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Emergence of the virtual enterprise / virtual organization paradigm
falls within the natural sequence of the restructuring processes in
traditional industrial paradigms that is enabled by advances in
information and communication technologies. In parallel with the
outsourcing tendency, another transformation observed in large
companies is their reorganization as a “federation” of relatively
autonomous departments. The idea of VE/VO was not “invented” by a
single researcher; rather it is a concept that has matured through a
long evolution process. The history of industrial enterprise
integration, as well as the integration technologies and paradigms in
the last three decades are briefly introduced. The position of the
VE/VO in the e-movement is identified.

1. INTRODUCTION

Several new industrial paradigms have emerged in recent years as an answer to the
fast changing socio-economic challenges, such as the virtual manufacturing, lean
enterprise, agile manufacturing, fractal company, and holonic manufacturing.
Introduction of these concepts in enterprises has made them face successive “waves
of restructuring” during the last decades. Emergence of the virtual enterprise / virtual
organization paradigm falls in the natural sequence of these restructuring processes,
enabled by the “explosive” developments in the information and communication
technologies. The need to remain competitive in the open market forces companies
to seek “world class” status and therefore, to concentrate on their core competencies
while searching for alliances when additional skills / resources are needed to fulfil
business opportunities.

Some authors see the roots of this paradigm in early works of economists like
Oliver Williamson in the 1970s. Along his very prolific work, and in particular in
the “Markets and Hierarchies” (Williamson, 1975) Williamson established the study
of Transaction Cost Economics as one of the first and most influential attempts to
develop an economic theory of organizations. He defends that manufacturing firms
should make much greater use of externally purchased goods and services, rather
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than those internally supplied. Williamson discusses the business transaction costs at
the same level as the production costs. While production costs are considered as
being analogous to the costs of building and running an “ideal” machine, transaction
costs covers those that incur by deviation from perfection. For instance he argues
that the lack of information about the alternative suppliers might lead to paying too
high a price for a good or service. Through identifying the important variables that
determine the transaction costs, the work of Williamson contributed to the better
understanding of business interactions among enterprises.

These ideas had a more evident impact with the booming of the “outsourcing”
wave in the 1980s. Outsourcing became very attractive when managers had to
reduce the organization overheads and eliminate the internal inefficient services, the
so called lean manufacturing, as it transfers the problem to the outside, namely other
efficient service providers. For many enterprises, outsourcing some services allows
them to concentrate on their core competencies. For others, outside contractors
simply provide complementary services for which the company lacks adequate
internal resources or skills.

Among many factors that justify the outsourcing strategy, the reduction of costs,
and elimination of poor performance units, can be pointed out, particularly in the
case of those units that do not represent core capabilities or when better and cheaper
alternatives can be identified in the market.

In parallel with the outsourcing tendency, another transformation can be
observed in large companies that reorganize themselves in terms of their production
lines, leading to some “federation” of relatively autonomous departments.

These transformations, putting the emphasis on networking and partnership /
cooperation have raised a large interest for new disciplines such as the coordination
theory, organizational theory, and sociology of the industrial organizations.

The idea of virtual enterprise (VE) / virtual organization (VO) was not
“invented” by a single researcher, rather it is a concept that has matured through a
long evolution process. Some of the early references first introducing the terms like
virtual company, virtual enterprise, or virtual corporation go back to the early 1990s,
including the work of Jan Hopland, Nagel and Dove, and Davidow and Malone
[3,4]. Since then a large but disjoint body of literature has been produced mainly in
two communities, the Information and Communications Technology community and
the Management community.

However, concepts and definitions related to the VE/VO paradigm are still
evolving, and the terminology is not yet fixed. There is still not even a common
definition for the VE/VO that is agreed by the community of researchers in this area.
Nevertheless, many real examples of VE/VO are already available and functional in
different regions of the world, which indicates the importance of this area and the
need for stabilizing the terminology and definitions for this paradigm, as well as
research in developing a model of their life cycle, behavior, and evolution.

The area of VE/VO is particularly active in Europe, not only in terms of research
and development, but also in terms of the emergence of various forms of enterprise
networking at regional level. This “movement” is consistent with the process of
European integration, which represents a push towards a “culture of cooperation”,
but also with the very nature of the European business landscape that is mostly
based on small and medium size enterprises (SME) that need to join efforts in order
to be competitive in open and turbulent market scenarios.
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2. VIRTUAL ORGANIZATIONS AND SYSTEMS
INTEGRATION

The emergence of virtual enterprise / virtual organization paradigm can also be seen
as another step in the systems integration process. As an example, let us consider the
context of industrial companies. Systems integration can be addressed and
instantiated at different levels of complexity and abstraction (Fig. 1), as follows:

Figure 1 - Levels of integration in manufacturing enterprises

Cell level – when basic resources (robots, NC machines, conveyors, etc.) and
their local controllers need to be integrated in order to build a cell dedicated to a
specific function or a set of functions (assembly, painting, inspection, etc.).

Shop-floor level – when various cells, transportation subsystems and
warehouses are integrated within one manufacturing system.

Intra-enterprise level – when the objective is to integrate all areas of the
enterprise, including not only the shop-floor but also other departments e.g.
marketing, planning, engineering, etc. and their interactions.

Inter-enterprise level – when cooperation among various enterprises is
envisaged. The manufacturing processes or complex services are not performed
by isolated companies. On the contrary, in a network of collaborating
enterprises (virtual enterprise) each node contributes with some value to the
value chain. The materialization of this paradigm requires the definition of a
reference architecture for the cooperation process and the development of a
support infrastructure, including the protocols and services for information
exchange, communication and cooperation.
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Furthermore, the need for a new level of integration (integration at global level) is
emerging, emphasizing the role and opportunities for collaborative networked
environments. The inclusion of processing capabilities (local intelligence) is many
components is spreading all over the living environments, both in the professional
environment and at home (Fig. 2), leading to the idea of pervasive or ubiquitous
computing. The working methods change, making it possible to perform
professional activities from different locations (tele-work).

