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FOREWORD

Collaborative Networked Organizations nowadays represent one of the most
relevant organizational paradigms in industry and services. During recent years,
due to the recognition of the need and supported by the ICT advances, there are a
large number of focused developments in this area. These developments in fact have
turned Collaborative Networks into a pervasive phenomenon in all socio-economic
sectors.

Complementarily to these developments, new advances are progressively emerging
in different research initiatives worldwide. However, unfortunately most of the
generated knowledge and experiences are often confined to the participants in those
projects. Only fragmented aspects of these advances usually become publicly
available, e.g., through conference papers.

The main aim of this manuscript is to provide a comprehensive set of reference
material in a single book. The book is developed in the context of ECOLEAD, a
large 4-year European initiative, involving 28 organizations (from academia,
research and industry), from 14 countries (in Europe and Latin America) in which
the editors had the leading responsibility. Various sections of this book represent a
synthesis of the achievements in the focus areas of the project. This book is
complemented by a second book “Collaborative Networks — Reference Modeling”
that is devoted to the theoretical foundation and introduction of reference models for
Collaborative Networks.

As a multi-author book, the contents and views expressed in each chapter and the
applied styles are naturally the responsibility of their authors. Nevertheless, as all
contributors are involved in the ECOLEAD initiative, and share the same strategic
goals and culture, it is expected that the book presents a reasonable homogeneity.

Three main types of results from ECOLEAD are presented: (i) Conceptual
frameworks and models, (ii) Methods and processes, and (iii) Software tools and
systems. Furthermore, the experience and lessons learned with a number of large
pilot implementations in real-world running networks of enterprises are also
included as an indication of the assessment/validation of the project results.

The editors take this opportunity to thank the contributions of all authors, as well as
the help of those colleagues that reviewed earlier versions of this manuscript. We
expect this work to help those who are active in or entering the field of
Collaborative Networks, and thus providing an effective contribution to the
consolidation and progress of this area.
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1. ECOLEAD AND CNO BASE CONCEPTS

L. M. Camarinha-Matos ', H. Afsarmanesh >, M. Ollus *

! New University of Lisbon, PORTUGAL, cam@uninova.pt

2 University of Amsterdam, THE NETHERLANDS, hamideh@science.uva.nl
3 VIT, FINLAND, martin.ollus@vtt.fi

Collaborative networked organizations represent an important paradigm to
help organizations cope with the challenges of market turbulence. Under this
scope, the ECOLEAD integrated project was launched with the aim of creating
the necessary foundations and mechanisms for establishing an advanced
network-based industry society. The main underlying concepts, research
roadmap and achieved results of this initiative are briefly summarized.

1. INTRODUCTION

Participation in networks has nowadays become very important for any organization
that strives to achieve a differentiated competitive advantage, especially if the
company is small or medium sized. Collaboration is a key issue in addressing
market demands, particularly in the manufacturing sector, through sharing
competencies and resources. A new competitive environment for both
manufacturing and service industries has been developing during the last few years,
and this trend is forcing a change in the way these industries are managed. In order
to be successful in a very competitive and rapidly changing environment, companies
need significantly improved competencies in terms of dealing with new business
models, strategies, organizational and governance principles, processes and
technological capabilities. Thus companies are increasingly restructuring their
internal operating and information systems and re-engineering production processes
to both eliminate waste and lower the costs. Furthermore, they are changing the
nature of their modus operandi by partnering with other companies in complex value
chains and business ecosystems, which now extend globally (Myers, 2006).

In today’s industry, collaborative networks manifest in a large variety of forms.
Moving from the classical supply chain format, characterized by relatively stable
networks with well defined roles and requiring only minimal coordination and
information exchange, more dynamic structures are emerging in industry. Some of
these organizational forms are goal-oriented, i.e. focused on a single project or
business opportunity, such as in the case of virtual enterprises (VE). The same
concept can be applied to other contexts, e.g. government and service sectors,
leading to a more general term, the virtual organization (VO). A VE/VO is often a
temporary organization that “gathers” its potential from the possibility of (rapidly)
forming consortia well suited (in terms of competencies and resources) to each
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business opportunity. Other emerging collaborative networks are formed by human
professionals who may collaborate in virtual communities and form virtual teams to
address specific problems, such as collaborative concurrent engineering or
development of a consultancy project.

Another case of collaborative network is the collaborative virtual laboratory
(VL). Here a virtual experimental environment is provided for scientists and
engineers to perform their experiments, enabling a group of researchers located in
different geographical regions to work together, sharing resources, (such as
expensive lab equipment), and results. In this case, and in addition to the network of
involved organizations (e.g. research centers or research units of enterprises), there
is an overlapping network of people. In a research activity most collaborative acts
are in fact conducted by researchers that have a high degree of autonomy. Therefore,
in this example, the necessity for tools to support human collaboration — advanced
groupware tools, becomes evident. A typical VL involves scientific equipment
connected to a network, large-scale simulations, visualization, data reduction and
data summarization capabilities, application-specific databases, collaboration tools,
e.g. teleconferencing, federated data exchange, chat, shared electronic-whiteboard,
notepad, etc., application-dependent software tools and interfaces, safe
communications, and large network bandwidth. A similar situation can happen in a
virtual enterprise when engineering teams formed by engineers of different
enterprises (virtual teams) collaborate on some engineering problem.

Many more examples can be found in different sectors. For instance, we can
think of networks of insurance companies, networks of governmental institutions,
networks of academic institutions forming virtual institutes for joint delivery of
advanced courses, networks of entities involved in disaster rescuing, networks of
care centers, healthcare institutions, and family relatives involved in elderly care,
etc.

With the development of new collaborative tools supported by Internet and
mobile computing and a better understanding of the mechanisms of collaborative
networks, new organizational forms are naturally emerging. And yet all these cases
have a number of characteristics in common (Camarinha-Matos, Afsarmanesh,
2006):

- Networks composed of a variety of entities - organizations and people — which
are largely autonomous, geographically distributed, and heterogeneous in terms
of their operating environment, culture, social capital and goals.

- Participants collaborate to (better) achieve common or compatible goals.

- The interactions among participants are supported by computer networks.

Therefore, the notion of collaborative network was established as a generic term

to represent all these particular cases (Camarinha-Matos, Afsarmanesh, 2005):

A collaborative network (CN) is a network consisting of a variety of entities
(e.g. organizations, people, machines) that are largely autonomous,
geographically distributed, and heterogeneous in terms of their operating
environment, culture, social capital and goals, but that collaborate to better
achieve common or compatible goals, thus jointly generating value, and whose
interactions are supported by computer networks.

Most forms of collaborative networks imply some kind of organization over the
activities of their constituents, identifying roles for the participants, and some
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governance rules, and therefore, can be called manifestations of collaborative
networked organizations (CNOs). Other more spontaneous forms of collaboration
in networks can also be foreseen. For instance, various ad-hoc collaboration
processes can take place in virtual communities, namely those that are not business
oriented — e.g. individual citizens contributions in case of a natural disaster, or
simple gathering of individuals for a social cause (Camarinha-Matos, Afsarmanesh,
2008). These are cases where people or organizations may volunteer to collaborate
hoping to improve a general aim, with no pre-plan and/or structure on participants’
roles and how their activities should proceed.

Reinforcing the effectiveness of collaborative networks and creating the necessary
conditions for making them an endogenous reality in the European industrial
landscape, mostly based on small and medium enterprises (SMEs), is a key survival
factor. If properly established and managed, collaborative networks can provide a
basis for competitiveness, world-excellence, and agility in turbulent market
conditions, they can support SMEs in identifying and exploiting new business
potential, boost innovation, and increase their knowledge. The networking of SMEs
with large-scale enterprises also contributes to the success of big companies in the
global market.

Continued dedicated efforts on virtual organizations (e.g. through the Esprit,
IST, and IMS initiatives), although fragmented, have led to a European critical mass
and a culture of collaboration, giving early and systematic entry into the area. This
“movement” is consistent with the process of European integration, which
represents a push towards the “cooperation culture”, while preserving the desire to
leverage regional values and assets. In a time of very rapid technological evolution
and socio-economic transformation, but also when other geographical regions (e.g.
USA, Latin America, Australia, Japan, and China) are focusing their research
strategies on this area, it is necessary to break with the tradition of fragmented
incremental research, and aim at a sustainable breakthrough with large beneficial
impacts on the society.

2. BASE ORGANIZATIONAL FORMS

Early projects and proposals, too much technology-driven, underestimated the
difficulties of the Virtual Organization / Virtual Enterprise (VO) creation process
and suggested very dynamic scenarios. However, the agility and dynamism required
for VOs are limited by the difficult process of establishing common operational
basis and building trust. Even if flexible support infrastructures become widely
available, the aspects of trust building and the required reorganization at the
enterprise level are hard to cope with in collaborative business processes. “Trusting
your partner” is a gradual and long process. The definition of ‘“collaborative
business rules”, contracts for VO or even common ontologies are challenging,
especially when different business cultures are involved. In this sense, very dynamic
organizations formed by enterprises without previous experience of collaboration
might be limited to scenarios of simple commerce transactions (e.g. buy-sell).

The creation of long term clusters of industry or service enterprises represents
an approach to overcoming these obstacles and can support the rapid formation of
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VO inspired by business opportunities. The concept of cluster of enterprises, which
should not be confused with a VO, represents an association or pool of enterprises
and related supporting institutions that have both the potential and the will to
cooperate with each other through the establishment of a long-term cooperation
agreement. Buyer-supplier relationships, common tools and technologies, common
markets or distribution channels, common resources, or even common labor pools
are elements that traditionally bind the cluster together. In some cases they are
formed around a special technology or product type, sometimes to support an OEM
(original equipment manufacturer).

A more frequent situation is the case in which the cluster is formed by
organizations located in a common region, although geography is not a major facet
when collaboration is supported by computer networks. Nevertheless, the
geographical closeness has some advantages for collaboration, as it may facilitate
better adaptation to the local (cultural) needs and an easier creation of a “sense of
community”. But with the development of more effective communication
infrastructures, such long-term associations are not necessarily motivated by
geographical closeness. Cultural ties, even particular human relationships are also
motivating factors in forming such associations which in fact represent VO
Breeding Environments (VBE) for the dynamic formation of VOs. For each
business opportunity found by one of the VBE members, acting as a broker, a
subset of the VBE enterprises may be chosen to form a VO for that specific business
opportunity. Thus:

A VO Breeding Environment (VBE) represents an association of
organizations and their related supporting institutions, adhering to a
base long term cooperation agreement, and adoption of common
operating principles and infrastructures, with the main goal of increasing
their preparedness towards rapid configuration of temporary alliances for
collaboration in potential Virtual Organizations. Namely, when a business
opportunity is identified by one member (acting as a broker), a subset of
VBE organizations can be selected to form a VE/VO (Afsarmanesh,
Camarinha-Matos, 2005).

From a regional perspective, a well-managed VBE may offer the opportunity to
combine the necessities of both “old” and “new” economies, and form a sustainable
environment (local business ecosystem) while leveraging and preserving the
regional assets and culture. The VO breeding environment can support the
exploitation of local competencies and resources by an agile and fast configuration
of the most adequate set of partners for each business opportunity. Furthermore, the
local VBEs can gather and empower a unique set of competencies tailored to
regional culture and local customers’ preferences, allowing a concerted offer of
cooperation to global companies. As a result, members of the local industry cluster
for instance can play an important role in the customization and final assembly of
products to local markets even though the basic components may be produced
elsewhere. Therefore, in times of tough competition and market turbulence, the
organization and effective management of the local industry or service enterprises,
VBEs focused on the characteristics of SMEs, provide a promising approach for
regional sustainability. In addition to the mentioned benefits of cooperation within
dynamic VOs, there is also the opportunity to share experiences and costs in the
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learning process of introducing new ICT for instance, within an industry cluster, and
to reduce the risk of big losses and failure.

Some researchers with a more theoretical perspective, often focused on very
limited scenarios, advocating that it is better to consider VOs in a totally “open
universe” context and thus consider VBEs as a too constrained approach. However,
reality is proving the correctness of the approach as a large number of related
initiatives and real world implementations have emerged during the past decade,
namely in Europe (Afsarmanesh et al., 2004), (Flores et al., 2007), Japan (Kaihara,
2004), Brazil (Vargas, Wolf, 2006), Mexico (Flores, Molina, 2000), and USA
(Goranson, 2004). Virtuelle Fabrik (Pliiss, Huber, 2005) in Switzerland and south
Germany is a well-known case of breeding environment with more than 70 active
organization members. But the advances in information and communication
technologies now bring new opportunities to leverage the potential of this concept,
namely by providing the adequate environment for the rapid formation of agile
virtual organizations.

Furthermore, current trends in mass customization have highlighted the need to
take into account the preferences, specificities, and constraints as well as the assets
of the target market regions. The current challenge is to enable collaborative
innovation involving a network of SMEs (manufacturers, designers, etc.),
interfacing different entities and customers. Therefore, VBEs are evolving to address
the much more challenging scope of customer involved networked collaboration and
co-innovation, as shown in Fig. 1 (Camarinha-Matos, 2007).

_.-"Network of ~>~._ S
Manufacturers . ,/'Customers \\\
; RN Network

. Network .~ ™. .-

Fig. 1: Customers’ involvement in a CN

The concept of virtual enterprise (VE), understood as a temporary consortium of
enterprises that strategically join skills and resources, supported by computer networks, to
better respond to a business opportunity, has emerged during the 1990s (Davidow,
Malone, 1992), (Nagel, Dove, 1995).

Facing business globalization around the world, companies need to co-operate
efficiently despite of their different infrastructures, business cultures, organizational
forms, languages, and legal and fiscal systems. As a reaction to the highly dynamic
market challenges, and taking advantage of the facilities offered by the advances in
information and communication technologies, enterprises are increasingly operating
in cooperative networked environments. Moreover, the business networks
themselves are dynamic and constantly changing. In this setting the benefits from
collaborative networking are usually considered to come from e.g. the following
features:
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= Business partners can quickly and easily come together to benefit from a
business opportunity, fulfill the need and then disclose the collaboration.

= Increasing applications in early stages of product life cycle, speeding up and
giving more efficiency to engineering and design.

= Increased customer collaboration and logistics enhance market understanding
and reduce delivery times and times to market.

= Customer collaboration in after delivery networks enables new form of
support activities over the life-cycle of the delivered product or service.

= Efficiency relies on capability for companies to co-operate despite different
infrastructures, business cultures, organizational forms, and languages, legal or
fiscal systems.

= Business networks themselves continuously change.

A virtual organization represents an extension of the VE concept by considering
other possible kinds of members in addition to enterprises (Camarinha-Matos,
Afsarmanesh, Ollus, 2005):

A virtual organization (VO) is considered to be a set of collaborating
(legally) independent organizations, which to the outside world provide a set
of services and functionality as if they were one organization, supported by
computer networks.

This definition, like many others, assumes that a virtual organization behaves and
can be managed in some way like single enterprise. However, the features of a VO
create new challenges to its management compared to the management of a single
organization.

Virtual or online communities are important social structures emerging from an
Internet-enabled society. These communities bring together people of similar
interests in order to communicate, to share and exchange information, to have fun or
just to fulfil the need for social belonging and empathy. Typical examples include
communities involving emotional support, sports, science, professions, etc. Virtual
communities are enabled and empowered by an increasing amount of internet
technologies, such as e.g. bulletin boards, list servers, newsgroups, chat rooms, work
spaces, document repositories. Such communities invent new social-relationships,
resulting in new behavioural patterns and new ways of sharing and creating
knowledge, which creates specific value from their activities. On the other hand,
Communities of Practice (CoP) have been around for many years and are described
as “groups of people informally bound together by shared expertise and passion for
joint enterprise (that) share their experiences and knowledge in free-flowing,
creative ways that foster new approaches to knowledge” (Wenger, Snyder, 2000).
Leavitt et al. (2001) point out that CoPs have become more prominent and
formalized in recent years because they develop critical organizational knowledge
assets. Most communities are “boundary-spanning units in organizations,
responsible for finding and sharing best practices, stewarding knowledge, and
helping members work better”.

When communities of practice adopt computer networks and most of the
practices and tools of virtual communities, they become Professional Virtual
Communities (PVC):
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To face turbulent markets, a group of SMEs decided to A customer wants a new machine...
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Figure 2 — Illustration of CNO-related concepts
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A Professional virtual community is an alliance of professional
individuals that aim at being prepared for collaboration under a
business perspective, and provide an environment to facilitate the
agile and fluid formation of Virtual Teams (VTs) to respond to
business opportunities, similar to what VBE aims to provide for the
VOs.

