represent up to seventy five 
percent of the lifecycle time of the system. 

Due to research mentioned below, our development approach for the functional 
aspects of ColOnto, described in this chapter, includes only three main steps compared to 
the seven steps addressed above. In other words, the Maciaszek’s business requirements step for 
the both systems is not included into this Chapter because it has been addressed earlier in 
Chapters 1 and 2 of this thesis. Furthermore, for us the Maciaszek’s step of integration is 
included as a part of implementation. Also, the Maciaszek’s steps of deployment, operation, and 
maintenance are combined and addressed within one step, because in our research these were 
all performed within the same sets of trial/take up events. 

 The three steps of our system design and development are illustrated in Figure 4.1 and 
first briefly described below, and then in details in the following sections. 
1. System design: At this step, we first specify the users of ColOnto and their needs in 
relation to ODMS and PCMS. We then specify the required functionalities of the ODMS and 
PCMS. The design of ColOnto’s functionalities specially addresses the research question RQ3 
introduced in Chapter 1, Section 1.4 of this thesis. After specification of the required 
functionalities, we specify the repositories and the database needed for ColOnto, and provide 
the system design for ODMS and PCMS. 
2. Implementation and integration: At this step, ColOnto is implemented through two web-
applications, ODMS and one for PCMS, in the Java programming language. Then a set of 
web-services are developed for integration of the PSMS with the ODMS and for integrating 
these two systems with other components of the VBE Management System (VMS). 
3. Deployment, operation, and maintenance: At this step, ColOnto is deployed at the sites 
of a number of running 1st generation VBEs in order to perform take up and trial events.  



97 

1. System design

2. Implementation and 
integration

Related  research and 

development

RQ3

Motivation

Requirements

3. Deployment, operation, and 
maintenance 

1.1. Users and their needs

1.2. Identified functionalities

1.3. Repositories

1.4. System architecture

Domain 2 concepts

(Plastic manufacturing)

Domain D concepts

(Specific domain of 
VBE member organizations’ 

activities)

Domain 1 concepts 

(Metalworking)

Core concepts

(Domain-independent)

2.1. ODMS prototype

2.2. PCMS prototype

2.3. Integration within VMS

 
Figure 4.1: Life cycle of development the functional part of ColOnto 

This Figure illustrates the four main development steps of the ODMS and the PCMS 

systems. The input for these steps, as shown in the upper part of the Figure, is 

represented by: the research motivation for the ODMS/PCMS development (as 

addressed in Chapter 1), the requirements analysis and the identified related research 

and development (as addressed in Chapter 2), as well as the specified VBE-ontology (as 

addressed in Chapter 3). 

4.3. Step 1 – System design 

This Section addresses our system design for ColOnto. It starts with specification of the needs 
of VBE users in relation to the ODMS and PCMS, and then addresses the ColOnto 
functionality. This Section also introduces the design of repositories needed for ColOnto, and 
the system architecture for the ODMS and PCMS. 

4.3.1. Users and their needs 

ColOnto facilitates everyday activities of a number of VBE actors (as earlier addressed in 
Chapter 1, Section 1.2.1.1). The main ColOnto users include VBE administrators, regular 
VBE members, VO brokers, VO coordinators, as well as VBE experts such as the ontology 
experts and domain experts.  
 

The functionalities that each of these users needs in the ODMS and PCMS, as well as 
their responsibilities in relation to these two tools are outlined below in Table 4.1. As such, 
the specification of these users’ needs and responsibilities also contributes to the specification 
of ColOnto functionalities addressed in the next Sub-section. 
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Table 4.1: ColOnto users’ needs and responsibilities in relation to ODMS and PCMS 
Users Needs Responsibilities 

In relation to ODMS 

VBE administrator 

• Introduction of the variety of 
VBE terminology to new VBE 
members 
• Monitoring and evolving 
VBE databases 

• Ensuring correctness, completeness and 
integrability of the VBE sub-ontologies 
•  Analysing the match between the VBE-
ontology and the information in VBE 
databases 

Regular VBE 
member, VO 
Broker, VO 
Coordinator 

• Familiarisation with VBE 
terminology / concepts 

• None 

Ontology expert 

• Automation and facilitation 
of collection and dissemination 
of terminology / concepts about 
VBE domain / work area 

• Ensuring correctness, completeness and 
integrability of the VBE sub-ontologies 
• Discovery of domain information from 
organisations’ text-corpora 

Domain expert 

• Automation of obtaining and 
analysis of domain-dependent 
profile and competency data 
from all VBE members 
• Automation and facilitation 
of collection and dissemination 
of terminology / concepts about 
VBE domain / work area 

Ensuring that domain related data 
that is uploaded to the PCMS is well 
structured, complete and correct 

In relation to PCMS 

VBE administrator 

• Automated obtaining and 
analysing of profile and 
competency data, about VBE 
members 
• Promoting VBE members in 
the market/society, through 
representing their profiles and 
competencies  

• Discovery of new VBE members’ 
information from their text-corpora 
• Ensuring that all VBE members submit 
enough information for their profiles and 
competencies 
• Ensuring that the profile/competency 
information is well structured and complete 
• Ensuring that all needed competencies are 
represented in VBEs 

Regular VBE 
member 

• Automated data submission 
to the VBE 
• Familiarisation with 
the VBE characteristics and 
potential and with other VBE 
members 

• Provision of complete and up-to-date 
profile and competency data  

VO broker 
• Retrieval and searching for 
VBE members’ competencies 

• Analysing if the VBE has sufficient 
competencies (through its members) to 
produce specific products or services needed 
by customers 

VO coordinator 

• Retrieving of and searching 
for VBE members’ profile and 
competency data, when needed 
in a running VO 

• None 

4.3.2. Indentified functionality 

We introduce a set of functionalities for ColOnto to assist the main information management 
processes and operations, which take place through different stages of the entire life-cycle of 
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a VBE (as earlier addressed in Chapter 1, Section 1.2.1.2). These specifically include three 
main ontology engineering functionalities that are needed for maintaining the VBE-ontology 
itself, and five main ontology management functionalities that are needed to support VBE’s 
information management. Specifications of these functionalities are illustrated in Figure 4.2 
and defined below. In this Figure, the PCMS’s functionalities are illustrated as 
interrelated/integrated with the ODMS’s functionalities. This Figure also indicates how 
the ColOnto functionalities respond to the four challenges of VBE information modelling and 
management, introduced in Chapter 1, Section 1.1. More detailed specifications of 
the prototypically implemented ColOnto functionalities are addressed further in this thesis, in 
Section 4.4.1. 

