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FOREWORD 

Collaborative networks in action 

Collaborative Networks (CN) is a fast developing area, as shown by the already large 
number of diverse real-world implemented cases and the dynamism of its related 
involved research community. Benefiting from contributions of multiple areas, namely 
computer science, computer engineering, communications and networking, 
management, economy, social sciences, law and ethics, etc., the area of Collaborative 
Networks is being consolidated as a new scientific discipline of its own.. On one hand 
significant steps towards a stronger theoretical foundation for this new discipline are 
being taken. On the other hand, a growing number of application cases are being 
developed and applied in industry and services. A good collection of active and 
emerging VO Breeding Environments and Professional Virtual Communities can be 
found in various regions of the world. This phenomenon is particularly evident in 
Europe where considerable investments in collaborative networks have been made in 
many of its regions. 

Based on the experiences and lessons learned in many research projects and pilot cases 
developed during the last decade, a new emphasis is now being put on the development 
of holistic frameworks, combining business models, conceptual models, governance 
principles and methods, as well as supporting infrastructures and services. In fact, 
reaching the phase in which the computer and networking technologies provide a good 
starting basis for the establishment of collaborative platforms, the emphasis is now 
turning to the understanding of the collaboration promotion mechanisms and CN 
governance principles. Therefore, issues such as the value systems, trust, performance, 
and benefits distribution are gaining more importance.. Encompassing all these 
developments, the efforts to develop reference models for collaborative networks 
represent a major challenge in order to provide the foundation for further developments 
of the CN. 

PRO- VE represents a good synthesis of the work in this area, and plays an active role in 
the promotion of these activities. Being recognized as the most focused scientific and 
technical conference on Collaborative Networks, PRO-VE continues to offer the 
opportunity for presentation and discussion of both the latest research developments as 
well as the practical application case studies. Following the vision of IFIP and 
SOCOLNET, the PRO-VE conference offers a forum for collaboration and knowledge 
exchange among experts from different regions of the world. 

This book includes a number of selected papers from the PRO- VE '06 conference, 
representing a comprehensive overview of recent advances in various domains and lines 



of research and development on collaborative networks. Of particular relevance are the 
topics of modeling frameworks, value systems and competency management, trust 
building and risk, performance indicators and network management, collaboration 
platforms and tools, VO creation and negotiation, and applications in industry and 
services. 

The PRO-VE'06 held in Helsinki, Finland, is the 7'* event in a series of successful 
conferences including PRO-VE'99 (held in Porto, Portugal), PRO-VE 2000 (held in 
Florianopolis, Brazil), PRO-VE'02 (held in Sesimbra, Portugal), PRO-VE'03 (held in 
Lugano, Switzerland), PRO-VE'04 (held in Toulouse, France), and PRO-VE'05 (held in 
Valencia, Spain). 

We would like to thank all the authors both from academia/research and industry for 
their contributions. We appreciate the dedication of the PRO- VE program committee 
members and other reviewers who helped both with the selection of articles and 
contributed with valuable comments to improve their quality.. As a result of this 
cooperative and highly distributed work we hope that the PRO- VE '06 book constitutes a 
valuable tool for all those interested in the emerging applications, research advances, 
and challenges of the collaborative networks. 

The editors, 

Luis M. Camarinha-Matos 
Faculty of Science and Technology 
New University of Lisbon, Portugal 

Hamideh Afsarmanesh 
Faculty of Science 
University of Amsterdam, The Netherlands 

Martin Ollus 
VTT Industrial Systems, Finland 



PART1 

MODELING FRAMEWORKS 



A MODELING FRAMEWORK FOR 
COLLABORATIVE NETWORKED 

ORGANIZATIONS 

Luis M. Camarinha-Matos ; Hamideh Afsarmanesh 
New University of Lisbon, PORTUGAL, cam@uninova.pt 

University of Amsterdam, THE NETHERLANDS, hamideh@science.uva.nl 

Collaborative networked organizations are complex entities whose proper 
understanding, design, implementation, and management require the 
integration of different modeling perspectives. A comprehensive modeling 
framework is therefore proposed as a first step towards the elaboration of a 
reference model for collaborative networks. Modeling tools and theories 
developed in other disciplines are also analyzed in terms of their potential 
applicability in this domain. 

1. INTRODUCTION 

Modeling is one of the key activities in understanding, designing, implementing, and 
operating systems. Modeling is at the very heart of any scientific and engineering 
activity. When a team of researchers or system designers develop a nevvf system, the 
output of the design phase is a model or set of models of the system to be 
implemented. A model, as an abstract representation of the intended system, will 
then be used to guide the implementation. Due to a number of practical 
contingencies, the implemented system might show some (minor) differences 
regarding the original model (usually the case). Furthermore, a model is also very 
useful in order to supervise (manage) the operation of the developed system during 
its life cycle. Complementarily, a model can also be used to predict the behavior of 
the system being developed or managed. 

As in any other scientific discipline or engineering branch, collaborative 
networked organizations (CNOs) require the development of models, not only as a 
help to better understand the area, but also as the basis for the development of 
methods and tools for better decision-making. In fact proper decision-making in all 
phases of the CNO life cycle needs to be based on well argued and verified models 
and methodologies. These models and methodologies constitute the basis for the 
ICT-based support for business and organizational development and operation, as 
well as the base for education, training, and effective operation of CNOs. 

Please use the foil owing format when citing this chapter: 
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4 NETWORK-CENTRIC COLLABORATION 

CNOs are complex systems, emerging in many forms in different application 
domains, and consist of many facets whose proper understanding requires the 
contribution from multiple disciplines. However, an analysis of past modeling 
efforts indicates that practitioners and researchers are not fully aware of a 
comprehensive spectrum of suitable modeling processes, tools, and methodologies. 
For instance, very often modeling is restricted to a "processes view" (e.g. SCOR 
type of models for traditional supply chains). Or they stick with one approach such 
as using UML even though it might not the most appropriate approach for all or a 
part of the modeling effort. 

This situation is however improving and lately some theories and paradigms 
defined elsewhere have been suggested by several research groups as promising 
tools to help understand and characterize emerging collaborative organizational 
forms [1], [2], [3]. Nevertheless, it is unlikely that any of these theories and 
modehng methods will cover all needs of CNO; they can be used as a starting point 
but extensions or adaptations are needed. There is no single formal modeling tool / 
approach that adequately covers all perspectives - no "universal language" for all 
problems. And yet existing knowledge on diverse manifestations of "traditional" 
collaborative networks is quite fragmented, being urgent to proceed with an 
integration and formalization effort. Nevertheless, purely formal methods in addition 
to being hard to apply are also difficult to follow by those not familiar with such 
methods. 

Dissemination and communication is one important purpose for modeling CNOs. 
As such, we must acknowledge that this area is addressed by a large variety of 
people with different backgrounds; not all of them possess a strong formal 
backgi-ound, and even many of the ICT practitioners do not have a formal education 
on computer engineering or computer science. This might suggest, in some cases, 
the appropriateness of semi-formal methods. On the other hand, new forms of 
collaborative networks and new patterns of behavior are being invented and 
explored, for which it is not feasible to develop fully consistent formal models at 
start. In these cases, semi-formal models, or even informal analogies as represented 
by metaphors, can provide valuable insights towards a preliminary level of 
understanding of new collaborative forms. 

This paper analyses a set of relevant modeling needs for CNOs, considers a 
collection of tools and theories developed elsewhere that might be useful here, and 
suggests a modeling framework for CNOs integrating multiple perspectives. 

2. MODELING NEEDS IN CNO 

In the context of a complex system like a CNO, modeling is fundamental for 
understanding, managing, simulating / predicting the behavior of CNOs, and 
certainly also for software development. For instance, in the VOSTER project [4], 
several puiposes for modeling in this domain were also considered. In ECOLEAD a 
large number, though incomplete, of modeling purposes were identified for various 
kinds of CNOs. Based on those examples. Figure 1 illustrates some of the important 
questions a modeler may pose when attempting to model a virtual organizations 
breeding enviroimient (VBE). 
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Figure 1 - Examples of modeling purposes in WiV 

Certainly many other relevant questions may be asked in relation to a VBE. 
Similarly, for VO management a large number of modeling purposes are typically 
considered (Figure 2). 
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Figure 2 - Examples of modeling purposes in VO management 

In the same way many purposes are identifiable for Professional Virtual 
Communities (PVCs) and other forms of CNOs. Given this large diversity of 
modeling purposes, which also leads to different types of models, it is important to 
establish a framework for modeling that structures and guides the modeling process. 

3. CNO MODELING DIMENSIONS 

As a first attempt to reach a comprehensive modeling flramework for CNO 
modeling, four dimensions are proposed as follows: 

• Structural dimension. This perspective addresses the structure or composition 
of the CNO in terms of its constituting elements (participants and their 
relationships) as well as the roles performed by those elements and other 
characteristics of the network nodes such as the location, time, etc. This 
perspective is used in many disciplines (e.g. systems engineering, software 
engineering, economy, politics, cognitive sciences, manufacturing), although 
with different "wording" and diversified tools. 
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• Componential dimension. This dimension focuses on the individual 
tangible/intangible elements in the CNO's network, e.g. the resource 
composition such as human elements, software and hardware resources, 
information and knowledge. Not all these elements are "physical" in a strict 
sense but rather represent the "things" of which the network is built of 
Furthermore, the componential dimension also consists of ontology and the 
description of the information/knowledge repositories that pertain to the CNO. 

• Functional dimension. This perspective addresses the "base operations" 
available at the network and the execution of time-sequenced flows of operations 
(processes and procedures) related to the "operational phase" of the CNO's life 
cycle. 

• Behavioral dimension. This dimension addresses the principles, policies, and 
governance rules that drive or constrain the behavior of the CNO and its 
members over time. Included here are elements such as principles of 
collaboration and rules of conduct, contracts, conflict resolution policies, etc. 

These specific dimensions are chosen for the reason of their "near-orthogonality" in 
the sense that if elements in different dimension 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, extending the number of workers in one 
organization (a physical element modeling an organization) may change the options 
in a process workflow (a functional element modeling that organization). As such, 
every CNO can be comprehensively defined (modeled) by the collection of its four 
models, as well as a set of bindings across the constituents of those models. Every 
model represents specific (and orthogonal) aspects/perspective/dimension of a CNO. 

Two examples for bindings follow: 1- Dependencies and bounds between the 
physical components (e.g. the personnel) and the structural model counterpart (e.g. 
the role and skill of the personnel) within a CNO. 2- Connection between an 
organization's structural component (e.g. rights/duties of the organization in a VO) 
and the behavioral model counterpart (e.g. the contract component in the VO). 

The suggested dimensions are still very general and it is important to consider a 
finer level of granularity; in other words, to consider a set of sub-dimensions for 
each dimension. Therefore the following set of sub-dimensions is initially proposed 
for a CNO modeling fl-amework: 

1. Structural dimension 
a) Actors / relationships - identifying all the participating actors (nodes) in the 
network as well as their inter-relationships (arcs). The actors can be enterprises, 
other types of organizations, or people. Two (or more) actors can be linked through 
a number of different types of relationships, e.g. chent-supplier, sharing, co-
authoring, etc. 
b) Roles - describing and characterizing the roles that can be performed by the 
actors in the network. A role defines an expected behavior for an actor in a given 
context. Examples of roles include member, coordinator, broker, planner, etc. 

2) Componential dimension 
a) Hardware / software resources - characterizing the equipment, software, and 
infi-astmctures used / shared in the network. In terms of ICT equipment this model 
can include the architecture of the computer network supporting the collaboration. In 
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the case of manufacturing networks it can include the layout of the shared facilities 
as well as the logistics networks. 
b) Human resources - a characterization of the human resources available in the 
network, namely in tenns of their competencies, profile, potential roles they can 
perform, etc. 
c) Information / knowledge resources - under this sub-dimension we can include 
the repositories of information and knowledge that are shared by the network 
members or that support the collaboration processes and the networked organization. 
d) Ontology resources - representing the main (common) ontologies used in the 
network and that facilitate the mutual understanding among the network members. 
One example can be the ontology of competencies available in the network. 

3) Functional dimension 
a) Processes - this sub-dimension is concerned with the processes involved in the 
main line of activities of the collaboration. Processes represent the main structured 
part of the operational activities of the network. An example is the distributed 
business processes in a business oriented CNO. 
b) Auxiliary processes ~ including those processes that are designed to assist the 
CNO in terms of its maintenance and improvement of operations. Examples include 
performance monitoring processes, competencies management processes, etc. 
c) Methodologies - typically less formalized than processes, represent the body of 
practices, procedures, and rules used mainly by human actors in a CNO. They are 
firequently represented as a semi-structure set of steps (informal enumeration of 
activities) combined with some structured representation of input / output 
information. An example can be the methodology to be followed by a broker to 
announce a business opportunity to the CNO members. 

4) Behavioral dimension 
a) Prescriptive behavior - capturing the elements that lie down or prescribe 
normative guidelines or rules for the proper behavior of the CNO such as (general) 
principles, strategies, and protocols. An example is a recommendation for CNO 
members to give preference to network peers when searching for partners for a 
business opportunity. Another example could be the recommended protocol when 
negotiating a contract. 
b) Obligatory behavior - describing those rules and principles that are mandatory to 
be followed inside the network. This includes poUcies, governance values and 
associated rules, and enforcement steps. An example can be the internal rales used 
for distribution of benefits or for sharing the operational costs of the network. 
c) Constraints and conditions - representing those "environmental features" that 
limit the context of operation of the CNO and its members. An example is a set of 
restrictions on the use of intellectual property of one member by other members of 
the network. 
d) Contracts and cooperation agreements - covering both the contracts between the 
CNO and external customers and the internal contracts and cooperation agreements 
among the network members. These models may include both representations 
understandable to humans and to software systems. 

Nevertheless it shall be noted that these sub-dimensions are not exhaustive. They are 
shown mainly to better characterize, by illustration, the scope of each dimension. 
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4. MAP OF POTENTIAL APPROACHES 

A large number of theories and tools, developed elsewhere, are potentially useful in 
modeling CNOs or in giving insights to better understand these networks. It would 
be a matter of practical convenience for the CNO community to have a kind of map 
or "shopping list" relating such tools and theories to the CNO modeling needs or 
modeUng dimensions. In this direction, Table 1 illustrates the potential applicability 
of the various theories with respect to the four modeling dimensions introduced in 
chapter 3. In this table the letters [SD], [CD], [FD], [BD] stand for Structural, 
Componential, Functional, and Behavioral dimension, respectively. 

Table 1 - Some theories and their potential applicability in CNOs 

Theory / Tool 

Benchmarking 

Complexity theories 

Decision support 
Deontic logic 

Distributed group 
dynamics 
Diversity in work 
teams 
Evolving ontologies 

Federated systems 

Formal engineering 
methods 

Formal theories 

Game theory 

Graph theory 

Knowledge 
mapping 
Memetics 

Potential contribution to CNO modeling 

[FD] Assessment of performance in comparison with a reference (benchmark), 
including assessment of processes, trustworthiness, and suggestion of best 
practices. 

[FD] Methods for forecasting emergent behavior, trustworthiness, etc. 
[BD] IVIodeling of emergent behavior in advanced networks. 
Qualitative (macro) understanding of CNO's life cycle. 
[FD] Give a basis for developing methods to assist humans in decision making. 
[BD] Represent in a formal way aspects such as "it is obligatory that,..", "it is 

forbidden that...", "it is permitted that ...".which can be useful in the 
governance of behavior. 

[SD] Focus on inter-group relationships such as power, leadership, etc, 
[BD] Analysis of leadership behavior, hostility, compliancy, etc. 
[SD] Characterization of the diversity of individuals and cultures found in 

CNOs and analysis of the potential induced by this diversity. 
[CD] To capture the evolution of mutual understanding among members of the 

network, but still is offering limited results. 
[SD] Providing a vision of the CNO as a federation of autonomous, 

heterogeneous, and distributed sources of resources (data / information, 
services). Relate roles with authorized access to and visibility of resources. 

[CD] Distributed data / information repositories. 
[SD] [CD] [FD] [BD] Rigorous specifications (mathematical-based) with 

potential apphcation in verification and synthesis of systems. Very hard to 
apply. 

[SD] [CD] [FD] [BD] Solve design problems (architecture, protocols, 
verification of specifications according to correctness and completeness), 
but very hard to develop. If developed for specific perspectives / 
subsystems, can contribute to reduce ambiguities and provide a sound basis 
for further developments. 

[FD] Can provide concepts for decision-making, e.g.: 
Cooperative game theory: distribution of responsibility and resources. 
Non-cooperative game theory: selection of partners, sustaining 
cooperation and trust building. 

[BD] Model interactions with formalized incentive structures. 
[SD] Representation of the structure of the network - topology, routing, activity, 

flow. 
[FD] Methods to perform computations on flows and optimization. 
[CD] Providing visual representations of knowledge which can facilitate 

analysis of the CNO and its resources. 
[BD] Help understanding some aspects of the dynamics of evolutionary 

processes (cognitive and business) in multi-cultural contexts. 
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Metaphors 

ML/ Bayesian 
networks 

Multi-agent systems 

Multi-agent 
dependency theory 
Network analysis 

Portfolio theory 

Real options theory 

Scopos theory 

Self-organizing 
systems 
Semiotics 

Social network 
analysis 

Soft computing 

Synergetics 
Temporal and 
modal logic 

Transactions cost 
theoi-y 
Trust building 
models 
Web & text mining 

[SD] [CD] [FD] [BD] Quick description for human communication namely a 
possible help in expressing complex ill-defined concepts. 

Can be used in early stages (conceptual design) as long as they are not taken too 
literally. 

[FD] Use of probabilistic inference to update and revise belief values. 
Can support complex inference modeling including rational decision making 

systems, value of information and sensitivity analysis. 
Causality analysis and support a form of automated learning (parametric 

discovery, network discovery, and causal relationships discovery). 
[FD] [BD] Model societies of autonomous, distributed and heterogeneous 

entities, giving insights on how these societies can be organized and their 
behavior regulated through norms and institutions. 

[FD] Brokering, coalition formation and negotiation. 
[BD] Simulation of self-organizing behavior. 
[FD] [SD] Representation of social interactions among agents - dependency 

relations, power relations. 
[SD] [FD] Specialized graph theory-based algorithms for application in 

network management systems (mostly applied in telecommunication 
networks). 

[FD] Decision making such as in VO creation (to select the optimal VO from a 
VBE) 

[FD] Decision making, e.g. decision to create a VO for a business opportunity, 
evaluation of the minimum profitable bid in a call for tenders, etc. 

[FD] Understand transformation of information or knowledge from one cultural 
and language environment to others in such a way that the understanding 
and conception of the source information or knowledge would be the same 
for all. 

[BD] Understanding and simulation of self-organizing behavior. 
[FD] Help in predicting evolution. 
[BD] Model responsibility relationships and commitments. 
Prescribe norms and roles - epistemic, deontic and axiologic. 
[SD] Analysis of social and organizational structure of CNOs, including 

provision of a number of metrics. 
Ongoing research may lead to useful results on the inclusion of soft-modeling 

aspects. 
[FD] [BD] Represent and exploit the tolerance for imprecision, uncertainty, 

partial truth, and approximation. Particularly important to model human 
and social aspects. 

[BD] Help understanding emerging behavior and emerging values. 
[FD] [BD] Focus on the representation of temporal information within a logical 

framework. Can be used to model temporal aspects of processes and some 
aspects of behavior. 

[FD] Understand and analyze governance structures based on transaction costs. 

[FD] Organize and systematize the trust building and trust management 
processes. 

[FD] Analysis and knowledge discovery from unstructured data: documents in 
free text form, web documents. Potential applications include evolution of 
ontologies, finding business opportunities, etc. 

In addition to these theories and associated tools, there are other modehng tools that 
have a generic applicability or have been already widely used in the CNO's 
community and therefore were not studied in this work. Nevertheless they shall be 
considered as important candidates to some or all of the modeling dimensions. 
These generic tools include: 
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Table 2 - Additional tools and their potential applicability in CNOs 
Ontology 

Petri nets 
Workflow 
UML 

[SD] [CD] [FD] [BD] Representation of the main CNO concepts and their 
relationships. 

fFD] Modeling or processes and auxiliary processes. 
[FD] Modeling or processes and auxiliary processes. 
[SD] [CD] [FD] [BD] Generic object-oriented modeling tool (graphical language) 

with potential application to all dimensions of CNO. However, being a 
generic tool, it does not properly capture all specificities of each dimension. 

Figure 3 represents a simplified attempt to establish a map relating theories / tools to 
the modeling dimensions. This map is not exhaustive and certainly not fully 
accurate, but just a contribution to give a rough idea of the many possibilities that 
can be considered. 

attempt to map modeling theories applicable to CNOs 

Some theories and tools have a generic nature, others are very specific. For instance, 
UML or formal engineering methods are quite general and thus potentially 
applicable to all modeling dimensions; on the other hand, deontic logic is quite 
specific and potentially useful in the modeling of some aspects of behavior. 

As also shown in Figure 3, there are some sub-dimensions for which there is no 
specialized theory that is particularly suited (e.g. hard/soft resources). Nevertheless 
there are some generic theories / tools (associated to CNO modeling fi-amework in 
the center) that are "good for everything", like UML, ontology, etc. Another aspect 
to consider is that some theories might cover, in part, more than one dimension or 
sub-dimension. For instance, complexity theories can be linked to the functional and 
behavioral dimensions. Not all these possibilities are represented in Figure 3. 

The suitability of a theory / tool to be applied to a particular modeling 
perspective also depends on the experience of the modeler with that theory / tool. 
There are in fact several "gray areas" of applicability. For instance, self-organizing 
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systems could, in a limited way, also relate to the structure of the network. 
Therefore, and in order to not make the map too complex, only what currently seems 
to be the most important and obvious links are represented. 

5. TOWARDS A HOLISTIC MODELING FRAMEWORK 

When modeling a CNO, it is important to consider both its internal and external 
aspects (Fig. 4) i.e. how to see the network from inside and from outside. 
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i J\ . •*"* , . . «, .i ig Outside 

•*• view .^mmni 

Figure 4 - Two modeling perspectives 

We can therefore consider two modeling perspectives or sub-spaces: In-CNO and 
About-CNO: 

In-CNO sub-space. This perspective aims at providing an abstract representation of 
the CNO from inside, namely the identification of a set of characteristic properties 
that can together capture the elements constituting CNOs. As discussed in chapter 3, 
building In-CNO abstract representation is challenging due to the large number of 
distinct and varied entities, concepts, functionality, rules and regulations, etc. inside 
the CNOs. In addition to a variety of tangible elements and resources inside the 
CNO, there are always networks of organizations, in which each node plays a 
specific role and has heterogeneous relationships with other nodes. Furthermore, 
there are certain rules of behavior that either constitute the norms, or shall be obeyed 
by the CNO participants, and needless to say that in every CNO there are a set of 
activities and functionalities that also need to be abstracted. The four dimensions 
introduced previously are adequate to model the CNO from the inside perspective. 

About-CNO sub-space. This perspective aims at reaching an abstract representation 
of the CNO as seen from the outside, i.e. which characteristic properties the CNO 
reveals in its interaction with its "logical" surrounding environment. A CNO as a 
whole might interact with, influence, and be influenced by a number of 
"interlocutors", e.g. customers, competitors, external institutions, potential new 
partners. The interactions between the CNO and these external entities are quite 
different, the same as the way each of these entity groups looks at the CNO. 

In order to better characterize these differences, the following additional 
modeling dimensions are proposed for the external or About-CNO perspective: 

• Market dimension. This dimension covers both the issues related to the 
interactions with "customers" (or potential beneficiaries) and "competitors". The 
customers' facet involves elements such as the transactions and established 
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commitments (contracts), marketing and branding, etc. On the competitors' side 
issues such as market positioning, market strategy, policies, etc. can be 
considered. The purpose / mission of the CNO, its value proposition, joint 
identity, etc. are also part of this dimension. 

• Support dimension. Under this dimension the issues related to support services 
provided by third party institutions are to be considered. Examples include 
certification services, insurance services, training, external coaching, etc. 

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

• Constituency dimension. This perspective focuses on the interaction with the 
universe of potential new members of the CNO, i.e. the interactions with those 
organizations that are not part of the CNO but that the CNO might be interested 
in attracting. Therefore, general issues like sustainability of the network, 
attraction factors, what builds / provides a sense of community, or specific 
aspects such as rules of adhesion and specific "marketing" policies for members, 
are considered here. 

In addition to these perspectives, a CNO model can be defined at multiple levels of 
abstraction (model intent perspective). Currently three levels are being considered 
in our framework: 

" General concepts level - that includes the most general concepts and related 
relationships, common to all CNOs independently of the application domain. 

• Specific modeling level - an intermediate level that includes more detailed 
models focused on different classes of CNOs. 

• Implementation modeling level - that represents models of concrete CNOs. 

CNO-Life-Cycle perspective. In a typical (long-term) organization, usually its 
operation stage constitutes its entire livelihood. In other words most successful 
organizations spend only a negligible fi-action of their life time in their setting up 
and dissolution. Therefore, earlier research on reference modeling for enterprises did 
not need to elaborate much on the life cycle perspective. But unlike typical 
organizations, for a wide variety of classes of CNOs their creation stage (as well as 
their dissolution or metamorphosis) is complex and takes up considerable effort. 
This is certainly not a negligible fraction of time, and due to the involved 
complexity, it requires receiving proper attention during the build up of the 
reference model. Our earlier study of the life cycle stages for CNOs has revealed 4 
main stages for the CNO life cycle - Creation, Operation, Evolution, and 
Metamorphosis / Dissolution. 

The ongoing plan for this work is to define "A Reference model for Collaborative 
Networks" (ARCON). The elaboration of a comprehensive modeling framework, 
integrating all the above perspectives, is the first step of this initiative. 

Figures 5 and 6 combine the life-cycle perspective with the In-CNO and About-
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CNO perspectives respectively. 
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Figure 5 - Crossing CNO life cycle and In-CNO abstractions 
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Figure 6 - Crossing CNO life cycle and About-CNO abstractions 

Fig. 7 combines the addressed perspectives into a single diagram that summarizes 
the various perspectives considered in the proposed modeling framework. 

6. CONCLUSIONS 

The establishment of a comprehensive modeling framework for CNOs is a very 
important basis for the elaboration of a reference model, a base element in the 
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consolidation of existing knowledge in this area, and a basis for its consistent further 
progress. As a contribution in this direction, a modeling framework for CNOs 
considering multiple perspectives was proposed. Nevertheless it is clear that the 
establishment of a reference model, able to capture the variety of CNOs and their 
complexity, is a long term endeavor that needs to start with a careful analysis of the 
current baseline and definition of related reference modeling frameworks. Current 
work is focused on the identification of the general modeling elements according to 
the proposed framework. This analysis is based on different classes of CNOs, 
namely VO breeding envirormients, virtual organizations, professional virtual 
communities, and virtual learning communities. 
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Figure 7 - A modeling framework for CNOs 
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The paper elaborates methodological basis of collaborative networks (CN) 
complex adaptation. We consider challenges and underlying principles of the 
CN complex adaptation. Subsequently, the DIMA-methodology of the integrated 
CN modeling is considered. The paper ends with the presentation of the five-
level CN complex adaptation concept and summarizing DIMA-methodology ap­
plication in the CN complex adaptation settings. 

1. INTRODUCTION 

On the modem global markets, collaborative networks (CN) emerge in a decentral­
ized and dynamical way instead of former static hierarchical cooperation and value 
chains (Camarihna-Matos et al., 2005). The CN modeling and optimization issues 
are cross-linked and multi-disciplinary. They differ from those in the classical con­
trol theory and operations research by highly specific features of the CN complexity 
and uncertainty. Thus, specific modeling and optimization methodologies and tech­
niques are required. 

The CN execution is accomplished by permanent changes of internal network 
properties and external environment. It requires dynamic CN adaptation to the cur­
rent execution environment and the goals and decisions of the configuration phase. 
Although the problem of the CN configuration was presented in details in a number 
of recent papers, the research on CN execution is still very limited. 

Please itse the following format when citing this chapter: 
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2. CHALLENGES OF COLLABORATIVE NETWORKS 
ADAPTATION 

Some recent research papers (Camarihna-Matos, 2005, Ivanov et al., 2004, 2005, 
2006) have dealt with forming of CN management methodology. According to these 
works and the system theory basics, the large variety of the issues can be classified 
into the subclasses of CN analysis and synthesis (Figure 1). 

CH management 

CH analysis CH synthesis 

CH strategical and 

tactical analysis 

OS operative 

• m£nri.,toj:in.g , 

CH oonfiguration 

(static synthesis) 

CH Tectwflfluajatittn 
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Figure 1. General classification of CN management issues 

The most of the CN management issues are multi-disciplinary and cross-Unked, In 
this paper, we pay particular attention to the CN execution. The elaboration of the 
CN operative adjustment methodology can be based on the conceptual framework of 
adaptive systems (Bellmann 1972, Casti, 1979). Generally, the adaptation is consid­
ered as operative adjustment according to the changing execution enviromnent. 
However, the CN have particular features, which distinguish them from the techni­
cal systems being considered in the classical systems and control theories. 

In terms of systems theory, a complex system is characterized by uncertain inter­
actions of the elements, distributed goals, and is described by a number of different 
model classes (Mesarovic and Takahara, 1975, Casti, 1979, Sterman, 2000, Sokolov 
and Yusupov, 2004). The particular features of CN are mostly caused by their com­
plexity and uncertainty, the main sources of which are the following (Ivanov, 2006): 

Table 1 - Complexity and uncertainty of CN 
Sources of CN complexity and uncertainty 

uncertain interactions of partners 
considerable environmental uncertainty while CN functioning 
activity of network elements and their free-will interactions 
high structure and process dynamics 
combination of centralized and decentralized management resulted in 
conflicting nondescript multi-criteria objectives of global and local nature. 
a large number of uncontrolled internal and external factors, 
considerable cross-hnking of various CN management models. 

The uncertain interactions of partners are the primary cause of the CN complex­
ity and uncertainty. Moreover, additional complexity and uncertainty arise from the 
activity of network elements and their free-will interactions. Besides, operation of 
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the CN is accompanied by perturbation impacts {disturbances), which influence the 
plan execution and the network environment. 

A collaborative network can be defined as a complex open decentralized system 
with active independent elements. The classic adaptation approaches do not consider 
such types of systems, so that they can be used only as conceptual framework. The 
usage of their formalizing and modeling techniques requires more detailed analysis. 