Virtual Communities and Communities of Practice are not new concepts but they
acquire specific characteristics and increased importance when considered in the
context of the collaborative networks of organizations. These communities,
spontaneously created, promoted by companies, or induced by the work
relationships, are bound to certain social rules resulting from the commitment (social
bounds) of their members to the underlying organizations (new concept of social-
bound PVCs).

This is the case, for instance, in concurrent or collaborative engineering
where teams of engineers, possibly located in different enterprises, collaborate in a
joint project such as the co-design of a new product or performing a consultancy job.
The trend is followed by other communities of professionals (e.g. consultants) that
share the body of knowledge of their professions such as similar working cultures,
problem perceptions, problem-solving techniques, professional values, and patterns
of behavior.

Figure 2 presents a scenario illustrating the base concepts introduced above. Figure
3 shows a more comprehensive taxonomy of collaborative networks (Camarinha-
Matos, Afsarmanesh, 2007, 2008a).

Collaborative

Network
[ Z% 1
Collaborative Ad-hoc
O“ﬁg;“ﬁ?;;‘{?gn Collaboration
[ 1
Long-term Goal-oriented
ﬁgﬁﬂ}f network
[ 1 [ ]
VO Professional Grasping Continuous
Breeding Virtual capportunlty production
Environment Community riven net driven net
N N
P 1 [
Supply Virtual
chain government

Industry Collaborative| | Virtual Virtual
cluster virtual lab | team organization
' JAN
: Erﬁtgg)fgg tCoIIabor;attiye
I B ransportation
R N | Dynamic VO ne?work
| created_within
Business | | Inter-continental Virtual Disperse
ecosystem enterprise enterprise manufacturing

Figure 3 — A taxonomy of collaborative networks

Industrial Disaster
district

rescue net
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3. A HOLISTIC APPROACH

During the last 10-15 years, and in parallel with the development and spread of
Internet technologies, traditional collaborative networks have found new supporting
tools and new collaborative business forms have emerged. In terms of research,
there has been significant activity during the last decade especially in Europe in the
area of Virtual Organisations. From the European Commission’s funded activities a
large number of projects can be identified, which are complemented by a large
number of national initiatives. However, as verified by the VOSTER cluster network
(Camarinha-Matos et al, 2005) and the VOmap roadmap projects (Camarinha-Matos
et al., 2004), these initiatives corresponded to fragmented research and in most
cases, due to the funding and assessment criteria, targeted very short-term
objectives, focused on solving a specific problem, and were too biased by
“fashionable” short-life technologies. Furthermore, there has been little cross-
fertilization among these initiatives. This implies that a large number of
developments were repeated over and over again in each project. This is particularly
evident in terms of the development of horizontal infrastructures in these initiatives.
In summary, the situation regarding these past initiatives could be characterized as
follows:

O Research on VOs has created a critical mass and a European-wide intuitive
understanding of the area.

O Required basic supporting infrastructures and relevant technologies are well
identified, but the developments are often focused on particular needs and are
based on ad-hoc experiments, hardly re-usable.

O Generic functions or harmonization of achievements are addressed only in few
projects.

O To a large extent efforts on general plug-and-play architecture and
interoperability are missing. Consequently, no generally accepted reference
model or interoperability base is available.

O Although several disciplines are concerned, the main focus has been on the
ICT infrastructure. Research on social/organizational aspects, including
management, is mainly focused on best practice. Integration with
technological development and impacts on organizational structures are not
covered. In addition little research is focused on the social and organizational
issues created by VOs.

Nevertheless there is a growing awareness that the CNO developments should be
based on contributions of a multidisciplinary nature, namely from the information
and communication technologies, socio-economic, operations research,
organizational, business management, legal, social security, and ethical areas,
among others.

In this context, the ECOLEAD project was launched with the aim to create the
necessary strong foundations and mechanisms for establishing an advanced
collaborative and network-based industry society. The guiding vision was that:



12 METHODS AND TOOLS FOR CNOS

“In ten years from now most enterprises will be part of some sustainable
collaborative networks that will act as breeding environments for the formation of
dynamic virtual organizations in response to fast changing market conditions.”

ECOLEAD was a 51-month initiative, running from Mar 2004 till Jun 2008, and
involved 28 partners from industry and academia, from 14 countries (12 in Europe
and 2 in Latin America), namely:

= Academic and research organizations:
o VTT (Finland), project management
UNINOVA (Portugal), scientific direction
University of Amsterdam (Netherlands)
Federal University of Santa Catarina (Brazil)
Institute of Technology of Monterrey, ITESM / IECOS (Mexico)
BIBA / University of Bremen (Germany)
Jozef Stefan Institute (Slovenia)
Czech Technical University (Czech Republic)

O 0O 0O 0O 0O 0 O

= Industrial partners and other organizations:
o TeS Teleinformatica e Sistemi (Italy)
o Virtuelle Fabrik (Switzerland)

Grupo Formula (Italy)

Software AG (Spain)

TXT e-Solutions (Italy)

Enicma (Germany)

Certicon (Czech Republic)

Logica CMG (Netherlands)

France Telecom (France)

Siemens (Austria)

Comarch (Poland)

AIESEC (Netherlands)

ISOIN - Ingenieria y soluciones Informaticas S.L (Spain)

CeBeNetwork GmbH (Germany)

Swiss Microtech (Switzerland)

Supply Network Shannon Ltd. (Ireland)

ORONA EIC S. Coop. (Spain)

Joensuu Science Park (Finland)

Edinform SpA (Italy)

HSPI, Italy.

O 00 O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0oOOoOOoOOo

It should be mentioned that a number of these organizations (Virtuelle Fabrik,
ISOIN, Supply Network Shannon, Joensu Science Park, Edinform, AIESEC,
CebeNetwork, ITESM / IECOS), represented in fact end-user networks (VBEs and
PVCs), providing real-world scenarios and validation cases for the project results.

The underlying rational of ECOLEAD was that efficient launching and operation of
VOs requires preparedness, both in the VO environment and regarding the involved
individuals. Thus the planned core research addressed three main focus areas
(ECOLEAD pillars): VO Breeding Environments (VBE), Virtual Organizations,
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and Professional Virtual Communities (PVC), as well as their inter-relationships.
These areas were complemented by research on horizontal ICT support
infrastructures and theoretical foundation for CNOs (Fig. 4).

Theoretical foundation
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Figure 4 — The ECOLEAD focus areas

Long standing relationships - regional clustering being an example — when driven by
the willingness to cooperate and anchored on common business practices,
supporting institutions, and common infrastructures and ontology, form a business
ecosystem where trust is incrementally built and where dynamic virtual
organizations can be created whenever business opportunities arise. The need for
such long-term sustainable networks is now widely recognized as the basis or
breeding environment that can support the realistic emergence of true collaborative
virtual organizations. The temporary nature of VOs, the inter-organizational
processes needed, and the potentially diverging objectives of the participating
partners require the development of a VO management system, which is based on
the preparedness created in the VBE. The VO breeding environment is also the
boosting element for the emergence of new institutions and mechanisms for
accreditation and “life maintenance” in a turbulent business environment, where
sustainability must build on both new approaches to cope with the partly
contradicting individual calls for stability and the agility required by business needs.

The human collaborative relationships, namely based on common professional
interests, approaches, and motivations, constitute the third area. Unlike some (not so
successful) traditional virtual communities that have populated the web during last
years, professional virtual communities have distinctive elements and are mobilized
to face specific challenges. Their distinctive facets are not only due to the
professional needs (e.g. infrastructures, tools, protocols). They cannot either be
dissociated from the underlying business ecosystem of the society, due to their
contractual links (social-bounds) with all the consequences at the intellectual
property and life maintenance levels. Complementarily, PVCs are seen as one of the
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most relevant elements for keeping the business ecosystem “alive” and for launching
and operating dynamic VOs in the future.

Ad-hoc approaches and poor understanding of the behavior of the collaborative
structures and processes mainly characterize past developments in the area of
collaborative networks. There is not even a commonly agreed definition of the
virtual organization concept. Therefore ECOLEAD also included research on the
establishment of a theoretical foundation as a pre-condition for the sound
development of next generation collaborative networks.

Finally the implantation of any form of collaborative network depends on the
existence of an ICT infrastructure. The lack of common reference architectures and
generic interoperable infrastructures, together with the rapid evolution of the
underlying technologies, represents a major obstacle to the practical evolution of the
area. The rapid proliferation of Internet-related technologies, although creating the
opportunity for developing new experiments in terms of collaborative processes, has
also created the illusion that the infrastructure problems were solved. Nevertheless,
most of these technologies and concepts are in their infancy, have a very short life-
cycle, and require considerable effort to implement and configure comprehensive
VO support infrastructures and operational methods. Even the most advanced
infrastructures coming out of leading R&D projects require complex configuration
and customization processes, hardly manageable by non ICT-oriented SMEs. The
interoperability problem, although an old issue in systems integration, still remains
in the agenda. The fact that most teams involved in VO projects lack strong software
engineering expertise (e.g. various projects are dominated by experts in the
application domain but with limited background in computer science) justifies the
fact that almost all VO projects are mainly “followers” of the mainstream (new
fashion) in ICT, rather than breakthrough contributors.

The fundamental assumption in ECOLEAD is that a substantial impact in
materializing networked collaborative business ecosystems requires a
comprehensive holistic approach. Given the complexity of the area and the
multiple inter-dependencies among the involved business entities, social actors, and
technologic approaches, substantial progress cannot be achieved with the
incremental innovation in isolated areas.

4. RESEARCH ROADMAP

The implementation of a comprehensive research initiative such as ECOLEAD
needs to be based on a focused strategic roadmap identifying the vision and major
research actions for advanced collaborative, networked organizations. ECOLEAD
adopted, as a starting basis, the results of a number of major European roadmap
initiatives: VOmap (Camarinha-Matos et al., 2004), COMPANION, CE-NET, and
ROADCON. Fig. 5 shows, in darker color, the components of the VOmap roadmap
that were adopted in and addressed by ECOLEAD.
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Figure 5 — VOmap roadmap, basis for ECOLEAD

Furthermore ECOLEAD approaches roadmapping as an important instrument for
fine tuning of a research program, and as such, a continuously evolving activity.
Therefore, ECOLEAD periodically updated its strategic roadmap and applied its
findings and evolution into the project focus areas as a horizontal activity.

The following sections describe in detail different aspects of the ECOLEAD
research roadmap.

4.1 VO Breeding Environment

The main aims of this focus area were to achieve substantial contribution on VBEs
such that: the operating principles of VO breeding environments are understood and
formalized, the infrastructures and services to support the full life cycle of these
business ecosystems with a diversity of emerging behaviors are developed in a
generic way, while also coping with regional and sector-based specificities and SME
needs. For this purpose the following specific strategic research actions were
planned for the VO breeding environments:

Action BE1: Develop generic VBE models and mechanisms
This action aims at addressing the challenges and providing the models and base
mechanisms for breeding environments. It includes:
- Characterization of VBE establishment elements and features as well as VBE
typology.
- Definition of working and sharing principles (responsibility, liability, as well as
benefits), ethical code, and base general agreements; schema of incentives.
- Elaboration of common ontologies and ontology evolution support.



16 METHODS AND TOOLS FOR CNOS

- Partners profiling and registry; skills and competency management (individual,
enterprise, environment); developing a knowledge map on partners
competencies, expertise, skills and tools.

- Value system definition and its interaction with VO management.

- Business perspective / business models for VBE - cost benefit analysis example
cases; multi-objective network analysis methods; branding and marketing
strategies support (models, structures, training needs).

- Mechanisms to create and build the base trust among the VBE members;
Mechanisms for management and measurement of trustworthiness in VBEs.

- Mechanisms for instantiation to different application domains (principle of
replicability) and support SMEs joining a VBE.

Aimed innovation: Full characterization of VBE models and working mechanisms.
Semi-automatic construction of ontology for heterogeneous domains. Definition of
members’ competency; and mechanisms to measure trustworthiness and to
build/maintain the base trust among the VBE members.

Action BE2: Develop VBE management system
This action aims at providing needed mechanisms and tools supporting the daily
operation and evolution of VBEs. It includes:
- Characterization of VBE management elements and features.
- Mechanisms for competency management (members’ competencies, VO
competencies, and VBE competencies).
- Mechanisms for trust management.
- Mechanisms for structuring VBE members.
- Management of VBE Bag of Assets.
- Mechanisms to manage the VO configuration information, and its inheritance.
- Management of VBE ontology.
- Decision support mechanisms in VBEs.
- Mechanisms for VBE instantiation to different application domains
(replicability).
- Performance catalogue and performance history management.
Aimed innovation: Competencies management at organization, VO, and VBE
levels, trust management support, and dynamic VBE ontology creation and
management.

Action BE3: Develop VO creation framework
This action aims at supporting the creation of the VOs within the VBE. It includes:
- Support and provision of practical guidelines for configuration and launching of
VO.
- Identification of collaboration opportunity, brokerage and planning of VO.
- Provision of simple mechanisms for partners search and selection, based on their
profiles, competencies, trust worthiness and past performance.
- Agreement negotiation and contract establishment support.
- Definition of operational rules and infrastructure parameterization, clarifying the
transition between VO creation and VO management.
Aimed innovation:  Simple and realistic matchmaking algorithms and
negotiation support for VO creation in the context of a breeding environment.
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4.2 Dynamic VO Management

The challenges on VO management come from the features of a virtual organization:
- Dynamic environment
o Temporary nature of the VO and a need of fast reaction to changes on
turbulent markets.
o Management set-ups and structures can be VO-specific and dynamic.
- The organizations collaborating in the VO can have varying
o Internal processes;
o Organizational and business cultures;
o Commitment and objectives.
In this environment, the VO management means differ from those ones in a single
enterprise. Especially, the management has less management power and has also to
rely on incomplete information.

The goal in this focus area was to develop business models to allow VO
management under the described circumstances, namely to act in regards to
planning, control, organization and leadership, taking into account the importance of
social mechanisms in multi-interest collaboration networks, as well as the
transitional nature of VO. For this purpose, the following strategic research actions
were followed for the dynamic VO management:

Action VOL1: Definition of VO performance measurement approach and
assessment mechanisms
A common understanding of intra-VO shared benefits and costs (i.e. values) is
elaborated to enable fair cooperation and common goal achievement. To get the
needed understanding, a performance metrics with related measurement systems
were developed. The metrics had to take into account multiple views and objectives,
including:
- Definition of VO specific metrics based on process and type dependent key
performance indicators, and development of a tool prototype.
- Development of rules and assessment procedures to measure performance and
allocate values to processes and VO partners.
- Determination of individual (incremental) added-value and corresponding
rewards.
- Interaction with VBE, PVC / Virtual Teams, and Theoretical Foundation in
order to define a consistent framework.
Aimed innovation: Formal structure and systematic support for fair allocation of
values in VO, enabling real competitiveness and increasing chances for SMEs.

Action VO2: VO management, coordination, and supervision
This action addresses the consolidation and necessary progress on VO management,
and supervision. Management has to rely on comprehensive models of the VO
processes. Issues addressed in this action are:
- Distributed business processes (DBP) modeling methodologies and tools (which
come from multiple disciplines), including simulation models, management
structures and interdependencies.
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- Models and control methods for adaptive and pro-active management. Unlike
past approaches, this perspective needs more emphasis that the distributed
business processes topic alone.

- VO supervision including enactment, monitoring (including pre-warning and
alarms), diagnosis and error recovery, based on key performance indicators.

- Identification, prevention, and handling of conflicts in VO.

- Multi-level, multi-modal access and visibility of information.

Aimed innovation: VO management methods for different VO categories, taking
into account multi-objective and multi-cultural environments.

Action VO3: VO inheritance management

The outcome of the VO operation (generated knowledge, devised practices,
developed products and processes, etc.), as well as liabilities, need to be handled
after the VO dissolves. This “inheritance” relates to each VO partner and to further
VOs that will continue the “processes” started by the VO being dissolved. It
includes:

- Governing principles for joint knowledge management and ownership

- VO dissolution management, including procedure handbook, guidelines, legal
contracts, in close interaction with VBE management.

- Collection and management of experiences, actions, etc. from the lifecycle of
VO: Practices, Partners performances, Performance indicators.

- Collection and management of outputs and results created by the VO: Joint
knowledge, intellectual property ownership, liabilities and enforcement
mechanisms.