We have identified eight main functionalities for the ODMS. Among them, three 
functionalities are aimed to support the maintenance of the sub-ontologies of the VBE-
ontologies. The other five functionalities are aimed to support modelling and management of 
information in VBEs. As addressed in Figure 4.2, four of the eight functionalities are 
integrated with the PCMS functionalities, namely numbers 3, 6, 7, and 8. Below first 
the eights ODMS functionalities are introduced and specified, and then the four PCMS 
functionalities are presented. 

3. Sub-ontology modification2. Concepts learning
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6. Data navigation

8. Data analysis
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� Challenge II
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Figure 4.2: Main functionalities of ColOnto 

This Figure illustrates the main functionalities of ColOnto. These consist of three 

functionalities for maintenance of the VBE-ontology (represented on the upper right side 

of the Figure) and five functionalities for the VBE-ontology based management of the VBE 

information (represented at the bottom left side of the Figure). Please note that 

the ODMS’s functionalities are numbered with Arabic numbers, and the PCMS’s 

functionalities are numbered with the Roman numbers. The names of the PCMS’s 

functionalities start with “P&c” that stand for “Profile & competency”. The input-output 

data streams for every functionality are illustrated by the arrows. The research challenges 

I to IV, addressed by the functionalities, are located in this Figure in white boxes next to 

the related functionalities.  
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The specification of the ColOnto functionalities particularly responds to the research 
question RQ3 introduced in Chapter 1, Section 1.4: Which set of functionalities are needed to 
maintain (e.g. discover, engineer and integrate) the continuously evolving VBE-ontology, as 

well as the semi-automated management of the information supported through the VBE-

ontology?  
 

1. Sub-ontologies registry 

We introduce this functionality to support maintaining the sub-ontologies of the VBE-
ontology, namely the uploading, registering, organizing, and monitoring of the collection of 
sub-ontologies within a specific VBE application. It particularly supports grouping and re-
organising sub-ontologies for further management, partitioning, integration, mapping and 
versioning purposes. The main features that we introduce for this functionality include 
the following:  
o Sub-ontology uploading: This feature supports uploading sub-ontologies into a specific 

ODMS application. For each uploaded sub-ontology, the following meta-data should be 
provided: level of reusability, work area, owner, confidentiality level, points of connection 
with other sub-ontologies, and version. 

o Registry monitoring: This feature supports monitoring and analysis of uploaded sub-
ontologies. For example, it supports verifying that all uploaded sub-ontologies are well-
integrated with each another.  

o Registry modification: This feature supports making changes in the structure of the sub-
ontology registry, for example providing new links between sub-ontologies. These changes 
are mainly realized through modification of sub-ontology meta-data. 

o External ontology integration: This feature supports semi-automated integration of 
existing external domain ontologies (e.g. the ones developed at the site of VBE members) 
into the VBE-ontology..These are integrated either as parts of existing domain sub-
ontologies, or remain separate but interlinked domain sub-ontologies.  

2. Concepts learning 

We introduce this functionality to support VBE members with their familiarisation with 
the VBE terminology and concepts. In order to view the terms and their definitions, VBE 
members first select a specific sub-ontology from the registry. Concepts in the sub-ontologies 
are represented both in a text format as well as visually through graphs or diagrams. We 
introduce the following basic features for this functionality: 
o Concept search: This feature supports search for and displaying of specific concepts from 

a sub-ontology. 
o Concept viewing: This feature supports viewing concepts of a selected sub-ontology either 

in text (i.e. hierarchies) or in graphical format (i.e. graphs and diagrams).  
o Property viewing: This feature supports displaying definitions, synonyms, abbreviations 

and other properties of concepts. 
3. Sub-ontology modification 

We introduce this functionality to support both manual and semi-automated construction and 
modification of sub-ontologies. Sub-ontologies can be modified within a VBE if the VBE 
owns them. Development of this functionality aims to assist the VBE administration and 
domain experts with modification of domain level sub-ontologies collected in the sub-
ontology registry. It provides the possibility to directly add new concepts to the sub-
ontologies via a GUI and to associate/inter-relate the concepts with each other, by means of 
up to three predefined kinds of relationships, i.e. through “has subclass”, “has part” and “has 
attribute” relationships. It also supports annotation of concepts, e.g. submission of synonyms, 
which are also needed for “concept navigation” and “information discovery” functionalities. 
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Unlike the user interfaces of most today’s ontology editors, the GUI developed for 
the VBE-ontology modification functionality must to be easily understood and navigated by 
the VBE members who typically have limited knowledge of ontologies. The main features we 
introduce for this functionality include:  
o Manual modification: This feature supports manual creation of new concepts, deletion of 

concepts and modification of their properties (e.g. definitions, synonyms, etc.) and their 
inter-relations. 

o Semi-automated concept discovery: This feature supports semi-automated discovery of 
appropriate new concepts for VBE sub-ontologies from the text corpora available in 
the VBE. It is integrated with the ODMS’s functionality of “Information discovery” that is 
described below under Sub-section 5. 

o Sub-ontology evolution: This feature supports the user with to semi-automatically 
analyzing if a sub-ontology needs to be updated. It is based on matching a sub-ontology 
against its related database. This matching supports the identification of new elements in 
the databases that are absent from and thus can be also transferred to the sub-ontology. 
This function is integrated with the ODMS’s functionality of “Repository maintenance”, 
described below. 

4. Repository maintenance 

We introduce this functionality to support establishment and monitoring of consistency 
between schemas and content of the databases available in the VBE and their related sub-
ontologies. The main features specified to support this functionality include: 
o Repository design: This feature supports semi-automated development of VBE databases 

guided by the VBE-ontology. The existing approaches for conversion of sub-ontologies 
into database schemas (see annex B, Section B.5.4) suggest creation of a map between 
an ontology and a database schema. This map later supports monitoring the consistency 
between these ontology and the database schema. 

o System parameterisation: This feature supports parameterisation of the VMS sub-systems 
with domain dependent data. It fills in some records in the database from the related to 
sub-ontologies of the domain level. 

o Repository evolution: This feature supports indicating inconsistencies between the VBE 
databases and the VBE-ontology. Specifically, it aims to indicate if the database schemas 
need to be updated after changes are made in the related sub-ontologies.  