The elaborated methodological basis of the CN complex adaptation contains the 
following main parts: 
- conceptual model of the CN design and execution (Ivanov et al., 2006), 
- conceptual framework of CN complexity and uncertainty analysis (Ivanov, 2006), 
- system of categories and figures of CN analysis and synthesis under the terms of 
uncertainty, 
- methodological framework of decision making under integrated risk modelling in 
CN, 
- methodological framework for the embedding of risk factors into the CN modelling, 
- methodological framework of the the CN complex adaptation 
- mathematical models and algorithms of CN adaptation. 

In this paper, we consider the methodological basis of CN complex adaptation. 
Section 3 considers the underlying principles of CN complex adaptation methodol­
ogy. In section 4, the principles of the DIMA (Decentealized Integrated Modeling 
Approach)-methodology are discussed. The paper ends with the presentation of the 
concept of five-level CN complex adaptation and short description summarizing 
DIMA-methodology application in CN complex adaptation settings. 

3. THE CN COMPLEX ADAPTATION UNDERLYING PRINCIPLES 

Based on the conceptual framework of the CN complexity and uncertainty analysis, 
the following underlying principles of the CN complex adaptation can be defined. 
- Not only original objects, but also dynamics of their interactions, environment, and 
models are subjects of planning. Planning process is interpreted as continuous con­
trol of system dynamics under the terms of uncertainty, 
- Results of planning are not only ideal operations model, but also a set of the CN 
execution scenarios, models, algorithms, intended for system functioning support in 
case of disturbances and deviations, 
- There is a certain period of time between the decision making about the CN, ad­
justment and the launch of the execution. Practically it leads to the parallel existing 
of the "old" CN and the new (reconfigured) one. It requires the simultaneous synthe­
sis of both new CN and the programs of the CN adjustment based on the adaptation 
principles with the forecasting models for describing the CN fimctioning in the ad­
justment period, 
- All the CN management phases (planning, monitoring, analysis, and adjustment) 
must be considered as a whole based on the unified methodological basis. This basis 
should ensure the CN models cross-linking and inter-corresponding as well as the 
adaptation of the processes and models to the current execution environment, 
- The CN management problems differ from those in classical control theory and 
operation research by highly specific complexity and uncertainty features. That is 
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why the classical modeling techniques of the systems theory, control theory and 
operations research do not suit to the CN modeling because of insufficient complex­
ity and uncertainty consideration. They must be enhanced by combining with the 
multi-agent paradigm, fuzzy-logic and evolutionary algorithms. 

The presented challenges of the CN modelling let to draw a conclusion that a 
multi-disciplinary integrated modelling framework is needed (Camarinha-Matos and 
Afsarmanesh, 2004, Ivanov et al., 2005, 2006). The widespread agent-based frame­
works can be considered only from the simulation point of view. The agents are im­
plemented as a result of some partial heuristics. They do not have any grounded 
theoretical background, which would cover all the CN modelling aspects. The con­
trol theory frameworks have well-elaborated theoretical backgrounds, but they were 
developed for the technical systems and do not take into account the goal-oriented 
(active) behaviour of enterprises. The analytical frameworks of the operation re­
search are not flexible enough and unsuitable for the large-scale problems. So these 
frameworks must be enhanced by the advantages of each other. 

4. DIMA - AN INTEGRATED APPROACH OF THE CN MODELING 

In the DIMA-methodology, various modeling approaches are not set off with each 
other, but considered as a united modelling framework. The multi-agent ideology is 
considered as a basis for the active elements modelling. The control theory serves as 
a theoretical background of systems analysis and synthesis. The general scheme of 
the DIMA-methodology is shown in Figure 2. 

Figure 2. The general scheme of the DIMA-methodology 
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The main parts of the DIMA-methodology are: the general systems framework, 
the integrated modelling framework, and the simulation framework (Ivanov, 2006). 
The general systems framework defines conceptual models, meta-methodologies, 
and set of categories, definitions, specifications, indicators, etc., which are devel­
oped as combination of various theoretical frameworks (Ivanov et al., 2005, 2006). 
The advantage is that the conceptual basics of the CN modelling posses the elabo­
rated in the systems science theoretical background and also takes into account par­
ticular features of the CN such as emergent enterprise behaviour by the MAS-
ideology {but not the MAS as software!) using. 

The integrated modelling framework defines the rules of the integrated multi-
disciplinary mathematical models building. It proposes some constructive methods 
and techniques of (i) how to combine various model classes and (ii) how to model 
interconnected the partial CN problems. The main parts of the proposed integrated 
modelling framework are: multi-agent conceptual modeling framework, multiple-
model complexes system of adaptive planning and control (Ivanov et al, 2005, 
2006). 

The simulation framework integrates building of mathematical models and algo­
rithms, and their implementation as software. Based on the integrated modelling 
framework, there are built multi-disciplinary models, algorithms, and simulation 
tools, which allow problem examining and solution in different classes of models, 
and result representation in the desired class of models (concept of "virtual" model­
ing). As examples of the models and algorithms the problems of the CN design, 
monitoring, adaptation were considered (Ivanov et al., 2004, 2005, 2006). 

The DIMA-methodology represents a multi-disciplinary modeling framework, 
which meets the CN modeling particular features. The approach creates a unified 
methodological basis of the CN integrated modeling, from the conceptual level, 
mathematical modeling up to algorithms and simulation tools. One of the frame­
works elaborated on the DIMA basis is CN five-level complex adaptation frame­
work that will be discussed in the next section. 

5. THE CN FIVE-LEVEL COMPLEX ADAPTATION 

Conventional tools (such as APS and SCEM systems) evince considerable deficien­
cies (Stadtler, 2004). Their hierarchical functioning principle is not applicable in 
non-hierarchical approaches based on decentralized management. Their optimization 
cycle is slow and does not let appropriate taking into account operative oscillations 
in demand, material availability, lead times, production charges etc. Besides the 
parametrical oscillations, the structural and goal oscillations are to be considered. 
Various structures changes, such as organizational, technological, informational, 
financial, might let to the situation when initial CN models would be no more repre­
sentative and adequate. The clients and network participants' goal changing also 
cause the models changing (adaptation) necessity. Such model changing is very 
cost-intensive and must be linked to the other aspects of the CN adaptation. The 
elaborated concept of the complex CN adaptation is built as a five-level structure. 
Each level characterizes certain confrol loop in accordance with the oscillations and 
deviations appeared (see Figure 3). 
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Figure 3. The five-level CN complex adaptation 

Table 3 provides a systematical view on the levels of complex adaptation con­
cept. 

Table 3 - levels of complex adaptation concept 

1 

2 

3 

4 

5 

Adaptation level 

Parametric adapta­
tion 
Structural-functional 
adaptation 
Goal adaptation I 

Model adaptation 

Goal adaptation II 

What is 
adopted? 

CN parame­
ters 
CN struc­
tures 
CN goal 

CN models 

CN models 
and plans 

How can be adopted? 

Capacities reconfigura­
tion, rush orders, etc. 
Operations reallocation, 
supplier changing, etc. 
Project goal adaptation, 
e.g. delivery delay 
Introduction of new pa­
rameters, structures, re­
strictions and goals 
Management goal adapta­
tion (mission adaptation) 

Manage­
ment ho­

rizon 
Operative 

Operative-
tactical 
Tactical 

Tactical-
strategic 

Strategic 

Particular features of the concept are the control loops 4 and 5 intended for the 
CN model adaptation and the CN strategic management perspectives adaptation. 
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6. RESULTS AND IMPLEMENTATION 

On the basis of the DIMA-methodology the methodological basis of the CN com­
plex adaptation is elaborated. The main aspects of the CN complex adaptation and 
the ways of their solution are shown in the table 4. 

Table 4 - The main aspects of the CN complex adaptation and the ways of their 
solution in the DIMA-methodology 

The main aspects of the CN complex 
adaptation 

Interconnection of static and dynami­
cal models 
Elements' activity and decentralized 
management; 
Personal (subjective) uncertainty 
CN structure dynamics; 
Simultaneous multi-criteria synthesis 
of the CN design and the CN execu­
tion programs; 
Simultaneous synthesis of both new 
(reconfigured) CN and the programs 
of the CN adjustment 
Cross-linking and interrelations of all 
CN life cycle models 
Multi-criteria problems definition 
Embedding of the uncertainty factors 
into the CN models 

The ways of problems solution in the 
DIMA-methodology 

Categorical-fimctoral conception 
Structural-mathematical approach 
Multi-agent systems 
Evolutionary algorithms 

Dynamical alternative multi-graph; 
Macro-structural macro states; 
Multiple-model complexes; 
Theory of structure dynamics control; 

Dynamical alternative multi-graph; 
Multiple-model complexes 
General selection multi-criteria structure 
Conceptual frameworks of the risk man­
agement and adjustment in the CN 

On the basis of the proposed CN complex adaptation framework the methodo­
logical framework of decision making under integrated risk modelling in the CN, the 
methodological framework for the embedding of risk factors into the CN modelling, 
and a number of mathematical models and algorithms of the CN adaptation were 
elaborated. Some of the obtained theoretical resuhs are implemented as software 
SNDC (Supply Network Dynamic Control) and EVCM (Extended Value Chain 
Management) (Teich, 2003, Ivanov et al., 2004). 

7. CONCLUSIONS 

The paper presented methodological basis of the CN complex adaptation. We con­
sidered the challenges of the CN adaptation and the underlying principles of the CN 
complex adaptation methodology. The CN adaptation must be based on the inte­
grated multi-disciplinary methodologies and information systems. We described the 
principles of the decentralized integrated modeling approach (DIMA). Subse­
quently, the concept of five-level CN complex adaptation was presented. The paper 
ended with the summarizing of the DIMA-methodology application in the CN com-
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plex adaptation. The practical relevance of this research lies in the development of 
the new generation of information technologies for the CN management support, 
which would make up the deficiencies of conventional APS, SCEM, LES and SCMo 
systems. The scientific relevance of the work lies in the area of generic model con-
stractions development for the CN design and control, and contribution to advancing 
of the CN theoretical foundations. 

8. ACKNOLEDMENTS 

The research described in this paper is partially supported by grants from Russian 
Foundation for Basic Research (grant KsOS-O?-90088), Institute for System Analysis 
RAS (Project 2.5), CRDF Project #: Rura2-1554-ST-05, and the Alexander von 
Humboldt Foundation. The authors thank also Collaborative Research Centre 457 at 
the Chemnitz University of Technology, which is financed from the Deutsche For-
schungsgemeinschaft (German Research Foundation). The authors thank the contri­
bution from their partners in such projects. 

9. REFERENCES 

1. Bellmann R. (1972) Adaptive Control Processes: A Guided Tour, Princeton Univ. Press, Princeton, 
New Jersey. 

2. Camarinha-Matos, L. (ed.) (2004). Virtual Enterprises and Collaborative Networks, Kluwer Academic 
Publishers. 

3. Camarinha-Matos LM, Afsarmanesh H. The emerging discipline of collaborative networks. In: Virtual 
Enterprises and Collaborative Networks, edited by L.Camarihna-Matos, Kluwer Academic Publish­
ers, 2004: 3-16. 

4. Camarinha-Matos, L., Afsarmanesh, H. and A. Ortiz (eds.) (2005). Collaborative Networks and Their 
Breeding Environments, Springer. 

5. Casti JL, Connectivity, Complexity and Catastrophe in Large-Scale Systems. Wiley-Intersc, 1979. 
6. Ivanov D., Arkhipov A., Sokolov B.: Intelligent Supply Chain Planning in Virtual Enterprises. In: 

Virtual Enterprises and Collaborative Networks, edited by L.Camarihna-Matos, Kluwer Academic 
Publishers, 2004:215-223. 

7. Ivanov, D., Kaschel, J., Arkhipov, A., Sokolov, B., and Zschom L. (2005): Quantitative Models of 
Collaborative Networks, In: Collaborative Networks and Their Breeding Environments, edited by 
L.Camaiihna-Matos, H. Afsarmanesh, A. Ortiz, Springer, 2005, pp. 387-394. 

8. Ivanov, D.A., Arkhipov, A.V., and Sokolov, B.V. (2006): Intelligent planning and control of manufac­
turing supply chains in virtual enterprises, in: International Journal of Manufacturing Technology 
and Management, in print. 

9. Ivanov, D.A. (2006). DIMA - Decentralized Integrated Modeling Approach for supply chain manage­
ment and virtual enterprises, Proceedings of the German-Russian Logistik-Workshop, Saint-
Petersburg, Russia, 20-21 April, 2006, pp. 23-46. 

10. Mesarovic MD, Takahara Y. General Systems Theory: Mathematical Foundations. Academic Press, 
New York, Can Francisco, London, 1975. 

11. Sokolov BV, Yusupov RM. Conceptual Foundations of Quality Estimation and Analysis for Models 
and Multiple-Model Systems. Int. Journal of Computer and System Sciences, 6(2004): 5-16. 

12. Stadtler, H., Kilger, C. Supply Chain Management and Advanced Planning, 3. Auflage, Springer, 
Beriin, 2004 

13. Sterman JD. Business dynamics: systems thinking and modeling. McGraw-Hill, 2000. 
14. Teich, Tobias. Extended Value Chain Management (EVCM). GUC-Verlag, 2003. 



UEML: COHERENT LANGUAGES AND 
ELEMENTARY CONSTRUCTS 

DETERMINATION 

Matthieu Roque\ Bruno Vallespir\ Guy Doumeingts'' ^ 
(1) LAPS/GRAI, UMR CNRS 5131, University Bordeaux 1 - ENSEIRB 

351, Cours de la Liberation, 33405 Talence FRANCE 
matthieu. roque@laps. u-bordeauxl.fr 
bruno. vallespir@laps. u-bordeauxl .fr 

(2) ADELIOR / Itrec gestion 62bis, Avenue Andre Morizet 
92100Boulogne-BillancourtFrance 

doumeingts@itrec. com 

Nowadays, one of the important subjects of research in the enterprise 
modelling domain is the development of a unified language, often called UEML 
(Unified Enterprise Modelling Language). This paper is focused on one of the 
more illustrating points about UEML: the comparison of the constructs of the 
enterprise modelleling language. In previous work we have put in evidence few 
situations which can occur when we want to compare some modelling 
constructs belonging to different languages. We investigate more in detail this 
problem of comparison, in using a formal approach based on the set 
theory. This paper propses some concepts and guidelines in order to develop 
UEML. 

1. INTRODUCTION 

Since the first development in the area of enterprise modeUing started in the US in 
the years of 70's (ex. SADT, SSAD, IDEFO, Data Flow Diagram,...), a lot of 
enterprise modelling languages have been elaborated world-wide. We can mention 
for example, Entity Relationship model, MERISE, GRAI grid and nets, CIMOSA 
constructs and building blocks, OMT, lEM, ARIS method, IDEFx,...(Petit, 1997), 
(Vallespir, 2003), (Vallespir et al, 2003), (Vemadat, 1996). It is generally 
recognised that there are too many heterogeneous modelling languages available in 
the "Market" and it is difficult for business users to understand and choose a suitable 
one. Main problems related to this situation have already presented in (Chen et al, 
2002) and will not explain in this paper. However, it seems that the elements behind 
these various languages are similar or slightly differ in details. Thus, it is natural to 
think about the development of a Unified Enterprise Modelling Language. One of 
the principal benefits to have a Unified Enterprise Modelling Language is to be able 
to translate a model of an enterprise built in a language in another one (Chen et al, 
2002), (Doumeingts et al, 1999), (Vallespir, 2003), (Vallespir et al, 2003;, 
(Vemadat, 2001), (Vemadat, 1999). Moreover, requirements about UEML have 
been stated during the UEML project (IST-2001-4229) (Knothe, 2003). The third 
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most important requirement stated was the expectation for an "invariant and unique 
behavioural semantic" language. Thus, the language UEML is used like a "pivot" 
language and thus it allovi's to avoid the one-to-one translation (Chen et al, 2002), 
(Berio, 2003). Several approaches can be considered for elaborating our unified 
language like the bottom-up approach which starts with an analysis and then 
synthesis of existing enterprise modelling languages. Indeed, for the moment, it 
seems to be more efficient to use the principle which consists in integrating existing 
languages (Chen et al, 2002), (Vallespir et al, 2003). 

In this paper, we only focus on the determination of the common constructs in order 
to find the elementary constructs. The comparisons of the links between the 
constructs are not taking into account in these works. 

2. DEFINITION OF THE ELEMENTARY CONSTUCTS 

In previous works, the concept of elementary construct has been introduced and we 
highlighted that its determination is not easy (Roque et al, 2005). The objective, of 
this paper is to propose a formal approach in order to facilitate the determination of 
the elementary constructs. The definition of the elementary construct is recalled 
below. 

A construct is an elementary construct, if it exists completely or not at all 
for each considered languages. 

For instance, in Figure!, we can see that all the constructs are elementary constructs 
except the construct C2. This construct belongs completely to the language A but 
only a part of this construct belongs to the language B. Thus, it is not an elementary 
construct. 

Language A 

Language C 

Figure 1 - Elementary constructs 
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3. CONSTRUCTS COMPARISON 

25 

In our approach, we consider the meta-modelhng in optics to define a unified 
enterprise modelling language. Some approaches like XML (DTDs and Schemas), 
MOF, Telos, can be used as meta-modelling language (Panetto et al., 2004). The 
meta-modelling language that we use is the UML (Unified Modelling Language) 
class diagram (OMG, 2003) because it seems sufficient to deal with our problem 
which is, in first time, to describe the syntactical aspects of the languages. Indeed, 
for each language, a meta-model' is built with the class diagram, in order to 
represent the constructs of each language. With these meta-models we can compare 
the constructs of the different languages. Thus, to elaborate the UEML meta-model 
we have to compare a number N^ of constructs corresponding to all the constructs of 
the languages. Our objective is to provide a systematic approach in order to 
determinate which constructs we have to integrate in the UEML language and which 
are the correspondences rules between them and the constructs of the considered 
languages. The UEML language is composed by all the elementary constructs which 
are possible to identify among the N^ conctructs. In order to define these elementary 
constructs we use an approach based on the set theory approach where each 
construct is represented by a set. 

3.1 Definition of the elementary constructs 

Each constructs can be easily represented by a set. Thus, we can write some 
equations in order to determine the elementary constructs in the case of a number 
"No" of constructs and how the constructs of each language can be recomposed. We 
can define in the first time the set E corresponding to the union of the N^ constructs. 
Thus, we can define NEC elementary constructs (ECi) corresponding to all the 
sub-sets which is possible to create with the intersections of all constructs (1). To 
determine the elementary constructs, it is useful to use a truth table (as in Boolean 
algebra) with all constructs. In this table, each "0" corresponds to the 
complementary^ of the set in the set E and each " 1 " corresponds to the set. Thus, 
each combination of the truth table defines an elementary constructs excepted the 
first one because 'CI n '̂ Cj n ' C j = 0 . Thus, in the case of three constructs, we can 
write the equations below in order to find the elementary constructs and the 
correspondences rules (see Table 1). 

Table 1 - DeteiTnination of the elementary constructs 
Elementary constructs 

CEi = Ci n C2 n C3 

CE2 = C i n C 2 n " C 3 
CE3 = C i n ' C 2 n C 3 

CE4==Cin 'C2n=C3 

CEj = 'Ci n C2 n C3 

CEs = ' C i n C 2 n ' C 3 

CE7 = ' C i n ' C 2 n C 3 

Correspondances rules 

Ci = CEi u CE2 u CE3 u CE4 

C2 = CE, u CE2 u CE5 u CEs 

C3 = CE, u CE3 u CE5 u CE7 

However, meta-modelling is not an easy step for several reasons: first because given a language it is 
possible to build different meta-models (as in the case of modelling the same situation) and because 
there is the need of some guidelines which are not explained in this paper. 

2 equal to [E - (Ct)] noted '(Ck) 
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The number of the elementary constructs, in the case of N^ constructs, is given by 
the equation (1) 

N EC - 1 (1) 

3.2 Coherent languages and elementary constructs 

The equation (1) does not assume that the intersections between the constructs of a 
same language are equals to the empty set. Indeed, some languages can have some 
redundancies or overlapping between their constructs. For the reason, we define the 
concept of coherent language. 

A coherent language is a language whose all the intersections between its 
constructs are equals to the empty set. 

Thus, for a coherent language there is no redundancy and no overlapping between its 
constructs. In the case of the considered languages for elaborating UEML are 
coherent languages, the number of the elementary constructs can be reduced. Indeed, 
in this case this number is not equals to (1) but to the equation (2) in removing all 
the elementary constructs resulting of the comparison of two constructs of same 
languages. 

A^,. EC 2" ' - 1 
(=1 

Nc(L,) 
(2) 

Where: 
> NL is the number of the considered languages, 
> Nc(Li) is the number of the constructs of the language Lj, 

4. APPROACH FOR DEFINGING THE ELEMENTARY 
CONSTRUCTS 

Finally, we can define three different steps in order to determinate the elementary 
constructs. 

1. Write the equations to define all the elementary constructs for the 
considered number of constructs. 

However, the concept of coherent language of the section 3.2 is very important. In 
our approach, the definition of UEML is based on the union of constructs of existing 
languages. For this reason, the problem of redundancy and overlapping constructs of 
these languages has to be solved before, in order to have simpler and more coherent 
UEML. In this case, the correspondences rules will be less complicated. 
Consequently, it seems to be more efficient to apply our approach for defining the 
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elementary constructs (before the first step), to each language in order to have 
coherent languages. Moreover, there is no interest to define a unified enterprise 
modelling language in using languages whose their constructs or part of constracts 
are not unique in a same language. 

2. Interview the providers of the languages in order to identify the 
intersections between the constructs of the languages. 

This step is really not obvious. Indeed, most of the languages have not a formal 
definition of their constructs. In this case, the comparison is mainly based on 
informal comparisons where each construct is only defined by a textual description. 
In the UEML project (Berio, 2003) which provided UEML 1.0, this comparison had 
been performed by using a scenario. This scenario had been modelled in each 
considered enteiprise modelling language. The study of the intersections between 
the constructs had been done on the bases of this scenario. Even if, this approach do 
not provide a formal approach in order to compare the constructs, the lack of formal 
definition of the constructs, do not permit to use a formal and automatic method. 
The UEML 2.0 (Berio, 2005) undertakes a very different, eventually complementary 
approach. Indeed, it requires to fully model the languages in their three conceptual 
components: abstî act syntax, semantic domain and semantics. These three 
components are organised according to a meta-meta-model: any language is 
represented by constructs, in turn associated to some meaning provided by a 
semantic domain. However, the subject of the paper is not to discuss on the way to 
get the different equations which represent the intersections between the constructs. 

3. Resolve the equations according to the results of the preceding step. 

5. ILLUSTRATION EXAMPLE 

Let us assume that we want to deal with only two pieces of languages: the SADT 
and the GRAI activities (Roque et al, 2005) as shown in Figure 2. 

Support 

Trigger- - Output 

GRAJ Activity 

Output 

SADT Activity 

Figure 2 - GRAI and SADT activities 

The two simplified meta-models (the links between the constructs of the languages 
are not represented) of oui- example are represented in UML class diagrams in the 
Figure 3. In this paper we focus only on the constructs comparison. In a first 
comparison, we can identify three elementary constructs which are the Name, the 
Number and the Output. In the two languages, these concepts are used for 
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representing the same things. For simpHfy, these three constructs can be grouped 
into only one elementary constructs which is called Activity.min (3). 

Activity.min = {Name, Number, Output} 

SADT ACTIVIW 
GRAI ACTIVITY 

• -

¥-

1 TRIGGER 1 

1..* 
1 SUPPORT 1 

1..* 
1 OUTPUT 1 

1 

1 
j NUMBER 1 

(3) 

Figure 3 - GRAI and SADT simplified meta-models 

5.1 Definition of the elementary constructs and the correspondences rules 

5. /. 1 First step: Write the equations 

Now, we have to consider only five constructs (Support, Trigger, Control, 
Mechanism and Input) because we have created the Activity.min elementary 
construct. Thus, with the equation (1) we can define 31 elementary constructs. 
However, if we use the equations (2) we can reduce this number to 11 elementary 
constructs. For this example, it is possible to add another assumption in order to 
reduce again the number of elementary constructs. Indeed, if we take the case of the 
control, we can see that this constructs is decomposed in three elementary 
constructs^: 

EC9= C n "̂ M n "̂ I n '̂ T n "̂ S 
C n ' ^ M n ' ^ I n ' ^ T n S ECio 

EC„ = C n ^ M n ^ I n T n ^ S 

ECg represents a control in SADT which is neither a Trigger nor a Support in SADT. 
For transformation issue, we can consider that a control can always be linked to a 
Trigger or a Support. Thus, we can assume that the generalization relationship is 
complete and that EC9 = 0 . We can apply the same principle of all the constructs 
and finally we have also E d = 0 , EC2 = 0 , EC3 = 0 and ECj = 0 . 

NEC = 2'" - 1 - -

^ Support -> S; Trigger -> T 
Not Triggering Control -> NTC 

(4) 

Control -> C; Mechanism -> M; Input -^ I; 
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The equations (2) can be modified in order to take into account this remark, like is 
illustrated by the equation (4). With this equation the number of elementary 
constructs is reduced to 6. 

5.1.2 Second step: Interview the providers of the languages 

For the five constructs of the two activities, we can write the six relationships below, 
which will be used to define all the elementary constructs. 

1. Trigger c Control 
2. Trigger n Input 
3. Trigger n Mechanism = 0 
4. Support n Control # 0 
5. Input c Support 
6. Mechanism c Support 

5.1.3 Third step: Resolve the equations 

In conclusion, we have only 6 elementary constructs. These elementary constructs 
and the correspondences rules are in Table 2. 

Table 2 - Elementary constructs and correspondences rules. 
Elementary constructs 

EC4 = *̂C n ^M n I n ^T n S = IUEML 

EC5 = '̂ C n ^M n I n T n ^S=0 
EC7 = ^C n M n =̂1 n ^T n S = MUEML 

EC8 = "̂ C n M n '̂ I n T n '̂ S = 0 
ECio= C n ^M n ^I n "̂ T n S = NTC 
ECi, = Cn "̂ M n "̂ I n T n "̂ S = TUEML 

Correspondences rules 
S = luEML ̂  MUEML ^ NTC 

I ~ IUEML 

M = MUEML 

C = NTCuTuEML 
T = TuEML 

5.2 UEML meta-model and correspondences rules 

Finally, we can build the UEML meta-model of this example in UML class diagram 
(see Figure 4). 

Figure 4 - UEML meta-model and correspondences rules 



30 NETWORK-CENTRIC COLLABORA TION 

This class diagram illustrates the UEML meta-model and the correspondences rules 
between the UEML constructs and the constructs of the GRAI and the SADT 
activities. Practically, this rule leads to get elementary constructs belonging to 
UEML that enable to rebuild constructs of languages (so-called local constructs) by 
generalization. Since these local constructs are obtained, they can be composed to 
get the whole language. 

6. CONCLUSION 

In this paper, we have wanted to put in evidence some difficulties concerning the 
comparison of constructs of enterprise modelling languages. We have presented a 
systematic approach which provides some help for the determination of the core 
constructs of the UEML language and the correspondences rules. However, an 
important question not addressed is the applicability of the methodology for a real 
case due to the algorithm complexity. Indeed, the number of elementary constructs 
is of the exponential order and the automatic determination will be difficult without 
a software support which has to be developed. 
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We reintroduce a model of virtual enterprises that is based on features, from 
customer needs to delivered product. The features in this case correspond to 
agents that exhibit self-organizing, emergent behavior. The most innovative 
notion is that features have all the mechanisms necessary to evolve an 
optimized virtual enterprise. The notion of "narrative urge" is introduced. 

The first part is some history of the discovery of types of virtual enterprises, 
placing the reintroduced concept in perspective. Then we define the notion of a 
functional agent, feature-driven domain intuitively, indicating some challenges. 

Then follows an overview of a general theory of emergence. The virtual 
enterprise case is mapped to that. A scenario is indicated. Due to space limits, 
only an overview is given. 

1. INTRODUCTION 

Two decades ago, the US military performed some large classified studies of the 
state of the manufacturing enterprise. The impetus was a by now well known 
problem: doing complex work in large enterprises is so heavily burdened by the 
machinery of running the enterprise that things cost too much (typically twice), they 
evolve too slowly in terms of technology and some things just cannot be done at all. 

Three radically different models of the future enterprise emerged. One seemed 
most natural to power brokers at the time, the "integrated enterprise," In this model, 
large relatively stable enterprises became more "frictionless" wdth information 
flowing along designated lines of command and control. The enterprise can be and 
often is "virtual" in the sense that many companies are "linked" in a supply chain. A 
characteristic is that the integrating strategy and management is integrated with the 
management of production and capital at the top, with a prime contractor or leader. 

A second vision was rather radical. It attempted to decouple the three 
(production, capital, integration). The integrating technologies and methods would 
be provided from the suiTounding environment, perhaps as standards, best practices 
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and distributed facilitating agents. This was termed the "virtual enterprise," with a 
trivial version consisting of prequalified partners that could easily "plug and play." 
In this vision, the prequalification would be performed by a sort of virtual prime. 

A more advanced virtual enterprise notion depended on more flexible, federating 
technologies and methods, allovwng companies that had never met to aggregate to 
perform work that they may have never done before. Still, in this vision, one needed 
agents to support some management of production, capital and integration. The goal 
was that these three functions need not be linked, but in practice so far, they always 
have been and performed by a partner in the virtual enterprise. 

US research became overtaken by political forces, and the sponsorship there 
stuck at integrating technologies to help (politically powerful) large enterprises 
become more so. Research into the virtual enterprise case has been to a degree 
carried by the European Community, but has similarly stuck on the trivial case of 
relatively small pools of pre-integrated potential partners. 

It is unlikely that either of those business models will advance much beyond the 
rut that they are in, technology not-withstanding. There just is not the government 
will, and the academic research communities have dug into existing power centers, 
an unfortunate byproduct of the way research is funded, dominantly through 
political and market forces. 

It is time, in our opinion, to revisit the third business model, the so-called "self-
organizing virtual enterprise." The reason for trying to run before we walk should be 
obvious. If we can propose a model — however radical — that has sufficient 
financial benefits, perhaps a kind of discontinuous, beneficial change can occur, the 
type of change that characterizes the best of technology and provides the stuff for 
societal optimists. 