The VO inheritance is aimed to increase the “bag of assets” of the VBE by:
- Improving the preparedness of the VBE members and thus supporting a faster
creation of VOs.
- Making the VOs more effective and reliable both in time and costs, and
improving or ensuring the quality.
- Decreasing VO management efforts through increased trust and strengthened
relationships.
- Supporting decision-making and tracking of VO problems or deviations.
- Increasing the value of the VBE for the members, e.g. by increasing their
knowledge and market position.
- Supporting winning in competitive bidding, because of customer knowledge and
closer customer relationships.
- Supporting the marketing of the VBE services to new customers by offering
reference information.
Aimed innovation: Structured knowledge on VO inheritance, covering the
dissolution and post-dissolution phases of the VO, collection of best practices and
gathering of lessons learned.

Action VO4: Develop generic business support e-services
VO innovative services were developed to allow support of VOs. The services are
based on a performance measurement based, real-time approach, allowing the VO
management to have continuous access to the status of the VO through a dashboard.
They include:

- VO specific definition of Key Performance Indicators and their measurement.
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- A qualitative measurement approach, complementing the key performance
indicators based measurement.

- Common dashboard for access to the performance of the VO and its partners

- Intelligent alerts on deviations and emerging problems.

- Simulation based decision support for evaluation of potential management
actions before their implementation. The simulation is VO-oriented, i.e. local
and global, simulation. Using the local approach, single VO partners can test
and validate the impact of local changes within given boundaries. Global
simulation covers the complete VO.

Aimed innovation: Toolbox of key generic services suited for different VO

structures and application domains.

4.3 Professional Virtual Communities

The following strategic research actions were adopted to leverage the human
centered management and exploitation of knowledge and value creation by
Professional Virtual Communities (PVC), while ensuring member’s motivation,
commitment and welfare:

Action VC1: Elaborate collaboration models and social forms
Establishment of a conceptual framework for Professional Virtual Communities;
identification of open legal and social issues; evaluation of viable approaches to the
integration of PVCs into the market: workplace opportunities and direct interaction
with market; identification of roadmap to best exploitation of PVC potential. It
includes:
- Characterization and assessment of collaborative practices; Collaboration
cultures.
- Governance principles of PVC — social, ethical, economic, and technological
facets.
- Dynamic knowledge aggregation and intellectual property.
- Relationships to VO and VBE.
- Legal provisions and legal entities.
- Interfaces to existing professional bodies.
- Relationships to employers and unions.
- Roadmap for PVC exploitation.
Aimed innovation: Conceptual framework for professional virtual communities in
interaction with VBE and VOs.

Action VC2: Develop advanced collaboration space platform
Analysis of mechanisms for collaboration among members with homogeneous and
heterogeneous skills. Integrating methods to accommodate the constitution and
deployment of virtual teams in support to specific projects, taking into account
participation in VOs. It includes:
- Generic and integrated collaborative support services (e-collaboration spaces),
including multi-modal interfaces.
- Identification of operational issues in PVC operation, with a specific emphasis
on social, business, and knowledge capital evaluations.



20 METHODS AND TOOLS FOR CNOS

- Community management and coordination services; member knowledge
[expertise] profiling.
- Methods for knowledge elicitation and seeking.
- Secure identification and profiling; proof of delivery.
- Rapid method deployment systems (for VC members’ collaborative working).
Aimed innovation: New ICT supported functionalities specific for individuals
aimed at managing social, business, and knowledge capital.

Action VC3: Business models for PVC exploitation
Establishment of the business view for the exploitation of PVCs; development of
methods for valuing knowledge, business, and social capital and associated capacity;
analysis of the business infrastructure to support the PVC potential; development of
methods and principles for interfacing PVCs to industry/service market. It includes:
- Analysis of exploitation scenarios in different domains: collaborative
engineering, consulting, social service, scientific collaboration, etc.
- Identification, characterization, and support emerging value systems.
- Design and support “life maintenance” institutions in coordination with VBE
and VOs.
- Knowledge capitalization and exploitation methods.
- IPR protection principles in PVCs.
- Harmonization of PVC membership with employment duties.
- Valuing Contribution to knowledge, social, and business capital.
Aimed innovation: Business view for exploitation of the PVC paradigm,
characterization of exploitation scenarios, and model for life maintenance
institutions.

Action VC4: Develop collaborative problem solving methods
Design and development of support tools for brainstorming, collaborative planning
and for agreeing joint approaches to problem solving. It includes:

- Develop collaborative decision support methodology

- Brainstorming principles and tools

- Develop decision support models for particular decision making problems

- Collaboration measurement, certification and rewarding.
Aimed innovation: New generation of distributed, collaborative problem solving
models and some support tools.

4.4 Theoretical Foundation

The following research actions are proposed for the theoretical foundation which
aims to contribute to the establishment of Collaborative Networks as a recognized
scientific discipline:

Action TF1: Establish a formal modeling foundation
As a starting point, promising theories, approaches, and models developed in other
disciplines are collected and assessed regarding their applicability to, and modeling
requirements of, the CNO. This action includes:
- Hands-on assessment of promising modeling approaches: formal languages,
graph theory, multi-agent models, game theory, modal logics, etc.
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- Identification and characterization of the necessary modeling purposes.
- Establish a map between needed modeling purposes and promising modeling
tools (“shopping list”).
- Perform modeling experiments applying promising theories to existing empirical
knowledge based on selected representative cases.
- Promote education and increasing awareness for the need of a theoretical
foundation.
Aimed innovation: Assessed shopping list of modeling approaches and illustrative
example set.

Action TF2: Elaborate reference models for collaborative networks

The concept of “reference model” itself needs to be well established and the main
business entities (breeding environment, virtual organization, and professional
virtual community) need to be covered. This action thus includes:

- Consolidation of results from various focus areas of CNOs and their abstraction
in terms of a general reference model (semi-formal and easily understandable by
humans).

- Development of a modeling framework and engineering methodology for
application to reference modeling.

- Dissemination and involvement of relevant actors in the CNO community
seeking the endorsement of the reference model.

Aimed innovation: A comprehensive modeling framework and semi-formal
reference models of key entities in collaborative networks.

Action TF3: Develop soft models for collaborative organizations
This action addresses the soft modeling needs in collaborative networks and
elaborates on potential approaches to cover these needs. It includes:

- Combination of soft engineering models and social theories.

- Combination of causal networks, qualitative models and social networks.

- Development of soft reasoning models and decision-making support.

- Understanding of leadership, actors’ roles, and social bodies roles.
Aimed innovation: More rigorous models of social actors and their integration into
networked organizations.

Action TF4: Define basis for combination of models
As there is no single formal modelling tool / approach that adequately covers all
modelling perspectives in CNOs (no “universal language” for all problems),
interoperability of different modeling tools and approaches is needed. This action
includes:

- Characterization of multi-level modeling perspectives.

- Devise approaches for models combination and integration, in order to enrich

the reference models for CNOs.

Aimed innovation: Multi-perspective models for selected challenging problems in
collaborative networks.

4.5 ICT Horizontal Infrastructure for collaboration

The following strategic research actions were proposed for the ICT infrastructure as
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a contribution to the development of an invisible, easy to use, and affordable enabler
of collaborative behaviors in networked organizations:

Action HI1: Elaborate infrastructure reference architecture principles for
networked organizations

Provides guidelines, principles, and ICT reference architecture to support
organizations in developing applications and ICT infrastructures suitable for
networked organizations. The results are described in conceptual and functional
terms rather than specific technology prescriptions. It includes:

- Platform and technology independent ICT reference architecture for
collaborative networks.

- ICT infrastructure reference framework for CNOs based on the Software-as-
Service and Interoperability Service Utility paradigms, to be used as general
guide for particular infrastructures derivations.

- Interoperability principles foundation, considering architectures and standards to
solve different interoperability scenarios within the CNO scope.

- Baseline for the organization and management of on-demand and pay-per-use
services via the concept of Services Federation.

- Approaches for enterprise applications integration, both at business level and
intra-enterprise level.

Aimed innovation: Principles, guidelines, reference architecture and services
federation structure regarding the ICT infrastructure applicable to CNOs.

Action HI2: Devise new business models for the horizontal infrastructure
Services-based infrastructures are a relatively new approach for CNOs. The
comprehensive identification of the required business models to support services
development, discovery, billing, availability, maintenance, and operation is an
important need for sustainable and evolving ICT business infrastructures that relies
on Software-as-Service and Interoperability Service Utility paradigms. It includes:
- Elaboration of suitable business models and characterization of stake holders in
the “CNO infrastructure” business.
- Foundations for pay-per-use services and for the diversity of operation models,
both of client applications and services providers.
- Assessment of models and methods based on CNO scenarios.
- Relationship of infrastructure business models to application services business
models.
Aimed innovation: Approaches and assessed business models for services-based
horizontal ICT infrastructures deployment, maintenance and operation.

Action HI3: Develop generic security framework
Lack of confidence due to insufficient security provisions is a major inhibitor for
organizations to collaborate with each other. This action drives the development of a
security framework for networked organizations. It includes:

- Configurable, multi-level security architecture and AAA (authentication,

authorization and accounting) mechanisms.

- Infrastructure monitoring facilities.

- Dynamic security for allocation and revoking of access rights.

- Quality of protection.
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Aimed innovation: Flexible and easily configurable multi-level security framework
for distributed collaborative environments.

Action HI4: Transparent inter-enterprise plug-and-play infrastructure

Networked organizations need to be able to quickly define and set-up relations with
other organizations, which requires a plug-&-play-&-do-business infrastructure.
This being an area addressed by many activities and technology developments,
supported by heavy resources, duplication of work needs to be avoided. Therefore
this action focuses on the specific needs of CNOs, takes advantage of available /
foreseeable results, and includes:

- Service-oriented framework for an ICT infrastructure for collaborative networks,
which is platform independent.

- Standard-based support for interoperability among services deployed in
heterogeneous SOA frameworks.

- Elaboration of inter-enterprise plug-&-play concept in line with current
infrastructure trends.

- Assessment of emerging technologies (including technology watching) — e.g.
SOA, MAS, GRID, semantic web, mobile computing - and related infrastructure
developments.

- Federated information and resources management support.

- Web multi-channel accessibility.

- Support for legacy systems and corporate databases integration.

Aimed innovation: A contribution on concepts and technologies to configure
applications and infrastructures for networked organizations as well as an extended
collaboration model where services from CNO members can be shared.

5. KEY RESULTS

Aiming to address the application of the described research roadmap, ECOLEAD
had to face a difficult exercise of combining (by contractual obligation) the need to
reach innovative results and the extremely time-consuming requirement of
implementing and assessing these results on real-world networks and comply with
their actual requirements. As a consequence, the achieved level of innovation in
some areas is perhaps lower that what would be desirable for a research project.
However, the fact that these results were generated in interaction with and assessed
by a large base of end-users represents a valuable achievement in itself.
Nevertheless, in spite of the difficulties of the mentioned context, the project has
achieved the following key results:

5.1 Main achievements

In the VBE area:
= VBE reference framework - Conceptual description and analysis of the VBE
along its life cycle, including: a) Specification of the VBE concepts and their
definitions, the VBE actors and roles, the base operations and processes along
the VBE life cycle, and the working and sharing principles, b) Modeling and
classification of VBE profiles and competency, ¢) Development of a generic
VBE ontology.
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Figure 6 — Towards a VBE conceptual framework

Value system elements and characteristics, including a set of metrics and
elements characterizing past performance of collaboration processes,
approaches and guidelines for VBE marketing and branding, characterization
of the base for an ethical code and system of incentives.

Guidelines for creating a trust culture, including measurement and management
principles for organizations’ trustworthiness.

VBE Management System — software prototype including the following
services: a) Management of VBE members’ profiles, competencies, and
trustworthiness levels and relationships, b) VBE structure and membership
management, c) Management of VO configuration and inheritance
information, d) Management of VBE’s decision support system, and e)
Management of VBE’s Bag of Assets.

VO Creation Framework, including identification of relevant processes and the
following support functionalities: a) Collaboration opportunities (CO)
identification, b) CO characterization and VO rough planning, and c) Partners
search and suggestion.

Agreement negotiation wizard, including support for multiple virtual
negotiation spaces and contract modeling.

In the VO management area:

VO operational governance models, a framework defining the basis for the
management of distributed collaborative organizations, including: a) Set of
concepts and definitions, b) Performance management approach, supporting
VO management partly configurable from a set of predefined indicators, c)
Inclusion of qualitative performance measurement of the VO, d) Models for
VOs on different organizational levels and in different tasks during its life-
cycle, and e) Models of management styles and their impact.
Collaborative process specification

Y e VN

Collaborative —;—» Collaborative
process manager process manager
Enterprise 1 Enterprise 2

Figure 7 — Distributed business process management
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Guidelines for the set-up and operation of performance management of the VO.
VO Management e-Services, containing most of the functionalities as e-
services to support efficient VO-management. The developed functions are: a)
A dashboard acting as the entry point to the management system; b) A
modeling framework supporting the creation and operation of the VO
management; c) A configurable set-up tool for the definition of the key
performance indicators for the VO; d) A distributed measurement collection
tool for catching real-time measurement in different environments and by
different means, e) An alerting system supporting proactive VO management;
and f) A simulation based tool for evaluation of alternative strategies in VO
management.

In the PVC area:

PVC Conceptual Framework, establishing the “Why” and “Who” aspects for
these communities, through the identification of the environmental
characteristics that justify the establishment of Professional Virtual
Communities, the identification of stakeholders and of related value content
offered by PVC, the dimensions (social, knowledge, and business) and value
classes that are addressed in the PVC deployment, the PVC reference life-cycle
and the governance and operation principles to be adhered to in the PVC life.
The conceptual framework establishes the collaborative concept of PVCs and
the motivational mechanisms founded on social, knowledge and business
aspects, which sustain the aggregation of professionals through a PVC.

PVC Business Model, addressing the general “What” aspect that is the
reference objectives and mechanisms for value delivering and sustainability of
PVCs. The Business Model is expected to characterize general PVCs, which
individually would then develop own Business Plans and strategies to acquire
and maintain a competitive edge towards other PVCs. The model is structured
in accordance to a reference value proposition to customers and stakeholders,
and includes the definition of mechanisms deployed to manage and grow the
community assets and to deliver value to customers and stakeholders, as well
as the identification of measurement based control methods to pursue
operational effectiveness and efficiency (metrics).

Advanced Collaborative Platform, the digital environment to support the
management of relationships, competencies and value-added operations of
PVCs. The platform therefore consists of an environment accommodating
collaborative functions and services to support the Social, Knowledge, and
Business pillars of the PVC. It allows for evaluating Social, Knowledge, and
Business behavior of individual professionals and for promoting specific
approaches to achieve PVC strategic positioning.

Collaboration Support Services, addressing the problem-solving process that is
required for the collaborative treatment of each PVC business opportunity
along its life-cycle, with respect to issues in both internal management and
governance, and in interaction of PVC entities with the external environment.
It includes methods for the selection of professionals best suited to successfully
cope with the identified problems, for the collaborative working of the
constituted teams, and for the evaluation of individual and team performances.
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In the ICT infrastructure area:

ICT-I reference framework, conceptual design of the ICT-I architecture and
reference framework, including: a) ICT-I reference framework, CNO
requirements identification, ICT-I rationale, ICT-I architecture, reference
framework and services specification; b) Global approach for interoperability,
interoperability scope, ICT analysis and proposal of a global approach for
dealing with interoperability problems in the scope of CNOs.

Application Services

VBE PVC VOM
Vertical Vertical Vertical
Services Services Services

(%]

8 Horizontal Services

5

»

(,:-') Basic ‘ Platform Independent Basic Services (PIBS) ‘
= Services ‘ Platform Specific Basic Services (PSBS) ‘

Figure 8 — ICT infrastructure framework

ICT-1 Business models, analysis and conceptual design of feasible business
models to ICT-I clients (applications and developers) under the on-demand and
pay-per-use models. It includes a set of business models and billing policies.
Security framework, conceptual design of the generic security architecture and
framework, including: CNO requirements identification from the security point
of view, role of security in the ICT-I, security framework architecture and
services specification, responsibilities and delegation policies, impact of the
introduction of the security framework in SMEs as well recommendations to
decrease this impact.

ICT SOA-oriented infrastructure for collaboration, including the formal
specification of services, their prototype implementation, deployment issues,
interoperability standards, guidelines and examples for ICT-I access and use by
client applications.

In the theoretical foundation area:

Modeling foundation for Collaborative Networks, which includes: a) Portfolio
of promising modeling theories and approaches, b) Examples of modeling
cases, ¢) Mapping modeling needs — modeling tools.

Reference model for CNs, including: a) Principles for a reference model for
CNs, b) ARCON modeling framework, and c) Reference model for CNs.

Soft modeling foundation for CNs, including: a) Motivation and approach for
soft modeling in CN, and b) Experiments on soft modeling.
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* Contribution to a theoretical foundation for Collaborative Networks, which
synthesizes and integrates all results of the theoretical foundation and includes:
a) Experiments of interoperability among models, b) A book on the theoretical
foundation for CNs.
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partners’ competencies, used for search and selection of best fit partners for VO
configuration.