5. Information discovery 

We introduce this functionality to support semi-automated discovery of information from 
text-corpora, based on the VBE-ontology. The text-corpora used by this functionality can 
include semi-structured (e.g. HTML-pages) or unstructured sources (e.g. brochures). These 
are typically provided by VBE member organisations, VBE domain experts, and VBE 
administration. The main features performed by this functionality include: 
o Text corpora collection: This feature supports uploading and organising text documents to 

be used for the discovery process. 
o Thesaurus specification: This feature supports specification of the concepts in the sub-

ontologies of the VBE-ontology to which the information, which needs to be discovered, is 
related. 

o Concepts identification: This feature identifies the location of discovered information in 
the text corpora. 

6. Data navigation 
We introduce this functionality to support the UI functionality for navigation among data 
records in different VMS tools. Such a support is needed in order to present the variety of data 
(e.g. profile and competency data) to a user in an easily navigable and digestible format. More 
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details about it are addressed below for the PCMS’s functionality “Profile and competency 
data navigation”. The main focus include: 
o Individual object data navigation: This feature supports displaying data of one individual 

object, for example one VBE member’s profile. 
o Aggregated data navigation: This feature supports viewing grouped/summarised data. For 

example, it represents profile data of several individual member organizations in the same 
format as data of one organization.  

7. Data submission 
We introduce this functionality to support data submission into VMS tools (e.g. profile and 
competency data submission into PCMS). It specifically needed when large amounts of 
heterogeneous data needs to be submitted. More details about it are addressed below for 
the PCMS’s functionality “Profile and competency data submission”. This functionality 
supports the following main features: 
o Incremental and semantic data submission: This feature is helpful when large amounts of 

data need to be submitted at once into a VMS tool. It also supports submission of data 
incrementally in a specific predefined order. 

o Gaps analysis and warnings: This feature supports identifying the information that still 
needs to be submitted (e.g. a VBE member has to update its competencies or resources 
information), and sends reminders to VBE members about them. It is integrated with 
the “Data analysis” feature introduced below. 

o Semi-automated data submission: This feature is integrated with the “Information 
discovery” feature addressed above. It supports transferring the data which is discovered 
from the text corpora into the database. 

 

8. Data analysis 
We introduce this functionality especially to support specific decision making needed in VMS 
tools. It is generally based on matching the data in the database against the related sub-
ontologies according to some predefined principles in order to make certain specific 
conclusions. More details about its specific application are addressed below for the PCMS’s 
functionality “Profile and competency data analysis”. 

 

The PCMS’s functionalities represent specialisation and integration of the ODMS’s 
functionality in the work area of profiles and competencies management. The four following 
main specific functionalities are identified for PCMS. 

i. Profile and competency model customisation 

We introduce this functionality as an extension of the ODMS’s functionality “Sub-ontology 
modification”. It aims at customization of the profile and competency sub-ontologies for 
a specific VBE application. The specific features defined for this functionality include: 
o Profile model navigation: This function supports navigation in the VBE’s profile / 

competency models and domain/application extensions. 
o Profile model setting: This function first supports specifying the profile and competency 

model of a certain VBE application, by enabling or disabling elements from the sub-
ontologies and its domain/application extensions. Second it supports the set-up of 
access/viewing rights for specific profile elements. 

ii. Profile and competency data navigation 

We introduce this functionality to support different ways for retrieval and viewing of 
the profile and competency knowledge accumulated in the VBE. The navigation scope 
addresses both: single profile information as well as the collective profile information of 
the entire VBE. Structuring of the knowledge in the PCMS’s user interface mimics the VBE 
profile and competency sub-ontology. The profile and competency data on the screen is 
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displayed in accordance with the related concepts mapped in the profile and competency sub-
ontology. The specific functions defined for this functionality include: 
o Viewing single profile: This function supports viewing and navigation of a specific VBE 

member organisation’s profile. 
o Viewing aggregate profile: This function allows data of similar types to be viewed as 

aggregates (e.g. resources, competencies, etc.) from a group of VBE members. An example 
of such data collection is a catalogue of aggregate competencies as addressed in 
the previous Chapter in Section 3.3.4. 

iii. Profile and competency data submission  

We introduce this functionality to support uploading the profile and competency knowledge 
from each member organisation. The incremental submission of data approach is developed 
for the PCMS. This approach specially supports uploading large amounts of data at once. To 
support the dynamism and scalability of PCMS, the advanced ODMS’s functionality for 
“Information discovery” is applied. The specific functions defined for this functionality 
include: 
o Manual data submission: For each element in the profile / competency model a data record 

can be created and later modified/deleted in relation to a specific VBE member 
organisation.  

o Semi-automated data submission: This function represents an advanced mechanism 
incorporated into the PCMS from the ODMS. It supports semi-automated discovery of data 
for profiles from organisations’ text-corpora.  

iv. Profile and competency data analysis 

We introduce this functionality to support the evolution of the VBE’s collection of 
competencies, as well as to prepare for responding to more opportunities in the market and 
society. The following features are identified for this functionality: 
o Profile validation: This feature supports validation and appraisal (e.g. by VBE 

administration) of the submitted profile data of VBE members.  
o Retrieval and search: The retrieval function allows retrieval of data for a variety of 

predefined requests, for example retrieval of a list of all VBE members located in the same 
city as another VBE member. The search function searches for profiles or profile elements 
by matching the profile and competency descriptions of a group of VBE member 
organisations against some specific conditions (e.g. some elements from the descriptions of 
the new collaborative opportunities that have arisen in the VBE). If there is no “direct” 
search results related to some specific knowledge classes, “alternative” results from 
“other” knowledge classes shall be suggested, based on the closeness of knowledge classes 
in the VBE profile and competency sub-ontology. For example, if no competencies are 
found for a specific keyword, the search engine will search for resources or practices 
whose names match this key word. 

o Gap analysis: This feature identifies missing competencies within the VBE that prevents 
some collaboration opportunities to be supported by the VBE. This is done by matching 
the VBE competency catalogue against: (i) the description of the arisen collaborative 
opportunities, (ii) the past states of the competency catalogues at the times when VBE has 
the maximal performance, and (iii) predefined competency plan. This function also 
suggests how to increase competencies within the VBE, for example by getting new human 
or machinery resources, or by joining resources of several VNE member organizations. 

o Development of new competencies: This feature supports the creation of new collective 
competencies (e.g. as addressed in Section 3.3.4) extracted from the existing competencies 
of VBE members, subsequently offering them as VBE competencies to the market/society. 
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o Organisation learning: This feature supports semi-automated capturing and displaying of 
the concepts from the VBE-ontology that are related to the area of activities of a specific 
VBE member. 