In simple form this model considers all the components of the potential 
enterprise as active agents. The level of granularity is presumably fine, so we are not 
talking about companies, but small workgroups or even individuals within them. 
Each of these has some sort of independent agency. 

This model is not so hard to envision. The system would be triggered by some 
enterprise goal, presumably a product design and the many, many agents would go 
to work, negotiating with and informing each other to produce and continue to refine 
the virtual enterprise. The research challenge here is how to manage multilevel 
optimization. 

Agent systems usually work best when one goal is desired and that goal provides 
a consistent narrative. The problem is that product designs have little to directly 
indicate enterprise goals (like profitability and stock value), so need to be translated. 
Also, there need to be selfish organizing imperatives at many levels, the agent 
(whatever the granularity), and on up through several layers including the containing 
small firms then further up to the overarching enterprise. 

At the same time, there are "vertical layers," the enterprise-wide functional flows 
of quality and financial measurement and control, for instance. There seem to be 
eleven of these, each of which has its own emergent behaviors to optimize, as 
different in ontology as many of the horizontal organizational layers. 

We've made detailed examination of the technical problems associated with this 
multi-level emergent behavior when you are presented with product models or 
features. There are profound difficulties with this because there is no way at present 
to formally harmonize the parallel emergence. A tentative consensus is that until we 
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have a better way of managing "semantic distance" as a federation metric, this vision 
will not be supported. 

We believe that a better approach is to look at the more "advanced" concept of 
self-organizing virtual enterprises. This vision of the enterprise is much harder to 
describe. (There are some in the business world who just cannot "get" it with any 
effort.) Though this enterprise notion is more arcane in some ways, the technical 
problems in emergent systems design become more tenable and possibly completely 
solvable with existing conceptual tools and methods. 

2. A MODEL OF EMERGENT BEHAVIOR 

2.1 Features 

In management schools, you'll often hear talk of a customer-centric enterprise or 
"value chain," one in which there is tight coupling to the customer's needs. If it were 
a virtual enterprise, the customer might be considered one of the partners. 

If the old model is that the customer is there to sell stuff to so as to benefit the 
enterprise, a new model might be that the enterprise is there to benefit the customer. 
In the former, the customer incidentally benefits (or is convinced so) while in the 
latter it is the enterprise that incidentally benefits. 

Our model, the one we explore in this paper, differs from either of these. It is a 
matter of who has the primary agency. The first, normal model is that the enterprise 
forms around a product. The enterprise components have the agency. In the second 
model, the customer enters the virtual enterprise and serves many of the roles of the 
prime contractor, the organizing agent. 

What if the product model itself (instead of any group of people) had the 
agency? But a product is just one instance of a collection of customer needs 
instanced according to certain constraints. What if the features of the model 
themselves had the agency? That's precisely what we have been investigating and 
report on here. 

In fact, we'll go a bit further toward the unusual but workable — quite a bit 
further — and apply some newly maturing ideas on emergent systems theory. 

The basic idea here is to model the enterprise not in terms of entities that have 
functions and take actions, which is the usual way. Instead, to model the world of 
the enterprise as consisting of "urges" or desires. Perhaps even the term "seductions" 
could work. In this model, the elements with agency are the urges themselves and 
they assemble entities into virtual enterprises as a way of expressing those selves. 

In the conventional model, components of the virtual enterprise exhibit emergent 
behavior (that is, they have agency) and the product model (with other models like 
metrics of success) provides the map, concept or "story" around which these 
elements form structure. In the new model, the elements of the product model are a 
collection of urges that have agency and they arrange the elements of the virtual 
enterprise. 

There are precedents for this sort of shifting of the frame of reference. The most 
familiar to engineers will be shifting from the time to the frequency domain. In 
software, there is a better known and more widely debated schism between those 
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that model code procedurally (like Java) and those that break the problem down as 
functions that transform, so-called "functional programming." 

Other metaphors concern the shift from a noun-oriented breakdown to one based 
on verbs. Also of interest is the change in genetics from thinking about genes as a 
collection of molecules that act, to a model of information packets that "act 
selfishly" and in the process incidentally create their own type of enterprises: 
humans and societies. In logic, the analogy is to shift between a set-theoretic 
foundation and one based on category theory, the theory of functions. 

As it happens, all of these: logical, genetic, programming, linguistic... they 
together provide a coherent, rigorous theoretical basis for supporting our new way of 
looking at emergent behavior of all kinds. We appropriate that in our model of 
emergent behavior in viitual enterprises. 

(It should be remarked that this notion is quite different than incubated in the 
"complexity theory" domain. The difference is one of whether the semantics are 
geometric or algebraic, a discussion of which is beyond this paper.) 

3. THE FEATURE-BASED ENTERPRISE 

3.1 General 

Without the notions of agency and emergent behavior, the idea of looking at features 
is very intuitive. Features in this context can easily be seen the way they commonly 
are in the Computer Aided Design modeling world: the constituents of a product 
model. 

It is easy to think of a model of customer needs that transmutes to a product 
model, or many successors, each of which lead in concert to a production and 
management model with thousands of associated process models. And it is relatively 
easy to think of these as composed of features which collaboratively deal with each 
other, transforming each other, forming societies from which the next level emerges 
and shaping elements of its surrounding to incidentally produce a healthy, profitable 
virtual enterprise. 

Seen this way, it is not so unintuitive to think of the world in terms of selfish 
features, each of which has agency, all of which can be modeled functionally. These 
functional models are more than ordinary models that represent; they can be 
executable code that can simulate or control the emergent behavior. 

So, our model of the self-organizing (virtual) enterprise is based on the notion of 
seeing the world as a collection of urges, expressed as features that have agency and 
act as functions, exhibiting emergent behavior. 

3.2 The "Layer" Problem 

We still have the layer problem, but it is more tenable. 
The layer problem is simple to describe. In the general emergent systems world, 

it is often explained thus: we have a good theory of chemical interactions and we 
have another quite different theory of biological interactions. Each is in their own 
"layer." But clearly there are actions in one layer that affect behavior in the others, 
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and in fundamental ways. How does the language that molecules "speak" to one 
another relate to the different language cells use? 

Now shift the problem into a more difficult context by introducing the self-
organizing notion. Chemical elements in this world clearly self-organize with one 
result that cells come into being. And throughout the life of the cell there is 
information conveyed "up" and down that layer boundary, non-trivial information 
related to organizational urges and scripts. 

The similarity to the virtual enterprise case is obvious. If not, the reader needs to 
be reminded that individual reward systems are radically different than those of 
work cells and plants and small companies, on up to the enterprise and beyond to 
healthy societies. The ontological differences in these layers are of the same 
significant order in the enterprise case as in the layers of physics, chemistry, 
biology, organisms and societies. (The top layer: "societies" is the same in both 
cases, virtual enterprise and general science.) 

This layer problem is well known, an open problem in science. Interim solutions 
involve either transporting a mechanism firom the top or the bottom. The "bottom" 
here means physics and the concept is entropy, the degree of organization of a 
physical system, characterized statistically. Clever thinkers have figured out jury-
rigs to apply a "negentropy" principle to organizing tendencies at higher levels, on 
up to economics. 

Transporting down from the top is equally popular. A prevailing theory of 
information and language in humans is semiotics. Similarly clever thinkers have 
applied this very human-oriented principle of representative meaning to the lower 
levels and "biosemiotics" is an active field. Both of these approaches work well 
enough in limited cases to survive. But both lack the formal depth a solid solution to 
this layer problem needs. 

What makes the layer problem so much easier now that we move to a categoric 
feature space for the enterprise is that we build an equivalence between features and 
transforms in the form of functional agents. Features in one layer can act on each 
other or aggregate with each other to foim features of completely different types 
(according to strict rules) at higher or lower levels. The problem of transforming and 
shifting levels of abstraction are "built in" to the space, as it were. Our only problem 
is in defining the functional transforms. We approach this below by ordinary group 
operators. 

3.3 The Problem of "Scripts" 

All of the familiar enterprise models have agents and scripts. We've made the agent 
problem go away, but what about the script problem? By script, we mean the rales 
by which an enterprise is organized. Each agent in the ordinary models has access to 
its part of the script, even if it that script is somehow built in. To simplify this in the 
enterprise case, these scripts are based on vertical domains with relatively 
orthogonal, stable and mature concepts. Thus, we have financial infrastracture, 
product design, sales, human resources and so on, each with a set of rales, 
abstractions, metrics and information flows. 

If we do away with agents reading scripts, we need to be able to have our 
functions reinvent them on the fly them to a meaningful degree. After all, what kills 
enterprise engineering the way we do it now is that we have to figure out the scripts 
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(process plans, best management practices, performance metrics and so on) and 
maintain them in parallel with building and maintaining the enterprise. The main 
advantage of self-organizing systems is that they should be able to figure most of 
that out without human guidance — and possibly do it more cleverly. 

So we have the script problem. We had it before, partially managed by cleanly 
dividing the enterprise and separating it, only to have to integrate the pieces. Now 
we have it in a different, possibly more tenable way. 

What makes it more tenable is that instead of dealing with constraints and 
normal forms, we can reinvent approaches on the fly based on goals. And isn't that 
the point of self-organization, to come up with optimized structures that work in 
unfamiliar ways that we never would have thought of? 

Naturally we still need all sorts of constraints, legal, ethical and so on, to have as 
external references, boundary conditions. 

3.4 The Problem of "Memory" 

The final problem is termed "memory" which we will show below is a key concept. 
But the problem definition is larger, one of introspection of the enterprise, pattern 
matching to prior situations and prediction based on history. 

This problem comes firom the plain fact that we can reinvent how enterprises 
form and operate, but we cannot reinvent what surrounds them. Among other things 
that will remain (like customer infirastructure and legal constraints), we have the 
problem of finance. Finance is based on explanations and predictions and despite the 
common use of the term "management science," it is an inductive science where 
repeatability is the rule. 

You cannot understand something in business unless you have seen something 
like it before. And if you caimot understand it, you cannot finance it. A huge 
collection of monitoring and reporting tasks usually support this notion in the 
ordinary enterprise. But if we have no scripts and we don't even know who the 
actors are until they announce themselves — if we have no idea what the enterprise 
will look like or even what it will make, how can we fuel it with capital? 

In theory, this new model takes us much closer to a market force driven 
economy, but in some respects further away from capitalism. To mitigate this, we 
have to introduce "apparent determinism." The self-organizing system doesn't have 
to be deterministic, it just has to look that way to the financial linkages from the 
outside. 

The problem of memory and scripts we solve with a system of concepts, formal 
and intuitively informal, that we term "narrative." Each of our elements is a feature 
based on an urge. Each urge is a tendency to want to make a story. Different stories 
compete, some fitting the constraints better than others, some singing more 
eloquently. 

Formally, each feature is a function with transformative possibilities toward 
certain complex situations, the situations specified by a situation logic. These 
"situations" capture the "what" we'll call narrative, but we get ahead of ourselves. 
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4. A THEORY OF EMERGENT BEHAVIOR 

4.1 General 

In this section, we provide some overview of work being done in new theoretical 
foundations for emergent systems. The idea is to apply this larger science to the 
virtual enterprise domain we've been discussing. 

As noted, the problem of a coherent theory of emergent behavior is a vexing one. 
A few pockets of suboptimal solutions exist. We do not explore here why 
complexity theory, biosemiotics and quantum statistics are inadequate for a general 
theory of emergence. 

Our requirements are for a system that can both describe how a system works 
and be used by that system internally. In other words, it should work if you are 
inside and part of the system and/or outside the system watching or perhaps 
engineering it. 

The domains of application will include human systems (like virtual enterprises) 
and non-human (like molecules and the features or urges we've noted). The types of 
system will be mixed between natural systems (like the behavior of molecules) and 
engineered (like the behavior of programs that schedule work according to business 
rules). 

The idea is not to just describe but to create and not in any one domain but in 
mixed domains. The special case is where one domain like an enterprise or human 
body can emerge from components of lower levels like features/urges and 
molecules. 

We've found three principles that seem promising, both in the case of general 
emergent systems and the self-organizing virtual enterprise as we've described. Each 
has formal mechanics and a human-specific metaphor. 

4.2 Identity 

Instead of particles, fields and forces, we look at things in terms of urges and 
naiTative fragments. Urges have and generate associated particles in a complement 
to the generally accepted notion of particles and their associated fields. 

From the normal representations we abstract three new fimctions associated with 
identity, introspection and equivalence. These can be seen as urges themselves and 
have identity as fimctions in their own spaces and types in each other's space. 
Categories collect each type and relationships among them and functors build 
groups used below. 

Essentially what's happening is that we have an ordered space to talk about what 
something is, what it wants to be and how it "thinks" about that. This ordered space 
also contains the relationships among these abstractions as first class abstractions in 
the space. The point is to give us a well ordered concept space so that we can reason 
among and operate on elements in the space; where all the abstractions have a 
metaphoric equivalent, namely "urge" toward "narrative," as intuitive and no more 
arbitrary than "particle" and "field;" and where the relationships among the different 
citizens are functors. 
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That's the most esoteric part, creating the abstractions. The intuitive metaphor of 
narrative is easy, but settling on the categories needs specific mapping from each 
domain. We expect associates to assist with the hardest domains: physics and 
chemistry. The enterprise case is tricky as well. Actually it is easy in a generic, test 
case where we can arbitrarily model processes using anything that works. 

But real enterprises have what we've called vertical layers, independent domains 
that do accounting and management of different types. Human resources and 
production for instance, also finance and strategic planning. Industries have their 
own peculiar frameworks in this regard. Doing the categoric mapping is relatively 
easy to do but requires lengthy refinement and validation to be trustworthy for the 
"apparent determinism" we mentioned. 

This notion of throwing everything into category space is common in functional 
programming and follows a suggestion made by Saunders Mac Lane and fleshed out 
by Jon Barwise. 

4.3 Aggregation and Transformation 

Where the first set of formalisms deal with how the representations of the concept 
space are determined, this second set deal with how they interact. It is the rough 
equivalent to the operation of the enterprise. It is how things interact with each 
other, exhibiting emergent behavior that structures systems and operate those 
systems. 

In this, we follow the dominant tendency and employ group theory. It will appear 
that we are different than most applications because the abstractions are a bit 
unfamiliar, but we simply apply the wreath product to two interacting collections to 
discover potential higher level groups derived from, but still linked. 

It is the formalism we use to link layers and was inspired by mechanisms 
described by Michael Leyton that manage the two most important characteristics: 
"precedence" and "history." We have to explicitly provide for these because normal 
notions of time and causality are lost in our new identity domain. That domain is 
inherently stateless, so memory is captured as a new, persistent, higher level. 

The group operators predict and generate the new layers. 

4.4 Logic 

We are indebted to Jon Barwise and others for this component of the approach as 
well. 

We need a logic to apply in reasoning about all this. It has to be "soft" and 
deeply introspective for the humans reasoning about everything, including the 
above. It has to have a different sort of softness for humans reasoning about systems 
they are parts of. 

The soft (meaning unknown or unrepresentable) facts in this new logic are 
explicitly captured as "situations" or components of situations, and the extended 
logic is known as "situation theory." There is a corresponding situation semantics 
and logic. It is hairy compared to good old first order logic, and costly to employ, 
but the world is a hairy place. 

We've adapted it slightly to accommodate the soft urges that non-human speech 
acts would convey or follow in the urge-based agents. 
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At the time of his death, Barwise was harmonizing the first and last of these 
theories (category and situation theories) in something he called "channel theory" as 
a basis for a general theory of information flow. 

To summarize: we represent the world in terms of verbs or functions and to do 
so, employ category theory to make our concept space well ordered, better ordered 
than what we inherited as an accident of history. This is truly a world model, a 
general abstract semantics for every domain and tendency. The metaphor is urges 
toward global, multilevel (or folded) naiTative. 

Once that is done, the functions apply to each other in the normal way, some of 
which transform elements from one domain of reality to another, "higher" one. The 
topological transfoiTOS of group theory are used in those functions, with different 
topologies corresponding to different functional groups. 

That's the internal machinery of how the functions trigger and cluster. But we 
need a logic for elements to reason about other elements. It has to be more flexible 
and accommodating than first order logic, so we employ a slightly extended 
situation semantics. 

4.5 The Virtual Enterprise Domain 

Our group got into looking at the general problem of emergent systems because of 
the self-organizing virtual enterprise case. Now we are working primarily on that 
general case and mapping back to the virtual enterprise domain (and one other). 

The virtual enterprise case is more difficult in that at least nominally it is 100% a 
human system. Although the laws of natural science constrain processes, they are all 
in the context of human goals. What makes the virtual enterprise case simpler is that 
we know those goals; they are explicitly expressed and generally simple. Moreover, 
we can assume that though there are many dimensions, all the players get rewarded 
in much the same way, measured by similar metrics. 

The case in chemistry, for instance, is different. It makes little sense to infer how 
molecules "think" about rewards. It is quite a bit easier to infer how urges function 
at that level because anticipation is built into the metaphor. But the notion of 
successful organizations is still elusive, say for biochemical systems, unless you 
have a desired outcome in mind. 

This idea of engineered systems sits a bit uneasily in the container of self-
organizing ones unless we limit ourselves to engineering by setting boundary 
conditions only. So that is what we must do for systems in which we cannot directly 
participate, like chemical ones. Human systems differ in that reward systems and 
new metrics can appear as part of the innate tendencies in the system. In this way the 
virtual enterprise case is simpler. 

In our experience, the business case is much more difficult in getting the basic 
abstractions right. As noted, the layers aren't as coherent as one finds in chemical 
systems. They have all these parallel infrastructures, each of which has its own 
ontology and requires a unique mapping. And different industries have their own 
semantic peculiarities as well. 

To mitigate this effect, we expect to rely on a single normal set of semantics and 
federate what we find using the formal ontological methods of the Process 
Specification Language, which we believe can be used to federate function 
semantics from one functional expression to another. (But this does not help with the 
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problem we encounter when the stuff of representations is incorrect as we find 
sometimes, or deliberately cloaked, as we often find in criminal or military 
enterprises.) 

4.6 A Scenario 

We are working with four test scenarios. Three are only of passing interest here. 
One involves a study of narrative itself and specifically introspective, folded 

narrative as it moves through the popular culture, meme-like and ejdiibits in film. 
Another concerns the detailed mechanisms of stem cells and the biochemical urges 
involved in branching. A third is for self-organized concept mining in large data 
libraries. 

Our virtual enterprise scenario is a refinement of one we have been using for a 
few years now in workshops. 

The customer base in this is initially civilian war injured who lack a limb, a 
depressingly large group of concern to all in the developed world. Prosthetic limbs 
are notoriously unfriendly to mass production; each would ideally be fitted or even 
engineered and manufactured in lots of one. 

We have allowed this test scenario to be more complex than supposed in as 
many dimensions as we could envision. For instance, we posit a virtual enterprise of 
virtual enterprises, some forming in villages in the developing world, some forming 
around innovative design resources and non-governmental organizations (which 
themselves in this scenario might be virtual), and others from components of large 
established enterprises in the west, all linked in dynamic constellations, emerging 
and fading. 

Moreover, we assume that the features would not only reach as deeply as the 
design and fitting of personal prosthetics, but their actual composition and control 
systems as well. That means that some of the features may be creating software or 
poljoners in a self-organizing way within their respective domains. We do limit the 
emergent behavior to devices rather than services because we want to understand 
how project model features relate to the feature clouds involved in such a manifold 
system. Product features are a well understood beast and a necessary link to the 
apparent determinism strategy used. Ultimately, we wish to extend this to agile self-
organizing drug design and manufacture, which is why we are looking at stem cell 
mechanisms. 

5. RESEARCH CHALLENGES 

This paper is a research note on a new project rather than the usual report on 
research completed. It is too early to provide exportable details from the work here. 
But we do hope to indicate some research challenges. 

Concerning the definition of active features: as it happens, the Computer Aided 
Design community is well suited to address this issue, with research focused on 
extensions to ISO standard 10303 and existing tools that express similar featines. 
Alas, the process modeling and enterprise integration community has really slipped 



Self-organizing virtual enterprises 43 

a decade behind in this. There is no serious effort I know to look at process features 
outside of the interoperabihty community. 

We need to address this inadequacy fast, as the product data management 
community is growing in power at the expense of the traditional enterprise 
integration base. We believe this is why. 

ISO 18629 is the Process Specification Language that is the most robust formal 
ontological approach for general semantic federation of the type needed to federate 
across domains in the enterprise and among different enterprises. Little work has 
been accomplished toward this use. 

There has been an unfortunate confluence of process modeling for the enterprise 
and modeling for software, with the unhappy result that research in enterprise 
dynamics is nearly all object oriented. Yet functional programming is growing as its 
comparative successes pile up. We need a robust basis in functional thinking in the 
enterprise, and pedagogical examples in the programming language Haskell. 

Though entirely appropriate for this type of reasoning whether function-centric 
or not, situation theory is cumbersome and difficult to work with for non-specialists. 
We need a "situation theory light" for relatively unsophisticated users. 

The biomedical community has some familiarity with these methods. A better 
relationship between the pharmaceutical enterprise and the virtual enterprise 
community would benefit both. 

Studies in folded narrative need to be more robust. 
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In Production Networks' planning and control innovative concepts and 
solutions may result from exploiting network properties and simultaneous 
application of selected models. Model systems may generate very efficient 
solution procedures for PN planning and control as proven by several 
examples. Such Model systems may be interpreted as part of a theory 
conjecture for PN, based on a topological core. All models appear as 
embedded structures of network units and connections, carrying fold/unfold 
properties of graphs and systems. Interoperability requirements induce 
standardisations for the models. The theory approach proposed intends 
helping to explain network phenomena and provide solution approaches for 
PN problems. 

1. INTRODUCTION 

In recent years, Production Network (PN) concepts, typologies and software 
supports etc. have been developed generating mostly singular problem solutions. 
Incoherent approaches for different problem aspects often lead to heterogeneous and 
non consistent model fragments. Therefore large portions of the acquired knowledge 
about PN are cast into rather singular models or solution procedures uniquely based 
on case experiences and anecdotal verifications that need to be further validated. 
Moreover, most of the methodologies applied have been outcomes of systems 
theories and the resulting procedures still show characteristics of one-time static 
interventions not apt to dynamic network configurations. 

Since PNs are complex, optimisation of interlinked agents/units is often reduced 
to ordinary (data) interface handling. A more promising approach for PN Planning 
and Control seems to be the optimisation of agents/units inteiTelations, cross impacts 
and collaborations, engaging distributed and concurrent procedures that 
continuously and progressively generate "evolutive" solutions, (Bennett & Dekkers, 
2005). 

Please use the foil owing format when citing this chapter: 
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Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston; Springer), pp. 45-54. 
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Analysing such solution procedures for PN planning reveals that good results 
have been achieved by synthesising selected models of PNs and PN units. These 
approaches can be generalised by putting a number production network models upon 
a common base. The interpretation of PNs as specific topological structures enables 
to propose a PN theory design, which allows quicker and better problem solutions. 

The approach is motivated by complexity theory, topology and fractal 
organisation experiences and intends to contribute to specific network sciences as 
called for by increasing numbers of researchers (Barbasi, 2002; Camarinha-Matos & 
Afsarmanesh, 2005). 

2. MODELS AND PRODUCTION NETWORKS 

2.1 Models in Production Networks 

Networks are obviously controlled/attracted by directives and objectives. Re-
configurable dynamic set ups are interrelated, inter-linking/detaching units, 
establishing and optimising varying and changing process chains. Global order 
structures may "emerge" as results of local interactions if networks will self-
organise towards attractors. Business opportunities may represent "attractors" that 
orientate and reconfigure production networks. Therefore we may understand a PN 
as consisting of self-organising, self-optimising units with own processes and 
structures not developing in a linear way, not exactly predictable, moving towards 
such configurations. It appears that a few configurations are 'more favourable' than 
others in some way. 

Planning and control does not regard the units themselves but various models 
and attributes of these units that are manipulated and put into relations. Each PN 
planning step makes use of a number of such models raising the question of how the 
dependencies and simultaneous planning actions influence choices, attributes and 
levels of detail of the models involved. Therefore the network units' interaction 
structure must be envisioned as a model system's interrelation structure. As an 
example for this principle the arrangement of equipment within a factory layout may 
be given. 

2.2 Interrelated Models for Planning 

Generally it is assumed, that the site of a unit in the layout plan depends on the 
material flow, the process sequences, the overall layout and technological 
influences. Traditionally there is outlined, that any conception of production systems 
is to be executed by top-down-procedures, assuming proportional relations between 
length of planning horizon and planning object detail. Inevitably the construct will 
supply correspondent views of plaiming horizon lengths and details of planning 
object levels. Long range decisions are envisioned in direct link with rough sketches 
and low precision, whereas short planning horizons are associated to details in 
alternatives and variants for processes and factory layouts. It is well known and 
widely tolerated that the resulting "one time" solutions are sub optimal, not able to 
cope with volatile market demands. 
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Variety and unpredictability call for versatile productions. Therefore there is the 
permanent need for planning, using all model attributes required concurrently. Such 
concurrent procedures assume a "pool of models", which is permanently available 
and may be instantly activated at the requested attribute and detail level. Models of 
the mentioned unit attributes as flows and restrictions and geometrical attiibutes and 
impact relations (noise, vibration) contribute to decisions about layout arrangements 
could be put into a planning impact diagram, and are activated for decision making 
(Figure 1). 
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Figure 1 - Plaiming Impact Diagram - Impacts and relations 
between units' attributes for a planning issue: Determine optimum 

location of machine P in layout plan 

Production re-configurability requirements evidently turn hierarchical planning 
into a concurrent planning process engaging interrelated models, attached to the 
network units. 

2.3 Production Network (PN) Control 

This procedure may be transferred. For Planning and Control of PN, Decision 
Support models may be attached to the units. Spaces of Activity, SoAs, (Figure 2), 
viewing state variables which describe the units' activities and success may be 
introduced. 
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Figure 2 - Space of Activity (SoA) by Mappings for Planning and Control of 
Production Network units - viewing positions (Klostermeyer, 2002) 

The units' objectives are output of the network strategy, the resources and 
constraints affect the structures. In consequence, the SoA volume represents the 
unit's decision space, which may be used for self-organisation. 

The unit's SoA position gives input for decisions on maintaining the self-
organisation mode or reducing autonomy and calling for PN interference. Dependant 
on the unit's inability to cope with changes in the environment, network "order 
parameters" may gain influence on units' activities ((self) reproduction, (self) 
destruction, (self) structuring). 

The PN result must be achieved by commitments on overall objectives (Kilhnle, 
2005). Each unit may 

(I) decide on the appropriate methods, tools, etc. in order to achieve the 
objectives negotiated and agreed upon. Prerequisites are resources, e.g. 
budgets, competencies, technical and personnel availability and 
constraints (a unit may have to face may be e.g.. legal restrictions and 
capacity limits). Units' positions remaining within the predefined SoA 
allow autonomous decision making. 

(II) loose it's autonomy, if positions within the unit's SoA are not achieved. 
Mechanisms must be activated that prevent the deviations and provide 
PN plan fulfilment. 

The PN reacts on any increase of complexity (diversity, uncertainty and 
unpredictability) by expansion of the So As affected (if affordable). More foreseeable 
steady conditions allow to shrink the SoAs' volumes. 

lA Self similarity and folding of SoA 

All objectives, broken down onto the units and subunits, must be negotiated and 
harmonised with the over all PN objectives and consistency checks for the 
networked organisation on all levels have to be applied (Vasiliu & Brown, 2003). If 
there is no consistency on the network level u, the procedure has to be lifted up to 
the next network level u+1, where the PN SoA appears as aggregated model. The 
iteration has to be continued as long as either highest network level is reached or all 
objective figures are achieved. 
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caused by invalid position of the higher u+1 level SoA 

Figure 3 illustrates the communication vv'ithin the meshed control loops 
established by SoA interferences for PN control. Higher levels of the network are 
represented by SoAs, carrying all SoAs of lower network levels as (self-similar) 
folded structures. The configuration is optimised progressively for a short term 
horizon. Splitting, removal or re-linking of units are possible decisions to be taken, 
if the deviation can not be avoided by the unit's very own efforts (self optimisation). 
For medium and long term control of the network, lifecycle procedures may be 
apphed, as described by GERAM, (GERAM, 1999). 

The control mode described is different from traditional planning and control of 
company networks, where elaborate plans are calculated for each unit, covering 
discrete planning rhythms and horizons. Central control functions (as ERP, MES,..) 
are applied to accomplish plan fulfilment by time and load shift on the base of fixed, 
quasi - static order - resource prescriptions. Well aware that these plans are incorrect 
right after its set ups, the units' staffs are fiilly occupied with correcting, adapting 
and improvising, basically trying to fight PN reactions as bottlenecks, inventory 
oscillations, exceeded lead times, bull whip effects or similar so called "chaotic" 
behaviour. 

Producing much better results (e-Volution II, 2004), the proposed plaiming and 
control procedure is continuous, distributed and concurrent, generating solutions 
progressively. Simple procedures, like the SoA logic, are locally applied. Plans, 
assignments, units, responsibilities etc. are continuously rean-anged, processes newly 
established or reconfigured. Again, effective control procedures turn out to be 
communication intensive, objective driven adaptation and configuration processes, 
using interrelated models. 

2.5 Distributed control by Agents 

The SoA logic described has also proven to be a useful instrument for Distributed 
Automation, the SoA and embedded structures may be unfolded to any network 
structure's level, also to the networks Manufacturing Execution level (Ktlhnle et al., 
2001). 