HELICE/CeBeNetwork demonstration scenario

HELICE is the Andalusian aeronautic cluster, which operates under the VBE model
to increase process efficiency and business opportunities while fostering innovation
in a sustainable structure. Similarly, the CeBeNetwork represents a supplier
network, mainly located in Germany, in the aeronautical industry and a strategic
supplier to the main customer Airbus. HELICE and CeBeNetwork have joined their
efforts to generate and coordinate a joint global VBE, in the area of aeronautics, and
which applies ECOLEAD results to better manage the new network operation, and
more fluidly creating VOs. Specific functionality applied by the joint
Helice/CeBeNetwork is the dynamic management of the competencies and trust
levels of VBE members, as well as the organization of the VBE’s Bag of Assets, and
its performance based decision support, and agreement negotiation wizard.

Swiss Microtech scenario

Swiss Microtech (SMT) is a regional collaborative network created in 2001 by
SME:s of the mechanical subcontracting sector to address together new markets and
develop new products which are beyond individual SME’s possibilities if they
would stay alone. SMT has actually 7 SME members. The very fierce competition
on the prices and the importance of the emerging Chinese market led to the creation
of DecoCHina in 2005, an international VBE combining two regional networks,
namely the SMT and a new parent Chinese network in the Guangdong Province.
ECOLEAD demonstration activities within SMT were oriented to the optimization
of network management, which also impacts on its partners (VBE members)
performance. Therefore, the main objectives were: the improvement of VBE
competencies management, formalization of the VBE performance and added value
and a more efficient creation of regional and international VOs, as well as reaching
electronic agreements and signing contracts among the VO partners.

Virtual Organization
Built for an order

Customer

O
Connection
Customer- VO
One interlocutor

Chinese
network
Swiss VBE:
Swiss Microtech

Inter-continental VBE

Figure 10 — The Swiss Microtech inter-continental VBE scenario
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Virtuelle Fabrik scenario

The Virtual Factory (VF) is a network of industrial SMEs (operating as a VBE) in
Switzerland and South Germany. The network provides a full range of industrial
services and production to the customers. The network enables the SMEs to act in
collaboration with other SMEs the same way as a very big industrial company. In
ECOLEAD, the business case was part of the definition for a generic VO model.
The application was focused on VO modeling, VO performance measurement, VO
monitoring and integrated VO management supported by simulation.

Supply Network Shannon scenario

Supply Network Shannon (SNS) is an open network of companies in the Shannon
region of Ireland, which provides a framework for companies to collaborate in joint
marketing, training, development, and collaborative quotation development for
participation in outsourcing networks. As such, SNS currently operates as a regional
VBE with individual members currently creating sub networks on a global scale.
The main application of ECOLEAD results was based upon the introduction of the
structured VO management techniques to assist with the control and coordination of
existing VOs in the network. This application includes the use of the VO-Model to
maintain structured information about the VO, particularly in relation to the work
breakdown structure, the individual management styles used in the network and the
structured measurement of VO performance indicators.

ORONA / OIN scenario

ORONA stands as the Spanish leading company in the lift industry and belongs to
the MCC, one of the leading business groups (made of 220 companies and entities)
in Spain. The Orona Innovation Network (OIN), promoted by ORONA in 2002, is a
research consortium supported by a network of experts (coming from universities,
RTD Centers, companies in the sector, etc.) working in multidisciplinary and multi-
company communities that centered their activity in: a) the discovery of new
technological opportunities, b) the translation of these opportunities into innovative
product ideas for short-distance transportation. In this scenario, OIN applied the
ECOLEAD tools in two different cases, a) Virtual Organizations for Technology
Platform Development and b) Virtual Organizations for New Product Development.
Orona used the tools to a) formalize the network procedures, b) formalize and make
easier the management of the network, and c) be prepared to increase the network
with new external partners. All tools developed for VO management are thus
relevant in this context.

AIESEC scenario

AIESEC is a non-profit, non-commercial, non-government global organization, run
by students and recent graduates. AIESEC has offices in over 90 countries, with
over 20.000 members globally. With ECOLEAD pilot, AIESEC aimed to build
sustainable professional virtual communities for AIESEC alumni leveraging on the
existing social ties and harvesting their economic potential. Therefore, this scenario
focused on application of ECOLEAD results on PVC creation and life-cycle
management, PVC governance, and virtual teams’ creation.

EDINFORM / FEDERAZIONE demonstration scenario
Federazione Regionale Ordini Ingegneri Pugliesi is a regional Italian organization
including all Apulian engineers — about 12.000. The objective for this scenario was
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to organize a pilot panel of professionals selected among all the community
members and composed of 100 units whose task was to test the proposed
methodologies and ICT tools available from ECOLEAD and to provide a feedback
about the benefits regarding the methodologies and tools for the professional activity
they had.

Joensuu Science Park scenario

JSP is a technology park located in Eastern Finland. It is a regional development
organization with global vision toward the development of the third generation of
science parks which can evolve towards a combination of VBEs and PVCs. The
main focus of the scenario was in the area of new collaborative working
environments, namely support for PVC management and creation of virtual teams.

All these pilots were successful in demonstrating the usefulness of the various
ECOLEAD results and also provided important feedback for future improvements
and further research. Detailed descriptions of these results are included in other
chapters of this book.

5.3 Training

Education plays a vital role in facilitating the dissemination and broad acceptance of
collaborative networks. Therefore, ECOLEAD has organized several specialized
training events for European industry as well as two summer schools oriented
towards researchers and PhD students. A major outcome in the training area is a
proposal for a “reference curriculum” for teaching Collaborative Networks at
university level. This curriculum is based on the ECOLEAD consortium’s
experience in teaching and disseminating the corresponding concepts in the context
of several international projects, as well as on the findings of a survey on this subject
conducted worldwide (Klen et al. 2007). Guidelines for the application of the
curriculum were also elaborated. A rich set of potential scenario cases and projects
are also designed as a support for the accompanying hands-on lab work.

4. CONCLUSIONS

Collaborative networks are well recognized in the business context and society in
general as a very important instrument for survival of SME organizations, especially
in a period of turbulent socio-economic change. A growing number of diverse forms
of collaborative-networked organizations have emerged as a result of advances in
information and communication technologies, the market and societal needs, and the
progress achieved in a large number of international projects.

Nevertheless most of the past initiatives have addressed only partial aspects,
failing to address and properly support the various business entities and their inter-
relationships in complex and fast evolving business ecosystems. The ECOLEAD
project, as a large international initiative, has pursued a more holistic approach
considering both the long-term and temporary organization alliances and
collaboration among organizations and individuals. The extensive set of achieved
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results in ECOLEAD represents a basis for a new framework for advance
collaborative networked organizations.

The implementation of a large number of pilot demonstrators in real business
scenarios was a key element for the validation of the results and to elicit new
challenges for future research.
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Defining a comprehensive and generic “reference framework” for Virtual
organizations Breeding Environments (VBEs), addressing all their features and
characteristics, is challenging. While the definition and modeling of VBEs has
become more formalized during the last five years, “reference models” for
VBEs are yet to be established. Such models shall address the structural,
componential, behavioral, operational, topological, cultural, and legal aspects
of VBEs, among others. As such, identification/specification of the fundamental
set of activities and functionalities associated with the VBEs, namely what
needs to be supported by a VBE management system is also lacking. In the
ECOLEAD project a first attempt contributing to the definition of a “reference
framework” was made, addressing the fundamental elements of the VBEs. This
framework was further validated through empirical trials by a number of
international industry-based VBE networks involved in this project, as well as
a few others outside. This chapter addresses the VBE reference framework and
analyzes its fundamental elements, as classified into its characteristics and
features, its reference modeling framework, its ontology, and addressing the
VBE semi-typology that identifies an approach for its categorization.

1. INTRODUCTION

The Virtual organizations Breeding Environment (VBE) represents a long-term
“strategic” alliance, cluster, association, or pool of organizations that provides the
necessary pre-conditions for cooperation among its member organizations and
facilitates the fluid establishment of Virtual Organizations (VOs) in response to the
emerging collaboration opportunities in the market / society (Camarinha-Matos,
Afsarmanesh, 2004a). Traditionally, earlier forms of VBEs, namely clusters /
associations are established within given geographic regions, taking advantage of
having common business culture and sense of community, and typically focused on
one or a few specialty sectors of the region. Nowadays, the challenge is mainly
directed to removing those restrictions, and finding solutions to extend and boost
these associations with enhanced VBE “support-environments”. These 2™
generation VBEs apply effective Information and communication infrastructures,
tools and services to provide common grounds for organizations’ interaction /
collaboration, facilitate the configuration and establishment of VOs, assist with the
needed evolution of VOs, introduce new approaches and mechanisms to build trust,
define a collaboration business culture, establish the common value systems and
working/sharing principles among independent organizations, and support multi-
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regional VBEs among others. In this chapter we consider the following definition for
the 2" generation VBEs:

“VBE is an association of organizations and the related supporting institutions,
adhering to a base long term cooperation agreement, and adoption of common
operating principles and infrastructures, with the main goal of increasing their
preparedness  towards collaboration in potential Virtual Organizations
(Afsarmanesh, Camarinha-Matos, 2005).”

While the basic VBE characteristics can be observed and identified from the
empirical observation of various case studies (e.g. Virtuelle Fabrik, Switzerland;
IECOS, Mexico; CeBeNetwork, Germany; Helice network, Spain; NetworkA,
Finland; Torino Wireless, Italy; Treviso region, Italy; etc.) (Afsarmanesh et al, 2007)
and improved futuristic scenarios as addressed in Figure 1, a more systematic
approach is needed for comprehensive modeling of VBEs. For this purpose, and
considering the complexity of the general VBE environments, the development of a
“reference framework™ for VBEs, addressing the entire set of heterogeneous VBE
characteristics is required. Some research in the last few years has focused on the
definition of reference architectures for virtual enterprises (Tolle et al., 2003)
(Zwegers et al, 2003), and to a much lesser degree also for the virtual organizations,
nevertheless research on the reference modeling and a reference framework for their
design and development is still at its early stages.

State of the art VBEs Improved VBE scenarios Entities
-Virtuelle Fabrik (CH) -Service for international students Actors & Roles
-IECOS (MX) -Furniture production .

: Skills
x:2$525£3)3 (BR) —Extra Travel service Competencies
- -Home menu service
05 BrOK%:::nization
-Virtual Biotech (DE) il
-Yourkshire Forward (UK) FUtu_"Stlc VBEs Infrastructure
-BIPOLO (CH) -Public Health VBE Support institutions
-Swiss Microtech (CH) -European research Area Life cycle

-Electricity Market
-ISOIN (ES) y Rules Rights

-CeBeNetwork (DE) i

Figure 1 - Examples of studied VBEs

Generally, a framework is a conceptual structure used to approach and solve a
complex issue. The VBE reference framework is therefore aimed to serve as a
container of comprehensive concepts, entities, and functionalities needed both for
establishing and managing VBEs. The VBE reference framework also provides
guidelines for researchers and experts to model various aspects of VBEs, as a step
towards developing the VBE management systems. Thus, to support modelers,
designers and developers, the VBE reference framework consists of reusable
guidelines and possible generic models that can assist such users with both
understating of the existing components and concepts in VBEs, as well as how they
operate.
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Defining a comprehensive and generic “VBE reference model” is challenging.
Nevertheless, based on the large amount of literature in this area and the initial
empirical knowledge gathered from a large number of existing cases, it is realistic to
systematically define a “reference framework for VBEs”, addressing its variety of
aspects from the VBE topology, to its behavior and structure among many others.

In this chapter a VBE reference framework is presented, addressing the 2™
generation VBEs. For this framework, we first in Section 2 address the identified
environment characteristics of a VBE, e.g. its actors and their rights /
responsibilities, its life cycle and the main VBE functionalities related to different
stages of its life cycle, etc., resulted from literature and empirical studies. We then in
Section 3 present four near-orthogonal sub-spaces for the VBE paradigm grouping
the endogenous VBE elements. Furthermore, in Section 4 we introduce an
ontological representation of the various VBE knowledge concepts. Finally, in
Section 5 we present a VBE semi-typology that is developed through the
identification of a set of distinguishing characteristics for different kinds of VBEs.

2. VBE ENVIRONMENT CHARACTERIZATION

This section addresses the general VBE characterization. It first presents the
motivation for the VBE creation as well as the advantages provided by the VBEs. It
then defines the VBE actors and their roles in the VBE. Finally it addresses the VBE
life cycle and main functionalities related to every stage of the life cycle.

2.1. Base VBE concepts

Some earlier research have assumed that partners for a new VO could be easily
identified and simply selected from the wide open universe of available enterprises /
organizations, and merged into a collaborative network. This assumption however
overlooks a number of important obstacles in this process among which the
following can be mentioned:

How to know about the mere existence of potential partners in the open
universe and deal with incompatible sources of information? How fto
acquire basic profile information about organizations, when there is no
common template or standard format? How to quickly establish an inter-
operable collaboration infrastructure, given the heterogeneity of
organizations at multi-levels, and the diversity of their interaction systems?
How to build trust among organizations, which is the base for any
collaboration? How to develop and agree on the common principles of
sharing and working together? How to quickly define the agreements on
the roles and responsibilities of each partner, to reflect sharing of tasks, the
rights on the produced results? Etc.

In order to support rapid formation of collaborative networks, e.g. a business
consortium, as a basic rule, it is necessary that potential partners are ready and
prepared to participate in such collaboration. This readiness includes common
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interoperable infrastructure, common operating rules, and common cooperation
agreement, among others. Any collaboration also requires a base level of trust
among the organizations. Therefore, the concept of breeding environment has
emerged as the necessary context for the effective creation of dynamic virtual
organizations. Figure 2 shows the vision of the next generation of VBEs and how the
fluid creation of dynamic VOs can be enhanced through the pre-existence of VBEs.

q o “Controlled-border universe”
Open universe Market trends

“of organizations Competitiveness Breeding
O Environment

5 000 s ©6 0
OO O O O EE mermtti)e;s a(;qui:]itisp O O O
O O O O :Cg?nprioa:l %frggtiectuere O Q Q

Sharing principles

O O O O @ + VO partners selection

O \ e~ - Fast contract negotiation
O Business « Infrastructure parameterization

opportunity
O 2

» Wide partners search & selection
+ Definition of common infrastructures
and their parameterization
« Sharing principles
« Contract negotiation
« Cooperation agreement [Camarinha-Matos, Afsarmanesh, 2003]

Figure 2 - Two approaches to the formation of virtual organizations

The concept of breeding environment (traditionally bound to a sector), has
emerged as the necessary context for the effective creation of dynamic virtual
organizations.

Cultural ties and particular human relationships are important motivating factors
to start up and form such associations representing the VBE, as the support
environment for dynamic formation of VOs.

Primarily VBEs constitute two categories of regional and global. While regional
VBEs mainly involve organizations (of different sizes) from one geographical
region, a global VBE incorporates the involvement of geographically distributed
organizations. In this chapter, we address mainly global VBEs. Furthermore, both
regional and global VBEs can be either single-sector, i.e. specializing in a single
focus area, or multi-sector, i.e. covering a number of focus areas.

Generally VBEs aim at the transition from point-to-point connections among
organizations, to a network structure, in order to increase the chances of their
member organizations’ involvement in opportunities for collaboration. Traditionally,
breeding environments are established within one geographic region, in the tradition
of industry districts, with the advantage of having common business culture and
sense of community, as well as focusing on one specialty sector of the region. But,
this restriction can today, in most cases, be overcome by VBEs.
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The main purpose for the existence of the VBE:s is the efficient creation of VOs. As
such, the motivation for creation of VBEs primarily depends on identification /
creation of opportunities for organizations’ collaboration in certain sector(s). There
are two kinds of opportunities pursued by a VBE, namely those that can be
identified in the market / society, and those that can be created by the VBE for the
purpose of innovation. The main actors in creation / identification of opportunities
are either the VBE members who broker the VOs, or the VBE administrator who
promotes the initiation of some VOs that seem to be beneficial for the market /
society.