4.3.3. Repositories 

For the development of ColOnto we introduce three repositories – (1) a file repository for sub-
ontologies, (2) a file repository for text corpora, and (3) a database. These repositories are 
addressed below. 

The two file repositories are managed by the VMS’s bag of assets functionality (as 
introduced in Section 1.2.1.2). 

 
(1) Repository for sub-ontologies 

This repository represents a flat list of OWL-files together with a registry file. Every OWL-
file represents one sub-ontology of the VBE-ontology. The name of the file consists of two 
parts: (i) a unique ARCON index (as addressed in Annex B, Section 7.1) for this sub-ontology 
and (ii) a mnemonic name to make it easier for a human actor to identify this sub-ontology.  

The registry file represents a textual file that gathered the meta-properties of each 
specific OWL-file, which in turn represent an input for the “Sub-ontologies registry” 
functionality of ODMS. 

 
(2) Repository for text corpora 

This repository contains the collection of textual files that are collected in order to be 
processed by the ODMS. These files can be organized in any way that is convenient for 
the VMS users. 

 
 

Figure 4.3: Database schema for PCMS 
This Figure illustrates the four main tables in the PCMS’s databases. The two tables of 

“class” and “class_relation” correspond to classes and the class relations in the VBE 

profile and competency sub-ontologies. The two tables of “instance” and 

“instance_relation” represent the data submitted by VBE member organizations for 

instances of these classes and class relations. 

 

(3) Database for profile and competency data 
We designed the PCMS database in order to support its correspondence to the VBE profile 
and competency sub-ontologies. Namely our PCMS database keeps records for all classes of 
the profile and competency sub-ontologies that are relevant for the VBE, as well as 
the relationship among them.  
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A number of database designs have been considered and evaluated. However, we have 
rejected the approach where one physical table in the relational database corresponds to one 
class of the profile data. The main reason for the rejection is the need to support the dynamic 
creation/deletion of database tables, in other words to meet the requirement for dynamism in 
profile knowledge classes. Instead, we have chosen an object-oriented design of the database 
with only one main generic table for all knowledge classes. Thus, all operations with classes 
simply represent the operation with the records in this table. The final database schema 
consists of four main tables (as also illustrated in Figure 4.3) including:  
• The “class” table for representing the profile and competency classes (from the VBE 

profile and competency sub-ontologies) 
• The “instance” table for representing the profile data instances (i.e. real data from VBE 

member organizations) 
• The “class_relation” table for representing different relationships among the classes  
• The “instance_relation” table for representing the relationships among the instances.  

 

4.3.4. System architecture 

We have developed the ODMS and PCMS as system components within the package of 
the prototypical VBE management tools delivered by the ECOLEAD project. There were 
the following requirements for the implementation design of all ECOLEAD prototypes: 
• Independence but integrability of all prototypes. This is the reason why we made 
the decision to develop ODMS and PCMS as independent Java application, in order to get 
a full support of Java-based web-services. 
• Easy access to the implemented prototypes by end-users and experts. This is why 
the decision was made to use the client-server architecture with a usual web-browser as 
a client. 
• Using free-ware tools, providing maximum functionalities. This is why the PostgreSQL 
was chosen as database management system but not the MySQL, since the former supports 
views and better indexing, which is needed for development of the prototypical VBE 
management system. 

Therefore, we have implemented ODMS and PCMS in Java as two independent web-
applications, which are integrated with each other and with other VMS tools through web-
services. We have used PostgreSQL for the database. We have implemented the eight earlier 
mentioned functionalities. The functionalities numbered as 1, 2, 3, 4, and 5 (see Section 4.3.2 
and Figure 4.2) are implemented in the ODMS tool. The ODMS’s functionalities numbered as 
6, 7, and 8 that have their related PCMS functionalities are implemented as a part of 
the PCMS tool. 

The ODMS’s and PCMS’s system architectures are based on the client-server 
architecture. This Section first addresses the implementation architecture of the ODMS and 
then of the PCMS. 

 
ODMS architecture 

The ODMS client side represents any web browser that supports sessions. The sessions are 
used for authorisation. The client side may include a local file repository for handling text 
corpora (e.g. txt- or html-files) in addition to the ones located on the server (as addressed in 
Section 4.3.3).  

The ODMS server side consists of two main parts, namely (i) the web applications that 
are implemented in a programming language (e.g. the first ODMS prototype is implemented 
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in Java) and (ii) the file repository that includes both: the sub-ontologies of the VBE-
ontology, as well as the text corpora. The ODMS does not use a database. 

The ODMS applications are further logically divided into three main layers as described 
below.  
•••• Presentation layer: This layer represents the ODMS GUI, namely an HTML page, which 

is the output of running the applications at the ODMS Service layer. For the ODMS GUI, 
different interfaces are designed and implemented encompassing different rights and roles 
of ODMS users. 

•••• Service layer: This layer includes the applications supporting the ODMS functionalities. 
For each of the ODMS functionalities there is a Java-servlet that handles the interaction 
with the ODMS’s GUI. Some of the ODMS functionalities use outputs of web services of 
other VMS’s sub-systems (e.g. PCMS), if there is a need to access the databases of these 
tools (see the right-hand side of Figure 4.4).  
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Figure 4.4: Implementation design of the ODMS 

This Figure illustrates the ODMS components at the client and server sides, as well as 

the interaction of the ODMS with other tools of the VBE Management System. The ODMS 

client side (at the top of the Figure) represents a usual web browser that supports 

sessions. The ODMS server side (at the right bottom of the Figure) consists of two main 

parts, namely (i) the web applications and (ii) the file repository, consisting of the sub-

ontologies and text corpora. The ODMS applications are logically divided into the three 

following main layers: the Presentation layer, the Service layer and the Library layer. 
 