For factory automation, the objective and resource axes may be "rescaled" after 
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being broken down onto the manufacturing equipment unit level in a manner that 
loads and resource consumptions can be mapped. After the transformation, the SoA 
visualises and evaluates unit states and objectives for process steps and order loads. 
Details of objectives, resources and constraints may easily be checked, determined 
and negotiated by the use of agent technology (Lilder et al, 2004). One generic 
concept for distributed order control, based this approach is PABADIS (Plant 
Automation BAsed on Distributed Systems, (Bratoukhine & al., 2003). In order to 
execute decision and control in the navigation logic described in 2.4, three types of 
supporting agents can be defined: Product Agent (PA) for Common Manufacturing 
Units (CMU), Production Management Agent (PMA) and Resource Agent (RA), 
(McFarlane & Bussmaim, 2000); Sauter & Massotte, 2001). PA is a mobile agent, 
canying all information necessary for processing orders between ERP and units. 
Main decision tasks are the assigrunents of orders to units as well as the ERP 
communication, covered by the Look Up Service (LUS) and the assigned SoA. RAs 
carry unit profiles and information about units' states mapped to the So As 
(rescaled). PABADIS aims at creating an architecture for distributed plant 
automation as a standard ensuring flexibility, scalability features and plug-and-
participate properties for distributed control of PN. 
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Figiure 4 - Example of the PABADIS architecture implementation, involving 
SoAs and Agents 

By splitting up the MES level of the so called "automation control pyramid" mto 
a network of intelligent nodes, adaptable structures are generated (Figure 4). The 
resulting control solution appears as a structure of interlinked models, detached 
(virtual) from the manufacturing units, as PABADIS is based on emulated controls, 
the Java Virtual Machines (JVMs), for all units (Klostermeyer & Klemm, 2005). 
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Consequently the SoA network of JVMs represents the same degree of complexity 
as the network of units to be controlled. This rule, generally referred to as "Ashby's 
Law of Requisite Variety" (Malik, 1993) was the guideline for the pilot "navigation 
in manufacturing networks" approaches with agents, that later resulted in the 
architecture (Klostermeyer, 2002) described. Another finding can be stated: 
Production Planning and Production Simulation can now based on one and the same 
model system, a requirement, frequently cited for traditional planning, which is -for 
intrinsic contradictions- unachievable within systems set-ups. 

3. THEORY DESIGN APPROACH 

The findings outlined above can be generalised. The PN Planning and control 
examples explicitly deal with phenomena as unpredictability, self-organisation, 
fractal structures (edge of chaos), diversity and self-similarity (pattern recognition). 
These are important Complexity Principles (Watts, 2003; Webb et al , 2004). Other 
findings as the focus on the model world or synergies by adding network units may 
be seen as specifications of the New Economy Rules; "From places to spaces" and 
"Increasing Return", (Kelly, 1999). 

Productions facing volatility, speed and unpredictability, reach their limits 
(Ktihnle & Schmelzer, 1995) and the pressure by new phenomena calls for 
explanation, (Kuhn, 1962). For PN, phenomena as diversity and edge of chaos 
(Stacey, 1996; McKelvey, 2004) are still waiting to be covered by adequate theories 
(Dekkers et al , 2004). The examples discussed demonstrate the important role of 
interlinked models for PN description. Rules and laws could be cited where the 
approach improves congruence of PN observation and model behaviour. 

Such elements may (Thagard, 1988) constitute a theory on the field discussed. In 
the conjecture proposed, the PN nodes are reduced structures, able to unfold many 
attiibutes and properties within model the world assigned.. Envisioning the network 
nodes as elements, a PN may be seen as a specific Hausdorff Space, carrying attached 
models of attributes, relations and perspectives as tangent spaces. The PN appears as 
the Quotient Space of surrounding Kohnogoroff Spaces (in topology terms, Boto von 
Querenburg, 1979), which may arbitrarily "forget" or "remember" attached models 
(Figure 5). 
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The entire conjecture may be depicted as an orbital/shell set up (Figure 6), with 
• Centred formal theoretical core, (Hausdorff Space) 
• a shell of phenomenological laws 
• a models shell and 
• anorbit of real world examples. 
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Figure 6 - Production Network Theory set up design: Models derived from Real 
Systems find a Formal Core Base and follow Phenomenological Laws 

Since interlinked models play a key role in the approach, a prepared pool of PN 
specific models is the precondition for successful theory application. A first set has 
been proposed by Massotte (Figure 7). This list is open for additional PN models. 
Some of the models have been applied in the examples outlined. 
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Figure 7 - Portfolio of models frequently used for production according 
to Massotte, (Massotte, 1995) to be attached to the network units 

(subset in bold letters is applied for the examples outlined) 
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As Barbasi (Barbasi, 2005) states already, excellent solutions may be generated 
by applying/synthesizing rather simple models decentralised and interlinked. For 
PN, units' interoperability requirements might enforce general standardization needs 
concerning all models involved. 

4. CONCLUSIONS 

In the search of competitive excellence in production, PNs have received much 
attention in the last years. Understanding network characteristics in production gives 
competitive advantages. However concepts, typologies and software supports etc. 
have been developed so far mostly as singular not general problem solutions, where 
PNs are simply seen as structures, which link production units. 

This outUne could point out, that linking the models of PNs and models of units 
may generate good results. Therefore a selection of models is proposed for better PN 
planning and control problems solving. Moreover it may facilitate to integrate other 
findings; the Hst of models is open, the collection of laws and rules is just started. 
Exploiting PN advantages is successful in every day operation. Instead of trying to 
ignore or even eliminate structural behaviour of network nature, network properties 
may successfully be used to establish solution procedures. 
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In the last decades innovation has been regarded by many policy makers, 
economists, engineers and business managers as a key element to obtain 
competitive advantage. Developed countries target innovation to maintain 
their competitiveness and higii standard of living. On the other hand, catching 
up countries look for innovation as a main source to alleviate poverty and 
provide new value added jobs and new products to the global markets. But 
innovation requires knowledge and continuous learning, which in many 
occasions for companies, specially for SME 's (both in developed and catching-
up countries) are difficult to achieve by themselves in a systematic way. One 
very important trend to enable new knowledge creation and transfer in and to 
SME's is the development of collaborative environments and networks to 
increase their innovation capabilities as a single unit but also the capabilities 
of the network as a whole through collective learning. As a consequence, 
different models have emerged from different disciplines to satisfy the need to 
understand, promote, enable, measure and improve the networking and 
learning processes among different entities to spur innovation. The objective of 
this paper is twofold: 1) present and classify ten identified networking models 
proposed by different disciplines into two main types and analyse their main 
strengths and weaknesses and 2) to propose a taxonomy to classify them 
identifying their main differences and similarities. 

1. INTRODUCTION 

A large variety of organisational forms of collaboration have emerged during the last 
years as a result of the many socio-economic challenges faced by the society and 
enabled by the new ICT developments (Camarinha and Afsarmanesh, 2004). For 
some authors (Camagni, 1991) creativity and continuous innovation are seen as a 
collective learning process, where different actors interact either in a formal or 
informal way for the transfer of know-how and for the imitation of successful 
managerial practices. As in the case of the innovation process, different disciplines 
have tried to analyse the collaboration and networking processes; having as a result, 
the emergence of different models targeting different objectives. 
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Such collaboration models can be classified in mainly two groups (table 1): 
Type 1: Inter and intra firm collaboration 
Type 2: Networks as part of a spatial context where not only firms collaborate, 

but also other local agents, such as universities, research centres, associations and 
governmental institutions. 

Table 1. Classification of Networking Models 
Typel 

Intra-Inter Company 
Networking Models 

The Firm as an individual entity or 
part of a network (not linked to a 

specific territory) 
1. Simultaneous Engineering 
2. Supply Chain Management 
3. Extended Enterprise 
4. Value Chain 
5. Virtual Enterprises 
6. Breeding Environment 

Type 2 
National/Regional 

Networking Models 
Collaboration as part of a spatial 

context, innovation for regional/national 
competitiveness 

7. Industrial Clusters 
8. Innovative Milieu 
9. Innovation Systems: National, 

Regional, Metropolitan, Local 
10. Triple Helix 

TYPE 1 NETWORKING MODELS: THE FIRM AS AN 
INDIVIDUAL ENTITY AND PART OF A NETWORK 

The first six models look forward for the networking of companies but less attention 
is paid to integrate local institutions (for instance Universities, Research Centres or 
the Government) as nodes of knowledge and technology transfer. Most of the times, 
these type 1 models target collaboration for innovation or operational optimisation 
as they have been proposed to optimise the operational processes inside the single 
company or the network and/or to reduce innovation costs and lead times. These 
models apply different Engineering methods and technologies and propose the 
development of new tools to reduce transactional costs and to Orchestrate the 
innovation processes among different distributed partners in the best efficient way. 
The unit of analysis is "the company" of the "group of companies" that are part of 
the network which is formed in most occasions by partners locates in distributed 
locations. 

One key objective proposed by these models, is the production of a new product 
or service from the idea to its launching into the market. Knowledge is considered as 
an intangible asset to be applied to develop, produce and market the iimovation. 
Paitners in the network are selected due to their competences which will be applied 
in terms of available skills in the new product development. Researchers in this field 
are usually from different Engineering schools (Manufacturing, Industrial, 
Mechanical and Computer Science). Business scientists and lawyers are also linked 
to these models, specially to understand how to obtain the best economic results of 
the network, define the network strategy, the business model and the legal 
framework. These models, contrary to the economists view "outside the black box", 
look for solutions that can enable better and more efficient ways of working in the 
network "inside the black box". Many basic and applied research projects have 
focused on different aspects such as: 
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1) The development of Information and Connmunication Technologies (ICT), tools 
and platforms to enable the entities collaboration and information sharing 

2) The analysis and design of new business models that can support the 
configuration and lean operation of these networks, 

3) The assessment methods to select the best possible partners for the network 
4) The search for new governance models 
5) Readiness assessment tools to identify the readiness of partners to be part of a 

new or existing network 
6) The legal infrastructure 
7) The definition and study of the new product development and network life cycles 
8) The development of roadmaps in order to enable the formation of future 

collaborative environments. 

One important element of these models is that the innovation output targets the 
market or final customer needs. In other words, irmovations do not remain at the 
inventors' backyard but target a market to serve. Engineers and business scientists 
realised the importance of the different functions inside the company to accomplish 
innovations. A multidisciplinary approach was needed to be successful in launching 
new products and managing daily operations. Initial networking models targeted the 
collaboration from different departments "inside" the organisation. Later on, with 
the advent of the ICT technologies and the globalisation processes both the new 
product development process and the overall companies' operations were interlinked 
with more suppliers and clients. Therefore, with time, the networking concept 
started to consider also suppliers and customers. The six identified type 1 models 
are: 
Simultaneous Engineering (SE) refers to the cross-departmental/cross-company 
cooperation involved in engineering and marketing tasks. The specific activities are 
achieved individually, with the goal of parallel execution so that processes that have 
no dependency on other processes may be caiTied out at the same time. It is expected 
that the effectiveness of the Simultaneous Engineering within a company will 
impact the overall new product development lead times and costs (Ribbens J, 2002). 

Supply Chain Management (SCM) is the total manage of a network of facilities 
and disfribution options in a partnership between a consumer, distributor and 
manufacturer with the purpose of transfer and exchange information and physical 
goods for the supplier's suppliers to their customer's customers ensuring the right 
goods in the most efficient manner, reached accurately wherever they are required in 
a company and beyond (SCOR, 1995). This collaboration model looks mainly for 
operational processes optimisation to reduce costs and lead times. Less attention is 
paid to the new product development (NPD) or product iimovation. 

The Extended Enterprise (EE) regards a new kind of enterprise which is 
represented by all those organisations or parts of organisations, customers, suppliers 
and subconfractors and is engaged collaboratively in the design, development, 
production and delivery of a product to the end user (Brown, 1997). In this 
collaboration model, both product and process innovations are targeted. 
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The idea of the Value Chain (VC) is based on the process view of organisations, the 
idea of seeing a manufacturing (or service) organisation as a system, made up of 
subsystems each with inputs, transformation processes and outputs. But the concept 
moved beyond the boundaries of the firm as in the real world to deliver the finished 
product into the market linkages with suppliers, distributors and cHents within and 
without the same sector are required. Within value chains trust is critical to enhance 
inter-firm cooperation and new forms of work organisation (Porter, 1985). 

The Virtual Enterprise (VE) approach is based on the ability to create temporary 
cooperation and to realise the value of a short business opportunity that the partners 
cannot (or can, but only to lesser extent) capture on their own. (Katzy & Schuch, 
1998). The purpose of the virtual enterprise is to provide a new solution for an 
unpredicted opportunity. Innovation is then an "intrinsic" element of this 
collaboration model. The concept behind the Virtual Enterprise is that it can 
accomplish tasks that could not be done by each of the competitors working 
sequentially or even in tandem, because is formed by integrating core competencies, 
resources and opportunities (Goldman, Nagel and Preiss, 1995). 

The Breeding Environment (BE) approach emerged due to the success of several 
FP5 and FP6 EU funded research projects, which follow EU policies that stress the 
need of companies to collaborate in networks. A Breeding environment represents 
an association or pool of organizations and their related supporting institutions that 
have both the potential and the will to cooperate with each other through the 
establishment of a "base" long-term cooperation agreement and interoperable 
infrastructure Camarinha-Matos and Afsarmanesh (2004). In the BE when a 
business opportunity is identified by one member, a subset of these organisations 
can be selected and thus forming a Virtual Enterprise. One important point of this 
model is that its authors argue that a Breeding Environment represents a group of 
organisational entities that have developed a preparedness for collaboration in case a 
specific opportunity arises, which could be considered a "pre-condition" to form 
Virtual Enterprises. 

In contrast with the previous type 1 collaboration models, the Breeding 
Environment also considers the different institutions and industrial associations as 
part of the breeding environment; but on the contrary, this latter does not refer to the 
active collaboration of partners to develop an iimovative solution, rather it targets 
the development of a pre-condition for future collaborations to arise. It is important 
to mention that none of these type 1 models are related to networks linked to a 
territory, but on the contrary, in all of them, partaers could also be located in distant 
locations where Information and Communication Technologies (ICT's) together 
with new enterprise business models will enable the collaboration and irmovation 
(specially of SME's). One important aspect is that type 1 models look forward for 
the competitiveness of the single company and the partners of the network. These 
models are linked to the resource-based theory (Barney, 1986, 1991), where the 
approach to strategic management focuses on costly-to-copy attributes of the firm as 
sources of economic rents and, therefore, as the fundamental drivers for competitive 
advantage. These models do not analyse the positive or negative spillovers in the 
territory where partners are located. Table 2 shows the actors involved, strengths and 
weaknesses and the disciplines related to each one of these six type 1 models. 
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Table 2. Type 1 Networking Models 

1.1 

SE 

1.2 
SCM 

1.3 BE 

1.4 
VC 

M I I U ! M 

• The firm 
intends to 
increase 
collaboration 
among its 
departments 
and also with 
its suppliers 
and customers 
for the new 
product 
development 
(NPD) 
process 
• The firm 
that considers 
its suppliers 
and customers 
to improve its 
operational 
processes 

• Mainly an 
Original 
Equipment 
Manufacturer 
(OEM) which 
tends to 
develop 
closer 
relationships 
with clients 
and customers 
both for NPD 
and to reduce 
costs 

• Mainly 
companies 
considering 
suppliers and 
customers in 
the networks 

M !•> 

STRENGTHS 

• New product development lead time reduction 
• Integration of the different functions inside the firm 
enhancing information sharing 

WEAKNESSES 

• Doesn't consider the creation of new knowledge 
• Doesn't study the knowledge transfer process among 
entities, specially external 
• Collaboration with local institutions such as 
associations, universities and government is not 
considered 

STRENGTHS 

• Reduction of operational costs and lead times 
• Integration of the different functions inside and outside 
the firm enhancing information sharing 
• Collaboration increases with the usage of new 
Information and Communication Technologies (ICT), 
specially Enterprise Resource Planning systems that focus 
on sharing operational information 
WEAKNESSES 

• The development of new products is most of the times 
not considered (innovation is not the main target) 
• Collaboration with local institutions such as 
associations, universities and government is not 
considered 
STRENGTHS 

• The collaboration of partners maximises the combined 
competencies of partners to achieve each partner's 
strategic goals and to provide solutions to meet customers 
needs 
• Collaboration increases with the usage of new 
Information and Communication Technologies (ICT), 
specially Enterprise Resource Planning softwares (ERPs) 
WEAKNESSES 

• Usually the OEM orchesti-ates the New Product 
Development (NPD) process, SME's have very little 
decisional power 
• Collaboration with local institutions such as 
associations, universities and government is not 
considered 
STRENGTHS 

• The idea of seeing a manufacturing (or service) 
organisation as a system, made up of subsystems each 
with inputs, transformation processes and outputs. 
• Divides internal business as primary and secondary to 
concentrate on activities that add value 
• The initial concept moved beyond the boundaries of the 
firm as in the real world to deliver the finished product 

• Industrial 
Engineering 

• Mechanical 
Engineering 

• Manufacturing 
Engineering 

• Business 
Management 

• Business 
Management 

• Industrial 
Engineering 

• Computer 
Science/ 
Engineering 

• Industrial 
Engineering 

• Mechanical 
Engineering 

• Manufacturing 
Engineering 

• Computer 
Engineering 

• Business 
Management 

• Business 
Management 
and Strategy 

• Development 
Studies 



60 NETWORK-CENTRIC COLLABORATION 

1.5 
VE 

1.6 
BE 

• Mainly 
companies 
• Special 
attention to 
develop and 
integrate core 
competences 
of Small and 
Medium Size 
companies in 
the temporal 
alliance 
(SME's) 

• Companies 
and their 
related 
supporting 
institutions 
(such as 
associations) 

into the market linkages with suppliers, distributors and 
chents within and without the same sector are required. 
• By some researchers in development studies, the 
formation and growth of clusters can be a possibility for 
developing countries to compete in global markets 
WEAKNESSES 

Many times analysis are realised by economists looking 
only at the "outside the box" results. The model doesn't: 
• Analyse deeply the new product development process 
• Focus to improve the collaboration process among 
partners with new technologies, procedures and tools. 
STRENGTHS 

• Partners of the VE should be able to share their core-
competences (technology, business process or resources) 
to develop a new product or service with non-
reproducible characteristics in the market. 
• The network has a short life, because it usually satisfies 
a specific need, usually an specific project is realised, and 
then the Virtual Enterprise dissolves 
• Partners in a Virtual Enterprise model can be 
geographically distributed and the model provides a way 
for SME's to collaborate in global networks. 

WEAKNESSES 

• Depends strongly on the availability of Information and 
Communication Technologies. If a company doesn't 
count with ICT is very difficult for it to join a VE 
• The set-up of the network for a temporal alliance is not 
an easy task. General speaking a business opportunity 
should be first identified and an external entity mainly 
called "a broker" that will also orchestrate the new VE. 
• National and/or regional policies that enable or reduce 
the innovation capabilities of companies are not 
considered in the analysis 
STRENGTHS 

• The approach proposes a network of organisations that 
are "prepared" to collaborate. Once a new business 
opportunity is identified a new Virtual Enterprise will be 
formed. 

WEAKNESSES 

• The breeding environment (BE) will need a strong 
leadership and a common objective to hold together the 
members which will be ready to collaborate. If these 
elements don't exist, the BE will hardly show results. 
• As members of the BE are not all located in the same 
teiTitory/region they will depend strongly on the ability of 
a Information and Communication Technologies (ICT) to 
enable this network approach to hold on together while 
the business opportunity appears or is identified by the 
broker. 
• New models are needed to incorporate Universities in 
the Virtual Enterprises to be formed out of the BE. 
• National and/or regional policies that enable or reduce 
the innovation capabilities of companies are not 
considered in the analysis. 

• Computer 
Engineering 

• Manufacturing 
Engineering 

• Mechanical 
Engineering 

• Industrial 
Engineering 

• Business 
Management 

• Law Schools 

• Industiial 
Engineering 

• Mechanical 
Engineering 

• Manufacturing 
Engineering 

• Computer 
Engineering 

• Business 
Management 

• Law Schools 
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3. TYPE 2 NETWORK MODELS: COLLABORATION AS 
PART OF A SPATIAL CONTEXT FOR REGIONAL / 
NATIONAL DEVELOPMENT 

On the other hand, type 2 models have developed and appUed mainly by 
Economists, Sociologists and Policy Makers to understand how the collaboration 
and collective learning processes impact and increase the innovation capabilities of 
regions and nations and to identify and define the different pohcies that could be 
implemented to increase competitiveness. These models do not usually focus on the 
interaction processes or technologies used among individual firms or the single 
network or how to improve their operation, but on the aggregation mechanisms of 
companies located in a specific location and the macro innovation outputs such the 
region/nation per capita income, number of new high tech companies or the number 
of new patents. The infrastructure provided to these networks to collaborate and 
innovate in terms of policies, tax incentives, available and skilled workforce, venture 
capital, university laboratories and public/private R&D are some of the input 
variables usually analysed to understand why some regions/nations are more 
innovative than others. 

In these type 2 models, regional and national economic performance depends 
upon the progressive introduction over time of innovations in products and 
processes to enhance the competitiveness of the regional and national economic base 
in an increasingly competitive world. Mainly, these models have emerged to analyse 
the importance and impact of the different actors, the knowledge and learning 
collective processes and policies that are present at the national, regional, local and 
metropolitan levels that support innovation in a spatial context. Special attention is 
paid to the interaction and collective learning of the different agents in the territory 
such as Firms, Universities and Governments. In this case, the unit of analysis is the 
" network(s) of entities inside a specific location or territory". 

In contrast with the type 1 collaboration models where both basic and applied 
research are performed to improve the efficiency of the firm or network by 
providing new tools and methods (typical of an engineering perspective), type 2 
models are studied under an economist perspective, in other words the innovation 
process is not studied inside the "black box". Economics has traditionally primarily 
dealt with the allocation of resources to innovation (in competition with other ends) 
and its economic effects, while the innovation process itself has been more or less 
treated as a "black box". What happens within this "box" has been left to scholars 
from other disciplines (Fagerberg, 2003). 

The first type 2 collaboration model is the Industrial Cluster (IC). It is defined 
as a concentration of 'interdependent' firms within the same or adjacent industrial 
sectors in a small geographical area (Observatory of European SMEs, 2002). Porter 
(1990) defines a cluster as a set of industries related through buyer-supplier and 
supplier-buyer relationships, or by common technologies, common buyers or 
distribution channels, or common labour pools. In the last years, there has been an 
explosion of interest in cluster development across North America, Europe and 
newly industrialized countries. This interest has been prompted, in part, by 
fascination with the success of Silicon Valley at reinventing itself through 
successive waves of new technology; and, in part, by the efforts of other regions to 
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emulate the Silicon Valley model. Saxenian's case study of Silicon Valley 
undertaken in the early 1990s and the comparison she provided with Route 128 in 
Massachusetts was one of the initial case studies analysing Silicon Valley success 
(Wolfe, 2003). 

The second model within the type 2 is the Innovative Milieu (IM). It is based 
on the hypothesis (Aydalot, 1986) that "Local environments play a detenninant role 
as innovation incubators, they act like a prism through which innovations are 
catalysed and which give the area its particular complexion. A firm is not an isolated 
innovator, it is part of an area which makes it act and react. The history of an area, 
it's organisation, it's collective behaviour and it's internal structure of unanimity are 
the principal components of innovation". This hypothesis justifies an analysis which 
goes beyond the permissive conditions which enhance the creation and 
establishment in a particular locality of innovative firm. According to the GREMI 
(Group de Recherche Europeen sur les Milieux Innovateurs) an innovative milieu is 
the set of relationships that occur within a given geographical area that bring unity to 
a production system, economic actors, and an industrial culture, that generate a 
localised dynamic process of collective learning and that act as an uncertainty-
reducing mechanism in the innovation process (Camagni, 1995). Many of the 
studies developed under the irmovative milieu approach analyse the learning process 
for innovation; in fact, the GREMI Group argues that a territory with weak 
interactions and no learning can't be considered an innovative milieu. 

On the other hand, the Innovation Systems (IS) model takes into consideration 
the network of institutions in the public and private sectors, whose activities and 
interactions initiate, import, modify and diffuse new technologies (Freeman, 1987). 
This approach considers that the elements and relationships which interact in the 
production, diffusion and use of new and economically useful knowledge are either 
located within or rooted inside the boarders of a nation or region. The characteristics 
of an innovation system can be summarized as (Lundvall, 1992): 
• Firms are part of a network of public and private sector institutions whose 

activities and interactions initiate, import, modify and diffuse new technologies 
• An IS consists of linkages (both formal and informal) between institutions 
• An IS includes flows of intellectual resources between institutions 
• Analysis of IS emphasizes learning as a key economic resource and that 

geography and location still matter. 

The fourth and last type 2 identified model is the Triple Helix (TH). It has been 
proposed by Henry Etzkowitz and Loet Leydesdorff (2000) and states that 
Universities play an enhanced role in innovation in increasingly knowledge-based 
societies. This approach proposes a new level of interaction: University-Industry-
Govemment promoting a "third revolution" in the academic system, where 
Universities will target a "third mission" of economic development in addition to 
research and teaching; "The heart of the Triple Helix thesis is an expansion of the 
role of knowledge in society and of the university in the economy". The Triple Helix 
Model opens up a new perspective; universities can benefit economically from their 
innovations, by creating "spin-offs", selling their patents to industry offering 
consulting sei-vices by transferring technology to local companies enabling a 
sustainable economic development of their regions. 
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2.1 

IC 

2.2 

IM 

2.3 

IS 

2.4 

TH 

M l " U < . , M M M . I I I S A \M \ k M sM ^ CI"! i n 1 
M .N, 

• Companies 
localised in a 
specific region 
• Strong 
emphasis on 
SME's 

• Enterprises, 
regional socio-
professional 
associations, 
local and 
regional 
authorities, 
universities and 
laboratories, 
schools and 
individuals. 

• Companies 
• Research 

Institutes 
• Universities 
• Government 

• Companies 
• Research 

Institutes 
• Universities 
• Government 

STRENGTHS 

• Proximity facihtates the transfer of knowledge an 
information 
• A skilled pool of workers facilitates innovation 
• Universities such as Stanford in Silicon Valley and 
Cambridge in Cambridge have played a key role by 
transfen'ing knowledge and by increasing the innovate 
capabihties generating hi-tech clusters 
WEAKNESSES 

• Clusters have also been approached by their capacity to 
generate knowledge and their learning capabilities, 
nevertheless in a cluster not all companies collaborate and 
share information 
• There is not a unique strategy to develop clusters and 
make them successful as each country and region reUes on 
different cultures and policies. 

STRENGTHS 

• Proximity facilitates the transfer of knowledge an 
information 
• Focuses on the collective learning process to enable 
innovation 

WEAKNESSES 

• This approach doesn't study the learning process at the 
company level but in a "macro" regional perspective which 
is not easy to measure and replicate 
• It doesn't take into consideration the possible technologies 
that can facihtate the collective learning process 

STRENGTHS 

• Takes into consideration the policies that can enable or 
hinder collaboration at national and regional levels. 
• The knowledge ti'ansfer process among companies and 
universities is analysed 
• Considers different units of analysis: national, regional, 
metropolitan and local. 
• Tlie MIT developed the Local Innovation Systems (LIS) 
where successful locations are studied 

WEAKNESSES 

• In most cases, the analysis of the innovation process is 
performed "out of the box" under an economist perspective. 
• Non-successful case studies of new products developed 
under this model are rarely described 

STRENGTHS 

• The entrepreneurial university takes a proactive stance 
in putting knowledge to use and in broadening the input 
into the creation of academic knowledge. 

WEAKNESSES 

• Non-successful case studies of new products developed 
under this approach are rarely described 

• The collaboration between Universities and Local 
industries is rarely studied in detail by researchers 

• Business 
Management 

• Economists 
• Sociologists 
• Political 
• Science 

• Regional 
Economists 

• Business 
Management 

• Economists 
• Sociologists 
• Development 

Studies 
• Policy 

Studies 

• Policy 
Studies 

• Sociologists 
• Economists 
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A PROPOSED TAXONOMY TO ANALYSE NETWORKING 
MODELS 

As observed, each networking model targets different objectives and goals, therefore 
is not an easy task to classify them and analyse their similarities and main 
differences. In order to realise this comparison a taxonomy has been developed. The 
proposed taxonomy analyses each model under four major areas: 1) Geography, 2) 
Collaborating Entities, 3) Scope and 4) Collaboration Enabling Factors. For each 
identified element under the previous four major areas of the proposed taxonomy a 
value of "0" (not considered), " 1 " (low), "2" (medium) or "3" (high) was given 
taking into consideration its importance for each specific networking model (Table 
5). Table 4 shows which are the most important elements for type 1 and type 2 under 
the four taxonomy elements. 

Table 4. Type 1 and Type 2 key elements 

TAXONOMY 
ELEMENTS 

1 Geography 

2 
Collaborating 
Entities 

3 Scope 

4 
Collaboration 
Enabling 
Factors 

TYPES OF NETWORKING MODELS 
T y p e l 

Intra-Inter Company 

• Intra-Inter Company 
Networks not linked to a 
territory, partners are 
geographically distributed 

• Departments' functional 
collaboration inside the 
company 

• Network of Companies 
(usually in distributed 
locations) 

• Operational Costs and 
Transaction Costs Reduction 

• New Product Development 
and Innovation 

• Information and 
Communication Technologies 
(ICT) 

• Reduction of costs and lead 
times as a main goal 

• Common goal to develop new 
product(s) 

• Trust 

Type 2 
National/Regional 

• National or Regional Territorial 
Networks 

Network of local/national: 
• Companies 
• Companies and Associations 
• Companies and Universities 
• Companies, Universities and 

Government 
• New Product Development and 

Innovation for regional/national 
competitiveness 

• Collective Learning 
• Knowledge Transfer 
• Sustainable National/Regional 

Economic Development 
• New national/regional policies 

definition 
• Proximity 
• Development and sharing of 

Human Capital 
• New Knowledge Creation 
• National/Regional culture for 

Innovation and Collaboration 
• Governmental Policies 
• Trust 
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Table 5. Analysis of Networking Approaches using the proposed Taxonomy 
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5. CONCLUSIONS 

Several disciplines are targeting in one way or the other to study the networking 
process of different entities to carry out innovations proposing different models to 
understand their interactions. As observed, there is not a unique model to cover all 
the needs and angles. This paper proposed a classification of ten different 
networking models into Type 1) firm-global network oriented and Type 2) local, 
regional, national network oriented. A taxonomy has been presented to analyse their 
main differences and similarities taking into consideration four main elements: 1) 
Geography, 2) Collaborating Entities, 3)Scope and 4) Collaboration Enabling 
Factors. The most amazing learning lesson during this research was that even if the 
different disciplines work in parallel in the same topic, there is very little interaction 
among them to share concepts and ideas that could enable to cover the different 
needs in a engineering oriented, economical, political and social perspective; 
additionally, a common ontology is required to have a common set of definitions. 
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An important challenge in establishing lasting changes of culture and values in 
an organisation involves ensuring that organized learning processes are 
anchored within the organisation. Our experience from several projects shows 
that good intentions are not sufficient for ensuring the operation of a CN. 
Many of the existing patterns reflect an earlier situation when research was not 
as strictly monitored for its short-term results and its financial (contributions 
to) outcomes. The central point of the paper is that collaborative networks 
(CN) do not need to 'live with' and experience all the deficiencies faced in 
regard to the introduction of virtual forms of organisation in the corporate 
world, as these have been introduced in several national or application 
contexts in Europe. 