Establishment of VBEs provides the advantages listed and exemplified below
(Afsarmanesh, Camarinha-Matos 2005), that are further addressed and described in
this chapter:

o Agility in opportunity-based VO creation: supporting reduction of needed
efforts and complexity, flexibility for VO re-configurability, and cost
effectiveness.

o Acquiring a(n apparent) larger size and negotiation power, which
contributes to better access to markets / opportunities and better (joint)
purchasing conditions.

o Provision of base effective IC technology infrastructures for VBE members:
the common grounds for interoperability / inheritability / collaboration.

o The VBE bag of assets, providing properties of interest for its members:
general sharable information / knowledge (e.g. standardized product
definitions and processes), software tools, lessons learned.

o Provision of mechanisms, guidelines, and assisting services to both
motivate and facilitate configuration and establishment of VOs: creating
system of incentives, mechanisms to create positive reputation, and services
for partners search, contract negotiation, etc.

o Proactive management of competencies and resources available in VBE:
assuring coverage of the needed competency / resources within the VBE.

o Provision of related consulting / life maintenance support for VBE
members through its support institutions: supporting insurance, branding,
training, etc.

o Introduction of approaches / mechanisms to build trust among VBE
members: by recording the performance history, and definition of criteria
for organizations’ trust worthiness.

o Provision of general guidelines for collaboration: constituting rules of
conducts, working and sharing principles, value systems, collaboration
ethics and culture, IPR protection, etc.

o Increasing the chances of VO involvement for VBE members, even from
remote geographic regions: through provision of members’ profile in the
VBE catalog, including their competencies, resources, products, services,
etc.

o Improving the potential / capacity of risk taking by the VO planners: due to
the reduction of the VO setup efforts / time, availability of both a wide
variety of competency / resources as well as indicators of the level of trust
worthiness and past performance of the VBE members.
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Nevertheless for VBEs to function properly and generate all these advantages there
is a set of requirements that need to be met as some are addressed in (Afsarmanesh,
Camarinha-Matos, 2005). The main requirements consist of the following:

e The VBE establishment itself needs to be supported by a strong ICT-based
VBE management system, providing a set of tools to both support the
administration of the VBE as well as the configuration and creation of new
VOs.

e  Active involvement from the VBE member organizations, including
provision of up-to-date information about their capabilities, resources,
capacities, costs, and conspicuities for the provided information.

e  Proper establishment of a viable business model for the VBE establishment,
covering the issues of VBE finances and how to survive in the market /
society.

e Proper establishment of the management strategies, government rules and
bylaws, addressing the working and sharing principles as well as
contracting, rewarding and sanctioning.

2.2. VBE members

Structurally, a VBE is a regulated open, but controlled-border association of its
members. It aims at improving the preparedness of its member organizations for
joining potential future VOs, hence providing a cradle for dynamic and agile
establishment of opportunity-driven collaborative networks. As represented in
Figure 2, since a part of the needed tasks are already performed within the VBE for
all VBE members prior to the establishment of any VOs, for creation of a new VO it
is far less costly and much more effective to quickly build a VO in a breeding
environment context (branch-1b) than through a generalized partners’ search
(branch-2). In other words, VBEs substantially contribute to the increase of the
level of preparedness of their members for participation in potential collaborative
processes.

A VBE does not need to be a closed organization; new members can join and
adhere to the association but they must comply with the general operating principles
of the association. For instance, a loosely associated member of the VBE may need
to adhere to nothing more than a minimum level of organization “preparedness” that
is necessary for getting involved in a VO, and to making some minimum
information available to the VBE administration, e.g. about their activities related to
the VO. At the same time, typically a fully active member of the VBE contributes to
its promotion, growth, and the enrichment of its bag of assets, and can take an active
role from brokerage and planning of VOs in a niche market, to being involved in the
expansion of the VBE into new sectors, and initiating VOs towards innovation.

Therefore there may be different levels of membership defined and supported in
a VBE, each complying with a different set of rights and responsibilities. In
principle, these different levels may constitute a range, with a loose-membership on
one end and a tight-membership on the other end of the range. Within this VBE
structure, for the formation of a VO, while preference will be given to the VBE
members (at different levels), in some cases for example related to the lack or
insufficiency of the required skills of capacities within the VBE, it might become
necessary to find an external partner. The identified external partner will then
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naturally have to adhere at least to the loosest level of VBE membership, e.g.
including the common infrastructure and the VBE’s cooperation principles. In this
case, the external enterprise will be invited and/or coached to establish this loose
membership with the VBE. This invitation and coaching will be either through the
VBE administrator or the planners of the new VOs.

Further to the main VBE organizations, who aim at joining potential VOs, a VBE
might include other kinds of organizations (such as research institutes, sector-
associations, governmental support organizations, etc.) and even free-lancer
individual workers e.g. consultants that represent a one-person small organization.
The main purpose of including these other kinds of organizations in the VBE is to
provide different services supporting the regular VBE members, and therefore they
are referred to as support-institutions. Typical services / expertise required in VBEs
may include legal services, marketing expertise, insurance, training, etc.

Therefore, three kinds of organizations can be identified as registered within the
VBEs, including:

- Business entities providing products and services to the market that get

involved in the VOs to gain quantitative profit, e.g. enterprises.

- Non-profit institutions that get involved in the VOs to gain qualitative profit,
e.g. academic and research institutions.

- VO Support institutions, for example: legal and contractual service providers,
companies supporting life maintenance to individuals (e.g. insurance and
training companies), ministries, sector associations, chamber of commerce,
environmental organizations, etc.

Within VBEs, organizations establish common ties with each other, as addressed
before. VBE members shall comply with the general VBE rules and policies, e.g.
adapting the common ICT infrastructure. At the same time, once joined the VBE,
member organizations might benefit from the following available elements among
others: common tools and technologies; common market and distribution channels;
common resource and labor pool; common VBE cultural ties; facilities to share the
cost of new experiences, e.g. to test new IT tool; facilities to share lessons learned.

A large variety of possibilities are offered to the VBE member organizations, some
of which are mentioned below. For example, participants in a VBE can play the role
of a broker, to establish a new virtual organization, for instance in response to a
market opportunity or a new mission in the society, etc. Member organizations can
be invited to join in new VOs due to their competencies and/or past performance
records, or even to fulfill a skill gap in the running VOs. Every member can access a
variety of necessary general information and knowledge available through the VBE,
as well as sharing the costs for market research, advertisement, etc. Through the
VBE, its members can have access and benefit from available necessary support
services (e.g. legal, insurance, training, etc.) that are provided by the VBE support
institutions, among many others. They can access the shared resources (software
tools, information files, etc.) contributed to the VBE’s bag of assets, which are either
provided by the VBE administration or constitute contributions by other VBE
members for common use. VBE members can also benefit from the experiences and
lessons learned that are shared by other members in the common on-line space
provided in the VBEs. Member organizations also receive a wider visibility and will
have access to broader possibilities and markets.
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Considering that the main goal of the VBE is the promotion and facilitation of
effective VO formation, special support is provided in the VBEs for those member
organizations that will act as the VO brokers. As such, the Broker of a new VO is a
member of the VBE that starts the process of creating the VO, as a response to a new
opportunity (e.g. for business or otherwise). Further to the above mentioned
possibilities, the Broker within the ond generation VBE, can for instance benefit from
a variety of VBE support services, for example the following:

e Access to the catalog of available variety of competencies provided by all
VBE member organizations, and the costs associated with them;

e Access to the catalog of available variety of resources and their free
capacities within the VBE;

e Support for finding suitable collaboration opportunities that can relate to the
competencies in the VBE;

e Support for efficient search and selection of suitable partners for the VO;

e  Possibility of evaluation / comparison of potential partners, in terms of their
performance-based (rational) trust level;

e Support for planning the VO and task distribution among potential partners

e Access to an agreement/negotiation forum;

e  Contracting assistance (using the provided templates and tools).

A variety of roles can be assumed by a large number of actors in the VBE (Mejia,
Molina, 2002) (Molina, Flores, 2000), where a VBE actor represents either a VBE
member organization, or an individual representing a VBE member organization.
The following main roles are considered for the 2™ generation VBEs (as also
represented in Figure 3):

® VBE member: this is the basic role played by those organizations that are
registered at the VBE and are ready to participate in the VBE activities.

® VO partner: this is a basic role played by a VBE member in a VO.

® VBE administrator: the role performed by the organization responsible for the

VBE operation and evolution, promotion of cooperation among the VBE members,
filling the skill/competency gaps in the VBE by searching and recruiting / inviting
new organizations into the VBE, daily management of the VBE general processes,
e.g. the assignment / re-assignment of rights to different actors in the VBE based in
their responsibilities, the daily conflict resolution, the preparation of VBE’s bag of
assets, and the making of common VBE policies, among others.
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Figure 3 - The main roles in a VBE

® Opportunity Broker or simply Broker: a role performed by a VBE actor that
identifies and acquires new collaboration opportunities (business opportunities or
others), by marketing VBE competencies and assets and negotiating with (potential)
customers. There is also the possibility of this opportunity brokerage role being
played by an outside entity, as a service to the VBE.

® VO Planner or business integrator: a role performed by a VBE actor that in
face of a new collaboration opportunity (designed by an opportunity broker),
identifies the necessary competencies and capacities, selects an appropriate set of
partners (VBE members and even outsiders in case there is not enough competencies
and/or capacities inside the VBE), and structures the new VO. In many cases the
roles of opportunity Broker and VO planner are performed by the same actor.

® VO coordinator: a role performed by a VBE actor that will coordinate a VO
during its life cycle in order to fulfill the goals set for the collaboration opportunity
that triggered the VO.

Furthermore, the wide variety of services and support tools and mechanisms that
will be provided within the VBE, including both the base necessary services as well
as the advanced assisting tools, will be provided by different actors, e.g. those
providing the common VBE services (here called common service providers), or
those providing the common VBE ontology (here called common ontology
providers) within the VBE, that again each require assigning proper rights /
responsibilities to these actors. Therefore, a number of other roles are also useful to
be considered in a VBE, including: the VBE advisor (or an advisory board), the VBE
Services provider, the VBE Ontology provider, the service provider through a
support institution involved in the VBE, and the last but not least is the role of a
VBE guest played by an organization outside the VBE that is interested in finding
general promotion information about the VBE, either interested to become a VBE
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member or interested in contacting the VBE for a business opportunity, etc. Figure 3
represents these different kinds of roles to be considered in the VBE.

Due to the dynamic nature of both the VBE’s environment and its member

organizations, the defined roles and therefore the responsibilities / rights of VBE

member organizations cannot be static. Following items represent the main
characteristics of the VBE roles, rights, and responsibilities:

e Different roles can be assumed by a VBE member organization at different
times, or even simultaneously. For instance, a VBE member can act as a VO
broker for one VO, while either at the same time or at another time, it may act at
the coordinator of another VO.

e Every role taken by a VBE member organization represents a set of
responsibilities, a set of required rights / authorization, and further requires a set
of assisting tools for the actor in this role. For instance, a VBE member, acting in
the role of a VO broker, has accepted the responsibility to configure and
negotiate a VO, for which it requires a set of access / visibility rights to the
information on competency / past-performance of other member organizations in
the VBE, and requires an assisting tool to search for best fit organizations for the
required skills.

e Considering the responsibilities and rights that need to be associated with every
role of an actor in VBE, it is necessary that VBE members inform the VBE
administrator about every new role they plan to assume within the VBE (starting
with becoming a VBE member organization) and to request that proper rights for
the role are associated to them.

Considering this variety of roles for VBE actors and their associated responsibilities
and rights, at a first step the classification of these roles became necessary. This
includes the identification of what elements (information) they mainly need to
access as well as the base assisting services (software tools) that they need to use to
perform their responsibilities. At a second step, the scope of access / visibility / use
rights (to the information and available service) associated with each role, as well as
the propagation of these rights are classified. The results of these two steps are
described below in more details.

Step 1: VBE roles identification

The Table 1 below represents the first classification of roles in the VBE into ten
classes, and their example “main” requirements to access information and the need
to use assisting tools / services.

Step 2: VBE rights propagation

Earlier it was addressed that with every role in the VBE, there are some associated
responsibilities, for which the actors require sufficient access / authorization rights,
e.g. for information visibility and/or for use of certain assisting tools / services to
help them with performing their tasks. It was also described that the actors in the
VBE shall request the VBE administrator to acquire a higher role (with more
responsibilities) in the VBE. Once the request for a higher role is accepted, the
associated access / authorization rights will be granted to the requesting actor.
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Table 1 - Specification of VBE roles

1. VBE Member

— all needs of public (guests)

— needs to access the VBE’s internal assisting info / news, as well as the internal
shared services / tools

— requires tools to register and submit its competency info and to apply for
potential broker position

2. VO support providers:

2.1. Opportunity
broker

— all needs of VBE members

— need to access information about VBE capabilities

— needs to access VBE members information and competencies

—requires  tools to  publish new  opportunities, search  for
competency/resource/product/services that can be made available in the VBE,
and potentially to apply for the VO planner position

2.2. VO planner

— all needs of VBE members

(Integrator) — needs to access the past performance of the VBE Members
— needs to access information about new opportunities
— requires tools to search for best fit VBE members to the VO requirements, and
to create/negotiate VOs, and potentially to apply for VO coordination position
2.3.V0 — all needs of VBE members
coordinator — needs to access the VO related information
— requires tools to measure & submit VO (partners’) performance
3. VBE — all needs of advisors
Administrator — requires tools to register (from the provided info) VBE members / opportunity
(Manager/Coach) | brokers / VO planer / VO coordinator, and all other kinds of roles in the VBE

and tools to assign roles/rights to all members, and to run several software
(Monitor usage / Evaluate system / Extract knowledge, etc.) and store the results
in the VBE database

4. VBE support providers:

4.1. Support — all needs of VBE members

institution — needs the VBE Member info

assistance — requires tools to submit new information about available services
provider

4.2. Common — all needs of VBE members

tools/services — needs system-evaluation results and usage monitoring results
provider — requires tools to submit new services/tools

4.3. Common — all needs of VBE members

Ontology — needs the knowledge extraction/discovery results

provider — requires tool to submit new model/meta-data definitions

5. Public (guest)

— needs access to the VBE’s public information and services
— requires tools to apply for VBE membership

6. VBE advisor

— all needs of providers and organizers

(board) — requires tools to submit recommendations to the administrator
6. VBE — all needs of advisors
Administration — requires tools to register VBE members / opportunity brokers / VO planer /

VO coordinator (from their provided info.), and all other kinds of roles in the
VBE and tools to assign roles/rights to all members, and to run several software
(Monitor usage / Evaluate system / Extract knowledge, etc.) and store the results
in the VBE database

In this step, the classes of VBE roles were arranged in a semi-hierarchical diagram
that defines the incremental propagation of access / authorization rights among
different VBE roles. The incremental propagation of rights coincides with the
increase in the VBE member’s responsibility, associated with each role. The
propagation of rights, as shown in Figure 4, also represents different degrees of
sensitivity of each VBE role in comparison to the others, and the fact that clearly
higher level decision making in VBE requires higher access / authorization to the
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existing more sensitive assets (proprietary information, models, etc.) and supporting
tools in the VBE.

3. VBE Administrator

6. VBE Advisor
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Figure 4 - Incremental propagation of rights for different roles in VBE

2.3. VBE life cycle and life cycle functionalities

The life cycle of the VBE (Figure 5) represents all stages that a VBE may go through
during its life, from its creation stage, to its operation, and possible dissolution.

.................................

VBE Initiation &
Recruiting

VBE
Foundation

.. Creation .

VBE Evolution VBE Dissolution

. Daily Change of
“._ activities .~ . nature

© H. Afsarmanesh 2006

= VBE Initiation & Recruiting — planning and incubation

= VBE Foundation — constitution and start up

= VBE Operation — the “normal” phase of the VBE existence

= VBE Evolution — small changes in membership, daily operating principles

= VBE Metamorphosis — major changes in objectives, principles, membership
and/or mergers, leading to a new form and purpose

= VBE Dissolution — when the collaborative entity ceases to exist, to preserve
its valuable gained knowledge, typically this stage of VBE is replaced by the
metamorphosis stage

Figure 5 - VBE life cycle stages

In fact for a VBE, being a long-term alliance, the role that it plays in the market /
society, and considering its valuable bag of assets that is gradually built up, its
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dissolution is a very unusual situation. Instead, it is much more probable that the
VBE goes through another stage, our so called metamorphosis stage, where it can
evolve and change its form and purpose, as it is also described later below. On the
other hand, it is the case that only during the operation stage of a traditional VBE
(e.g. an industry cluster), the VOs can be created. However, considering the
overwhelmingly increasing variety of VOs, and the fact that usually VBEs serve
specific sectors / domain and have specific aims, in the coming time there will be
large numbers of different sector / domain-dependent VBEs, needed to be
established. Therefore, it is very important to cover and support all stages of the
VBE’s life cycle in the reference framework, and not only focus on its operation
stage.