Library layer: This layer represents a set of libraries (e.g. the first ODMS prototype has a set 
of Java-libraries) that are used at the ODMS Service layer. It includes two sub-layers, namely 
the internal library layer and the external library layer. The internal library layer consists of 
programs (e.g. Java-classes) that are created to handle and support the operations within 
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the ODMS functionalities. There are three main types of programs in this layer: (1) programs 
for handling the HTML inputs and outputs, (2) programs for handling the file operations, and 
(3) programs for handling the outputs of the operations on sub-ontologies. The external 
library layer represents a set of non-standard libraries that are loaded from several external 
sources. For example, in order to handle the sub-ontologies in the first ODMS prototype, 
the Jena-library is used, while in order to handle the text-corpora, the open-source project 
called HTMLParser is used 
.  
PCMS architecture 

The same as the ODMS’s client side, the PCMS’s client side represents the web-browser that 
supports sessions. The PCMS’s server side consists of two main parts, namely (i) the web 
applications that are implemented with a programming language (e.g. the first PCMS 
prototype is implemented in Java), and (ii) the database where the profile and competency 
data is stored. 
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Figure 4.5: PCMS implementation architecture 

This Figure illustrates the PCMS components at the client and server sides, as well as 

the interaction of the PCMS with the ODMS system. The PCMS client side (on the top of 

the Figure) represents the web browser that supports sessions. The ODMS server side (on 

the bottom left-hand side of the Figure) consists of two main parts: (i) the web 

applications and (ii) the database where the profile and competency data is stored. 

The PCMS applications are logically divided into the three following main layers: 

the Presentation layer, the Service layer and the Database layer. 

 
The PCMS application is also logically divided into three further main layers described 

below:  
• The Presentation layer of the PCMS consists of one jsp-file and several java classes that 

together construct the web pages of the PCMS GUI.  
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• The Service layer consists of the java classes that get the input from the PCMS GUI 
(through the Presentation layer) and the PCMS database (through the Database layer), 
performs the operations and returns the output to the GUI / Database. Additionally, this 
layer includes the authorisation check functions that control the sessions at the PCMS’s 
client side.  

- The Database layer consists of the java-classes that perform the access to the PCMS’s 
database (as addressed in Section 4.3.3) and manipulates the data. 

4.4. Step 2 – Implementation and integration 

Based on the system design presented in the previous section, we prototypically implemented 
ODMS and PCMS. This Section first addresses the implemented ODMS prototype, then 
the implemented PCMS prototype. After that, it focuses on the web-services that we are 
implemented to integrate ODMS and PCMS with each other, as well as with other VMS tools.  
 

 
Figure 4.6: A sample screenshot from the ontology modification functionality 

This Figure illustrates one screenshot from the operation of editing meta-data for 

the example concept “Computer-aided design”. The interface for this operation consists 

of the following elements (from top to bottom, after class name “Computer-aided 

design”): properties and description of the concept, fields for editing the label and 

the comment (i.e. definition) of the concept, and fields for adding and deleting meta-

properties of the concept. 
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4.4.1. ODMS prototype 

We have implemented a prototype of the ODMS based on its specification introduced in 
Section 4.3. In addition to the specified functionalities, we also implemented the authorisation 
service. It supports secure access to the ODMS by its users. The ODMS prototype supports 
two main ODMS users, namely the VBE administration and regular VBE members. 
The implemented prototype functionalities are addressed below in this section. 
 
Sub-ontology registry 

The implementation of this functionality in the ODMS prototype represents only an interface 
for uploading sub-ontologies to the ODMS (as illustrated in Figure 4.7).  
 
Sub-ontology modification 

Unlike the user interfaces of most of today’s ontology editors, the GUI of the ontology 
modification functionality is developed to be easily understood and navigated by VBE 
members who typically have limited knowledge of ontologies. Figure 4.6 illustrates 
the screenshot from the operation of editing the meta-data of the “Computer-aided design”. 
The GUI for this operation provides a few classical forms that are easy to fill in and submit. 
The representatives from VBE networks who tested the ODMS system found the GUI for 
ontology editing user-friendly and easy to understand.Please note, the semi-automated 
concept discovery function of the ontology modification functionality is addressed below, 
when the information discovery function is addressed.  

 
Figure 4.7: A sample screenshot from the concept navigation functionality 

This Figure illustrates the ontology learning functionality representing an ontology 

viewer, providing an easy-to-understand and user-friendly GUI for searching and viewing 

concepts from sub-ontologies. This GUI includes four main areas: the concepts catalogue 

(on the left-hand side), the selected concepts characterisation (on the bottom right-hand 

corner), the search area (in the middle of the right-hand side) and a pop-up list of 

available sub-ontologies (on the top right-hand area). 
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Concept learning 

The implementation of the concept learning functionality represents an ontology viewer, 
providing an easy-to-understand and user-friendly GUI for searching and viewing concepts 
from sub-ontologies. This GUI includes four main areas (as also illustrated in Figure 4.7): 
the concepts catalogue (on the left-hand side), the selected concepts characterisation (in 
the bottom right-hand corner), the search area (in the middle of the right-hand side) and a pop-
up list of available sub-ontologies (on the top right-hand area).  

In order to solve the problem of visualisation of various relationship types among 
the concepts (see Chapter 1, Section 1.3.2), the following concept hierarchy structure is 
introduced. For each concept, all concepts that are related to this concept with 
the relationships of “has subclass”, “has part”, “has attribute” are grouped through these 
relationship types, and displayed under the concept. Furthermore, for each relationship type, 
the quantity of concepts within the group is displayed in brackets/parentheses on the right of 
the relationship name. For example, in Figure 4.7 the “Associated Partner” class has three 
properties/attributes, and two subclasses. Additionally, the GUI of the ontology viewing 
service allows the content of each group to be expanded and collapsed in order to support 
the navigation. Therefore, the concepts are catalogued not only through their “has subclass” 
relationships (as it is done in many current ontology viewers/editors, such as Protégé [78]), 
but also through other relationship types, e.g. “has attribute”. Additionally, in order to avoid 
possible loops in this visualisation interface, a special algorithm is developed that prohibits its 
formation. 