1. INTRODUCTION 

The central point of the paper is that collaborative networks (CN) do not need to 
'live with' and experience all the deficiencies faced in regard to the introduction of 
virtual forms of organisation in the corporate world, as these have been introduced 
in several national or application contexts in Europe. We have been accumulating 
lessons learnt in Europe and are in a position today to report on our personal 
experiences, thus possibly helping provide useful advice and recommendations to 
the development of some genuine breeding enviroiunents for such networks. 

The shadow capital on which we argue that we should build such infrastructures 
are the mistakes that have been made (and to a great extend continue to make) in the 
addressed area. There has been a repetition of the same old mistakes. These include 
tendencies for: 
• Overdoses of formalisms and structurally rigorous platforms that only partially 

work and provide usefiil solutions to existing problems 
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• Lack of investment in the human aspects both from the side of the CN provider 
and the user, 

• Focusing only on short-term (and therefore short-sighted) resuhs and 
dehverables 

• Undervaluing the efficacies created through the learning dimension as a 
medium to increase any organisational as well as individual intellectual assets. 

In our paper we make an analysis of two failure stories and focus on the soft 
aspects related to the introduction of a CN infi-astructure and make explicit 
references to the common mistakes when building or purchasing a ready-for-use 
system or application. The overall aim is to come up with a set of representative 
cases that may provide food for thought and radical ideas for avoiding pitfalls 
related to the suboptimal introduction of the concept of CN. 

In contrast to tangible products and services, it is difficult for a CN to import its 
soft assets from elsewhere. It can 'import' technological infrastructures and 
capitalize on technological innovations, however, it still remains a question for the 
people that constitute its grid how they can make best use of concepts selectively 
and on a need to do basis. Even in the case of non collaborative networks, 
iimovations cannot be copied or lent by other networks - in the same way that the 
fixture of a CN and its potential cannot be mortgaged under the procurement of some 
monolithic and silo infrastructures which have rarely worked. 

2. THE ADDRESSED AREA 

2.1 European research projects as instances of CN 

European Framework research projects are carried out by partners operating as an 
extended enterprise, whose different Intellectual Assets (lAs) and the value thereof 
need to be recognised in order to successfully prepare the ground for the completion 
of the project. Taking this into account, there is a need to manage the project as a 
'business' (even if this involves adopting a business attitude), in the sense that it 
must be approached as a specific endeavour to achieve certain defined goals. 

Based on the experience established from our involvement in nine projects that 
have been implemented over a period of 6 years (1999 - 2004), there is clear 
empirical evidence that a considerable majority of projects fail because they do not 
succeed in identifying their individual purpose in terms of the knowledge produced 
and excellence achieved. One can attribute this shortcoming as project management 
failure, technical failure, requirements failure, or market definition failure. Like 
medicine that is not considered as an exact science, as is the case with mathematics, 
one can rely only on empirical data and the relevance that can be vaUdated with 
certain hypotheses. From our side, the evaluation criteria related to the following 
success indicators: 
• Creation of a jointly recognized and co-owned intellectual asset, and 

establishment of some elementary structure for its management [C;]; 
• Continuation of the collaboration into at least one subset of the initial 

partnership for a period of at least two years [Q], and last but not least; 
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• Organization of processes that are exhibiting at least one of the following (a) 
recognition of the exact contributions to be made at scientific or 
techological/technical level, (b) agreement on the qualitative criteria that shall 
be used for validating the success of the project work, and (c) delineation of 
information related to the positioning of the project with respect to other 
research approaches, the market and competition at large. For this last 
subcriterion, we relied on different techniques, spanning from the traditional 
SWOT analysis of strengths, weaknesses, opportunities and threats, to more 
sophisticated ones relying on roadmaps and benchmarking [Cj]. 

The aforementioned suboptimality derives mainly as a result of a reluctance to 
develop a common culture and a team spirit which shall facilitate the creation of an 
open environment, supporting the sharing of knowledge communication, 
experiences and ideas, and most importantly their sharing. To avoid this, an obvious 
remedy for any company and therefore any project is to know at each distinct 
moment: its assets (both tangible and intangible - especially the latter), its 
competitors, and (of course) the market; how to express them with the most accurate 
figures possible, and how to increase them by means of opening the various types of 
corporate information and knowledge resources to the other members of the CN. 

It is not uncommon to find projects which fail to have a realistic estimation of 
the global situation regarding the application of the project's mtended outputs in the 
real world and the related market conditions. Methods for the valuation or 
measurement of Intellectual Assets can be characterized as 'solutions in search of a 
problem', and although there seems to be confusion about the distinction between 
valuation and measurement, the distinction is fundamental yet not fully recognized 
io the field (Andriessen, 2003). The aim and the motivation of our approach is rather 
simple and straightforward: to come to a quantitative overview of the monetary 
value of all types of intangible assets that are to be created by the project in order to 
be able to exploit these assets, on two levels: 
• For the entire CN; and 
• For each individual CN member separately. 

From the plethora of methodologies and practices which have been built 
variously on the schools of thought or 'communities' of - amongst others -
Intellectual Capital management. Accounting, Performance measurement, and 
Valuation, we built our approach on an adapted version of the Weightless Wealth 
Toolkit by Andriessen (Andriessen, 2004). 

2.2 The need to invest in intangibles 

An important challenge in establishing lasting changes of culture and values in an 
organisation involves ensuring that organized learning processes are anchored 
within the organisation. Traditional courses and training are considered efficient, but 
it often seems as if the long-term effect is missing. Furthermore, traditional courses 
are often used by organisations to train their employees so they can perform better, 
but in the same ways as they always have done. 

There are several positive aspects to both tactics, but if the goal of the learning is 
to gain new knowledge and to establish changes in behaviour as well as further 
learning in the organisation, it is important to use a strategy based on pedagogical 
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theories and methods that take individual as well as organizational learning into 
consideration. There is a saying; 'Those that have hammers, will see only nails'. In 
the greater scheme of things, corporate decision-making includes more than 
scientific approaches and methods. 

Our own experience working with decision-making processes dates back to the 
begiiming of 1990. We have been closely involved with a wide range of different 
organisations in the research, the business software and the IT industry in general, 
and different types and levels of decision-making styles and cultures. In all these 
settings, we have been exposed to different learning strategies based on problem-
based and project-organised approaches, and our experience is that they provided 
quite another learning outcome. We consider this Situation-Room learning approach 
an effective and motivating way to organise the kind of learning situations needed 
when working with changes in behaviour, strategies, and innovative processes in 
companies and organizations, as it is for the case of product development. 

Authors like (Nonaka, 1991; Nonaka and Tageuchi, 1995), (Leonard-Barton, 
1995), (Sveiby, 1997), (Sveiby and Lloyd, 1988), and many more, claim that 
knowledge is the most important resource. "In an economy where the only certainty 
is uncertainty, the sure source of lasting competitive advantage is knowledge" 
(Nonaka, 1995). However, this does not mean that the knowledge-based view is a 
synonym for the resource-based view. The most important and fundamental 
difference is that the resource-based view only implicitly refers to knowledge, 
whereas the knowledge-based view gives extensive elaboration on the nature and 
definition of knowledge and the way it should be managed (Thompson Klein, 1996). 
Knowledge management literature can be seen as a further specification or extension 
(Bontis, 2002) of the resource-based view into a 'knowledge-based theory of the 
firm'. 

In parallel a closely related and more holistic perspective on the value creating 
resources of the organisation emerged. This intangible-based view of the firm is 
based on the work of authors like (Sveiby, 1997), (Stewart, 1997) and (Edvinsson, 
1997). This so-called Intellectual Capital movement uses knowledge and intellectual 
capital interchangeably. Although closely related, the meaning of knowledge in this 
movement fundamentally differs from the definition of knowledge in the 
knowledge-based view of the firm. Intellectual capital, intellectual assets, intangible 
assets, intangibles, knowledge assets, knowledge capital or whatever term is used 
within this movement, refers to the traditional hidden sources of value creation (of 
which knowledge is just one). Hidden in the sense that existing management 
techniques do not have the methods or instruments to reveal them. 

This intangible-based view of the firm inspired the intellectual capital movement 
to further elaborate on the nature of intangible resources and the way they should be 
measured and managed. This view serves as a starting point for application within 
the corporate environment. 

(Weick, 1995) presents a detailed theory of sensemaking in organizational 
contexts, particularly those characterized by novelty or other forms of description. 
He suggests that individual and group activities are inextiicably intertwined. 
Weick's work is compatible with constructivist perspectives of knowledge, in that 
situations become 'real' only through the interpretive processes of sensemaking 
which reveal how different parties construe the situation. (Choo, 1999) summarizes 
three-step processes that are central to sensemaking: Enactment: the process by 
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which individuals in an organization actively create the environment which they 
face; Selection: the process by which people in an organization generate an enacted 
environment that provides a cause-and-effect explanation of what is taking place; 
Retention: enacted or meaningful environments are stored for future retrieval upon 
occurrence of new equivocal situations. 

According to Weick, people engage in sensemaking in two main ways. Belief 
driven sensemaking takes place through arguing (creating meaning by comparing 
dissimilar ideas) or expecting/confirming (creating meaning by connecting similar 
ideas). Action-driven sensemaking involves people committing (engaging in highly 
visible actions to which they have commitment) or manipulating (acting to create an 
enviroimient that people can comprehend). 

Weick addresses the social dimensions of knowledge sharing by drawing on 
Wiley's work (Wiley, 1988) which suggests that there are three levels of 
sensemaking above that of the individual: Intersubjective: synthesis of self from I to 
We; Generic subjective: interaction to create meaning at the group or organizational 
level; Extrasubjective: meaning attains the strength of culture -'pure meanings'. 

Bringing these concepts together, therefore, Weick sees organizational 
sensemaking as the drive to develop generic subjectivity through arguing, expecting, 
committing and manipulating. These social dimensions converge with Nonaka and 
Takeuchi's (Nonaka, 1995) view on the role of socialization in transforming tacit to 
explicit knowledge. Companies provide many different types of services to their 
employees and stakeholders; the interactions between the abstract entity of a 
corporation and its people are mostly process-based and can be categorised as 
follows (Lenk, 1999): structured procedures or routines, semi-structured decision 
processes and negotiation-based case-solving. 

(Capurro, 2004) fiirtherraore states that what can be managed is information or 
explicit knowledge and that implicit knowledge can only be "enabled". In this 
context, explicit means that it can be clearly observed and expressed (and also 
digitalised), as opposed to implicit knowledge that can not be directly formulated 
(skills, experiences, insight, intuition, judgement, etc.) When knowledge is explicit, 
it can be represented as declarative or procedural knowledge. We are aware that in 
the domain of cognitive sciences, the distinction between procedural and declarative 
models is related to the brain memory system - see for example (Ullman, 2001), but 
here we used these terms here in a limited sense, as defined in computer science: 
Declarative knowledge components represent facts and events in terms of concepts 
and relations; Procedural knowledge components describe actions to be taken in 
order to solve a problem step by step. 

For cases where knowledge is implicit and cannot be formalized, we introduced 
the concept of distribution: knowledge can be individual or collective, and in both 
cases components identify who has this knowledge or where it can be found. Finally 
we added a set of metadata (know-where, know-when, know-who, etc.) that describe 
these knowledge-components and that make it possible to manage them. 

3. THE CORPORATE REALITY 

3.1 General 

• "An institution able to show a record of efficient involvement in projects and 
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research activities in a specific area in the past is able to set up a similarly 
adequately skilled research team in any new project". 

• "A company active in the area addressed by a research project with a 
successful record of sales (products or services) will be similarly willing to sell 
the products or services, resulting from the research project it participates in". 

• "A company or institution participates in a research project in order to develop 
know-how necessary for its future operations, to cope with future challenges 
and to establish strategic alliances ". 

In many cases, regarding the above, there is a huge discrepancy between what is put 
forward in a proposal or a review and the daily routine of a project. In certain other 
cases, intentions need to be supported by actions. In all cases, the everyday financial 
pressure - in periods of economic uncertainties in particular - affect the initial 
commitment to a project, under the surging demand for cash-flow and better 
economic indices of the organization. 

A research institution might truly wish to enter a new research area, but has to 
operate under the tremendous pressure to bring in money - which makes researchers 
grasp at any opportunity that appears on the street comer. In the event of a proposal 
being successful, they will lose time and momentum because they will have to 
organize an ad hoc team - either by asking people who might be interested, or by 
hiring new people to get on board. This kills the potential of a good head start to a 
project. 

Participation in an RTD project allows an organization to gain additional 
cashflow, national matching funds (for public research or academic institutes), 
opportunities for press releases and company promotion (research is always 
fashionable, to get fanded for it is trendy, but to actually conduct it might be 
considered nerdy!). Sometimes organizations join research consortia just because 
they cannot stay out of them. Organizations tend to look for ready made consortia to 
join. In very few cases a proposal is written by more than three people, with most 
partners limiting their contribution to CVs and lists of previous project 
participations. 

On the project supply-side, there is often ambivalence towards speculative 
opportunism (yesterday we were selling information brokerage systems - today we 
sell Semantic Web - tomorrow Grids and Grid computing). It is not uncommon to 
have such concept drift taking place continuously; this happens in the economy and 
in the market. As the above may seem apocryphal, here are some examples: 
• In a recently completed project, we had taken the responsibility to prepare a 

business plan. We collaborated closely with the manager. From the very start 
we had expressed our commitment to support this plan even after the 
completion of the project. We organized a set of communications and contacts 
with external consultants and spent much time on it - most of which did not 
come from the project budget as it involved several people from other 
departments of our institutions. The result was not positive as the manager's 
interest faded after the 'successful' completion of the project. To our regret, 
what we know is that they keep on investing in the platform they developed in 
that project and they do have a longer-term research plan for their work. 

• In another recently completed project, we had taken the responsibility to prepare 
a business plan. We developed a fully developed draft which we circulated to 
the consortium, but there was no response or reaction to this. As this project has 
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again terminated "successfully" by submitting also its e-TIP, why bother with 
such things like a business plan? It is obvious that the completion of the project 
meant the termination of partners' interest to the subject. 

The lesson learned from the above stories from the front line is that there is an 
urgent need to examine our Value Chains - those that we have and which we need to 
improve, and those that we don't have and therefore need to create from scratch. 
Perhaps there is arrogance and a resting on our lamels that exists in our continent in 
contrast to North America, Asia and Japan that hinders the creation of such Value 
Chains in the research and innovation fields. 

Looking at the intangible assets (in terms of knowledge) won and lost during the 
projects, as well as to the same assets before these started and after they ended, i.e. 
considering the particular life cycle of the projects, the picture is not bad for the 
individual participants of the CN, but it is devastatingly discouraging for the 
commonly owned assets. To the latter, there is a clear failure in capitalising even at 
the level of lessons jointly learned. Furthermore„there is an unequivocal tendency 
for each party to draw its own conclusions, in the same way as its party forms its 
own policy and negotiates with the other parties in a very basic and non value added 
way, 

3.2 Concluding remarks 

Our experience from several projects shows that good intentions are not sufficient 
for ensuring the operation of a CN. Many of the existing patterns reflect an earlier 
situation when research was not as strictly monitored for its short-term results and 
its financial (contributions to) outcomes. 

Fiuthermore, it seems that the central challenge faced by a CN is the 
implementation of flexible, time-variant co-operation models. As a result, our view 
on posing more impoilance to aspects related to the soft skills of a CN is of direct 
utility; it is essential nowadays for the created CN structures to be able to 
dynamically modify their fonnation (i.e. to evolve continuously) and to have the 
necessary knowledge to do so appropriately in relation to the intangible assets which 
they are using. 

Having several first and second hand experiences in the success or failures faced 
from the more demanding and relatively complicated projects or tasks, to less 
complex and simple ones, the story has to do usually with the same ingredients: 
• People, and 
• How these interact to each other or with each other, and 
• How they perceive and analyse the world they live in, the events that are taking 

place and to which they have or need to respond to, and 
• How they document their knowledge, their wants, their goals, their history of 

what they did or they aimed to do, and, 
• How they access and make use of the documented knowledge - be it theirs or 

someone else's , and finally, 
• How they manage to improve their behavior either at the individual level or at 

the collective one, or - sometimes - at both through learning processes or other 
optimization processes. 

However, to manage a coordinated behavior of individuals is a difficult, if not 
unachievable, task. Even if people are working together for the same goal, and have 
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all unanimously agreed to the same objective and target, it is human nature that they 
shall develop differentiations in regard to the means that each individual shall 
employ for meeting any specified end. Or, even in the case that there is agreement 
regarding the means, there will be different opinions on the instrumentations of 
these very specific means, the orchestration of all individuals around them, etc. This 
helps us come to the conclusion that the main difficulty concerns the synthesis of all 
these different 'resoxirces'. 

Though the starting point for us has been problems that appear in the corporate 
world, any type of 'problem' that involves most of the above components can be 
regarded as subject to the same need for being approached with a preferably simple 
and consistent method for modeling the problem. 
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We propose a Multi-Agent framework to analyze the dynamics of 
organizational survival in cooperation networks. Firms can decide to 
cooperate horizontally (in the same market) or vertically with other firms that 
belong to the supply chain. Cooperation decisions are based on economic 
variables. We have defined a variant of the density dependence model to set up 
the dynamics of the survival in the simulation. To validate our model, we have 
used empirical outputs obtained in previous studies from the automobile 
manufacturing sector. We have observed that firms and networks proliferate in 
the regions with lower marginal costs, but new networks keep appearing and 
disappearing in regions with higher marginal costs. 

1. INTRODUCTION 

According to economic evolutionary theories, firms innovate in order to increase 
their survival rates. We propose to analyze the dynamics of collective innovation, 
using a Multi-Agent framework, where firms (the agents) can cooperate for 
innovation purposes. To explore the impact of cooperation on the survival of 
organizations, we have used a variation of density dependence model (Campos and 
Brazdil, 2005b). We examined the empirical evidences from automobile 
manufacturing to improve our Multi-Agent model. Our main conclusion is that there 
are more networks in regions with lower marginal costs, but nevertheless there are 
some firms and networks in richer regions, showing that the firms clustering helps to 
avoid negative results and abandon of the activity. In the following we provide 
details concerning this study: in section 2 we provide an economic perspective of 
cooperation models and introduce some important concepts, as technological 
distance and density dependence. In section 3, we present some concepts that are 
useful for the development of the model and in section 4 describe the Multi-Agent 
Simulation. Section 5 is devoted to the presentation of the resuhs. We end this paper 
with conclusions and future work. 
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2. A NETWORK MODEL OF COOPERATION 

Because innovation is a strategic factor of the regional development, regional theory 
proposes that "new activity motivate power". Particularly and according to 
evolutionary theories, firms innovate in order to increase their survival rates. Some 
authors have related the process of innovation with the creation of networks of 
firms: Carayol and Roux (2003) consider innovation as a collective and interactive 
process that generates the formation of networks of organizations. Moreover, 
innovation and cooperation networks, and, generally, the topic of firms' dynamics 
have been recently studied with the help of Multi-Agent Simulation models (Zhang, 
(2003), Gilbert et al., (2001), Cowan et al, (2004), Cortes, (2004)). 
One of the most important aspects related with cooperation networks and innovation 
is the distance between firms. Although the geographical distance is an important 
measure in literature from regional science, empirical evidence has shown that a 
non-physical distance between firms can also be useful. Some authors (Agata, 2003) 
call it cognitive or technological distance and it plays a major role in the 
effectiveness of knowledge diffusion that can be generated from inter-firm 
networks. This technological distance measures the distance between firm's know-
how and will be crucial for the definition of networks, as we will see. 

3. AUTOMOBILE INDUSTRY: SOME EMPIRICAL 
EVIDENCES 

To investigate how this model applies to reality, we have chosen to study the 
automobile manufacturing industry. In the following we present some concepts that 
are useful for the development of the model: (1) In automobile manufacturing, as car 
makers seek to cut costs, they outsource certain activities to the supply industry. (2) 
Outsourcing also allows greater economies due to specialization, since suppliers are 
more experienced in certain functions and can supply several carmakers, achieving 
higher efficiency or productivity. (3) Constructors promoted both the concentration 
process of component suppliers and room for creating important collaborations and 
alliances among suppliers and among suppliers and constructors (Rolo, 1998). (4) At 
the same time, we are facing the migration of OEM to emergent markets of Asia and 
South America as a way to rationalize production, and capacity reduction. In 
addition, previous studies of Campos and Brazdil (2005b) have confirmed the 
existence of factors affecting organizational survival, the number of organizations 
that existed at the time of birth and at the time of death (referred to as 
contemporaneous density and density at founding): (5) contemporaneous density has 
a negative impact on the mortality of organizations, while (6) density at founding 
has a positive impact on the mortality of organizations. 
In the next section, we will introduce the model and discuss the components and the 
decision making process. 

4. MODEL DESCRIPTION 

A Multi-Agent model has been used, because agents can be configured to be 
autonomous, and these seem to capture the dynamics (and the survival) in network 
formation. 
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4.1 Model components 

The agents, knowledge creation and diffusion 
We have developed a Multi Agent Model, NetOrg, where we have considered, for 
each market y, n firms (i=l, ..., n̂ ,) and m consumers (j=l, ..., niy). There are three 
different markets defined by the products (or production process levels) Y=l, 2 and 
3. Car makers, Carburetor suppliers and Clutches suppliers can be defined as 
examples of these types of markets or industries (as in Swarmnathan, 2002). 
For every product or production process level (Y=l, 2, 3), we consider a different 
kind of knowledge (or stock of capital) represented by k\Y (the stock of capital or 
knowledge owned by firm / in instant t that is necessary to produce the product Y). 
In every step there will be an accumulation of knowledge k given by: 

K-î Y "" -"̂ ijY ~ ^ ^ ^ i , 

with, Ai,Y' = AKi,Y' = w i,Y' + y 5'' ' <'••''w • 
Z.^ j,Y 

jsN\i 

where 5 is the transferability factor, (i.e., the parameter that measures the share of 
new knowledge which is effectively transmitted through each liiik); W\,Y represents 
the innovation of firm i that is related with product Y at moment t and it is defined 
by a Normal distribution; we have considered, (as in Carayol, 2003) that there is no 
knowledge diffusion (also known as knowledge spillover) between firms that do not 
share a network connection. Although each firm owns a value of the stock of capital 
for its particular level y, firms can also detain values for the stock of capital for other 
levels (Y= 1,2,3) because they can manufacture more than one product or interfere in 
more than one production process. 

Technology space /geographical space 
As stated before, we followed literature and have considered two types of distances 
that have been combined into one only weighted distance: (i) d**°(i,j) represents the 
geographical distance measured by a Euclidean metric. We defined two different 
regions with different marginal costs associated: region 1 has higher marginal costs 
than region 2; (ii) dy'*''̂ ' '(i,j) represents the technological (or cognitive) distance in 
instant t for the product Y and takes values in [0,1]. The final weighted distance was 

obtained by the formula: dy'(i,j)=[l- d/'^' '(i,j)]-ci;™' '(i,j)-[l- d^'Xm, which gives 
more importance to the technological distance. Considering, for instance, that two 
firms (1 and 2) have technological distance of 0.5 and if the geographical distance 
beween them is, say, 0.1 (geographical distances are normalized to 1), then 

dy'(l,2)=[l- 0.5]-0.5-[l- 0.1]=0.225 

Cooperation and Market demand 
Some firms are assumed to produce in different markets or work in several levels of 
the production process (as in the example of carmakers, carburettors and clutches). 
Therefore, for two firms to cooperate in two or more levels of the production 
process they must first meet, through a preferential meeting process that will be 
described later. For the definition of the Market demand, we have considered three 
types of industries (as stated before), where, for each of the markets, consumers are 
assumed to have love-for-variety preferences (as in Wersching, 2005). Dealing with 
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heterogeneity from demand side (different consumers), we can formulate the 
following utility function for each consumer in the market: 

u'j{X*i,j, ..., X'nj) = EA:.x\i 
1/b, 

The constant bj is an indicator of the association 

of the products in the market: bj=l, indicates that products are perfect substitutes. 
The quantities for the demand of product i by consumer j at time t are represented by 
XVj . Consumer j wants to maximize u'j_ under a budget constraint: 

n 

max u'j (X'l, ..., X'n) such that: /L Pj,i •''''•J - ^ j where R̂ t is the income of consumer j 
i = l 

in time t and p!. is the price that consumer j pays for product i at time t. The demand 

function (price) for the market of the good i, is defined by: 

CA'̂ ''' R' t a 

1-b, 

(X,) £(A;.X|.) 
1=1 

Production costs 
The profit of a firm is obtained multiplying the quantity sold by the difference 
between unitary price and unitary cost, g(w'i) is tlie function of the effort needed to 
create knowledge. We have assumed that g(w'i)= 0.5 (w'l)^ and that c'i is the cost 
function of firm i at time t and will be modelled as: c'i = c-Ak/, where c is the 
marginal cost and c'i is a function of the i* firms' cost at time t; c'i integrates the 
effects of both innovation and absorption which are reduction production costs. 
From this, we can obtain a final form of the profit function for firm i (considering a 

particular product Y): 7i'i=(PV c+AkiY')-X'i-0.5 (w\)^ 

4.2 Decision making 

Entry/Exit and Production quantities 
The entry and exit in the market (birth and death processes) were defined by a 
variant of the density dependence model (Campos and Brazdil, 2005): if the number 
of organizations in the neighbourhood of a specific firm belongs to the survival 
interval [DSi; DSa], then the organization will have higher probability to stay ahve. 
Otherwise it will have higher probability to die by the effect of "overcrowding" or 
"solitude", depending on whether the number is greater than DS^ or lower than DSi 
(where DSi and DSu are respectively the lower and upper bounds of the density 
survival interval). The same idea applies to the process of founding where DB] and 
DBu respectively are the lower and upper bounds of the density founding interval. 

Every firm i must also decide about the quantities XV that will produce at instant t, 
having in mind the maximization of the profit. We have used a heuristic assuming 
that in the first step there is market equilibrium. In the following steps, we admit that 
when the profit of firm i is positive the quantities will be increased by a factor 
a greater than 1, otherwise, they will decrease: 7r'"'i> 0 => a > 1; 7t'"'i< 0 =i> a < 1. 

Investment in R&D/innovation and Cooperation 
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As stated before, innovation at instant t {(a\,y) depends on the accumulated 
knowledge by the firm. In each iteration, we consider that, if 7i'i>0, then the 
innovation &\ must be not null. We have considered three Normal distributions for 
the innovations in each of the three markets. For the cooperation between two firms, 
we have defined the following steps: (i) preferential meeting process, where we 
have defined a meeting rate, m'ij, between two firms where firm i chooses the firm j 
that maximizes the value m'ij=[l-d'(i,j)]. (ii) Negotiation: a simple process was 
defined, in which two firms cooperate if they are able to reciprocally compensate 
some lack of profitability in the stock of capital (measured by Ti'i / K \ Y ) in some 
different phases of the production process. For example, if firm i has higher 
profitability in the stock of capital than firm j , considering the product Y=l, but firm 
j has higher profitability in the stock of capital than firm i considering the product 
Y=2, than they can cooperate to invent a new kind of process that may increase the 
quantities they both produce. This process can be defined by the following 
condition: if (Tt'i / K'i,y=i)> (TIJ / K\y=i) and (TC'J / K\Y=2)< (TI'J / K\Y=2) then => 
cooperation (see example in table 1). 

5. RESULTS FROM iVe^Org 

5.1 Setting up initial parameters 

The results presented in this paper are the outcome of more than 100 different runs 
of the simulation (different runs of 10, 15 and 20 generations were experienced). 
The following sections present one representative run of 15 generations from where 
we have taken one representative output. We have defined a set of initial parameters 
considering that industry 1 could represent an OEM manufacturer and industries 2 
and 3 could be its suppliers. The price of the capital (P^) was set to the same value 
in all of the industries. The marginal cost was defined differently for the 3 types of 
industries, and marginal costs in region 2 were half of the corresponding values in 
the region 1. We maintained the same parameters of the density dependence model 
in all the experiments (DSu=5; DSi=l; DBu=3; DBi=l). Knowing that R is the 
average income of the consumers of each market, the number of initial firms was 
defined by: 

R 

P.xKU 

5.2 The emergence of networks 

A different n was computed for the three different markets (in average ni=3, n2= 20, 
and n3=20). In all combinations of parameters, firms started cooperating with other 
firms in order to increase their profit. Firms (and networks) proliferate in region 2 
(region with lower marginal costs). Some of the risky firms that migrate (from 
region 1 to region 2) were able to overcome negative profits. Some of them 
increased considerably their profits and became top success firms. Although it seems 
that firms with higher values of risk are in general more profitable, it appears that 
there is no direct association between the profit of the firm and its level of risk 
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(Pearson correlation coefficient revealed a weak value of-0.067). Table 1 shows the 
negotiation results for the cooperation between the first 2 pairs of firms in the 
simulation, based on the indicator -K\ I K\Y- Figure 1 shows the geographical space 
and the representation of the networks in the 15* generation. 

Table 1: First two cooperations (over 98 in total) from one of the runs of NetOrg. 

# 
1 
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Cooperatin 

g firms 

Firm 

1 Firm2 

1 24 

2 24 

Production 
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Firm 

1 Firm2 
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Figure 1 - Representation of the networks in the 15' generation 

5.3 Validation of the Model 

To explore the strength of the model, we have considered, in section 3, some 
affirmations made in relation to the Automobile Industry: (3) Constructors promoted 
a concentration process of component suppliers (•..):• (4) OEMs migrate to 
emergent markets of Asia and South America as a way to rationalize production; (5) 
Contemporaneous density has a negative impact on the mortality of organizations; 
(6) Density at founding has a positive impact on the mortality of organizations 
Statistical measures can be used to evaluate the pertinence of these affirmations 
based on simulated data, but facts (1) and (2) are easy to confirm. In fact, in all 
iterations, NetOrg has produced tens of networks, most of them concentrated in one 
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ore more OEM, (i.e., industries of type 1) and firms keep migrating to markets with 
lower marginal costs to increase their profits. To confirm the affirmations (3) and 
(4), we have analyzed the Regression coefficients from a Cox proportional Hazard 
Model, to estimate the impact of the covariates Contemporaneous density and 
Density at founding on the survival of organizations. 