Figure 2 – Ubiquitous computing and global integration

This tendency is reflected by the proliferation of intelligent devices such as: PDAs,
mobile phones, smart cards, embedded networks in the car, processors embedded in
clothes of athletes or patients to monitor their status, elevators, safety and
surveillance systems, traffic control systems, intelligent and Internet-enabled home
appliances, among many others, which open new opportunities for collaborative
networks. An important challenge is the interoperability among all these
components and the development of appropriate integration approaches among their
processing capabilities.

Systems integration, even if under different names, has been a major topic of
research and development during the last three decades.

A simplified vision of the “history” of industrial enterprise integration can be the
one shown in Fig. 3, where in fact the integration work at the various levels of
abstraction continues through the three decades. This picture is not intended to be
complete showing all the paradigms and development areas in systems integration.
Neither it is strictly accurate in terms of the exact time span for each paradigm.
Rather, the purpose is instead to provide a general and simplified overview of
relative relationships among different integration developments. For instance, the
ellipsis representing CIM does not mean that this topic “finished” in the early
1990’s, rather representing the fact that it has received less attention since then and
the developments slowed down or was replaced by more appropriate concepts.
Similarly, the idea is to show that the second half of the 1980’s were the most active
years for this paradigm.
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Figure 3 – Main phases in manufacturing systems integration

Also, as can be seen in the same figure, in recent years increasing attention is being
devoted to the integration of more complex systems towards the creation of a global
system. However, meanwhile the integration issues at the cell or shop-floor levels
still remain in the agenda and not resolved.

A similar picture could be drawn for other areas such as the service industry or
governmental organizations.

The paradigm of virtual enterprise / virtual organization, and more generically
collaborative networks, appear naturally in this sequence of “systems integration”,
addressing the most comprehensive scope of integration of autonomous,
heterogeneous, and distributed entities.

As illustrated in Fig. 3, the emergence and evolution of paradigms and concepts
is also leading to the foundation of new scientific disciplines that try to capture the
essence of this domain of study and build the foundations for further progress.

The actual implementation tools used for systems integration depend on the
technologies available during each historic phase both for components development
and for integration support. A very simplified overview of the main paradigms and
technologies used in industrial systems integration during the last three decades is
shown in Fig. 4.
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Figure 4 – Some integration technologies and support paradigms

It should be noted that the increase in systems’ complexity and the foreseen
integration scope results an increase and diversity of the potential available
paradigms and technologies. Today, we are in fact facing a scenario of too many
technologies suggested and produced by different developers, which also
corresponds to too many promises! In fact, each new paradigm and technology tends
to promise most capabilities of other similar products as well as solving all problems
of their previous generations, that in reality hardly materializes! On the contrary, the
multiplication of all tools by the fast introduction of new versions and generations of
those tools greatly increases the incompatibility ratio among components, which in
turn justifies the question “To what extent are these technologies and tools enablers,
or are they in fact disablers of systems integration and cooperation among distinct
entities?”

In addition to the diversity of paradigms and technologies available at a given
historic phase, in each enterprise or network of enterprises there is also always a co-
existence of diverse technology generations and components with different life
cycles and in different phases of their life cycles. Therefore, systems integrator must
not only master the tools and technologies of the current time frame, but also take
into account the legacy systems and how to promote their technologic migration.

3. VIRTUAL ORGANIZATIONS IN THE e-MOVEMENT

Generalized access to Internet that is available through multiple channels and the
fast developments around the world-wide-web has led to the proliferation of many
terms such as the e-commerce, e-business, e-work, e-government, etc. To put it in a
more emphatic way it seems that in the first years of this decade everything became
e-something. Similarly, Business-to-customer (B2C) and Business-to-Business
(B2B) are other examples of popularized terms.
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Figure 5 – Virtual Organization vs. e-Commerce

So the question remains: since virtual organizations are also supported by the
Internet and the web, where do they fit in this “e-movement”?

Fig. 5 shows an attempt to put things into perspective, showing that e-Commerce
is mostly about B2C relationships and mainly concerned with buy-sell transactions
among the involved entities. Virtual organizations on the other hand, go far beyond
simple transactions, and are focused on collaboration among a number of
enterprises and doing things together.

4. VIRTUAL ORGANIZATION AND RESEARCH PROJECTS

During the last 10~15 years a large number of R&D projects tried to establish some
technological foundations as well as operating practices for the support of Virtual
Enterprises /Virtual Organizations. This effort is particularly visible in Europe
through the European Commission funded programs (e.g. ESPRIT, IST, INCO), but
also in the USA and other geographical regions (Australia, Brazil, Mexico, Japan, to
name a few). Programs such as IMS (Intelligent Manufacturing Systems) also
supported various projects in this area involving organizations from various
continents. Fig. 6 gives some examples of this R&D effort.

All these initiatives, together with practical realizations of many variations of
virtual organizations, have generated a large amount of empiric knowledge that is
however still disperse and fragmented. The IST VOSTER project, whose main
results are synthesized in this book, represented an attempt to consolidate some of
this existing knowledge.
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Figure 6 – Examples of VO-related projects

More recently, in part as a result of initiatives such as the THINKcreative and
VOmap projects among others, the need for investing on more fundamental research
towards the creation of a sound theoretical foundation for virtual organizations
became more evident. The Framework research program of the European
Commission also includes in its objectives to pursuing more integrated and
fundamental research in the area. The ECOLEAD project is an example in this
direction.
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