As a result, during the ODMS take-up period, the representatives of current VBE 
networks related to the ECOLEAD project found both the navigation of the sub-ontologies 
and the obtaining the specifications and descriptions of different concepts in the ontology easy 
for the regular VBE members. 

 
Repository maintenance 

The implementation of the repository maintenance functionality is specifically aimed at 
facilitating the Profile and Competency Management System. The PCMS’s database is 
developed to be mapped with the VBE profile and competency sub-ontologies of the core and 
domain levels. Therefore the repository maintenance service is needed to preserve 
the consistency between the database and these sub-ontologies.  

The functionality of repository maintenance is performed by matching the classes 
within the domain level of the VBE profile and competency of every sub-ontology against its 
corresponding data classes within the domain extensions of the profile model.  

Further to preserving consistency, this matching identifies those data classes that are 
introduced in the domain sub-ontologies, e.g. by the VBE administration, but are missing (do 
not have any representation) in the PCMS’s database. For example, if some defined 
competency classes in the sub-ontology are currently missing from the PCMS. In that case 
a competency gap in the PCMS. is identified. As such, the matching also supports 
the monitoring and analysis of the PCMS’s database.  

Therefore, when a new domain level sub-ontology, which represents the domain 
parameters for the PCMS, is added to the sub-ontology repository, the Repository evolution 
functionality identifies the need to expend the PCMS database to include these parameters. 
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Figure 4.8: A sample screenshot from the repository maintenance functionality 

This Figure addresses a sample screenshot showing the result of matching the domain 

level process sub-ontology against the related PCMS data classes. As regards the two 

column table in the middle of the Figure, left column shows the data classes from 

the ontology that need to be added to the database, while the right column shows the data 

classes that exist in the database and need to be added to the ontology. 

 

 
Figure 4.9: A screenshot from the Information discovery functionality 

This Figure shows a sample screenshot from the GUI of the ODMS’s discovery service. 

This GUI includes three main areas: (1) the area for selecting/uploading the text-corpora 

and the thesaurus (on the upper right-hand side), (2) the text-corpora, within which 

the results of discovery are highlighted (on the left-hand side), and (3) 

the selected /applied thesaurus catalogue (on the lower right-hand side).  
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On the other hand, matching also identifies those data classes that are introduced by 
users in the PCMS’s database (e.g. as competencies), while they are not yet presented within 
the domain sub-ontologies. Thus, identifying the need to extend the domain sub-ontologies, 
which represents the sub-ontology evolution function of the ontology modification 
functionality. 

 

 
Figure 4.10: Sample text-corpora provided by a VBE member to the ODMS 

This Figure illustrates a sample of a web page used for ODMS’s information discovery. 

This page includes the core terms (e.g. “products”, “services”, etc.) and domain terms 

(“Metallic Pieces”, “Pulley”, etc.) that are relevant to the core and domain levels of 

the VBE-ontology, and thus can easily be discovered and transferred to the databases of 

the VBE Management Sub-systems.  

 
To obtain a list of classes from the PCMS database, the repository maintenance service 

uses the output generated by a web service developed within the PCMS. 
A sample screenshot showing how the domain level process sub-ontology is matched 

against the related PCMS data classes is given in Figure 4.8. 
During the take-up period of the ODMS and PCMS systems, the VBE representatives 

were using the evolve service to monitor the consistency between the PCMS database and 
the VBE profile and competency sub-ontology, and found it informative and easy o use. 
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Information discovery 

The implementation of the information discovery service is based on the approach for concept 
discovery from text corpora as presented in [25]. For our purposes, this approach is extended 
with specific VBE features, for example the use of the VBE-ontology for formation of 
the thesaurus. 

The GUI for the discovery service is illustrated in Figure 4.9. It includes three main 
areas: (1) the area for selecting/uploading the text-corpora and the thesaurus (on the upper 
right-hand side), (2) the text-corpora, where the results of discovery are highlighted (on 
the left-hand side), and (3) the selected/applied thesaurus catalogue (on the lower right-hand 
side). This implementation also facilitates the transferring of the newly discovered concepts, 
e.g. a new by disconnected VBE competency, into sub-ontologies of the VBE-ontology. 
Namely, Figure 4.9 illustrates that the system has located 3 concepts in the text-corpora, i.e. 
mission, competency, and capability. Two of these concepts exist in the VBE-ontology, but 
one of them, i.e. process, is in fact a synonym of an existing concept. Therefore, capturing 
the semantics in the VBE-ontology supports obtaining more information from the text-
corpora. 

The representatives of the running networks performed the discovery of information in 
order to expand the profiles of the VBE members, as collected by the Profile and Competency 
Management System. They provided the text corpora consisting of the web pages of their 
VBE member organisations that were uploaded into the ODMS. A sample web page used 
during the discovery is shown in Figure 4.10. 

These VBE network representatives then also selected some of the concepts from 
the core level profile and competency sub-ontology and formed the thesaurus. The thesaurus 
consisted not only of the selected terms, but also of their synonyms and abbreviations. Next, 
the Information discovery functionality located the phrases in the text-corpora that were 
related to the concepts from the thesaurus, e.g. “Finishing process” related to the “Capability” 
concept. In the last step, this identified information was added to the members’ profiles inside 
the PCMS.  

Furthermore, some of the located terms represented the concepts (e.g. “Finishing 
process”) that could be added to the domain level profile and competency sub-ontologies. 
These were then added to their related sub-ontologies thus supporting the Semi-automated 
concept discovery function and the Sub-ontology modification functionality. 

4.4.2. PCMS prototype 

To test the effectiveness of the development of PCMS for responding to the challenge of 
boosting VO configuration, a first prototype of the PCMS is implemented.  

A challenge for the PCMS implementation was to design how to represent both 
the profile and competency model and data on the screen. Suitable friendly graphical user 
interface of the profile and competency knowledge is required to support the VBE user 
community navigation, understanding and “digestion” of the concepts as well as how to use 
the system. For ontologies, the more complex the knowledge, the more difficult it is to specify 
its proper visualization. Below we introduce the “catalogue” forms we have designed for 
the profile knowledge visualisation. Each catalogue mimics the visualisation of an acyclic 
graph including both the knowledge “classes” (representing both: core classes and domain 
classes) and their “instances” represented as “nodes” in the graph, and including three types of 
relationships as its “edges”. These relationships include: (1) the generalisation relationship 
(called “has subclass”) defining classes and their subclasses, (2) the aggregation relationship 
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(called “has attribute”) defining classes and their attributes, and (3) the instantiation 
relationship defining classes and their instances. 