Table 2: Coefficients of some covariates obtained from Cox Regression. 

Covariate 
Contemporaneous 
Density 
Density at 
Founding 

Size 

Predicted 
Sign 

+ 

-

Coef 

-0.046 

213.77 

-0.021 

se(coef) 

0.00992 

0.0567 

0.0013 

p-value 

0.0033 

0.0000 

0.0022 

We have compared the sign of the coefficients with those obtained in other works 
(Mata, Portugal and GuimarSes, 1995; Carroll and Hannan 1989; Carroll and 
Hannan, 1992). The second column in Table 2 shows the predicted signs (obtained 
from literature; the same signs have been predicted in all studies) of the association 
between firm survival and the covariates. All the variables have a significant impact 
on the survival of firms, which can be seen from the p-values in last column (the 
standard error of the coefficients are represented as se(coef)). Carroll and Hannan 
(1989) explain that the density at founding has substantive implications on the 
survival of organizations. As we can see in Table 2, density at the time of a firm 
founding has a positive impact on the mortality of organizations while 
contemporaneous density (the number of firms existing at the moment of the death) 
has a corresponding negative effect. As expected, the effect of the size on firm 
survival is also negative, confirming what was said before and helping to validate 
the simulation model. 

5.4 Evolution of Networks 

We have also analyzed the evolution of networks to understand their behavior and 
change. Therefore, we have performed a Multiple Factorial Analysis (Dazy, 2001), 
which is suitable for evolutionary data, followed by a clustering step to group 
networks with similar behavior. Input data matrix contains some variables that 
describe the networks (profit, marginal cost, stock of capital and form of the 
network). Each observation in this matrix corresponds to a network in a total of 57 
networks found in 20 runs of the simulation. Groups of variables have been 
considered (one for each period of time). In the global analysis of the Multiple 
Factorial Analysis (MFA), we kept 7 factors that represent more than 80% of the 
total model variance. In the cluster analysis, if we choose to accept a partition, say, 
in 2 classes, we must get a clear characterization of the clusters found. In tliis 
partition we find a first group composed by 32 individuals and another group of 25. 
Looking to the networks (observations) that belong to each one of those classes, we 
may conclude that the clustering method has separated the networks with lower 
levels of the Stock of capital from those with higher values for the same variables. 
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We observe that the networks are clustered considering the dimension of their stock 
of capital, a variable that is determinant for the growth of networks. 

6. CONCLUSIONS AND FUTURE WORK 

We have analysed the networks that have emerged from a process driven by 
agglomeration and collective innovation, using a Multi-Agent framework. We have 
concluded that there are more networks in regions with lower marginal costs. 
However, there are some fums and networks in richer regions, showing that the 
creation of networks helps to avoid negative results and abandon of the activity. This 
is related to the phenomenon of firm relocation that is apparent nowadays in the era 
of globalization. Although it seems that firms with higher values of risk are in 
general more profitable, it appears that there is no direct association between the 
profit of the firm and its level of risk. Clustering methods have found two different 
groups in the evolution of networks: networks with lower values of stock of capital 
and networks with higher values. There seems to be no association between the size 
of the networks and geographical location. 

In the future, our goal is to continue endowing agents with the capacity of learning 
and trust and introducing strategies of cooperation. We will also analyze the 
stochastic stability of the model. 
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The author is involved in a multi-year program to establish a number of large-
scale SME collaboration projects. It was anticipated that some web-based 
tools used previously could be adapted, but limits in the participant firm 
capabilities and the emergence of a different business model led to a change in 
approach. In this paper an adaptation of the notion of absorptive capacity 
where both a firm's resource base and its knowledge base are considered is 
used as a framework to better understand participant requirements in building 
a web-based Virtual Enterprise support system. 

1. INTRODUCTION 

The author is involved in a multi-year program (called RELINK [9]) to establish a 
large-scale (20 - 100 SME manufacturing firms) Virtual Enterprise capability that 
enhances the market positioning of the participants. The intention is to dravî  together 
small firms vi'ho have been dislinked from their traditional supply chains and market 
access pathways due to some effects of globalization so they can access new, 
broader markets. This paper reports on some observations made over a period of two 
years where an action research style of interaction was the norm - trying out ideas 
from previous work, and using outcomes to frame new ideas. 

Some management researchers see markets as intersecting networks of actors, 
activities and resources [www.impgroup.org]. In previous work [2] we have 
explored the business benefits arising from collaborative inter-firm transactions and 
compared a number of different instances using an activity theory framework [1]. 
Activity theory [7, 13] evolved from studies of learning by doing, and suggests a 
subject will undertake an activity with an objective in mind, and how this is 
achieved is governed by the distribution of work, tools available, rales associated 
with the activity and broader community norms. In this paper, we consider one 
particular aspect of a VE resource network - the uptake of ICT tools that facilitate 
VE task management, data management and communications. Within that resource 
network context however, we also have embedded networks of actors, activities and 
resources that support its operation. In this paper, the focus is on the capabilities of 
the VE partner enterprise as an actor within the resource network, where we observe 
that two things influence the style of participation: 

• Some limitations on resources available to acquire new ICT tools. 
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• Some limits on a firms' accessible knowledge to help use ICT tools, 
effectively 

In an activity theory context, these two factors will influence what kinds of tools can 
be used in practice, but the framework provided by this theory does not help clarify 
the issues involved. 

One objective of the RELINK program was to adapt research findings and 
system concepts from previous projects involving larger firms [15, 16] relating to 
the use of enabling Information Technology tools. A number of difficulties were 
experienced. One related to available infrastructure, and this has been discussed in a 
previous paper [8]. Another related to the ability of an individual firm to participate. 
In this paper we adapt the notion of absorptive capacity attributed to Cohen and 
Levinthal [3] to provide a framework for clarifying the issues to be addressed, and 
discuss subsequent actions in the RELINK project. 

2. SYSTEM CONCEPT 

The intended system model is illustrated in Figure 1. It is comprised of a number of 
reusable components (broadly identified under the headings of contingency factors, 
modeling, applications and infrastructure and methodology) and some components, 
models and knowledge specific to a particular VE (VE models and operational ICT 
environment). The system also embraced the notion of characterizing the 
establishment and operation of a VE using a life-cycle view (VERAM [15]) 

Layers of VERj "' 
Each layer bul 
upon the prevU 
one(s) 

3221 

General level 
ReHJsable 
components, 
models & 
knowledge 
for VEs 

Particular level 
Specific ' 
components, 
models a 
knowledge of a, 
particular VE 

Figure 1 A technology enabled VE capability model 



Issues of participant absorptive capacity in establishing VE operations 87 

This model can help us understand the position of each potential participant in 
respect of a number of required capabilities, with a view to building bridges to 
effective participation as required. It was observed however that embracing these 
ideas which appeared effective in previous work with large firms was too big a step 
for most small firms. The participating firms were not comfortable with complex 
models, even though they might help understand the range of matters to be dealt 
with in establishing a large-scale collaboration. A different way of packaging the 
same logical concept was pursued. 

3. ICT SUPPORT FOR SMALL COLLABORATING FIRMS 
AND SOME DIFFICULTIES EXPERIENCED 

Whilst IT tools are available to support large scale collaboration, there are issues of 
scale to be addressed. An example is Teamcenter [11] which is used to support 
product life-cycle management, but which is typically used by firms 100 times the 
size of the RELINK project target firms. The RELINK project participant firm size 
varied from many with less than 10 employees to a few firms having around 100 
employees. Most of the firms were involved with the manufacture of production 
tooling, with each project commonly taking three to nine months to complete. IT 
capability varied widely between firms. Some firms have a website for advertising 
purposes, and a few use a password-accessible website facility to provide customers 
with job progress information. A few firms use ERP systems to manage the flow of 
work and to collect realistic cost data. Most customer product data is obtained in 
electronic form (CAD/CAM), and transformed into machine instructions for 
computer controlled machines to manufacture tooling and components. Microsoft 
Project software is commonly used by the larger firms for scheduling work and as a 
progress monitoring tool for customer reporting. Most firms will not have a resident 
IT specialist, and are not knowledgeable about communications technology. They 
are not knowledgeable about IT based collaboration technologies, although most use 
e-mail. The size of the participating firm's means that they do not have access lo a 
large amount of capital to buy IT equipment that is not central to money-making 
activities. 

4. ISSUES OF ABSORPTIVE CAPACITY 

The notion of absorptive capacity was introduced by Cohen and Levinthal [4] who 
defined it as 'the ability of an organisation to recognise the value of new, external 
information, assimilate it, and apply it to commercial ends'. They saw the 
acquisition of this capacity as linked to the R&D capabilities of the organization. 

In this paper we extend the theory in two ways. Firstly we take the view that the 
notion of absorptive capacity can be applied to a variety of capability acquisition 
situations and secondly we add consideration of resources that facilitate knowledge 
assimilation and application. 

DalZotto [5] has applied the notion of absorptive capacity to a venture capital 
situation, and Tsai [12] has utilized the idea in better understanding intra-



88 NETWORK-CENTRIC COLLABORATION 

organizational knowledge transfer. Zahi-a and George [14] and Daghfous [5] 
extended the theory by specifying four distinct evolutionary stages of absorptive 
capacity development: knowledge acquisition, assimilation, transformation and 
exploitation that emerge chronologically in that order. Similar progressive stages 
were previously noted by Szulanski [10] in the transfer of best practice between 
different parts of a large enterprise. Szulanski observed 122 best practice transfers in 
eight companies, and noted a number of barriers to effective transfer. Three 
dominant factors were a lack of absorptive capacity, causal ambiguity (lack of 
understanding why something will work in one place but not another) and an 
arduous relationship between the source and the recipient (too many handovers 
distort the content or a source in the chain is not trusted). In coimection with causal 
ambiguity, Cohen and Levinthal observe [4,pl36] "To integrate certain classes of 
complex and sophisticated technological knowledge into the firms activities, the 
firm requires an existing internal staff of technologists and scientists who are both 
competent in their fields and are familiar with the firm's idiosyncratic needs, 
organizational procedures, routines, complementary capabilities and extramural 
relationships". In connection with arduous relationships, Cohen and Levinthal 
observe the potential value of gate keeping or boundary spanning roles for the 
identification and translation of technical information that is difficult for internal 
staff to assimilate. 

In our extension of the theory we consider the physical capacity to introduce 
something new. This has dimensions of capital ~ being able to invest in new 
technology or to buy additional capacity, and of time — organization members 
making time available to engage with the new thing being introduced (seeing time as 
a resource), being able to introduce the new thing in a timely way (seeing timing as 
a strategic variable). For a period of time during the introduction of something new, 
old products or practices may coexist with the new, requiring additional resources 
during the transition period. In addition, there may be a period of some disruption 
and a firm's ability to accommodate that disruption without impacting on the 
provision of its normal goods and services can be a factor in deciding whether or not 
to proceed. Some aspects of time were discussed in Cohen and Levinthal's [4] 
foundation paper - spending time in repetitively using new knowledge will embed it 
more deeply in the corporate memory.The second component considered is the 
knowledge needed to understand the significance of this new thing and to 
understand how to derive value from it. It is this authors view, based on many years 
of transferring best practice in industry, that the assimilation and transformation 
stages described by Daghfous [5] are intertwined - becoming competent in the use 
of the new capability in the current organization context, and that the exploitation 
stage involves obtaining leverage from the new capabilities in new organizational 
contexts. 

5. APPLYING THE EXTENDED ABSORPTIVE CAPACITY 
THEORY 

The question we wish to explore here is does the target RELINK participant firm 
have the resources and the knowledge to effectively participate in technology-
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enabled large scale collaboration? We argued that there are two primary components 
of absorptive capacity - available resources and accessible knowledge. Previous 
studies seem to assume that suitable physical infrastructure exists and have focused 
on the knowledge component. In the RELINK project, we see that this is not a valid 
assumption for some of the participants. 

In the context of the applications aspect of the reference collaboration support 
model presented in Figure 1, we aspire to have RELINK project participants access 
and use a business capability for distributed project management and a technological 
capability to exchange complex technical data and models between distributed 
partners. Components of the absorptive capacity project participants would need to 
acquire are illustrated in Table 1. Using the entries in Table 1 to frame a series of 
questions can reveal the current position of a particular fiiTn. 
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Capability 
- Invest in distributed 
project management tools 

- System acquisition and 
implementation time 
- Application knowledge 
acquisition time 
- Potential disruption time 

- Familiarity with 
advanced project 
management systems 
terminology and practices 

- Understanding how to 
operate advanced project 
management practices in 
the context of the current 
business 
- Being able to leverage 
project management 
knowledge to operate in 
an extended enterprise and 
to tackle projects with 
significant uncertainties in 
what to and how to do it. 

Technological 
Capability 

- Invest in technical data 
exchange capability 
- Invest in product and 
process modeling tools 
- System acquisition and 
implementation time 
- Application knowledge 
acquisition time 
- Potential disruption time 

- Familiarity with technical 
data exchange and 
modeling tool 
systems terminology and 
practices 
- Understanding how to 
operate data exchange and 
modeling systems in the 
context of the current 
business 
- Being able to leverage 
technical data systems 
knowledge to operate in an 
extended enterprise and to 
develop new intemal 
business capabilities. 

Table I: Requisite Absorptive Capacity 

Decisions can be made as to whether to (a) integrate with the firm's current 
position by managing an external interface (a gatekeeper strategy), or (b) whether to 
enhance the firms ability to interface with more sophisticated systems (acquire 
absorptive capacity) or some combination of these two things. What emerged in the 
RELINK project was an information systems strategy where relatively simple IT 
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tools were combined with some agreed practices about how they were to be used as 
follows: firstly, a decision was made to not invest is special purpose project 
management tools, but to work out how existing tools (e.g. Microsoft Project or 
Microsoft Outlook) could be utilized within an overarching task definition model. 
Secondly,data of any kind was to be treated and controlled as a document made 
available in a password accessible webspace. And finally, project issues could be 
logged and discussed using a kind of password accessible chat-space 

6. DISCUSSION 

In broad terms, matters that arose in promoting IT support for virtual enterprise 
operations in the RELINK project were: low levels of acceptance of a broadly 
descriptive model, with differing perceptions of value of this model (figure 1), and a 
limited capability to implement such a concept. Two steps were taken to deal with 
these issues. The first step was to focus on some very specific application (project 
management and technical data systems) and infrastructure matters, and secondly to 
use an absorptive capacity view (table 1) to cluster issues so they could be dealt with 
in the most appropriate way. 

Table 1 helps us understand the enormity of the task confronting small firms if 
they were to all acquire hardware, software and knowledge currently used by some 
large corporations to implement the requisite functions. By way of example, a single 
user version of Microsoft Project may be inexpensive, but understanding it is 
another matter. A reference text called the Microsoft Office Project 2003 Bible 
contains about 900 pages. The server version of this software that has more 
collaboration capability also requires other complementary software and hardware, 
and requires specialist IT skills to support it, all of which becomes quite expensive. 
The most practical approach was to target a lower level of ICT usage and simpler 
applications software, achieving total information system requirements (Figure 1 
plus Table 1) through manual interfaces. 

In the context of figure I, it was foxmd that, regardless of the ICT/manual mix in 
implementation, that some of the suggested reusable components had to be 
significantly modified. Two areas of figure 1 will be discussed in this regard. A 
contingency (see figure 1) factor in the RELINK project that differed from past 
projects was that it attempted to get groups of traditional competitors to collaborate. 
This influenced some of the roles and social aspects to be managed, and the extent to 
which knowledge was freely shared, introducing some implicit rules. Some 
modeling (see figure 1) considerations were that whilst a life-cycle VE model was 
accepted informally; assumptions about the practicality of a substantial peer network 
business model were not well founded. Rather than all firms participating in the 
marketing and bidding processes using IT tools to help draw things together, it was 
found that a few focal firms had to work face-to-face with the customer. Instead of 
getting prices and technical inputs from all participants, focal firms had to negotiate 
the best deal they could, then work out how to manage within the price and schedule 
requirements agreed. This influenced the nature of project management 
arrangements and who managed technical data. 

Overall we saw that some combination of the business models that made sense 
and the absorptive capacity of the participants influenced the nature of acceptable 
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ICT tools. By way of example, it was anticipated at the start of the RELINK project 
that some bid development workbench (previously used in other projects) would be 
helpful in collaboratively developing customer proposals for large projects. This was 
not the case because of the way bids had to be put to the customer, and because there 
were concerns about data confidentiality. In the RELINK project, a collection of hub 
and spoke arrangements was the most commonly observed network configuration, 
with the hub firms tending to be the larger ones. Some examples of small regional 
networks were also observed. 

The observed cast of generic actors is similar to that observed by Camarinha-
Matos and Afsarmanesh [3], characterized as: 

Focal firms that have demonstrated project management skills and can 
muster useful financial resources 
Technology providers that supply tools and methodologies to the 
participating firms 
Regional networks that may choose to operate outside their region as a 
single group 
Communities of Practice that operate across firms to identify collective 
capabilities and facilitate interaction between firms 
Supporting firms that add capacity by providing access to some of their 
resources on a flexible basis 

In this context, the information systems solution trialed was intended to be 
usable by the supporting firms, but managed by the focal firms, consistent with 
Cohen and Levinthal's observation [4 pi33]- "At the most basic level, the relevant 
knowledge that permits effective communication within and across subunits consists 
of shared language and symbols". Adding consideration of resources into Cohen and 
Levinthal's [4] theory of absorptive capacity helped direct the technology providers 
towards open source, fi-eeware based solutions. It was observed that whilst the focal 
firms had more IT knowledge than most of the supporting firms, both groups had 
problems assigning time as a resource to system integration or in deciding the most 
appropriate time to upgrade IT capabilities. 

As mentioned in the introduction to this paper, we have previously used 
activity theory [7, 13] to better understand the operation of collaborative ventures by 
considering the subject that will undertake an activity with an objective in mind, and 
how this is achieved as governed by the distribution of work, tools available, rules 
associated wdth the activity and broader community norms. All of these factors can 
certainly be identified in the previous discussion - the distribution of work between 
focal and supporting firms, rules associated with collaboration between competitors, 
an intention to use ICT tools in some way, and the norms (e.g. firm size) of a 
particular professional community. In this authors view, consideration of absorptive 
capacity adds is a consistent way of establishing a firm's ability to participate in a 
large scale collaboration, which in turn influences the way a collaboration works. 

6. CONCLUDING REMARKS 

In this paper we focus on collaboration technologies, and have considered 
experience gained in a particular case where a number of difficulties were 



92 NETWORK-CENTRIC COLLABORA TION 

experienced in implementing ideas that had been used elsewhere. The paper draws 
on the notion of absorptive capacity originally introduced by Cohen and Levinthal 
[4], which had a focus on a firm's knowledge base facilitating the introduction of 
new technologies into a fu-m. We have extended the theory, adding capital and time 
as key resources in the assimilation of new technology, and also consider the status 
of a firms knowledge base in terms of three levels of maturity: being able to 
understand the jargon of something new and make sense of it; being able to 
effectively use something new in the context of the firm; and obtaining leverage 
from newly acquired capabilities in an extended context. Some of the SME firms 
participating in a case study project had a low absorptive capacity that precluded 
adoption of ICT tools that have been used by large firms. It was also noted that the 
dominant collaboration business model also influenced the nature of appropriate IT 
support. The extended notion of absorptive capacity provided a good vehicle for 
matching information system implementations strategies with user capabilities to 
meet functional needs. 
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Considering the fact that pervasive intelligence will be in foreseeable time a 
reality, we analyze its influence on collaborative innovation processes and 
propose a possible innovation system structure. Some ideas about potential 
ubiquitous systems that could enhance the stages of the innovation process are 
also presented. 

1. INTRODUCTION 

In a global and technology-oriented world the requirements on products and services 
increase continuously. In order to face these challenges in R&D, different abilities 
and competencies need to be brought together, e.g., through collaboration with 
suppliers, customers, external service providers and research institutions, with the 
objective of achieving high-quahty innovations. Innovation processes comprise 
basically multidisciplinary activities that require disperse teams combining expertise 
and experience in various fields. Advances in ICT are supporting and making virtual 
collaboration for innovation feasible. One of the latest paradigms in ICT describes 
ubiquity of information-processing, communication-technology and computer-
performance through embedding sensors, actuators and processors in the 
environment. It is to expect that this new paradigm will change the organization, the 
management and even the conception of collaborative innovation processes. 

The paper begins describing the new IT paradigm in section 2. Section 3 defines 
the conceptual structures of pervasive inteUigence and the properties of ubiquity that 
characterize ubiquitous systems. Section 4 presents the possible contributions of 
pervasive intelligence for enhancing collaborative distributed innovation processes. 
Finally, section 5 concludes this paper and addresses some potential future trends. 

2. VISIONS OF UBIQUITY 

Three representative conceptions ubiquitous computing, ubiquitous networking and 
ambient intelhgence embody the most important aspects of the vision. 

The term ubiquitous computing appeared chronologically at first just before the 
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internet boom and the propagation of the computer use (many computers per person) 
(Weiser, 1993, 1999). Fundamental issues are, e.g. affording ubiquitous operations 
of everyday artefacts in terms of computation performance and ICT-capabilities. 
Ubiquitous computing deals with the creation and/or the augmentation of everyday 
objects to guarantee ubiquitous provision of operation and sei-vice for users. 

Ubiquitous network refers to the envu-onment for ICT utilization where "a 
network is connected at any place, at any time and with any object" (Murakami, 
2004). Ubiquitous networking (Murakami, Fujinuma, 2000) emphasizes the 
possibility of building networks of persons and objects for sending and receiving 
information of all kinds and thus providing the users with services anytime and at 
any place. This implies to consider: technological aspects, content-based aspects, 
and organizational aspects by coordinating the formation and development of (often 
locally dispersed) groups. 

Ambient intelligence is the first term that describes the vision as a whole. It 
concentrates on the arrangement of the architecture, the organization and the 
coordination of the components (especially ubiquitous, embedded, networked, 
adaptive applications) of the intelligent enviroiunent (ISTAG, 2001). Ambient 
intelligence aims building structures for an optimal self-organisation of the 
environment with the objective of enhancing human communication, creating 
confidence and providing knowledge and skills for a better quality of life (Philips, 
2006). 

3. PERVASIVE INTELLIGENCE 

Our conception of pervasive intelligence derives firom the integration of ubiquitous 
computing, ubiquitous networking and ambient intelligence. Etymologically, 
pervasive intelligence means intelligence that can penetrate everything or is present 
everywhere. Constitutive characteristics are adaptivity and autonomy. Adaptivity 
describes the capacity for or tendency toward adaptation, which is the adjustment to 
environmental conditions or the modification of an organism or its parts that makes 
it more fit for existence under (externally) emerging conditions. Autonomy 
represents the quality of self-direction, acting independently of other factors. As 
constitutive characteristics of pervasive intelligence they describe actions as well as 
structures. 

Adaptivity involves reactive actions to predefined conditions of the environment, 
to the necessities of other objects as well as to the perceived necessities of specified 
users in determinate situations Adaptivity also implies changing structures because 
only they enable the reactivity of the environment as a whole. 

Autonomy implicates proactive actions, which take place anticipating future 
problems, needs of users or possible changes in the environment. Self-configuration 
and self-organisation are two characteristics of structures to guarantee autonomous 
behaviour. The configuration, i.e. time, location, activation, varies due to the 
dynamic incorporation or removal of components or due to changes in the way how 
persons use or interact with them. Self organising structures are those in which 
components automatically configure their interaction in a way that is compatible 
with the remaining interactions in the system (Georgiadis et al., 2002). 
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Pervasive intelligence manifests itself in form of ubiquitous systems. Ubiquitous 
systems are such systems whose components possess properties like context-
awareness, embedding and miniaturization as well as availability, reachability and 
connectivity of sensors, operators and actuators anytime/anywhere and to anything 
or anybody, invisibility in terms of calm computing, augmented reality and 
interactivity. A context-aware system is "the system that uses context to provide 
relevant information and/or services to the user, where relevancy depends on the 
user's task" (Dey et al., 1999). Miniaturization of sensors, operators and actuators 
and embedding them into the physical world afford the integration of intelligence 
(perception, interpretation and reaction-capabilities) into the environments. 

One of the greatest challenges of the ubiquitous vision is calm computing that 
implies supporting human beings in a way that they do not feel disturbed by 
thousands of different applications and devices that try to guess their needs (Weiser, 
Brown, 1996). Augmented reality illustrates the integration of the digital and the real 
world for enhancing the conditions of the environment. Interactivity is another 
important property of ubiquitous systems. Actions of users and objects actively 
influence the reactions of the applications and of the environment (two way 
interaction). This allows the provision of personalized services for the users. 

4. CONTRIBUTION TO COLLABORATIVE INNOVATION 

The potential contribution of pervasive intelligence to collaborative innovation 
comprises different fields of investigation like the creation of conceptual structures 
of collaborative innovation processes, the study of already existing and the 
development of new methodologies as well as the analysis of technological 
requisites. We concentrate here on the first one: the formulation of innovation 
system structures considering thereby the information flows of the product lifecycle, 
the organization and the coordination of iimovation processes and the creation and 
management of knowledge. 

4.1 Innovation System Structure 

Cyclic models represent dynamics and flexibility of iimovation processes in a better 
way than traditional linear ones. Moreover, considering the characteristics of 
pervasive intelligence, the properties of ubiquitous systems and the interactivity of 
innovation processes, iimovation system structures should be modelled in a cyclical 
form as outlined in Figure 1. 

Three different levels of innovation, i.e. (A) radical, (B) regular or (C) 
incremental innovations are represented through three cycles. 

(A) Radical innovation begins with the stage (1) Identification and Selection, in 
which the strategic innovation goals are identified and new ideas are screened and 
generated based on various knowledge resources or basic research. New ideas often 
result from the iterative collaboration of the design and development team, 
customers, suppliers and research institutions. Then, the design- and development 
team structures the ideas and usually supported by customers and suppliers evaluate 
and select the most feasible, while the useless ones are discarded. Subsequently, the 
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selected ideas are passed to the second stage (2) Concept Definition and Project 
Planning. 
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Figure 1 - Innovation System Structure 

Combining the selected ideas with the knowledge and the experience of the 
participants, new concepts are created, e.g., through visualization enabled by 
augmented reality tools. This also ensures the originality of the transmitted concepts 
independently of the actual locations of the participants (ubiquity). The validation 
occurs in form of an analysis of the potential of the new concepts considering their 
technical feasibility and their market opportunities. The information is between the 
first and the second stage, rotating from the one to the other until a mature concept is 
conceived. 

Considering the results of the potential analysis, the concept is enhanced and a 
project plan is set up. Both are sent to the next stage (3) Design and Prototyping 
where a possible product or process is outlined. This draft serves as basis for the 
prototype, which is evaluated by customers and technology experts before passing to 
the next stage. Thus information on possible improvements and especially ideas on 
new services, which complement the product, are generated 

The knowledge and the information generated during the (4) Implementation of 
the product (service/process) provide a basis for the optimization of the production 
process. During (5)Use, Maintenance and Recycling the behaviour of the customers 
is observed applying market studies, surveys or through embedded sensors and 
(web) interfaces in existing products if they have agreed to send their personal use-
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data. After-market services like maintenance or recycling contribute to continuously 
discover improvement potential. Information stored in recycled products, brought 
back to the company, inspires possible changes or new concepts for modification of 
products, creation of nevi' services or combinations of services and products. 

Beyond radical innovation it is possible to differentiate regular and incremental 
innovation (cycles B and C). Regular innovation (B) takes place when market 
feedback is remitted to the stage (2) Concept Definition and Project Planning. From 
there, cycle B starts aiming at the creation of the next generation of 
products/services passing (3), (4) and (5). Incremental innovation (C), also called 
continuous improvement, results when the internal and external data are directly 
transmitted to the stage (4) Implementation in which the noticed recommendations 
are immediately realized into products or services of the next series. 

4.2 Ubiquitous Innovation Systems 

As indicated in the Figure 1, seven potential ubiquitous systems' can significantly 
support the stages of the innovation process. 

The first stage can be assisted by Pervasive Design Management System 
(PDMS), Customer Integration System (CIS), Supplier Involvement System (SIS), 
Ambient Collaboration System (ACS) and Product and Process Information System 
(PPIS). 

PDMS aims at improving efficiency and target orientation avoiding designs that 
are never used, delivered or completed. The system affords the association of 
surging ideas with already completed designs in order to prevent possible repetitions 
of designs. Multimodal interfaces (voice or handwriting recognition) embedded in 
the physical design environment and interfaces in portable devices (computer, PDA, 
cell-phone) recognize future possible design purposes during meetings and present 
sinnilar and useful designs. Thus creativity is stimulated and an efficient selection of 
ideas is afforded, which contributes to save time and material resources (design 
rationalisation). 

Properties of ubiquity manifested in this system are (in relevance order) context-
awareness, embedding and miniaturization, calm computing, interactivity and 
ubiquitous communication and reachability. 

Context-awareness serves for detecting the "design context", i.e. the logical 
context of the ideas, e.g. using association techniques. Embedded interfaces in the 
physical environment collect design information on user's demand (calm 
computing). Interactivity evinces the possibility of communication of the designers 
with the system. Different features can be selected to conduct various operations. 
Augmented reality upgrades the quality of information of already designed ideas and 
projects, e.g., multimedia files explaining the designs or additional information onto 
the working surface. Ubiquitous communication and reachability play an important 
role in distributed design meetings, particularly because it is necessary to recognize 
the context of design in order to localize and contact the necessary expertise or 
experts. PDMS can be considered an extension of Product Data Management 
systems that administer all information around products: CAD models, drawings, 
their associated documents, product visualizations. PDMS includes additionally 
designs even if they did not resuh in products and enhances the support to the design 
team incorporating ubiquitous features. 
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CIS intends integrating customers in the innovation process in a more intuitive 
way. Three different situations of integration are mentioned here: incorporating 
customers in an artificial environment (hving labs), addressing customers directly in 
the place of consumption or in communal places and forming communities that 
share similar problems or interests. Real-time communication between the 
participants of the innovation process facilitates discovering errors and malfunctions 
as well as solving common problems during operation and application. Recycled 
products with embedded technology could even gather information about customers' 
behaviour during the whole period of use. 