Management of the VBE during all stages of its life cycle is at the heart of the 2™
generation VBE research and development area. But as mentioned before so far,
there is still a lack of a common “reference models” for the VBEs that addresses its
different aspects, including their behavior, structure, physical topology, cultural /
legal framework, etc., as well as to support sensitive issues such as the value
systems, IPR, trust, sanctions and rewards etc., so far there are no clear definitions of
what exact activities are associated with the VBEs that need to be supported by their
management system. However, several examples of VBEs can already be found in
practice that are used as a source of inspiration for our work, e.g. the cases
represented by Virtuelle Fabric (Switzerland), IECOS (Mexico), SMT (Switzerland),
CeBeNetwork (Germany), and HELICE (Spain), and the potential next generation
VBE:s that we can learn from their practice and standards. Nevertheless, for research
and development work related to the management of the VBE during its life cycle,
we did not start from scratch. For instance, during our earlier studies in some other
European initiatives, e.g. THINKcreative and VOmap (Camarinha-Matos,
Afsarmanesh, 2004b), VOSTER (Camarinha-Matos et al, 2005), and PRODNET
(Camarinha-Matos, Afsarmanesh, 1999), the main requirements for the VO
environments are identified. Although, these results on VOs cannot be directly
applied to the VBEs, they served as the base and a starting point in ECOLEAD. The
remaining of this section presents the main identified required functionality for the
2" generation VBEs, in relation to different stages of the VBE life cycle. For this
purpose, we have applied three groups of life cycle stages, as defined in Figure 5, to
group different VBE life cycle stages. As such the first group refers to VBE’s
Creation or the “Initiation and Foundation”, the second group refers to VBE’s Daily
activities or the “Operation and Evolution”, and the third group refers to VBE’s
Change of nature or the “Metamorphosis and Dissolution”.

Figure 6 represents the base required functionality for VBEs, as divided into these
three groups of its life cycle stages:

®  Base functionality supporting the VBE creation — This phase includes two main
steps: (1) initiation / recruiting, which requires the establishment and setup of a
common base infrastructure, recruiting potential organizations to join the VBE, and
establish some base ontology / thesaurus of the domain, to establish the vision and
strategic objectives of the VBE are defined; (2) VBE foundation, requiring support
for parameterization of the used systems, setting up the necessary links, creation of
the necessary databases (with initial meta-data / ontology), and populating these
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®  Base functionality supporting the VBE operation and evolution — This phase
requires support for: (i) Management of competencies and assets, (ii) Registration of
new members (including profiling, characterization of competencies, products,
services, etc.), (iii) Assisting VO creation, (iv) Incremental generation / evolution of
meta-data / ontologies for the domain / sector, (v) Keeping records of past
performance and collaboration processes, (vi) Assessment and assistance tools, (vii)
Collaboration support (e.g. newsgroups, discussion forum, common information
repositories, etc.), (viii) Management and evolution of working and sharing
principles and rules, (ix) Acquisition and management of common knowledge and
assets.

®  Base functionality supporting the VBE metamorphosis and dissolution — This
phase will require assistance for the design of the aimed new organizational
structure, selection and reorganization of the information and knowledge collected
during the VBE operation and that might be transferred to the new organization,
analysis and adjustment to the new context, etc. In the case of VBE dissolution there
is a need to plan the transfer of its collected knowledge, information, bag of assets to
its members or another organization based on defined agreements.

Considering the life cycle stages of the VBEs, by nature VBEs represent self
organizing environments and thus can be defined through the Chaordic graphs from
the Chaordic system theory (van Eijnatten, 2003). Figure 7 represents the main
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stages of the VBE life cycles in a chaordic graph. As illustrated in this Chaordic
graph, the normal operation phase of a VBE involves a number of small evolutions,
where each small evolution in the VBE has itself a similar, though shorter life cycle.
Furthermore, the combination of these smaller evolutions constitutes the operating
stage of the dynamic VBE:s.
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Figure 7 - Chaordic graph representation of VBE life cycle stages

3. NEAR-ORTHOGONAL VBE SUB-SPACES

Considering the complexity of VBEs, any attempt to formally define this paradigm
and description of its supporting infrastructure, must carefully cover the multiple
perspectives and dimensions of this system. With this aim in mind, identification of
the multi-dimensions of this paradigm and its supporting system is of high
importance.

These dimensions must together comprehensively, or at least as much as possible
totally, cover all the known features and aspects of the VBEs, no matter how simple
or how compound these features are. Different features and aspects of the VBEs that
all need to be modeled and formally defined, are of completely different nature,
ranging from the hardware resources at the level of one organization, or the generic
working and sharing as well as conflict resolution policies, to the functionalities
related to the configuration of a newly instantiated VBE or different goal-oriented
activities related to different phases of the VBE’s life cycle, and even the semi-
automatic decision making processes for knowledge discovery, etc. These aspects
among others shall all be covered by these dimensions.

As a first trial reference framework for VBEs, with its roots in an early work in
the Data Base community (Afsarmanesh et al, 1985), we have identified four
complementary near-orthogonal (elements within different dimensions are bound to
each other) dimensions / perspectives for VBEs that can together represent the
complexity of the variety of entities, concepts, and functionalities, and model
different aspects of the VBE environments and needed support systems. The
applicability and benefits of the introduction of these dimensions for the purpose of
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systematic classification and better modeling of multiple perspectives of the VBEs
are further investigated. The ARCON reference model for collaborative networks,
also developed within the ECOLEAD project, have adopted these four dimensions
for modeling the endogenous elements of collaborative networks. A short
description of these dimensions is presented in this section. Also Figure 8 represents
these dimensions as overlays above the VBE.

1. VBE Structural dimension: Conceptual structure of roles and functions of
VBE actors. For instance: Roles, rights, responsibilities, duties etc. associated with
each member organization, e.g. the VO broker’s role, rights, and responsibility, etc.
2. VBE Physical dimension: entities, materials, and all physical resources in the
VBE, being the organizations themselves, or belonging to the VBE management
system. For instance: HW (e.g. machinery and networking) / SW (e.g. assisting
shared tools), personnel (human capital), and the stored information / knowledge,
etc. belonging to the VBE or to an organization, as well as the organization entities
themselves in the VBE.

3. VBE Activity Sequence dimension: Activities / procedures / processes related
to the entire VBE life cycle management and coordination. For instance: the Conflict
resolution procedure, the performance management procedure, the member
registration procedure, etc.
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Figure 8 - The layered VBE Reference Modeling framework

VBE rules of Behavior dimension: Policies and governance rules. For instance: the
Interoperability principles, Policies for code of conduct, Conflict resolution policy,
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Contract enforcement policy, etc.

Every dimension represents a specific aspect / perspective of the complex VBE
environment and its needed support system. These specific four dimensions are
chosen for the reason of their near-orthogonality, in the sense that elements in each
dimension mostly belong together and are mainly inter-related with each other, and
may only be weakly related to elements in the other dimensions. Namely, if
elements in different dimensions are bound to each other, then changes in one
dimension affect the elements of the other dimensions, weakly across some region of
relevance. For example, there may be some relationships among elements of the
physical and structural dimensions of the VBE.

Some example bindings between different dimensions follow:

- between the physical components (different organization) and the structural
components (different roles and functions to be assumed by VBE member)
there can be a relationship identifying the role of each organization;

- between the behavioral components (policies) and the life cycle related
sequence of activities (procedure for measuring the performance of VBE
members during the operation phase in a VO) there be a relationship that
identifies the policy applied to every procedure.

Figure 8 addresses these dimensions and how they can be linked through the

bindings. This defined reference framework is applied and validated for
comprehensive modeling of all endogenous aspects of VBEs.

4. VBE ONTOLOGY

This section addresses an ontological representation of the VBE paradigm. Besides
the contribution to the VBE reference framework, the VBE ontology - developed in
the ECOLEAD project - aims to support the following challenging tasks related to
the VBE instantiation and management:

1. Establishment of a common semantic subspace for VBEs.

2. Instantiation of VBE knowledge repositories for VBEs from different

domains / business areas.

3. Automated processing VBE knowledge by software tools in dynamic VBEs.

4. Enabling inter-organizational learning & co-working.

5. Integrability of VBE knowledge with existing standards.

The main motivations for engineering the VBE ontology are to support the above
tasks through providing the following:

— Adequate, formal and uniform representation of VBE knowledge / information.

— Unified and common semantic subspace for VBE knowledge / information.

4.1. Definition and scope of the VBE ontology

We define the VBE ontology as aform of unified and formal conceptual
representation for the heterogeneous knowledge within the VBE environments to be
easily accessed by, and communicated between human and application systems, for
analysis and evolution purposes (Afsarmanesh, Ermilova, 2007) (Ermilova,
Afsarmanesh, 2008).
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As a first step for specification of the VBE ontology, the main conceptual groups
of the heterogeneous VBE knowledge are identified mainly through focusing on and
covering two of its characteristics, including:

e Variety of owners/providers of the VBE knowledge, such as: the VBE-self,

VBE members / participants, and VO-self networks.

e Variety of usage of VBE knowledge in the VBE document repositories and in
the sub-systems of the VBE Management, System (VMS) such as: VBE Bag
of Assets repository, VBE Governance’s document repository, Profile and
Competency Management system, VBE Performance Measurement system,
Trust Management system, and VBE Value system (Afsarmanesh et al, 2007).

7. Management 8. VBE 9. Value 10. Trust
System Governance System

1. VBE-self

6. Bag of
Assets

4. Profile
{comp.)

2. VBE
participant/
member

5. History

Figure 9 - Conceptual groups of the VBE knowledge

As a result, the following ten main disjoint, but inter-related conceptual groups of
VBE knowledge were identified as illustrated in Figure 9:

(1) VBE-self knowledge that represents the general concepts about the VBE itself, e.g. the
VBE life cycle stages concept.

(2) VBE participant / member knowledge that represents the main concepts related to the
characteristics of VBE member organizations, e.g. the roles of VBE members.

(3) VO-self knowledge that represents the concepts about VOs that are configured within
the VBE, e.g. the VO contract concept

(4) Profile / competency knowledge that represents those knowledge classes that need to
be collected from different VBE entities related to their profile and competency
definitions, e.g. the concept of capacity of resources owned by a VBE member.

(5) History knowledge that represents concepts related to the history of performance,
collaboration and cooperation of VBE members, e.g. the VO inheritance concept.

(6) VBE Bag of Assets knowledge that represents the concepts addressing the Assets
structure in VBEs, e.g. the concept of Lessons Learned.

(7) VBE Management System knowledge that represents those concepts related to the
functionalities and services supporting the VBE management, e.g. the generic VBE
service definition.

(8) VBE Governance knowledge that represents the concepts related to the VBE rules,
bylaws and culture, e.g. the classification of VBE principles.

(9) Value System knowledge that represents the concepts describing VBE capitals and
measures, e.g. the concept of performance indicator.

(10) Trust knowledge that represents the concepts of trust elements, as well as the kind of
data for measurable elements that need to be collected for assessment of trust level of
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organizations, e.g. the concept of trust objective and criterion.

Additionally, the VBE knowledge categorized in each conceptual group is divided
by their levels of abstraction or usability / reusability into:

(i) meta-knowledge, constituting the very small set of characteristics describing
all other knowledge;

(i) core knowledge, constituting the ten groups of knowledge addressed above,
that are common to all VBEs, e.g. generic/unified model of the VBE
competency;

(iii) domain knowledge, e.g. classification of general metalworking competencies;

(iv) application knowledge, e.g. concepts which are specific only to one VBE
application from the above domain;

(v) real knowledge, e.g. the detailed competency description of a real VBE

member.

4.2. VBE ontology structure and engineering approaches

The structure of the VBE ontology consists of four levels of abstraction and ten
partitions constituting sub-ontologies of the VBE ontology, as also illustrated in
Figure 10. The four levels of abstraction are introduced to reflect on reusability of
the VBE ontology by the variety of VBE application environments. Namely, all
VBE applications are supposed to share the ontology defined for the three above
levels and differ only at the application level. The ten ontology partitions address the
conceptual classifications of VBE knowledge as addressed in section 4.1 above.
Please note that in Figure 10, the number / symbol inside parenthesis next to each
ontology level represents the cardinality of instances of this VBE ontology level,
namely there is only one VBE meta and one core ontology common to all VBEs,
while N and M both represent “many”, e.g. the fact that there are many different
domains / business areas for VBEs and each VBE domain / business area may have
many VBE applications.

Further, the decomposition of this ontology structure into levels and partitions
supports the incremental development of the VBE ontology, while the developed
parts of the ontology can be reused by different VBE management subsystems.
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A description of the levels of the VBE ontology is addressed below, while an
example of a constructed sub-ontology, namely the VBE profile / competency sub-
ontology, is presented further in section 4.3.

1. Meta level represents the meta-concepts (such as “synonym” and “abbreviation™)
that are used to define other concepts of the VBE ontology.

2. Core level specifies the VBE concepts that are common to all VBEs, no matter to
which domain it is applied (e.g. the specification of “VBE bag of Assets”, “VO
inheritance”, “VBE member’s competency”, etc.), which will be then reused by
different VBE applications. Therefore, the main objective of the core ontology is
to present the common main types of information/knowledge that VBEs typically
accumulate.

3. Domain level represents all VBE concepts related to different specific VBE
domains (e.g. manufacturing, tourism, health care, etc.), that contains/extends the
entire VBE core ontology. As such, it represents the customization and
population of the VBE core ontology to the specific domain that it applies, for
instance addressing specific competencies (e.g. “injection moulds fabrication”),
or specific processes/activities (e.g. “welding”, “milling”, etc.) Therefore, the
main objective of the domain ontology is to formally specify and organize the
VBE domain knowledge.

4. Application level represents the VBE concepts that are common only for the
members of the same VBE application, such as trust criteria or VBE value
metrics, etc. for the specific food processing application of manufacturing
canned food domain.

The approaches for engineering the VBE ontology for the meta and core levels

differ from the domain and application levels as explained below. The main reason

is that the domain and application level ontology of VBEs cannot be predefined and
need to be created on demand during the operation stage of each specific VBE.

Additionally, the domain and application levels evolve continuously during the VBE

operation and evolution phases (e.g. when new VBE members bring new knowledge

to the VBE). Below a summary of approaches for engineering different levels of

VBE ontology are presented:

1. For the meta and core levels: the meta-concepts and meta-properties (e.g.
semantic information such as “synonyms” and “abbreviations”) for the unified
VBE ontology as well as the core concepts for the unified VBE ontology shall
be pre-defined by VBE experts together with ontology experts. The
information / knowledge resources that can be reused for construction of the
VBE ontology at the core level include the database schemas / data models
from existing VBEs, as well as some VBE concepts presented in the literature,
e.g. in (Afsarmanesh, Camarinha-Matos, 2005).

1I. For the domain and application levels: the specific concepts to the VBE
business area / domain as well as the specific concepts to the VBE application
need to be defined on demand for each of the N domains and M applications in
each domain. The main approaches that can be considered and applied for
building up the domain and application ontology levels include: (1) Integration
of all existing domain ontologies into a unified ontology (Pinto et al, 1999), (2)
Semi-automated discovery of ontology concepts from text documents
(Grobelnik, Mladeni¢, 2005) (Anjewierden at al, 2003).
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4.3. Detailed overview of the VBE profile and competency sub-
ontology

Engineering of the VBE profile and competency sub-ontology is fundamental for
modeling, collection and processing of the information about VBE profiles and VBE
competencies within the VBE, and namely within its Profile and Competency
Management System (PCMS), as also addressed in chapter 2.4 of this book.

First of all, in order to achieve the VBE’s main goal, i.e. to prepare its member
organizations for participation in VOs, it is necessary to collect and analyze the
knowledge about all member organizations at the VBE level. We define a concept
of the VBE member organization’s profile to represent the knowledge about each
organization in the VBE.

Additionally, in order to represent the qualifications of VBE members for
collaboration in VOs, we define the VBE member organizations’ competencies, as a
fundamental element of their profiles. The initial purpose of introducing the
“profile” and “competency” concepts is to present the knowledge about the VBE
member organizations. We have introduced the “VBE entity” concept to represent
all acting entities in the VBE context. For example, the VBE entities may include:
VBE member organizations, VBE support-providing organizations, VBE customers,
VO-self networks (for VOs formed in VBE), and the VBE-self network. The “VBE
profiles” and “VBE competencies” represent the knowledge about all types of VBE
entities. The VBE profiles and VBE competencies are defined as follows:

VBE profile consists of the set of determining characteristics (e.g. name, address,
capabilities, etc.) about each VBE entity, collected in order to: (a) distinguish and
compare each VBE entity with others, (b) analyze the suitability of each VBE entity
for involvement in some specific line of activities / operations.

VBE competency is the main element of the VBE profile that provides up-to-date
information about capabilities and capacities of each VBE entity, as well as
conspicuous information about their validity, qualifying it for participation in some
specific activities / operations within the VBE, and mostly oriented towards the VO
creation.