 

 

Figure 4.11: A sample illustration of PCMS’s class catalogue 

This Figure illustrates the PCMS’s class catalogue. All entities in this catalogue represent 

knowledge classes from VBE profile and competency sub-ontology. The  image located 

next to a class indicates that this class is a sub-class of its upper-level class. The absence 

of this image next to a class indicates that this class is an attribute of its upper-level class. 

The smaller-font entries next to the class entries, e.g. “14 attributes” or “2 subclasses” 

represent a summary of the class definitions. The clickable  and  images expand and 

collapse the catalogue items. A  radio-button next to each entry supports the selection of 

an entry to perform some operations on it, e.g. for creation of a new subclass or a new 

attribute. 

  
Two types of catalogues, namely the class catalogue and the instance catalogue, that 

are designed for representing the VBE member organisations’ profile and competency 
knowledge, are illustrated in Figures 4.11 and 4.12 and described below. 

The PCMS’s class catalogue represents an acyclic graph including the profile 
knowledge classes as the nodes, and the relationships among these classes as the edges. 
The relationships among the classes represent two types of: “has attribute” relationships (e.g. 
a competency definition has a capability definition as an attribute) and the “has subclass” 
relationships (e.g. the manufacturing capability has the welding capability as a subclass). 

Below Figure 4.11 illustrates the list of the top-level classes of profile knowledge, such 
as the “General data”, “Contact data”, “Resource”, etc. The representation of two classes, 
namely the “General data” class and the “Resource” class are also expanded, so that 
the fourteen attributes of the “General data” class, as well as one attribute and four sub-classes 
of the “Resource” class can be illustrated.  
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Figure 4.12: A sample illustration of PCMS’s instance catalogue 

This Figure illustrates the PCMS’s instance catalogue. The same as for the class 

catalogue illustrated in Figure 4.11, the bold entries represent knowledge classes. But 

further to that, the  image in this catalogue indicates a record, e.g. for contact data. 

Another difference with the class catalogue is that a  radio-button next to each entry 

supports the selection of an entry to perform some operations on it, e.g. creation of a new 

instance for a class. 

 
The PCMS’s instance catalogue represents an acyclic graph that includes the profile 

knowledge classes together with their profile knowledge instances, as the nodes, and 
the relationships among these classes and instances as the edges. The relationships among 
classes in this catalogue represent only the “has subclass” type, and the instances are not 
connected among each other directly - while the main types of the relationships in this model 
represent the relationships between classes and their instances. A sample illustration of 
the instance catalogue is addressed in Figure 4.12. This Figure illustrates a list of classes for 
the profile knowledge, and some existing records for these classes are also presented from one 
VBE member organisation in Swiss Microtech (SMT), which is a metalworking VBE in 
Switzerland. In this Figure, the record for “General data” is expanded so that the records for 
its attributes can be viewed. For example, the record for the “Creation date” is “1956”. 
The Figure also illustrates that the abstract “Resource” class has no direct instances/records; it 
has these only through its sub-classes, e.g. the “Human resource” class has records/instances. 

The GUI of the four implemented PCMS’s functionalities are based on the two above 
catalogues of class and instance. The PCMS functionalities of model customisation, data 
submission, data navigation, and data analysis are further described below in this section. 

 

Model customisation  

The customisation functionality enables modification of the VBE profile model through 
creating, copying, deleting and updating profile data classes, which are stored in the PCMS 
database. The profile model in fact represents the VBE profile and competency sub-ontology 
converted to the database format. This functionality has two different interfaces, namely for 
(1) navigation in the catalogue of profile classes, i.e. profile model, (2) operation on a specific 
part of the class catalogue. 
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The VBE profile model can be viewed and modelled through a catalogue of profile data 
classes (as shown in Figure 4.13). The items in this catalogue include only the profile element 
classes (represented in bold). These classes are connected among one another by two types of 
relationships: “has subclass” (indicated by a hexagon icon) and “has part” (not indicated by 
any pictogram). Operations to create, delete and modify classes are carried out using 
the buttons on top. 

 
Figure 4.13: PCMS’s catalogue of profile data classes for SMT, a VBE in Switzerland 
This Figure illustrates the viewing and navigation in the VBE profile model which is 

carried out through a catalogue of profile data classes in the PCMS. The items in this 

catalogue include only the profile element classes (in black). These classes are connected 

among one another by two types of relationships: “has subclass” (indicated by a hexagon 

icon) and “has part” (not indicated by any icon). 

 

Data submission 

The submission functionality supports uploading and editing of its own profile data by 
a specific VBE member through creating, copying, deleting and updating profile data records. 
This functionality has two different interfaces, namely for: (1) navigation in the profile data, 
(2) operation on a specific part of the profile. 

Each profile may be viewed and navigated through a catalogue of profile data (as 
illustrated in Figure 4.14 for VBE member “ADAX”). The items in this catalogue include 
both the profile element classes (in bold) and the records of real profile data (highlighted). 
These are separated from each other with the “>” sign. Operations to enter, delete or modify 
the profile data are carried out using the buttons on top. 

The ODMS’s functionality for Discovering information enables discovery of profile and 
competency data from organisations’ text-corpora. The interface for this discovery is 
implemented within the ODMS and described in Section 4.4.1.  
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Figure 4.14: PCMS’s service for editing profiles for SMT, a VBE in Switzerland 
This Figure illustrates navigation and viewing of a specific member’s profile which is 

carried out through a catalogue of profile data. The items in this catalogue include both 

the profile element classes (in bold) and the records of real profile data (highlighted). 

 
Data navigation  

The navigation functionality displays the profile and competency data collected through 
the entire VBE in the form of catalogues. This functionality has four different interfaces for 
navigation of: (1) the catalogue of profiles, (2) the single profile, (3) the catalogue of 
individual competencies, and (4) the catalogue of aggregate competencies. 