In CIS the following features are active: context-awareness is necessary for 
recognizing contexts of use of different customers, embedding and miniaturizing 
enable the integration of sensing platforms in the environment and in products; calm 
computing is responsible for not disturbing the customer and not altering the real 
conditions of use and augmented reality for supporting users by revolving problems 
during the operation of products. CIS can be understood as specific Customer 
Relationship Management being a part of a PLM system that integrates various 
systems along the life cycle (Swink, 2006). Nevertheless, CIS is more specialized 
because it tries to filter and manages only data that are directly involved in 
innovation activities. 

SIS strives for integrating supphers early in the innovation process so that real 
cross-functional team-work is facilitated. Context awareness allows finding 
adequate suppliers depending on the actual context of the design-task, the design-
object, or conditions. Embedded technology and ubiquitous connectivity are 
responsible for tagging and reaching all the potential (dispersed) suppliers so that 
even if they are en-route they can be localized or involved through applications in 
their mobile personal devices. A mixture of context-awareness with ubiquitous 
connectivity makes possible an intensive but adequate information exchange 
between suppliers and the rest of participants in the innovation process. The 
probability of forming open innovation groups as well as unstructured spontaneous 
meetings could also be increased through context-awareness and ubiquity. All these 
process should take place in a calm-technology atmosphere so that the suppliers do 
not feel invaded in their privacy. Augmented reality can enhance the quality of 
exchanged information. SIS could be part of Supply Chain Management being 
integrated in a PLM system and concentrating on the collaboration with the supplier 
in the new product development. 

ACS is in charge of the organization and technical realization of successful 
collaboration in all its forms (co-located and dispersed groups, synchronous or 
asynchronous, symmetric or asymmetric), which is possible through the 
coordination of tasks like collecting and exchanging knowledge, distributing 
experience and skills of multiple team members, etc. Ubiquity permits contacting 
and localizing the collaborators of the innovation process independent of where they 
are and respecting what they are doing. Embedded and miniaturized software and 
hardware augment the capabilities of already used devices and enhance the 
communication of experts. Context-awareness is responsible for detecting the actual 
context of the participants so that on the move and without interrupting their main 
tasks, suppliers, manufacturers, distributors can exchange information at the time 
that this information surges or when they are available. Ad-hoc collaboration and 
communication of expertise and experience of extern collaborators (synchronously 
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or asynchronously) enrich the work of the innovation team. Augmented reahty 
contributes by exchange of information so that the transmitted ideas or concepts 
conserve the meaning given by their originators. ACS is a collaborative 
development system that facilitates the joint work by the development of a 
product/service representing an enriched version with properties of ubiquity. 

PPIS controls the information flows through the product life cycle especially 
during operations. Sensing and tracking capabilities afford the acquisition of 
necessary knowledge and information to evaluate production processes. Seamless 
information flow allows supervising the product life cycle and acquiring ideas of 
how the manufacturing processes should be improved or innovated. Embedded 
technology in the machinery, resources and surroundings enables fast diagnostics of 
errors, which serves as basis for efficient discovery of enhancement potential, and an 
efficient allocation of resources. Here, the properties embedding and miniaturizing 
as well as invisibility in terms of calm computing predominate. Through embedded 
devices the product life cycle can be better monitored but they should remain 
invisible in order to avoid disturbing the normal operations in manufacturing. The 
contribution of fhe system is acquiring knowledge about the product life cycle which 
is currently very time-consuming and cost- intensive. 

The stage (2) Concept Definition & Project Planning can benefit from the 
Ubiquitous Project Management System (UPMS) and the PDMS. UPMS like other 
Project Management Systems is responsible for the organization and management of 
design projects using information provided by other systems (Material Management 
Systems (MMS), ACS). Availability of materials can be enquired from any location 
and an immediate response will be sent to allow dynamic resource allocation and 
resource mapping (Gajos et al, 2001). Successful project management results from 
providing easy access to common used services and information. Coordination of 
appointment calendars that run in different devices and interaction of users for 
sharing common goods and services represent important goals of this system where 
ubiquity, interactivity and embedding and miniaturizing predominate. Ubiquity 
serves to localize the different participants for building distributed virtual 
organisations in order to provide information about available resources or services. 
Interactivity is reflected on the constant updating of information about realized 
tasks, used resources and their interrelations; embedding and miniaturizing of 
technology enable the collection of lifecycle 's information. 

(3)Design and Prototyping can profit from the Smart Prototyping System (SPS), 
which through embedded sensors, displays or multimodal interfaces in prototypes 
allows reaching a better quality of the interaction with testers. More transparency, 
less failure rate and efficiency in the communication among suppliers, marketing 
staff, manufacturers, partners and in the transmission of opinion, ideas, preferences 
can be afforded because the prototype ti^ansports this information by itself 
Experiences with a prototype in specified situations could be recorded and analyzed. 

The properties of ubiquitous systems accentuated in SPS are in particular 
invisibility (through multimodal interfaces) and interactivity to elicit reaction and 
feedback of the test persons while using prototypes. In addition, context-awareness 
allows recognizing different behaviours of test-persons according to their actual 
contexts and embedding and miniaturizing of devices (cameras, sensors) make new 
forms of obtaining information about the users and their enviroimient more feasible. 
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The stage (4) Implementation of a new product or a new product-service 
combination is influenced by the Material Management System (MMS), the ACS 
and the PPIS. Supported by, e.g. Auto-ID and RFID technologies physical goods can 
be localized; information about their state can be provided and understood by 
machines and this in real time. MMS will enrich and complement Enterprise 
Resource Plaiming with properties of ubiquity. Before the new concept is realized as 
a final product, the feasibility and availability of the crude materials, preliminary 
products, etc. is controlled for an efficient management of resources. 

5. CONCLUSIONS 

Pervasive intelligence enables a new quality of information sharing, joint planning, 
joint problem solving, integration of operations, etc. These factors will positively 
influence collaborative innovation processes. Ubiquitous innovation systems will 
increase the performance of the whole iimovation cycle. 

In a near future it is even conceivably that autonomy and adaptivity develop in 
such a way that a system could even open up unexpected knowledge-sources 
independently in order to satisfy the needs of actors in the innovation environment. 
This will be the next step and is what we call "Emergent Intelligence". 
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Virtual Organisation Breeding Environments (VBEs) represent an emerging 
valued added strategy for small and medium enterprises (SMEs), to respond in 
a competitive way to changing market conditions, through the integration of 
their capabilities in the configuration of Virtual Organizations. The creation of 
sustainable VBEs is a challenge that requires new business models based on 
collaborative and trustable environments. Since the VBE include several types 
of organisations its business model must consider a multi-value system 
definition and a multi-stakeholder perspective; that will also call for a new 
governing approach. This paper presents first attempts in the definition of 
guidelines for develop Business Models and Governance Rules in VBEs. 

1. INTRODUCTION 

A Viitual Organisational Breeding Environment (VBE) represents an association or 
pool of organisations and their supporting institutions that have both potential and 
interest to cooperate with each other, through the establishment of a "base" long-
term cooperation agreement. When one of the members (acting as a broker) 
identifies a business/collaborative opportunity, a subset of these organisations can be 
selected to form a Virtual Organization (VO) [1], VOs are temporally alliances of 
organisations that come together to share skills or core competences and resources in 
order to better respond to business/collaboration opportunities and produce value-
added products and services, and whose cooperation is supported by computers [1]. 
The aim of the VBE is to establish the base trust for organisations to collaborate in 
VOs, reducing the cost/time to find suitable partners for the VO, and the developing 
new capabilities by the composition of individual organisations' capabilities [1]. 

For VBE creation is important to identify sustainable Business Models that 
support its daily operation and value generation. According to Osterwalder [6] a 
business model is a conceptual tool containing the set of objects, concepts and their 
relationships with the objective to express the business concept. It is a simplified 
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description and representation of the business idea - how it will make money and 
how it will be sustainable. In short, a VBE business model should define its 
organisational structure and describes how this VBE delivers products and/or 
services to create tangible and intangible values all its stakeholders. 

Together with the definition of a VBE business model, the identification and 
clarification of its governance model is also important, it is required to define the 
operational rules, bylaws and principles that will govern the behaviour of the 
members of the VBE during its lifecycle. The challenge is the global acceptance of 
those rules and bylaws by all the members in the VBE. This paper presents some 
guidelines for develop VBE business model and VBE governance rules. 

2. GUIDELINES FOR DEFINE A VBE BUSINESS MODEL 

Considering the VBE context, two important characteristics are identified to 
define its business model: 1) a multi-value system, including the identification of 
different values: economic, social and knowledge; 2) a multi-stakeholder approach, 
identifying each stakeholder participation in value generation process. 

The guidelines for define a VBE Business Model presented in this paper are 
based on the Methodology for Business Model Definition of Collaborative 
Networked Organizations [5], which uses Osterwalder's business model ontology 
[6]. This ontology is based on four pillars and nine building blocks (see Table 1). 
These pillars were adapted considering the main characteristics of a VBE: the multi-
value proposition and the multi-stakeholder approach. The definition of each 
element in the VBE business model will allow the description of the business 
concept and will help to identify critical variables to observe in a particular VBE. 

Table 1 - Definition of Business Model Pillars based on Osterwalder Ontology [7] 
Pillar 

Product 
Multi-
Stakeholder 
Interface 

VBE 
Infrastructure 
Management 

Financial 
Aspects 

Buililin<> Block 
Multi-value Proposition 
Target Stakeholders 
Distribution Channel 
Stakeholders Relationship 

Multi-Value Configuration 

VBE Capabilities 
Partnership 
Cost Structure 
Revenue Model 

. OefiBltton 
Value offered to the stakeholder/customer (What). 
Target stakeholder/customer and target market (Who). 
Channels to reach the market and the customer/stakeholder. 
Links and strategies to maintain customer/stakeholder relationship. 
Activities and resoiu-ces arrangement necessary to create value for the 
customer (Value Configuration - How). 
Capabilities will be integrated to underpin the VBE value proposition. 
Strategic alliances, joint-ventiu'es and long-term partnerships. 
Costs incurred in the creation, marketing and delivering of value. 
Definition of the business model economic sustainability. 

2.1 Product Pillar Definition for a VBE 

VBE Multi-value proposition: The multi-value proposition of the VBE should be 
unveiled by the same primary questions used to define the nature and opportunity of 
any business: What are the needs to be satisfied? What are the main benefits for the 
stakeholders? Which are the offering and the advantages for the VBE stakeholders? 

In the VBE business model the central value proposition for its stakeholders is 
the creation of a supporting environment based on ICTs, which provides common 
grounds for interaction/collaboration, and facilitation of VO establishment. The 
VBE will offer, as part of it central value proposition, a bundle of services for; 
establish a base of trust for organisations to collaborate in VOs; reduce the cost/time 
to find sustainable partners for VO configuration; assist with the dynamic VOs re-
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configuration; provide some commonality for interaction; and an accepted business 
culture that includes cooperative business rules. Next table shows a generic value 
propositions for the main stakeholders involved in a VBE business ecosystem. 

Table 2 - Multi-Value Proposition Definition for a VBE 
Sttikclioldcr VaiMi! Propoiitiuil 

VBE 
Member 

A VBE offer to its metnbers a set of services for collaboration and integration that support the creation 
and operation of VOs. These services can be grouped in: 
" Core competencies identification services (tools, methodologies, guidelines for proper identification 

of VBE members' core competencies). 
• VO support services (services that support the VO creation and operation). 
• Trust building services (services related to enhance the collaboration among its members). 
• Commercialization/Marketing related services (marketing VBE member's competencies and assets). 
* Business process improvement services (derived from best practice implementation). 
• Support institution's related services (services that can be offered through the support institutions, 

such as financial, consulting or IT services). 

VO 
Brokerage 

Team 

A VBE offer to the brokerage team a set of services for collaboration and integration that support the 
VO lifecycle. These services can be grouped in; 
• VO creation services (information about VBE members profiles, competencies and performance 

history; negotiation and contracting tools; tools for identifying new business/collaborative 
opportunities; market monitoring tools; planning tools). 

" VO management services (project inanagement tools; performance measurement and monitoring 
tools; decision support tools). 

• VO quality assurance services (good metrics for quality assiuance in product/service delivery of 
VBE members should be accomplished). 

Support 
Institutions 

A VBE offer to the support institutions access to new customers (members of VBE), opportunities to 
develop collaborative projects, and opportunities to increase its knowledge base. 

2.2 VBE Multi-Stakeholder Interface Pillar Definition 

VBE Target Stakeholders: This building block focus on identifying the target 
stakeholders/customers with all their characteristics. Main questions to be answered 
are: Who are the target stakeholders? Who are the potential VBE members and 
support institutions? What are their needs? 

The VBE potentially addresses all organisations (essentially SMEs) with the 
potential and the interest to cooperate with each other, through the establishment of 
a "base" long-term cooperation agreement [1]. Table 3 presents main VBE 
stakeholders with their main characteristics and needs. 

Table 3 - VBE Target Stakeholders 
St.tkelioldei'ii 

VBE 
Member 

VO 
Brokerage 

Team 

Support 
Institutions 

Examples of stakeholders 
" Large, Medium and Small Enterprises 
• VO Broker 
• VO Plaimer or Integrator 
• VO Coordinator 
" Support Institutions 
• VO Broker 
" VO Planner or Integrator 
• VO Coordinator 
• VBE Advisor, VBE Service provider and 

VBE Ontology provider 
• Industrial Associations, Chambers of 

Commerce, Regional Development Agencies 
• Universities, Government Entities and 

Financial Institutions 

Characteristics to be identified 
" Identify its competencies and capabilities 

(products/services, human resources, 
physical resoiffces, ICT, process, practices). 

• Identify their specific needs. 
• Identify its location. 
• Identify its brokerage capabihties. 
• Identify their specific needs related with the 

brokerage process. 
• Identify its offer of products and services. 
" Identify its competencies and capabilities. 
" Identify their specific needs. 

VBE Distribution Channel: Distribution channels are the mean of getting in touch 
and interact with VBE stakeholders. Main questions that should be answered are: 
Which communication channel is estabUshed among the VBE and its stakeholders? 
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Does the VBE offer its services/products through other companies that offer 
complementary products or services? In a VBE the main media to interact with 
stakeholders is the collaborative ICT platform (environment for virtual collaboration 
and cooperation); usually this platform is web-based. The internet is then, the main 
delivery and communication chaimel. The VBE can also use viral marketing and co-
brand strategies to offer its products and services. Traditional distribution channels 
such as, television, radio, newspapers, among others can be used. 

VBE Stakeholders Relationship: The relationship describes the kind of links that a 
VBE establishes with its stakeholders. Main issues that should be addressed are: 
Which are the types of relationships that a VBE should establish with and among its 
members, brokerage team and support institutions? How are these relationships 
achieved? The VBE must develop tiTist-based relationships among its stakeholders 
and especially among its members. Sometimes members that can participate in a VO 
do not necessarily know each other, the VBE should provide confidence and trust 
supporting the collaboration process. There are certain number of mechanisms to 
build trust in the VBE, such as, performance records, mediation services, third party 
verification and privacy policies [2]. The ICT collaborative platform supports the 
stakeholders' relationships offering the right information at the right time and trust-
related services. 

2.3 VBE Infrastructure Management Pillar Definition 

VBE Multi-Value Configuration: A multi-value configuration describes the 
arrangement of activities and resources that are necessary for the creation of value. 
Main VBE business processes that support the multi-value configuration in a VBE 
are; 1) Marketing and commercialization, in two directions: promote capabilities of 
VBE members, and increase VBE members' base; 2) VO service provisioning, 
including services that support VO lifecycle, cooperation and collaboration; 3) 
Enhancement of trust and loyalty; and 4) Business process improvement derived 
from best practice implementation. One way to evaluate the multi-value 
configuration is through the identification of the value balance for each stakeholder. 
Table 4 present one general balance for the VBE member value proposition which 
should be acliieved with the deployment of the VBE business processes. 

VBE Capabilities: A capability is the ability to execute a pattern of actions [9] 
necessary in order to create value. Questions to be answered in this building block 
are: Which resources should the VBE have? How can the services of the VBE be 
expanded? Main VBE capabilities are: 1) Offer services to its members, such as 
brokering, legal, marketing, insurance services; 2) Offer common base ICT 
infrastructure; 3) Support cooperative business rules; 4) Offer a VBE bag of assets 
that will be shared by its members; 5) Offer services that support VO creation 
process; 6) Evaluation, qualification and certification of VBE members; and 7) 
Manage the VBE organization and its infrastructure. 

VBE Partnership: A partnership is a voluntarily initiated cooperative agreement 
between external organisations to the VBE in order to create value for all the 
stakeholders, especially VBE members. Main questions to address are: Which are 
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the partnerships developed? What is the reason for the partnership? How is achieved 
the involvement of partners? VBE support institutions are the main partnerships 
developed. Support Institutions complements VBE service offer (Table 3 presents 
main support institutions). Partnerships can be also developed with any organization 
with the capabilities to eliminate the competencies gap that VBE may have; the 
VBE should consider these new partners as potential members according to the 
governance rules defined. 

Table 4 - Example of Multi-Value Configuration Definition for VBE Members 
Value Type 

Financial 

Technological 

Knowledge 

Social 

Receive 
• Opportunity to increase incomes as result of the 

participation in business/collaborative 
opportunities. 

• Access to VBE services at a low cost. 
" International marketing. 
• Possible financial support or funding from 

government and financial institutions. 
• Reduce project costs and R&D costs by splitting 

the investment with several VBE members. 
• ICT resources that support collaborative work, 
• Use of a Profile and Competence Management 

System. 
• Technical support from different institutions. 
• VBE bag of assets (technological shared assets) 
• Opportimity to receive training. 
• Help in the definition of best practices during the 

evaluation in VBE recruitment process. 
• Knowledge transfer between VBE members. 
• Development of relationships between VBE 

members and support institutions. 
" Development of collaborative culture. 
• Reduction of risk in project collaboration. 

Offer 
" Competencies in terms of resources, 

processes, practices, products/services and 
associated partners. 

• Joint purchases to increase negotiation 
power. 

• Branding transfer. 
• VBE membership payment. 

" Provide information to create a VBE 
member profile with its competencies. 

" Professional advice to other VBE 
members. 

" Technological assets tliat could be shared. 
• Contribute to the body of knowledge of 

the VBE. 
• Share best practices and lessons learned. 

• Openness to start relationships between 
VBE members and support institutions. 

• Individual social and cultural values. 

2.4 Financial Aspects Pillar Definition for a VBE 

This pillar includes two building blocks: cost structure and revenue model, referring 
to the definition of the VBE business model sustainability (financial performance 
and growth potential). Four activities should be performed in the creation of a VBE 
related to financial aspects: 1) identification of the investment required; 
2) definition of mechanism to assure cost-effectiveness; 3) definition of: 
membership/ pricing policy, tariff structure, expenses policy, and analysis of the 
revenue stream; and 4) conceptualization of the accounting/financial system, and 
determination of the financial and growth indicators [5], Questions to be answered 
in this pillar are: Which are the revenue model, the cost structure and the business 
model's sustainability of the VBE? 

VBE Cost Structure: The cost structure is the representation in money of all the 
means employed in the business model. General VBE cost structure may include; 
ICT cost, staffing costs, billing costs, marketing costs (promotion/communication), 
general and administrative costs and operational cost. It is important to mention that 
the cost structure depends on each VBE type. 

VBE Revenue Model: The revenue model should describe the way a VBE makes 
money and achieve its sustainability through a variety of revenue flows. Different 
types of revenue model can be used according to the type of VBE: membership fee, 
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VO cominissions over business opportunity, external funding (government, research 
funds, banks etc.) and service transaction-based fee. In order to clarify the financial 
aspects of the VBE and the situations that may occur, Figure 1 shovv's through a 
value map a general VBE value transfer. The money flow is represented with the 
symbol "$", and can be analyzed in more detail if specific amount of money are 
evaluated in a total balance (what is received vs. what is paid) per each organization. 
This value map was developed using Gordijn eValue tool [4] and gives a practical 
idea of all the actors involved in the VBE and its value transfer. 

Virtual Organisation <VO) 

PiofileA 
—-Competence 

Information 

Financial InstKutions 

W Funding 
Mechanisms 

B&D Pri^ectsi Universtties 

9l^ ^ 
Research & 
Oeveiopmerit 

Figure 1 - VBE Value Map using e^value [4] 

3. GUIDELINES FOR DEFINE VBE GOVERNANCE RULES 

The governance word suggests the notion of steering, and in the most of the cases 
refers to the use of structures of authority and even collaboration, to allocate 
resources and coordinate or control activities in organisations. The governance term 
in VBE context is specifically aimed to describe the approaching process for 
facilitating and improving business/collaborative opportunities, as well as 
guaranteeing the sustainability and correct performance of all stakeholders involved. 
VBE Governance includes the definition of: principles, Bylaws, Functional Rules 
and Behavioural Rules. 

Principles: values that govern a person or organisation behaviour, they constitute 
personal guidelines for stakeholders to behave within a VBE. They are referred to 
the social attitudes which will obviously impact VBE operational performance, such 
as honesty, trust and integrity, openness, performance orientation, responsibility, 
accountability, mutual respect and commitment to the organisation. 
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Bylaws: formally declare rales of operation which will regulate stakeholders' 
behaviour. VBE bylaws will define the regulations concern with the definition of 
stakeholders' roles, memberships, incentive and sanctions, ethical code, security 
principles, ICT use, conflict resolution policy, and establishment of financial 
policies. VBE principles and bylaws represent a global schema under which a VBE 
will control and monitor the performed activities of its stakeholders along the VBE 
lifecycle. Other important elements to bear in mind, when defining VBE principles 
and bylaws are: representation of those global and common activities for any 
VBE lifecycle stage, administration processes (accountability), management roles 
nomination and renewal processes, contract enforcement policy, and purchasing and 
management of outsourced services. 

Rules: divided in two groups related to: stakeholders' behaviour and VBE functions. 
VBE Behavioural Rules refers to the rales for good acting and conducting, 

including the ethical behaviour (ethical code) and culture. The ethical code will 
support tmst building process in order to guarantee the social and operational 
sustainability of VBE. VBE culture comprises all organisation's beliefs, knowledge, 
attitudes, customs and socio-organizational aspects. The primary requirements for a 
proper collaboration culture in a VBE can be associated to: commitment, leadership, 
trast, self-learning, long-term and global vision, effective communication, 
innovation, sharing attitude, awareness for win-win development of 
business/collaborative opportunities, no discrimination, preparedness for 
collaboration, and recognition of merits for self-organizing leadership. It is 
important to mention that the VBE culture may result in part from managers' beliefs, 
but it also can result ftom VBE members' beliefs (opinions/approaches), 

VBE functional rules support both operational and administrative processes 
along all VBE lifecycle stages (creation, operation, evolution, metamorphosis and 
dissolution). A general guide to establish the most important operational rales for 
VBE lifecycle supporting right activities execution is: general management and 
support process, business process management, membership management and 
knowledge management. Most of these tasks for defining VBE governance model 
are given to VBE manager and/or VBE advisor (for instance a specialized 
professional in laws, or an experienced support institution as consulter in network 
managing). The VBE manager will be in charge of administrating all tasks for the 
right daily performance of the VBE (assignment/reassigmnent of responsibilities, 
conflict resolution, making common VBE policies, etc), mean while the VBE 
advisor can serve as specialist consultant in some of these tasks [8]. Finally, the 
definition of specific governance rales will depend on many criteria as type of VBE, 
amount of members, past performance records, among others. 

4. CONCLUSIONS AND FURTHER RESEARCH 

This paper provides the guidelines to define a VBE business model considering a 
multi-value system characterization and a multi-stakeholder perspective, proposing 
at the same time the main elements to be concerned in approaching a VBE 
governance model. Furthermore the VBE governance model is based on the 
principles of collaborative business and resulting of a first approach through 
definition of rales and bylaws to achieve a good VBE governing. All this guidelines 
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can be easily instantiated in different VBEs according to the industrial sector of its 
members, and the market characteristics and constraints. 

The visualization of the VBE business model with a value network 
representation using the e3value tool gives a practical idea of all the actors involved 
in the VBE business and the value transfer among them (including money transfer). 

The VBE business model guidelines proposed represent a contribution towards 
the definition of business models and eventually business processes for 
Collaborative Networked Organizations (CNOs). 

Guidelines above described related to the VBE governance, represent a general 
approach to conduct the process of defining the principles, rules and bylaws in order 
to govern internal and external structure and functioning issues of a VBE, depending 
on the specific sector where it will perform its activities. 
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For several years, Value Systems have been studied by two distinct scientific 
disciplines: economy and psycho-sociology. Each discipline developed a 
different concept of Value System, based on distinct assumptions about value. 
On one hand, economists assume that value means how much (usually money) 
a product or service is worth to someone, relative to other things; on the other 
hand socio-psychologists define value as shared beliefs on moral/ethical 
principles of the organizational unit. 
This paper presents a contribution in the study of Value Systems in the context 
of collaborative network organizations (CNO). The work based on M. Porter's 
approach applied to CNO is analyzed and related modeling techniques 
to represent an economic Value System are presented. A similar analysis is 
presented regarding the axiological perspective from socio-psychology, 
including the description of possible modeling techniques, in a CNO context. 
The aim of this paper is to compare these two approaches to Value Systems in 
the CNO context and to conclude about their relevance in the setup and 
management of this kind of organization. 

1. INTRODUCTION 

In the last years, studies conducted in collaborative networks area have shown that 
some requirements are needed to create collaborative coalition: share goals between 
members, have some level of mutual trust, had create some common infrastructures 
and had agreed totally or partially in some practices and values (Afsarmanesh, 
2005). In order to be able to create a dynamic collaborative network, mechanisms to 
make both the selection of partners and the set-up of the network more agile must be 
developed. The definition and representation of the Value System of each member 
of the network can be an important tool to network management through its life-
cycle. 

For several years, Value Systems have been studied by two distinct scientific 
disciplines: economy and psycho-sociology. Each discipline developed a different 
concept of Value System, based on distinct assumptions about value. On one hand, 
economists assume that value means how much (usually money) a product or 
service is worth to someone, relative to other things; on the other hand socio-
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psychologists define value as shared beliefs on moral/ethical principles of the 
organizational unit. 

Social sciences consider Value Systems as the ordering and prioritization of the 
ethical and ideological values that an individual or society holds. Values can be 
classified in communal and individual. Communal Value Systems are applied to a 
community or society, and may be supported by a legal set of laws and norms. 

Economists defend that a Value System describes the activity links between the 
firm and its supphers, other businesses within the firm's corporate family, 
distribution channels and the firm's end-user customers (Porter, 1985). Nowadays 
the Porter's system-value concept is generally used by managers and economists in 
enterprise strategic and operational management. Several informatics applications 
have been developed to address this issue, where supply chain managements 
systems (SCM) are well known. 

Axiology is a general theory/science of human values, their origins, 
interrelations and dynamics The philosopher Robert Hartman (Hartman, 1973) is the 
father of formal axiology, which is a branch of axiology that attempts to use 
mathematical formalism to define values and Value Systems. There are diverse 
appHcation studies of Psycho-socio Value System in several scientific areas, as: 
Education (Cooley, 1977), Organizational Management (Krishnan, 2005) and 
Information System Design (Shneiderman, 1998) (Goguen, 2004) 

Several authors have referenced the Value System topic in their collaborative 
network studies. Some authors use Value System in its economic perspective 
(Katzy, 1998) (Liu, 2005) (Tan, 2004) (M.Jamieson, 1986) (Camarinha-Matos, 
2005) (Gordijn, 2000) others in a more sociological and ethical approach (Filipe, 
2003) (Afsarmanesh, 2005) (Rezgui, 2004). 

This paper presents a contribution to the study of Value Systems in the context 
of collaborative network organizations (CNO). The aim of this paper is to compare 
the two approaches to Value Systems in the CNO context and to conclude about 
their relevance in the setup and management of this kind of organizations. The next 
section presents the economic approach to Value System where the work based on 
M. Porter's is analyzed and related modeling techniques to represent this Value 
System are presented. A similar analysis is presented on section three regarding the 
axiological perspective from socio-psychology, including the description of possible 
modeling techniques. In section four the application of these concepts of Value 
System in a CNO context is discussed. Conclusions and future work are present on 
section five. 

2. ECONOMIC APPROACH TO VALUE SYSTEM 

2.1 Overview of Porter approach for Value System 

To understand Porter's Value System concept, two other related concepts are 
required: Value Chain and Value Activity. 
• The value chain categorizes the generic value-adding activities of an 

organization. The value chain shows total value and consists of value activities 
and margin. Company activities can be represented in a value chain that should 
draw at the business-unit level (Porter, 1985) 
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• The value activity is an activity performed by the organization which is 
technologically and strategically distinct from any other. Activities are 
classified in primary activities and support activities. Primary Activities 
includes: Inbound Logistics; Operations; Outbound Logistics; Sales and 
Marketing; and Customer Service. Support Activities include: Firm 
Infrastructure; Human Resource Development; Technology Development; and 
Procurement. (Porter, 1985) 

In Porter perspective a Value System can be used as a tool to analyze how a 
company positions itself relatively to other companies. A Value System shows the 
role of a company in the overall activity of providing a product to a customer. The 
Value System makes explicit who are the suppliers and what are the chatmels of the 
given company. It allows understanding if all the companies involved in the sale 
process are truly collaborating or if they have conflicts of interests. It also allows 
comparing a company with its competitors. (See Figure 1 for the illusteation of the 
relationship between value chain and Value System). 
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Figure 1 - Value System (Porter, 1985) 

2.2 Extended Porter Value System Concept 

The concept of value added activity can be applied not just to an economic value. 
The mission of some Organizations is not to win economic value, but other kinds of 
rewards, as: reputation, power and influence; belonging and membership; quality 
improvement, knowledge. 

When the goal of an organization is not to increase economic value, it is 
necessary to define a way to measure value, in order to evaluate the value added. To 
each kind of value a unit of measure needs to be associated. 