The generic VBE profile and competency model (Ermilova, Afsarmanesh, 2007)
represents the set of classes of VBE knowledge/information, as well as the
relationships among these classes that needs to be collected and managed in the
VBE. A high-level abstraction of the main elements of unified / generic model of the
VBE profiles and VBE competencies is illustrated in Figure 11.

The core level of the VBE profile and competency sub-ontology, as well as an
example of its domain level, was constructed in OWL (OWL, 2007).

The core level of the VBE profile and competency sub-ontology is a form of
representation of the core / generic VBE profile and competency model. One
example screen-shot from this core sub-ontology, constructed in the Hozo editor
(Sunagawa at al, 2004), is partially illustrated in Figure 12. In this Figure, the
ontology concepts, e.g. “VBE Profile”, “Competency”, “Resource”, representing the
elements in the core/generic profile and competency model, are illustrated as boxes.
There are also three types of relationships among the concepts, including the “p/o”



56 METHODS AND TOOLS FOR CNOS

meaning “part of”, the “a/o” meaning “attribute of”, and the “is-a” meaning “is a
kind of”.

(Exrmilova, & Afsarmanesh, 2007)

Associated partner

VBE profile

Genaral data

Financial data

VBE competency

Resaurce
capacity

Faci-based

Cipinion-basa
Associated partne
capacity

Figure 11 - A high-level abstraction of the model of VBE profiles and competencies

The main purposes and usage of the sub-ontology of the core VBE profile /
competency in the VBE includes the following:

(1) Support of the R&D in the VBE field through providing means for the
evolution of the VBE profile and competency models by being an extensive,
uniform and sharable representation of these models.

(2) Support for the common understanding of the structure of the VBE profiles and
competencies through providing the extensive definitions of the related
concepts.

(3) Support for semi-automated design and development of the PCMS’s database,
or example using a methodology provided in (Guevara-Masis et al, 2004).
Support for structuring of the VBE profile and competency knowledge in the

PCMS’s GUI.

The domain level of the VBE profile and competency sub-ontology is a form of
representation of the domain classes of profile and competency
information/knowledge and their generalization hierarchies. The domain VBE
profile / competency sub-ontology can be further partitioned into several specific
“sub-sub-ontologies” depending on: a specific core concept (e.g. only for domain
capabilities), or a specific domain / business area (e.g. only for metalworking
domain). One example partial screen-shot from the sub-sub-ontology of practices
and processes in the metalworking domain that is constructed in Protégé (Protégé,
2007) is illustrated in Figure 13 specifically depicting a part of domain-dependent
classifications of practices and processes within an existing VBE from Mexico,
called IECOS.
The usage of the domain VBE profile and competency sub-ontology in the VBE
includes the following:
(i) Support of the representatives of the VBE entities with the definition of their
domain-specific profile and competency related data (e.g. identification of
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classes of the domain-specific business processes performed within a VBE

entity).
(i) Support for representation of the “standard names” and the ‘“standard
relationships” for the domain-dependent profile and competency

knowledge/information that can be further facilitate

matching/processing of the knowledge.
Support for structuring of the domain-dependent
competency knowledge in the PCMS’s GUI.

(iii)
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Figure 13 — Example partial screen-shot from domain VBE profile and competency
sub-ontology (in Protégé)

5. VBE SEMI-TYPOLOGY

A systematic study of the wide variety of existing and emerging VBEs can facilitate
both the modeling of their structural, componential, functional, and behavioral
aspects, as well as the creation of a base for their reference modeling. In this section
we aim to classify the VBEs and to identify their main “types”, thus establishing the
base for future research on each type of VBE. Namely, to investigate the specific
needed components (e.g. actors, roles rights, and responsibilities), the functionality
(e.g. for managing their information/knowledge) and the behavior (e.g. to assist the
decision making in such networks) for each type of VBEs. In addition to the
literature study on the state of the art on VBEs, we have conducted in depth
investigation of six running European industry-based clusters / networks of SMEs
that operate as VBEs. Based on the achieved results, we define a systematic
approach for the specification of the VBE semi-typology (Afsarmanesh, Camarinha-
Matos, 2007).

5.1. Investigated networks

Prior to addressing the systematic approach for the definition of the VBE typology,
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below this sub-section summarizes our investigation results related to each of the six
networks of SMEs. Please note, that in order to preserve the anonymity of these
SME networks we refer to them as VBE-A, -B, -C, -D, -E, and -F.

1. VBE-A (Italy). This VBE is made up of 200 member companies that mostly
constitute the information and communication sector in their respective district. This
VBE is fully financially supported by the government. In its operation, the VBE
administrator helps the member companies in finding business opportunities. Further
to configuring VOs, this VBE in some cases also generates and configures new
specialized VBEs, focused on certain regional specialties, and constituting
organizations that know and trust each other. But also, sometimes, this VBE helps
these generated sub-VBEs to merge into a larger VBE. The VBE administration
does not get involved in VO coordination. Only partial overlap of competencies is
allowed among organizations, and the VBE tries to avoid any competition.

2. VBE-B (Finland). This VBE consists of 12 member companies mostly in
paper and automation industry ranging in size from big to small, and coming from
close by regions. This VBE does not receive any financial support from the
government. It is privately supported, by collecting a token fee of 100 Euros,
charged to each member company. VBE management also does the brokerage of
VOs, and in most cases making decisions about new business opportunities are also
handled by the VBE management. However, once the VO is initiated, the VBE
management does not provide any more support for the VO operation, which will be
led by the VO coordinator. For this VBE, it was stated that a few software services
may be helpful to assist with the VBE management tasks, but for the moment all
activities are supported manually. This VBE avoids any possible competition
between member companies (no overlap of expertise is allowed) in the network,
believing that it is not good for trust establishment. Furthermore, in this VBE, there
is an “oral” set of rules, and a number of “boards” of people in charge of different
network activities, but there are no written rewards/sanctions rules to handle
conflicts. Only some ethical rules in written form but even those they are not
compulsory.

3. VBE-C (Germany). This VBE has 28 member companies from the aircraft
industry, and it has been growing both in size and in making profit continuously. It
has a single customer that is a major aeronautics company in Europe, which
constantly gives them many opportunities for which they can configure VOs. In fact
the motivation to create this network came from the fact that the aeronautics
company decided to reduce the number of suppliers and therefore these companies
had to join efforts in order to qualify as a supplier. Financially, the VBE
administration depends on the actual profits made from opportunities/projects (it
charges about 5% of the profit) made by the VOs that are configured in the VBE. In
this VBE, the management does the marketing and brokerage, but other partners can
also bring in opportunities. Member companies in this VBE trust each other and
work together very well, not competing but some overlaps are allowed in case it is
required to fulfill customer’s orders. This VBE believes that more and more
companies join in the network because the amount of the product/services demanded
is high and no company alone can provide the products and the needed capacity in
the required time. Furthermore, VOs can still be configured including non-member
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companies, but only when the capacity cannot be achieved within the VBE or the
required expertise is not available within the VBE. Usually losses in a VO are taken
by the VO partners, but this VBE also has a loss insurance contract for the sake of
the VBE as whole.

4. VBE-D (Finland). This VBE is a one year old regional engineering and
automation network consisting of 16 engineering companies as its members.
Financially, it depends on small membership fees. In addition to brokerage of
business opportunities, the VBE initiates the VO, and also supports the VO
management. For easier searching of suitable partners and also management of the
VBE at large, the VBE management believes that it needs to maintain and manage a
competency/expertise matrix, and share knowledge and experience, promote
cooperation, raise the image of companies, support collaboration in marketing
activities, and making bigger and more international contacts.

5. VBE-E (Italy). The region around this VBE in Italy represents a very old
collection of more than 10,000 manufacturing companies, from a wide variety of
areas that includes from sport clothing to furniture, etc. but all focused on innovation
and new products. The government supports establishment of self organizing
clusters, a kind of VBE, in the area. Each cluster must have a minimum of 80 SMEs
in order to qualify for funding. There are already about 40 clusters formed in this
region. Organizations in the region represent a strong mix of competition. The
tradition in the area governs the cooperation, and defines the rules. The aspects of
time and fashion are the most important criteria for successful cases and projects. As
it is, this VBE does not run any VBE management system.

6. VBE -F (Spain). This VBE has a strong consulting company associated
with it. It has 23 member companies and 20 other associated supporting SMEs,
mostly in the aeronautics industry. The consulting company is working as a
supporting institution for the VBE, and mostly providing legal assistance. This VBE
is supported financially both by the government and also through the token
membership fees from its members that use some tools provided in the VBE for
their VO internal operations. When a business opportunity is identified, it is
presented to the VBE members, where several VBE members may plan some VOs
and submit a proposal to the VBE administration. Depending on the case, the
evaluation of these proposals is either done by the VBE administration to suggest to
customer and/or together with customer itself to choose the best VO and start it.
VBE management only configures and initiates VOs and does not coordinate it.
Currently, the VBE management of the VBE has perceived the need for the
following aspects in order to improve the VBE management functionalities: trust
management measures and ensuring confidentiality issues; storage of the past
history/performance of organizations, to ensure trustability / trustworthiness
evaluation; better legal framework for non conformance and for conflict situations;
competencies management.

5.2. A systematic approach to development of the VBE
semi-typology

Due to the lack of a defined scientific approach for typology identification in formal
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sciences, and aiming to identify the main types of VBEs, we have partially followed
a systematic stepwise approach, mimicking the case by case investigation (collection

and observation) approach practiced in Beta-sciences (e.g. bio-diversity).

In our

study, both for the VBEs reported in the literature and the six clusters mentioned
above, we followed a 3-step approach: The first step was to characterize different
VBEs, in order to reach a common set of characteristics for the VBE paradigm. The
second step was to use the common characteristics to classify different VBEs, and
thus to reach the main categorization of the VBEs. The more challenging third step
was to investigate if based on the main VBE classification results reached in second
step we can identify and generate a typology for the existing and emerging VBEs,
such that the attributes defining every type in the typology are true for all its
members.

Table 2 - VBE Domain Categories

Criteria Potential network categories Criteria impact
1. Finances Public support Own support Level of VBE's
(Members' fee or % autonomy
of turnover )
2. Orientation / Profit Non profit Pressure from market or
Value system society
Localization Regional Non regional Legal and tax issues
4. Customer One or few Many Strong or weak
customer's dependence
5. Product / service | One or few Large diversity of Product/service
products/services dependency
6. Sector / domain Single sector Multi sector Sector dependency
7. Collaboration Cost reduction Innovation Goal dependence
aim
Dynamism level More Static More dynamic Stability
Member Based on Based on Trust issues
Competences competence complementarities
complementarities and competition
10. | Integrating new Loose alliance - Tight alliance - Role of actors,
members limited term / permanent full Membership level
condition alliance members
11. | Origin VBE with strong New VBE Strong impact on ICT
historical roots tools
12. | Focus Product / service Market / society Volatility
oriented oriented
13. | Stage of VBE Creation | Operation | Evolution [Meta- Needs in term of
Life cycle Imorphosis | guidelines, methodologies,
and ICT tools
14. | VBEsize Small: Medium: | Large: Very Role of the
<20 <100 <1000 large: administration and
above needed ICT tools
15. | VBE rolein VO None domination Coordination and
operation conflict resolution
16. | Current use of Low Medium | High Level of ICT tools
technology and dependency
ICT tools
17. | Members types Business companies | Business companies More potential, less
only + non-business coherency
organizations
18. | Broker Internal External Access rights and

member roles
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19. | VO Recurrent Formed with new Needs for VO creation
members each time tools
20. | Profiles Informal| Limited | Database Potential to be processed
(management) (Excel) by ICT tools, trust, and
access rights
21. | Competencies Informal | Limited Database Potential to be processed
(management) (Excel) by ICT tools, trust, and
access rights

Below we address these three steps in details:

e Step 1: Common set of characteristics for VBEs

Based on our network analysis experience, the following set of questions
represents the main criteria for investigating these networks: How many sectors are
involved in the VBE? How and which sources support the VBE financially? How
does the VBE find VO opportunities? What is the frequency of VO configuration,
namely the VBE members’ involvement in VOs? How the VBE is managed, and are
there formal governance regulations? What are the functions performed by the VBE
administration? How is the VBE configured in terms of roles of its actors, permitted
competition, location of VBE members, etc.? What kind of organizations can be
included or are invited to join the VBE and how large is the VBE? Are VOs always
configured of the VBE members, or also consisting some organizations from
outside? And if so, under what conditions SMEs from outside can be involved in
such VOs? What is the relationship between the VO customers and the VBE?

In this step of our study and as a response to the above questions, we
encountered a large number of distinguishing characteristics for VBEs that can in
one way or another be further used as the purpose/criteria for VBE classification.
The main identified “distinguishing characteristics”, which constitutes a subset of
the identified common set of VBE characteristics, include: (1) Multiplicity of
sectors/domains, (2) Variety of collaboration drivers, (3) Orientation (value system),
(4) Level of dynamism, (5) Financial support mechanism, (6) Localization, (7) Size,
(7) Nature of output results, (8) Mission categories, and (9) Application of ICT
tools.

e Step 2: Main classes/categories of the VBEs
At this step, we used the set of VBE common characteristics as the means to

reach some classification of different VBEs. Therefore, for each characteristic, we
identified a number of potential classes. For example, two classes were identified for
the Multiplicity of sectors/domains that included the single-sector and the multi-
sector. For some other characteristics, a number of classes could be identified, e.g.
for the size characteristic for example, as suggested by some of the network’s
representatives, we could identify Small (under 20), Medium (under 100), Large
(under 1000), Very-Large (above 1000) number of members, etc. The following list
shows some of the identified classes in our study for each of main VBE
characteristics addressed above:

— Multiplicity of sectors/domains: Single sector, Multi-sector

— Variety of collaboration drivers: Customer induced, Capacity achievement, etc.

— Orientation (value system): Business orientation, social welfare orientation, etc.

—Level of dynamism: Dynamic pace (evolving), Static pace, etc.

— Financial support mechanism: Publicly supported, Privately supported, etc.
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— Localization: Regional, Non-regional

—Size: Small (under 20), Medium (under 100), Large (under 1000), Very-Large
(above 1000) number of members, etc.

— Nature of output results: Tangible output, Intangible output, etc.

— Mission categories: Profit-based, Non-profit-based, etc.

— Application of ICT tools: Base management services, advanced services, etc.

In order to summarize our findings, Table 2 is developed to represent: (1) the main
criteria/characteristics for characterization and comparison of different VBEs, (2) for
each characteristic, it provides the two main potential categories for the networks,
and (3) a clue to the main impact of each characteristic/criteria on the network.

® Step 3: A semi-typology for existing and emerging VBEs

Our third and more challenging aim was to investigate if based on the main VBE
classification results we can identify a typology for all existing and emerging VBEs,
such that the attributes that characterize every type in the typology are true for all of
its members. As described / argued below, reaching this aim was quite challenging
and we could finally achieve not one, but a number of semi-typologies for VBEs.

Typology is a classification of all elements in the domain, based on the definition of
particular types or categories in that domain, where the members of each type or
category are identified by postulating their specified attributes. Typically,
types/categories in a typology are: (1) mutually exclusive, and (2) collectively
exhaustive. For example in the biodiversity area, the taxonomy defined for the
“limited”, though large, collection of animals on earth, although it took a few
centuries to establish, has followed a straightforward procedure to create the
typology classifying them, as well as to identify the few exceptions where the
defined types are not mutually exclusive. Considering the above definition, in our
study, it became clear that defining a typology for a new “paradigm” such as the
VBE, is a big challenge if at all possible. This is simply due to the fact that first the
VBE paradigm is not a limited environment, although it already has a large variety
of manifestations. Second, every VBE has distinctly unique “intangible”
specificities. And third, there is a wide diversity of purposes and perspectives that
can be considered through which the existing and emerging VBEs can be classified.

Therefore, prior to our efforts towards identification of a VBE typology, we became
aware of the fact that we will not identify a set of mutually exclusive types to classify
the VBEs. Consequently, we chose to aim at the identification of a VBE semi-
typology to tackle the challenge of identifying a number of types that can
collectively exhaust both the existing and the forthcoming VBEs. Such a semi-
typology defined for VBEs, even though does not provide clear cut categorization of
VBEs, as for instance exemplified above for the Bio-diversity area, is still valuable,
since it provides an insight into the characterization / understanding, and thus better
modeling of the VBEs. Furthermore, if one of our identified semi-typology has an
“intuitive” appeal for categorization of VBEs, and gets adopted by the research and
practice community in this paradigm, we have reached a common base for
understanding and co-working among the researchers in this area.