The “catalogue of profiles” enables the catalogue of all registered VBE members 
whose profiles are represented in the PCMS. Each profile in the catalogue can be selected for 
more detailed viewing. The single profile’s interface is similar to the one from the profile 
editing service. The “catalogue of unique competencies” allows the catalogue of all 
competencies submitted in the PCMS to be viewed. The owners of the competencies are 
indicated in front of each competency’s name. The “catalogue of aggregate competencies” (as 
partially illustrated in Figure 4.15) enables the catalogue of aggregate competencies submitted 
to the PCMS to be viewed. The algorithm for aggregation of competencies is described earlier 
in this thesis in Section 3.3.4. The owners of every aggregate competency are indicated in 
front of this competency’s name. 

 
Data analysis  

The analysis functionality (see Figure 4.16) facilitates decision making about profile and 
competency data that are accumulated in the VBE, namely its supports the functions of 
validation/appraisal of members’ competencies, gap analysis in VBEs and identification of 
the need for new competencies’ development. In the current version of the PCMS 
development, this functionality is based on the search for profile and competency data. This 
search consists of three steps, as also indicated as operations with buttons on the top of 
the window: (Step 1) Selecting search fields from the catalogue of the profile element classes, 
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(Step 2) Specifying the search criteria (in the search criteria form) and activating the search, 
and (Step 3) Viewing the results of the search and moving to the profile of a specific VBE 
member which was identified during this search. At the last step, in order to indicate how well 
a specific VBE member matches the search criteria, the list of all VBE member’s profile data 
records that match the criteria are displayed below the name of each VBE member. In case 
there is no “direct” search results for some specific required conditions, “alternative” results 
are suggested automatically by the data analysis functionality, based on the closeness of 
the required conditions to the existing data from the members’ profiles. 

 
Figure 4.15: Viewing aggregate competencies in the PCMS for SMT, a VBE in Switzerland 

This Figure shows the “catalogue of aggregate competencies” that enables all 

the competencies submitted in the PCMS to be viewed in an aggregate form. The list of 

individual owners belonging to every aggregate competency is indicated in front of 

the competency name. 

4.4.3. Integration within VMS 

The ODMS supports several VMS sub-systems, e.g. Trust Management System, 
Collaborative Opportunities Finder, VO Information Management System, etc., in the same 
way in which it supports the PCMS. Integration of ODMS and PCMS in our implementation 
is realised through a web-service developed on the PCMS side. In addition to interaction with 
ODMS, the PCMS also interacts with other VMS sub-systems that support the VO creation, 
namely with the tools for: collaborative opportunity finding and decomposition, VO rough 
planning, and VO partners service and suggestion (as introduced in Chapter 1, 
Section 1.2.1.2). Namely, it provides these tools with up-to-date profile and competency 
model, as well as information about the VBE and its member organizations gathered as 
the PCMS’s profile and competency data. The following two specific web services are 
developed: 
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Figure 4.16: Search for competencies in the PCMS for SMT, a VBE in Switzerland 
This Figure illustrates Step 3 of the function for searching profile and competency 

data. Namely it illustrates that 7 member organisations have the “milling” or 

“drilling” (which were specified criteria in Step 1 and 2) in their competency 

descriptions. 

 
• Web service to interact with ODMS. This web service is developed in order to enable 

matching the ODMS’s VBE profile and competency sub-ontology against the profile 
element classes in the PCMS’s database. It supports the ODMS’s functionality of 
“Repository maintenance”. 

• Web service to interact with VO creation tools. This web-service provides the VO creation 
tools with PCMS’s profile and competency model, as well as with the PCMS’s data. 
Within this web-service, two web-methods are developed. The first web-method generates 
and provides the PCMS’s profile and competency model in the XSD schema format. 
The second web-method generates and provides an extract from the PCMS’s profile and 
competency data in the XML schema format. As an example, a part of the XML output for 
a running VBE called IECOS (from Mexico) is illustrated in Figure 4.17. 

4.5. Step 3 - Deployment, operation and maintenance 

After the prototypes of the ODMS and PCMS were developed, they were taken up within 
the ECOLEAD project by four running VBEs, namely: IECOS in Mexico, CeBeNetwork in 
Germany, HELICE in Spain, and Swiss Microtech in Switzerland (see annex A for 
descriptions of these networks).  

The ODMS prototype was deployed on a server as one copy and was accessed by 
a number of VBEs. Individual access rights were provided to every VBE. Unlike ODMS, five 
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copies of the PCMS prototype (one for every VBE plus one joint trial PCMS for 
CeBeNetwork and HELICE) were deployed also on the same server. During the period of six 
months, we conducted the maintenance of these developments on the server and ensured that 
the deployed applications were always available and supporting local needs. 

At this time, the representatives of the four VBEs were configuring their PCMS profile 
and competency model and uploading their PCMS with profiles of their member 
organizations. They also used and accessed all functionalities of the PCMS and ODMS.  

Some improvement and extension of the PCMS and ODMS also took place during their 
take up period. After the take-up sessions, the four networks evaluate the ODMS and PCMS. 
The objectives and results of this evaluation are addressed in more details in Chapter 5, 
Section 5.3.1. 

 

 

Figure 4.17: XML output of the PCMS’s web service for IECOS, a VBE in Mexico 

This Figure illustrates a profile of a VBE member organisation in an XML format. It is 

generated by a PCMS web service, in order to transfer the profile data from PCMS to 

other VMS tools. 

 

4.6. Conclusions  

This Chapter addresses identification and specification of the functionality needed for 
ColOnto, which also represents the response to research question RQ3 introduced in this 
thesis: Which set of functionalities are needed to maintain (e.g. discover, engineer and 
integrate) the continuously evolving VBE-ontology, as well as the semi-automated 

management needed of the information supported through the VBE-ontology? Particularly 
this Chapter introduces two software application: Ontology Discovery and Management 
System (ODMS) and Profile and Competency Management System (PCMS). The ODMS 
provides eight specific functionalities divided into two main groups: (1) three functionalities 
for maintenance of the VBE ontology and (2) five functionalities for VBE-ontology based 
information management in VBEs. The PCMS provides five main functionalities, which 
represent a result of applying the ODMS for the work area of VBE profile and competencies. 
The ODMS and PCMS are designed as two independent while integrated software 
applications. The system design for the two of them is addressed in Section 4.3. We have also 
prototypically implemented both PCMS and ODMS. The prototypes together with a large 
number of example screen-shots are presented in Section 4.4.  

 