For this purpose, we have identified three main perspectives as more dominant and
intuitive in representing and classifying the VBEs, which are also validated by the
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networks involved in our study. Below, for every considered perspective, a list of
references is also made to the rows in Table 2, which represent its related
characteristics and classifications.

1. Domain categories (1,3,4,5,6,7,8,9, 11, 12, 13, 14, 15, 16, 19, 20, 21)

II. Main Collaboration Drivers (1,2,3,4,5,7,9, 10, 11, 13, 14, 15, 16, 17, 20, 21)

IIL. Orientation/Value Systems (1, 2,3,5,7, 11,12, 13, 14, 15, 16, 17, 20, 21)

In the following text, applying each perspective, a few types (and their main
characteristics) are identified. For every perspective, the identified types collectively
exhaust the categorization of the so far reported as existing or emerging VBEs.
Please notice that as explained above, the typology defined for VBEs under each
perspective may not present mutually exclusive VBEs; namely while an existing
VBE may primarily be a member of one type, it may at a secondary stage be also a
member of a second type in that typology. Therefore, at best these three provide a
semi-typology for VBEs. Below the VBE semi-typology is identified for each of the
three perspectives:

I. Domain categories — Based on the investigated characteristics (both in
literature and in the field) and with the perspective of categorizing the main
domains, this VBE typology identifies the following four types of VBEs. For each
type of VBE, the SME networks (among the six mentioned above) that best fit each
type are also identified below (also see Table 3).

Type A1 - Stable products/services domain (e.g. VBE-C, VBE-B, VBE-D)

Type A2 - Stable one-of-a-kind domain

Type A3 - Emerging domain (e.g. VBE-F, VBE-A)

Type A4 - Innovation driven domain (e.g. VBE-E).

The Stable products/services domain VBE type is primarily characterized by
substantiated sectors or domains, business or social oriented, traditionally regional
but nowadays more with a mix of regions, and constituting VBEs of different sizes
(from large to small), and using some IT related tools (e.g. VBEs to support
traditional manufacturing and services industry). Some general principles for this
type of VBEs are already established both in research and in practice. In several
business oriented domains some body of knowledge as well as practiced regulations
are already created and instantiated, that provide a strong base for the current study
of this type of VBEs. These VBEs are operation-based, meaning that their daily
activities are known and repetitive, and thus do not require new or innovative
solutions for each product and service (Bremer et al, 1999) (Mejia, Molina, 2002)
(Pluss, Huber, 2005). Nevertheless, this type of VBE still lacks proper mechanisms
and semi-automatic tools for the management of its competency and profile,
establishing trust, developing generic ontology, and enhancing the potential of the
VBE in responding to the market/society demands.

The Stable one-of-a-kind domain VBE type — typically identified with substantiated
sectors and domains focused on longer term VOs to develop one of a kind
products/services - typically with a mix of business & possible social orientation,
constituting medium size regional VBEs with a high trust level among the members from
multi-sector and complementary organizations, using IT related tools (e.g. VBEs to
support traditional construction industry, environmental cleansing of wastes). Similar to
the stable products/services domain, also for the one-of-a-kind domain in some areas,
e.g. construction industry, there is a rich body of knowledge and formal definitions of
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some general principles that can be used as the base. Despite the fact that these VBEs are
well established, their products are always unique, e.g. a bridge, an airport, etc. Thus,
they have a project-based working style where some unique ideas are necessary for every
new product. Once developing proper IT tools for trust establishment among VBE
member organizations, this type of VBE can benefit from extending its boundaries to
include new non-regional members that may increase its level of competency.

The emerging domain VBE type is primarily characterized by the merge of
organizations from several substantiated domains in order to respond to some new
market/society demands. The VBE for emerging domain will constitute organizations
from different sizes with complementary capabilities, established knowledge, culture,
and practice tradition. A number of challenges rise due to the merge of these
heterogeneous domains, e.g. the integration/inter-linking of their substantiated and
formalized knowledge, developing rules of cooperation and establishing trust and
recognition among the involved organizations. Examples of this type of VBEs include
the merge between the housing and ambient intelligence domains to address the house of
the future, merge between the broadcasting, mobile devices, and the entertainment
industry to address the entertainment of the future, or the merge between the public
safety and environmental scientists/engineers to address the environmental cleansing of
the future.

Table 3 - Brief summary of the VBE typology according to the Domain categories

Collabora | Dynamism | Degree of | Customer| Finance | Typical
tion level readiness VO’s
driver duration
Ecosystem, Some static/ Medium One/Many Self Medium
—~ | capacity dynamic support
< achievement,
& | Customer
ﬁ’ induced cost
reduction
Customer Static Medium One Self Long
a | induced support
<
» | Complement
& competence
|
Market Evolving High Many Need Medium
o | induced public
<
° Cost ) support
2 | reduction
|
Innovation Evolving Very high One/many Need Short
;:" public
° support
2
>
H

The Innovation driven domain VBE type — this classification of VBE mostly
identifies with the establishment of its short term VOs to deliver innovation for the
market or society’s benefit, constituting a number of organizations potentially from
different sectors with complementary competencies. The degree of readiness of the
organizations in this VBE must be very high and typically, due to the role that these
VBEs play in a region and the risks involved in innovation-based VOs, there is
usually public support available to these VBEs. The new line of products in clothing,
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e.g. from Italy, and in computer hardware, e.g. from California, are examples of this
type of VBEs.

Please notice that the following is considered for measuring the duration of the VOs:
Short = some weeks to 6 months, Medium= between 6 months to 1 year, Long=
longer than 1 year.

Table 4 - Brief summary of VBE typologies according to main collaboration drivers

Membership Overlapping Support Market
of competencies institutions | accesss

Type B1 | Enterprises & Possible Limited Extremely focused
others
Highly selective

Type B2 | Organizations in Mostly Limited Focused in one
same domain/sector domain (general)

Type B3 | May cover various Possible, limited Limited Generic (as much
sectors (regulated) as possible)
Basic adhesion rule

Type B4 | Specific sector Possible Strong Generic with
(mostly) regional focus
Regional basis

II. Main Collaborative Drivers - If we put our perspective on the main
collaboration drivers, a different VBE typology classification can be established
including the following four classes (also see Table 4):

Type B1 - Customer induced VBE, when the alliance is formed to qualify as a supplier

(e.g. VBE-C).

Type B2 - Capacity achievement driven VBE, formed to support high demands (e.g.

VBE-F, VBE-D).

Type B3 - VBE oriented towards complementary competencies, formed to capture new

markets, new products/services, or new dimension (e.g. VBE-B).

Type B4 - Regional ecosystem, formed to preserve local specificities, tradition, culture,

benefiting from government incentives (e.g. VBE-E, VBE-A).

Table 5 - Brief summary of the VBE typologies according to the value system

Main expected benefits Membership Outputs
Type C1 Economic (profit) -Private organizations -Products
(enterprises) - Services
Type C2 -Social prestige -Public organizations - Services (mostly)
-Coverage -NGOs
Type C3 -social prestige & -Economic -Services
sustainability ~Public & “Products (some)
~Private
organizations

I11. Orientation/Value systems - With the perspective of the underlying value
systems, another VBE typology classification may include the following three
classes (also see Table 5):

Type C1 - Profit / market oriented — to produce economic profit (e.g.



VBE reference framework 67

manufacturing — VBE-C, VBE-B, VBE-D, VBE-F, VBE-A, VBE-E)
Type C2 - Social oriented — to support the society (e.g. environment support)
Type C3 - Hybrid market/social — (e.g. R&D on new source of energy).

6. CONCLUSIONS

The Virtual organization Breeding Environment (VBE) is an emerging challenging
area of research. Most elements comprising VBEs are not yet properly defined, and
so far there is a lack of suitable reference models and reference architectures
addressing the constituting elements and behavior of the VBEs. The multi-
disciplinarity of research on VBEs further adds to its complexity. Consequently,
even discovery and identification of VBESs’ requirements and proper definition of
this problem area itself becomes challenging. Furthermore, to handle its wide variety
of requirements, innovative approaches and mechanisms are required.

Nevertheless, in order to support the establishment of VBEs in the market /
society, as well as the development of the supporting ICT-based VBE Management
Systems, development of a comprehensive VBE “reference framework”™ is presented
in this paper as a contribution to the VBE field of research, addressing the
fundamental components so far identified for VBEs. Therefore, the chapter
addresses the identification, definition, and classification of the VBE’s main
characteristics. Based on the case studies of several existing networks of
organizations, and the related past research, we systematically approached and
represented the VBE reference framework from different perspectives.

First, this chapter presents the VBE’s basic characteristics, such as its actors and
their roles, rights and responsibilities, its’ life cycle and the life cycle functionalities,
etc. Second, it approaches the VBE reference framework through the definition of
four generic near-orthogonal sub-spaces to address different aspects of the VBEs.
Third, it introduces an ontology-based framework for different types of VBE-related
knowledge. Last, it approaches the VBE paradigm definition through the
categorizations of its “distinguishing” characteristics for the purpose of
identification / specification of a VBE typology.

Elements defined in the VBE reference framework further support the definition
and development of components that are needed to support different stages of the
VBE life cycle, and for proper management of the VBEs, as addressed in the other
chapters of the Part 2 of this book. The next step in the research will extend/merge
this framework with the VBE reference modeling research, which is the subject of
another forthcoming book from ECOLEAD results.
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By defining important theoretical concepts like value systems, business models,
and governance rules, a theoretical framework is be developed and described
in this chapter to analyse the business logic behind value creation within
VO Breeding Environments (VBEs). VBEs are long-term strategic collaborative
networks that should have defined a priori its value system, business model and
governance rules for its operation. Main questions to be answered then are
how to create value for all network stakeholders as well as for the customer,
how to measure the value created, how to manage the interests and concerns of
all parties involved in a collaborative value-creation system, and which are
the elements to define the business and governance models of the network.

1. INTRODUCTION

Digital (network) economy in present day markets demands a new logic for value
creation, one different from the traditional industrial view in which value creation is
a linear and additive process based-on the value chain model (Porter, 1985). The
emerging view of a value creation model instead is synchronic and non-additive
process, mobilizing constellations of resources and activities to respond a particular
business opportunity. Therefore, value nowadays is co-created in a system based-on
a networked model that integrates a number of stakeholders which work together
to co-produce value (a product or a service). This new value creation model is
known as the “value network™ (Allee, 2000), and refers to the engagement of
customers, suppliers, competitors, complementors and allies in rich and dynamic
relationships and exchanges for tangible and intangible value flows: goods, services,
revenues, knowledge and other benefits.

Under this new conceptualization of a value-creation system, an expanding holistic
and systemic understanding, encompassing the role and contribution of multiple
stakeholders in the value creation process is addressed by the definition of a
value system according to the notion that “each product/service offered requires a set of
activities carried out by a number of actors forming a value-creation system, that uses
tangible and intangible resources for creating value for customers” (Parolini, 1999).

This chapter addresses three important theoretical concepts: value systems,
business models, and governance rules in order to provide a theoretical framework
for network managers to analyse and understand the business logic behind value
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creation within - VO Breeding Environments as long-term strategic collaborative
networks (Camarinha-Matos & Afsarmanesh, 2006) - by trying to answer the
questions of how to create value for all stakeholders as well as for the customer,
and at the same time how managing the interests and concerns of all parties in a
collaborative value-creation system.

Furthermore, business models have conventionally served to describe the way an
organisation, or a network of organisations, aim to create customer value and wealth
for all stakeholders; value networks represent a different logic in “value-creation
systems”, in opposition to the traditional value chain; and finally, governance rules
look into how inter-organisational collaboration can be governed to allow
autonomous, geographically distributed, and heterogeneous organisations - in terms
of operating environment, culture, social capital, and goals - to work together as a
more or less integrated firm.

2. VBE VALUE CREATION FRAMEWORK

Business environment is becoming increasingly dynamic and is changing rapidly;
competition is becoming progressively more intense; and successful organisations
are evolving towards more agile, dynamic and adaptive organisational structures that
can make quick response to customer requirements and face market turbulent
conditions. Therefore, a lot of organisations are redesigning their value-creation
systems, and reviewing their business models & strategies in order to take advantage
of new business opportunities that are often leading to collaborative endeavours.

In this sense, in order to develop a VBE value creation framework (see Figure 1),
three building blocks will be addressed in the following sections: First, a conceptual
model for defining a VBE value system (Romero et al, 2007a) considering the main
elements that should be identified in a value network to manage the different
strategies to jointly create and deliver value to customers (customer value) as well as
to all network stakeholders in the value-creation system (mostly in the form of
revenues). Also a proposal for defining a performance measurement system and
an ethical code for a collaborative value-creation system will be presented. Secondly,
a generic VBE business model (Romero et al, 2006) will be introduced describing
the value proposition that a breeding environment could offer to its customers and
stakeholders, and the infrastructure and organisational arrangements needed
to deliver such value proposition in a way that generates profitable and sustainable
revenue streams. Thirdly, VBE governance model (Romero et al, 2007b) will be
depicted aiming to provide a set of operational rules, bylaws and principles as a set
of guidelines for the value exchange among network actors that will govern their
behaviour during VBE lifecycle.

Value )
System Business Governance
Model Model Rules

Figure 1. VBE Value Creation Framework
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3. VBE VALUE SYSTEM AND ITS ELEMENTS

3.1 Value Systems Basic Concepts

Nowadays, value definition has an increasing interest to both academics and
practitioners, mainly in two scientific disciplines: economy and sociology. As a
result there are a large number of definitions for the term “value” according to its
own definition and meaning context. Therefore, in order to have a better
understanding of this fuzzy term, this chapter will focus on two main definitions
referring to economic values and ethical/cultural values.

Economic values will be defined as “the worth of a product or service (often
measured in terms of money) to someone”, and used for making economic choices
that involve tradeoffs in allocating resources given certain preferences and
constrains; Ethical values will be defined as “the shared beliefs on moral/ethical
principles that govern the behaviour of individuals and organisations in society”,
and used as moral principles concerning acceptable or unacceptable behaviours in
respect for the law and fair practices in business environment (Macedo et al, 2006);
and both definitions will serve to understand the value fundamentals in a value-
creation system (e.g. a collaborative network) that creates, defines, measures,
captures and sustains different tangibles and intangibles assets with the ability to
create customer value (e.g. products/services) and stakeholders value (e.g. revenues).

Furthermore, considering these value fundamentals, a value system in a - sociologic
perspective - can be referred as a set of ethical values well-defined and represented
by a moral code (e.g. ethical code) that is held and applied by an individual or
organisation; and in an - economic perspective - a value system can be understood as
a production system integrating different actors and value activities to create or add
value to a product or a service.

Moreover, a new integral perspective is proposed in this chapter combining both
perspectives and conceptualizing a value system as a value-creation system
(production system) creating, holding and exchanging in a sustainable way
the economic (products, processes and services) and ethical (trust, loyalty and
fairness) values of different actors (individuals or organisations) in an integrated
whole (e.g. collaborative network) that balance both value types in the overall
transactions among its constituents.

After introducing value and value system definitions, next concept to be tackle is
valuation, and this term is strongly related to performance measurement as a
systematic process continually monitoring and assessing whether progress is being
made in a value-creation system towards the desired goals, according to a set of
quantitative and qualitative measures (indicators) that provide critical information
about activities performed, resources employed, and outcomes obtained.

Different valuation models and methods for performance measurement have been
developed by several authors in the last decades, each one with different advantages
and disadvantages, and different measuring approaches: direct intellectual capitals
methods, market capitalization methods, return on assets methods or scorecard
methods (Luthy, 1998; Williams, 2000; Sveiby, 2007). Sveiby (2007) research on
this topic presents an extensive literature review on valuation models and methods
studying 34 measuring models/methods according to its chronological order and
measuring approach. What it can be concluded from this work is that in recent years
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most new valuation methods and models that have been developed represent modified
versions, extensions or adaptations of classical models such as: Balanced Scorecard
and its scorecards (Kaplan & Norton, 1992); Intangible Assets Monitor and
its TANGO business simulation (Sveiby, 1997); Skandia Navigator and its Dolphin
information system + IC-index (Edvinsson & Malone, 1997); and EFQM model
and its RADAR logic + pathfinder card (EFQM, 1999).

From the classical valuation models and methods mentioned, scorecard methods
like Balanced Scorecard and EFQM have become the more popular and employed
by organisations today; both models offer a measuring approach based-on driver and
outcome indicators to monitor and assess different perspectives in an organisation
and allow an integral vision of the progress made towards strategic goals achievement.

Nevertheless these models/methods focus on one organisation’s strategy and
not in a collaborative strategy, so they should be adapted and/or extended to
a collaborative network