Gordijn ,Yao-Huan Tan and Kartseva in his work (Gordijn, 2000) (Tan, 2004) 
(Kartseva, 2004) about Value Systems has introduced the concepts, of value object, 
and value activity. A value activity is performed by an actor to produce objects of 
value by adding value to other objects of value. They define an actor as an 
independent entity that adds value to the system doing value activities. An actor can 
be an economic or and legal entity that engage in business fransactions. Actors and 
value activities exchange value objects. A value object is a service, thing, or 
consumer experience that is of value to one or more actors. A value object has one 
or more valuation properties. Such a property has a name and a unit that indicates 
the scale in which the object is evaluated. 
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2.3 Modeling Value Systems (economic approach) 

Modeling a Value System as describe above implies to be able to describe the 
sequence of activities that support the Value System, the value object and the actor. 

To this purpose we analyze some known techniques commonly applied to 
process modeling. In a Value System model, resources and activities that not add 
value are not represented; just value activities and value object are shown. With 
respect to modeling processes or activities concerning the Value System we can 
use/adapt several of the existing proposes is processes modeling. One of the most 
popular is UML. UML diagrams had the advantage of visual/graphics orientation 
which is easily to adopt/understand and promotes the communication between 
interested parties without the need of in depth technical skills. However the 
consistency of the model across all its diagrams and the correctness achieved when 
transposing from modeling to design is still worth some attention because UML 
provides only a semi formal approach without sound semantics. 

Another approach in process modeling that could be used in Value Systems is 
graph theory (Krebs, 1998). Graph theory is a branch of mathematics concerned 
with how networks can be encoded and how their properties can be measured. The 
main goal is to represent a network in symbolic terms, abstracting reality as a set of 
linked nodes. Typically, nodes represent objects/resources/people/technologies and 
the links the cormections needed to achieve some goal. In the Value Systems context 
this network can represent activities flows and ones can have different nets, 
concerning different perspectives of the system. We can also associate costs to the 
links between nodes allowing the evaluation of a cost function to some flow. An 
extension of graph theory respecting to social relationships is the Social Actors 
Network theory (SAN). SAN are a way to highlight the structural relationships 
among social actors providing a conceptualization of their interactions in a 
systematic way. SAN had available metrics that allow interpretation of the 
kind/depth of cormections presents in the net. (Soares, 2005) 

Yet other approach that could contribute to model Value Systems are those based 
in Petri Nets (Aalst, 2001). The Petri nets based approaches have been used with 
success in modeling dynamic systems of discrete events characterized by parallelism 
and synchronization needs. If ones consider the Value Systems described in the 
previous section ones can establish the parallehsm with the Petri nets mechanism: an 
activity takes place in the presence of some pre-conditions and/or inputs and will 
produce some post-condition and/or outputs. The usual main motivations to the use 
of this approaches is due to the fact they are based in a strong mathematics 
foundation and so they had available several analysis tools. These tools permit the 
inspection of several behavioral and structural net properties. Some of these 
tools/properties may be used to verification of the net (context independent ones) 
and others are used to net validation (context dependent ones). Also they had a 
visual/graphical orientation which has the advantages already pointed to UML but 
unlike UML in the Petri nets case we create precise formal models. There are some 
extensions like colored Petri nets which may assign several attributes to each node 
in the net, or Petri nets with costs parameters in order to evaluate some cost 
fimction. 
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3. SOCIO-PSYCHOLOGY APPROACH TO VALUE SYSTEMS 

3.1 Axiological systems 

Socio-Psychology in general considers a Value System as a set of principles and 
values common to a group of people. According to social theory, principles, laws 
and values are types of norms. Norms can be classified as perceptual .evaluative, 
cognitive, behavioral (Stamper, 1996). The different types of norms reflect the 
different aspects that a social system can share, as perception, interpretation, 
cognition and behavior. 

• Perceptual norms are associated to the attitude of acknowledge the 
existence of something - Ontological attitude. 

• Evaluative norms are associated to the attitude of being disposed in favor or 
against something in value terms - Axiological attitude. 

• Cognitive norms are associated to the attitude of adopting a degree of 
believe or disbelieve - Epistemic attitude 

• Behavioral norms are associated to the attitude of being disposed to act in 
some way - Deontic attitude. 

The philosopher Robert Hartman developed formal Axiology, that is a branch of 
axiology (axiology is a general theory/science of hiunan values, their origins, 
interrelations and dynamics) that attempt to use mathematical formalism to define 
values and Value Systems. Hartman (Hartman, 1973) first defined the concept of 
value in terms of a logic-based axiom. This axiom is that value can be objectively 
determined according to a one-to-one correspondence between the properties of a 
given object and the meaning specifications contained in its concept. An object has 
value to the degree it fulfils its concept. (Mefford, 1997) Hartman introduced also 
the concept of Dimension of Value and developed the basic axioms through this 
concept. He defines three dimensions for value; Systematic Value, Extrinsic Value 
and Intiinsic Value. 
• Systematic Dimension - The dimension of formal concepts. Ideas of how 

things should be. This dimension is the one of definitions or ideals, goals, 
structured thinking, policies, procedures, rales and laws. 

• Extrinsic Value - The dimension of abstracting properties, comparing things to 
each other. This is the dimension of comparisons, relative and practical thinking 

• Intrinsic Value - The dimension of uniqueness and singularity. This is the 
dimension of uniqueness, of person or things as they exist in themselves. There 
is no comparing. 

Hartman defends that the foundation concepts of axiology provides the 
framework for understanding an object's value and valuations of it, in precise terms 
of the three dimensions and their relation to each other. 

Goguen et Linde have developed since 1978 several studies about value and 
Value System in organizations (Goguen, 1994, Goguen, 1997, Goguen, 2004).They 
have developed a method for using discourse analysis to determine a Value System 
for an organization from a collection of stories told by members of the organization 
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among themselves on informal occasions. The evaluative material collected from the 
stories is classified and represented using a formal structure called a Value System 
tree. A Value System tree (Goguen, 1994) serves as a formal summary of the 
interpretation that the analysts had made from the data that has been collected. 

Another contribution to the study of values systems came from Distributed 
Artificial Intelligence discipline. This discipline has developed some theories about 
Value Systems using agents. (Filipe, 2003) proposed an approach based on 
organizational agents where is assumed an agent is responsible for its values. The 
agent's preferences with respect to norms are defined in its Value System. In this 
approach an agent can represent a member of an organization or an organization 
itself. 

3.2 Modeling Value Systems ( socio-psychological approach) 

Value System trees, proposed by Goguen (1994), can be modeled and represented 
using the UML standard, through a class diagram. Another possible approach to 
model Value System tree it's Prioritized Modal Default Logic (Brewka, 1994), that 
allows defining the order of values. Modal logic is an extension of ordinary logic 
and is concerned with logical facts that involve qualifications of propositions. 

Formal methods have the advantage of making the conversion to computer 
programs easy, when compared to languages with graphical notation, such as UML. 
For the purpose of communication and analysis these kind of languages are more 
suitable. 

Hartman in its works on Formal Axiology have proposed a formal representation 
for value and for Value Systems based on algebraic mathematic. Some semiotic 
studies also introduce a formal way to represent the Value Systems based on 
algebraic theory (Goguen, 1999) 

The approach based on agents suggested by (Filipe, 2000), where attempt to 
model the Value System of an agent (its axiological component) propose the use of 
default modal logic (Reiter, 1980). 

The approaches to modeling socio-psychological Value Systems describe above 
apply essentially formal methods developed in Computer Science. Formal modeling 
approaches, as formal axiology, modal default logic and algebraic semiotics are used 
in order to specify the order and prioritization of the ethical and ideological values 

4. POTENTIAL APPLICATION IN CNO CONTEXT 

In the last two sections distinct approaches to Value System were presented. In this 
section it is discussed the applicability of each in the CNO context. 

The original purpose of a value chain was to identify the fundamental value-
creating processes involved in producing a product or service within a firm, the 
concept has since been used to describe an entire network (Bouwman, 2003). 

Evans (Evans, 2004) classifies collaboration in networks as: 
• Goal-driven - where the objective is to deliver something (product or 

service) within stated time, cost and quality goals. 
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• Capability-driven - where the objective are improve personal 
capability, or knowledge sharing, (examples: Linux community and 
IEEE) 

It's relevant to understand which activities add value to the network and which 
member contributes with it. The values considered in a goal-driven network type 
are different from capability-driven networks. (Afsarmanesh, 2005)In order to 
evaluate the values added by one activity to the network, it have to be defined how 
the specifics values could be measure. Tom Gilb developed methods and techniques 
to measure Software quality attributes (Gilb, 1989). His work contributes to the 
development of measurement technique of social issues. Directly related to Virtual 
Organizations, (Camarinha-Matos, 2005) exemplify a way to combine values with 
different scales in order to evaluate the benefit of a collaboration. 

Table 1 - potential application of Value System 
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Economic Approach of Value 
System 

-Simulate several scenario of Value 
System in order to decide for the best 
scenario. 
-Select partner that can contribute to the 
Value System. 

-Define the exact contribution of each 
partner to the Value System 

-Ihe Value System model it's the base 
tool for planning activity. 
-Value System model can be used to 
monitories perfoimance. 

-To plan reconfiguration, allow the 
study several Value Systems scenarios 

for management through life-cycle 

Socio-Psychologist Approach of 
Value System 

-Partner selection - helps to select partner 
with Value Systems that not collide, helps 
to select partner that best fit in the network. 

-Definition of noiTns to operate the CNO. 
Value System will provide tools to define 
norms and to detect possible conflicts 
between member norms and CNO norms. 

-Solving conflicts between CNO members. 
Detecting easily which set of norm it's 
causing the conflict. 
-Improve relationship between members. 
Permit to identify the set of priorities values 
of each member and act according it. 

-Select new partners adjust some norms of 
operation. 

The definition and representation of the Value System (economic approach) in a 
collaborative network have a set of distinct applications in network life-cycle 
management. It can contribute to the selection of partners that can increase the value 
of the network. It permits the calculation of the value contribution of each partner. 
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Value System model can also be used to monitories performance and to plan 
operational activities. 

Values are the essence of what holds communities together (Goguen, 2004), so 
to choose partners its very important to analyze their core competencies and their 
coherence with the network strategy .Another important criterion is the amount of 
effort needed to coordinate and integrate them (Wiendalh, 2002). The definition of 
Value Systems (socio-psychological approach) will help to understand if Value 
System of a partner will fit the Value System of the CNO. In order to avoid 
conflicts, it is important to identify candidate's conflicts points and determine the 
possible collision between member's internal norms. Another potential of 
application for Value System is on the member's relationship improvement, by the 
identification of the set of priorities values in order to act according it. 

The potential application of each concept for Value Systems in CNO was 
analyzed. This analysis is resumed on table 1, where the distinct contributions of 
each approach for Value System are shown. 

5. CONCLUSIONS 

Both perspectives of Value Systems (economic and socio-psychological) are 
relevant to performance management in collaborative networks, as was shown in 
section above. The analysis presented on table 1 allows us to conclude that these two 
perspectives of Value Systems are complementary. In essence the Economic 
perspective provides a transaction mechanism between partners, and the 
psychosocial perspective provides a regulation mechanism to ensure social cohesion, 
to avoid and solve conflicts and to build performance indicators. 

The definition, representation and application of Value Systems to Collaborative 
Networks it is a challenging area of research. The main questions that were 
identified to drive research in this field are: 

How to create a conceptual model that integrates these two approaches of 
Value System? 

o Are there different types of values? Which types? 
o A value can be represented as an object? In this case which are the 

attiibutes that characterize an object value? 
o A system is a set of elements and the relation between them. How 

to define the functions of relation between elements? Can we 
apply system theory and classify the relation structural, 
hierarchical (composition and specialization) and behavioral 
relations? How to define value priorities inside the system? 

What is the relation between Value System and system of incentives? Can 
we derive system incentives to CNO from value systems of each CNO 
member? 
How can we derive CNO performance indicators definition from CNO 
Value System? 
How can Value Systems contribute to an efficient trust management? 
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Nowadays, at industrial researcfi level, seems to be recognised that the 
collaboration among firms is becoming a relevant and effective way of 
operating. For the enterprises rather than compete on costs it could be 
necessary increase the product/service value added; this goal could be 
effectively achieved by collaborating with other firms in the value chain. 
In this preliminary work, we provide a model formulation for supporting the 
potential decision of getting new business opportunities through the 
exploitation of a competence-based collaborative advantage. 
We propose a model formulation for maximising the potential value added 
generated by the convergence of complementary competences in the inter-firm 
collaboration. For this purpose we assume as given a codified set of 
competences and for each one of them a codified benchmark value. 

1. INTRODUCTION 

Nowadays, at industrial research level, seems to be recognised that the collaboration 
among firms is becoming a relevant and effective way of operating (e.g., see for 
instance Camarinha-Matos (1999) and Kaihara and Fujii (2002)). In particular, the 
strong need of new forms of collaboration is necessary consequence of the 
increasing competition in the industrial scenario mainly due to the emergent 
markets, such as the Asiatic one, and the new plants' locations, that force the 
enterprises worldwide to adopt, for instance, new procurement, production or 
distribution strategies. In this scenario, for the enterprises rather than compete on 
costs it could be necessary increase the product/service value added; this goal could 
be effectively achieved by collaborating with other firms in the value chain. In fact, 
the latest research literatui^e concerning the inter-organizational network field, 
demonstrates the relevance of knowledge-based (Coimer and Prahalad, 1996) and 
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dynamic capability (Teece, Pisano and Shuen, 1997) theories, both based on the 
enterprises competence concept. 

Despite the increasing interest on this research field, still a lack can be noticed in 
terms of models describing the collaboration and thus considering the relevance of 
competence as a way to achieve the value added goal. On the other hand, the 
definition of a model could be useful for understanding which could be, in practice, 
the potential business opportunities generated by the collaboration. 

In fact, this preliminary work aims at defining a model formulation for 
understanding whether a network of collaborative enterprises has the competences 
for realizing and sustaining a new emerging business process. 

The paper is organized as follows. Section 2 refers to related works supporting 
the adopted approach. Section 3 describes a business process in terms of the 
activities to be done; secondly, it considers a set of competences and describes the 
map linking the competences, the activities, and the actors of the collaboration. 
Finally, Section 4 provides a mathematical formulation and a short example. 

2. RELATED WORKS 

The presented model introduces the competence concept, that Chung, Yam, and 
Chan (2004) defme as one of the four main drivers for collaboration (e.g., the 
collaborative advantage, the regional advanced, the iimovation capacity -knowledge 
resource- and the competences). Moreover, it assumes a business process consisting 
of a set of (interdependent) activities, and through the paper it has been considered 
as a competence the company's capability in executing, for instance, the process 
planning, the product/service design and implementation, the distribution, or the 
company's productive and elaborative capacity, then it considers both quantitative 
and qualitative aspects. 

In this setting, the presented paper proposes an approach for assigning the 
activities that cover an entire inter-organisational business process to the 
collaborative enterprises and, concurrently, for maximising the potential value added 
generated by the convergence of complementary competences in the inter-firm 
collaboration. 

For this purpose, through the paper is assumed as given a codified set of 
competences and for each one of them a codified benchmark value. Thus, the actors 
could establish in a consistent way their ability w.r.t. a codified competence. Given 
these (assumed) codes, a map which links the activities and the competences 
required to perform them is exploited. In fact, it can be assumed that, for achieving 
the product/service value added goals, it is necessary to concentrate on the 
company's capabilities while providing the most promising combination of available 
competences. A similar approach for codifying the level of expertise into a generic 
competence frame is presented in Hammami, Burlat, and Champagne (2003). When 
the authors define a technological map underlying a product, they introduce (i) a 
product attaitunent graph (i.e. logical sequence of production and administrative 
activities), and (ii) an activities/competencies map. They then present a 
competencies map for each enterprise of the network for the standardization of the 
skills' description. Therefore, this paper also defines a map linking the activities and 
the competences required. 
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Concerning the data and knowledge sharing within the network, privacy and 
autonomy needs of participants can impact on the Ml effectiveness of the 
collaboration. These relevant factors are in practice possible barriers to the inter-
organisational cooperation when the degree of process complexity and the number 
of transactions increase. Models and technology solutions have been designed for 
meeting cooperative process management, coordination, integration, privacy needs 
in inter-organisational business processes, as explained in Perrin and Godart (2004) 
where the authors provide a model and an architecture for supporting the realization 
of a collaborative scenario for multi-enterprise business processes. 

Interesting case studies concerning corporate collaborative networks are 
presented in Danilovic and Winroth (2005). Noticeable findings of the reported 
projects' experiences, among others, concern the increasing level of competences of 
participating partners, important prerequisites (e.g. openness, trust, and enabling IT 
resources), investments in time and resource, form of collaboration (influenced by 
the collaboration objectives), legal aspects. The authors point out the relevance of 
identifying and analysing the pre-requisites for inter-organisational integration in 
network settings; they also provide a tentative framework for this purpose. 

Also in Carbonara, Giaimoccaro, and Potrandolfo (2002), the authors underline 
the relevant role of the complementary competences (technical and organisational) 
for very interesting forms of collaboration that take place in the Industrial Districts 
(i.e. SMEs located and integrated in a geographical area and specialised in 
complementary production processes or semces) when a strategy of external growth 
is addressed. 

3. PROBLEM AND STATEMENT DEFINITION 

Given a set of enterprises joining the network, the goal is to allocate among the 
actors the necessary activities for fulfilling a new emerging business process while 
maximising the product/service value added. We assume that the value added 
increases by considering the concept of actors competence (or capability) in carrying 
out the activities of a business process. 

In this setting, (r) an industrial scenario involving a set £ of z enterprises, E -
{e\, ..., Cz} and {it) a business process P consisting of a set A of ^ activities A = {«], 
..., a^} have been considered; technological constraints are given forcing each 
activity to start its execution after the completion time of its predecessors. In the 
operations research literature, considering a centralized decision-maker, the problem 
of computing the starting time of the activities respecting the precedence constraints, 
and minimizing the completion time of all them, is a well known scheduling 
problem [6]. The computational complexity of this problem increases when a set R 
of A finite capacity resources is given (i.e., R ~ {ri, ..., o,}), and for each activity a,- a 
specific resource requirement v,„, is defined (i.e., for all a,, w e R, and 0 < v,„< r„). 
Under this assumption the scheduling problem is characterized by both 
technological and resource constraints. Classical models and resolution approaches 
are based on the strong assumption that a centralized decision-making process is 
given and all the information about resource requirements and technological 
constraints are knovra. 
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Since this work considers an inter-organizational framework, that is a set of 
(independent) enterprises involved in the execution of a specific collaborative 
business process is given (that, clearly, could not be modelled as a centralized 
decision maker), more probably it is known which competence is required to 
perform the activities rather than the exact set of resources for executing them. 

This is one of the main issue of this paper; in fact, in the collaborative 
perspective, since the information sharing is a crucial issue, in this work the 
enterprises have not to share their intemal data or specialized knowledge (e.g., trust 
and privacy issues could arise). Companies have to declare what are able to perform 
and which is their corresponding capability. Actors' capabilities are codified and 
classified through common benchmark values (assumed as given and accepted 
within the network). 
Nevertheless, the presented preliminary model, that is formalized in the following 
Section, could be useful for determining commitments and responsibilities among 
members of a collaborative network when a new business opportunity arise. For this 
purpose it relies on a competence-based analytical approach for identifying the 
complementary competences that allow to consider an high value added objective to 
be pursued through the collaboration. 

4. THE MODEL DEFINITION 

This work addresses the problem of assigning the activities of a business process to 
collaborative enterprises while maximising the competence value, thus, in the 
current perspective, maximising the product/service value added. It assumes that the 
actors always have the availability to carry out the assigned activities, and it assigns 
each activity to at most one of the enterprises (e.g., the activities cannot be done 
simultaneously by two or more actors). 

The following sets and parameters can be introduced: 
•The set C of w competences C = {c\, ..., c„} globally accepted between the 

collaborative enterprises. 
• The k sub-sets Q , ..., Q representing the set of competences required for the 

execution of each activity in A (i.e., at each a,e A is associated a sub-set Q c 
Q-

• The z sub-sets Cj c C representing the set of competences declared by each 

enterprise Cj according to the standard codes. 
• The parameters Sjh providing the degree of capability of enterprise ej respect to a 

specific competence C/,. % is a positive value in [0, 1], where 0 means e, has not 
the competence h, and Ejh = 1 means e,- has the competence h; the value £;•/, is 
defined by using a common scale of values (accepted by the collaborative actors). 

4.1 Model hypothesis and assumptions 

The following hypothesis can be formulated: 
• Each sub-set C,- can be modelled as a binary vector M(a,) composed of w elements, 

where the h-th element (i.e., Uh{aj)) is equal to 0 if activity a, does not require the 
competence c;, for being executed, and is equal to 1 otherwise. 
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• Each sub-set C. can be modelled as a vector v(ey) composed of w elements, where 

the h-th element (i.e., v/,(e,)) is equal to 0 if the enterprise ej has not the 
competence C/,, and is equal to a positive value Sj/, otherwise. In particular, eji, 
represents the capability of e,- w.r.t. a specific competence framework as mentioned 
in Section 2. 

It can be emphasized that the two vectors are consistent since u(ai) represents 
exactly the competences required for executing a,- while assuming the capability 
respect each competence cj, e C equal to 1 or 0, that is considering the same scale of 
values of £jh (where c/, equal to 1 is exactly the maximum (desired) value). 

Furthermore, the definition of the two vectors u{ai), and v(e,) is required since 
this work mainly focuses on two relevant aspects: (1) which enteiprise has the 
competences for carrying out one activity; (2) which level of performance each 
enterprise could deploy in executing a specific activity. Therefore, it is indispensable 
to measure how much an enterprise fits the competences required for executing, and 
then performing as best, a specific activity, thus it is required to measure which is 
the 'distance' between the vectors. In order to calculate this distance value, it is 
necessary to introduce the vector g(a;, ey) of w elements where the h-th element is 
computed as follows: g/,(a/, e,) = Tmn{ui,{ai), v;,(e;)}. Vector g{ai, eJ) extracts from 
vector v{ej) exactly those elements that match the corresponding elements of u{a,) 
being equal to 1. In other words, it catches the competences of e,- respect to those 
ones required by a given activity a,-. 

Given the activity a„ it is possible to compute for each ejsE the vectors g(a/, e,), 
and calculate the Euclidean distance between g{at, e,), and u{ai). Below is the 
standard Euclidean distance formula between vectors g(aj, e,) and «(«,). 

Due to the distance fimction, the following parameters are introduced: 
cOij = euc(g{ai, eJ), u{a^) 

Each Wij represents the capability of e,- w.r.t. the execution of the activity a,-. 

4.2 The optimization model 

The model considers the binary variable Xy equal to 1, if it assigns the activity a,- to 
the enteiprise e, and 0 otherwise, for all ej e E, ai e A, and the problem can be 
formalized as follows: 

mmY,ieAY<feEO}ijXij 

S.t. 

JJ.EX.J^\ yieA (1) 

XySfO, 1} \/JeE,\/i€A (2) 
Then the model aims at assigning each activity to exactly one enterprise 

(constraints 1), while minimising the distance among vectors that is obtaining the 
solution maximising the value added (e.g., competences value). 
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This is an assignment problem that can be referable to a matching problem; in 
fact, some enterprises can perform more than one activity. Such multiple 
assigrmients can be modeled by simply replicating the enterprises vertices, of the 
classical bipartite graph, as many times as the number of activities they can handle. 
Clearly, this model considers a centralized-decision maker, that is able to collect the 
enterprises' degree of competence w.r.t. each activity, and to find the best solution. 
In this setting, it can be remarked that the enterprises have not to share their proper 
data (that is one of the main motivation of this preliminary work), but they only 
provide, and then share, the aggregate values Sjh-

4.3 A model example 

In the next, a short example is given in order to describe some potentialities of the 
presented model. In fact, although big enterprises could easily demonstrate which is 
their core business and their competences in performing specific activities, this 
could not be so easy, in practice, for the SMEs. A SME could not have the same 
responsiveness to a specific market request/requirement, but two collaborating 
SMEs could have it. Due to this fact, this paper provides answers to several 
questions such as, for instance, how the SMEs can work together for achieving 
common goals, and how they could be competitive in doing that. For this purpose, a 
very simple example is given, even if future works will concern the application of 
the given model to real case-studies. 
Suppose there is a set of z = 2 SMEs operating in the high-tech sector, and aiming at 
collaborating for commercial goals; the first one manufactures silicon base for 
hardware-oriented customers while cutting and preparing the silicon base for 
molding. It is focused on front-end processes as wafer fabrication and probe. The 
second one is specialized in data circuit molding thus it is focused on back-end 
processes as assembly and final test. Clearly, they are on the value chain but they 
have never collaborated since each one of them has its own specific customers. 
Suppose they observe a new market request consisting in producing a new data 
circuit based on a new silicon base shape. Then, the new business process consists in 
procuring the row materials for the silicon base production and then in providing the 
data circuit molding. In particular, four main macro-activities can be defined for 
fulfilling the emerging business opportunity: (1) procurement; (2) production; (3) 
assembly and test; (4) delivery. 
The specific SMEs core businesses do not allow to meet directly the market needs. 
They only could address the market being suppliers of big enterprises that work as a 
market leader. On the other hand, if they collaborate they could exploit both 
complementary and concurrent competences. 
For the sake of simplicity, suppose the activities execution requires eight main 
competences: (1) bargaining power w.r.t. suppliers; (2) negotiation capability; (3) 
production planning; (4) production capacity; (5) assembly; (6) test tools; (7) 
delivery planning; (8) transportation capacity. In this example, the SMEs' plants are 
supposed to be close to each other (i.e., so doing no transport activities have to be 
considered). 
Therefore, the business process P is composed of four activities ay az, a^, a^ (i.e., k 
= 4), and is given a global accepted code of w competences, C = (cj, C2, c^, C4, Cj, 
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cg, c^, Cg) (i.e., w = 8). Each enterprise expresses its degree of competence w.r.t. the 
scale of values, thus previous information, in synthesis, can be modelled as follows: 

1. M(ai) = [1, 1, 0, 0, 0, 0, 0, 0], u{a2) = [0, 0, 1, 1, 0, 0, 0, 0], u{a^) = [0, 0, 0, 
0, 1, 1, 0, 0], and u{a^) = [0, 0, 0, 0, 0, 0, 1, 1] represent the vectors of 
competences required for a\, a2, a^, and a^, respectively. 

2. v(e,) = [0.3, 0.8, 0.1, 0.8, 0,3, 0.4, 0.6, 0.6], and v(e2) = [0.6, 0.1, 0.5, 0.7, 
0.8, 0.9, 0,4, 0.9] represent the competence vectors of ei, and ei, 
respectively. 

Given the vectors mapping the competences, for each e,, and for each a,-, the 
vectors g(<2{, ê ) can be computed. 

g(fli, ei) = [0.3, 0.8, 0, 0, 0, 0, 0, 0] g(a3, eO = [0, 0, 0, 0, 0.3, 0,4, 0, 0] 
giau ej) = [0.6, 0.1, 0, 0, 0, 0, 0, 0] g{aj„ ej) = [0, 0, 0, 0, 0.8, 0.9, 0, 0] 
g(a2, ei) = [0, 0, 0.1, 0.8, 0, 0, 0, 0] g{a^, e{) = [0, 0, 0, 0, 0, 0, 0.6, 0.6] 
g{a2, 62) = [0, 0, 0.5, 0.7, 0, 0, 0, 0] g{a^, 62) = [0, 0, 0, 0, 0, 0, 0.4, 0.9] 

Then, the Euclidean distance is calculated, as follows: 

euc (g(fi!i, e{), u{ai)) = CDU - 0.73 euc (gia^, eO, w(fl3)) = 031= 0.92 
euc (g(ai, 62), u(a{)) = a^ - 0.98 euc (gia^, 02), 1/(03)) = oh,2 = 0.22 
euc (g(fl2. ei), u{a2)) = 0)21- 0.92 euc (g(a4, eO, u{a4)) = 0)41 = 0.57 
euc ig{a2, 62), u(a2)) = 0)22 = 0.58 euc (g(a4, 62), u{a4)) - (O42 = 0.61 

Therefore, the model is as follows: 

min 0.73xii+ 0.98 X12+ 0.92 ;c2i+ 0.58 X22+ 0.92 ;c3,+ 0.22 ::C32+ 0.57 X4,+ 0.61 X42 
s.t. 

Xx\+Xn=\ .̂ 31 + . ^ 3 2 = 1 

^l\ + ^22 ~ 1 ^41 + ^42 ~ 1 

Xi;e{0,l} ^ i^ A,\I i &E 

The solution is: X\\ = 1, Xx2 = 0, X21 = 0, X22 = 1, 3̂1 = 0, X32 = 1, .X41 = 1, X42 = 0 
and corresponds in the assignment of the activity a\ to ei, ^2 to 62, «3 to 62, and a^ to 
e\. The objective function value is 2.1. 

Although this example can not be exhaustive, it shows how, by preliminary 
competence evaluation (the distance meastiring the enterprises capability w,r,t. the 
activities), the model could suggest the activities allocation for assuring the best 
outcome in terms of competences maximization. Clearly, the model will be useful 
for the collaborative enterprises that aim at fulfilling emerging business processes 
where, probably, a predefined allocation does not exist. Furthermore, the model 
could be especially useful when increase either the activities detail, the competence 
detail, and, obviously, the number of enterprises potentially involved in the business 
process. 
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5. CONCLUSIONS 

This paper assumes that a way for achieving value added goals in delivering 
products and services worldwide, the enterprises have to concentrate on their 
competences. 

It proposes a competence-based analytical model for allocating tasks among the 
actors of a collaborative network in order to potentially fulfil the processes related to 
high value added products or services. The complementary competences exploitable 
by the network are maximised while taking into account assignment constraints. So 
doing the model establishes a direct cormection between the competences required 
for executing the tasks referred to an entire business process and the value added 
that can be generated by the proper allocation of activities. 

Through the preliminary model only possible commitments and responsibilities 
throughout a complete business process can be determined without generating 
privacy and autonomy problems among the network's participants. Hence, the 
proposed approach could be useful for supporting the decision of getting new 
business opportunities through the collaboration. 

The model relevance could increase when it is necessary to consider additional 
model constraints such as the enterprise temporal availability in carrying out the 
assigned activity. Due to this fact, future works will enhance the model while taking 
into account for instance costs, time, and product/service quality. Further, the model 
will be tested on real industrial settings. 
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A main characteristic of a Virtual organization Breeding Environment (VBE) is 
the set of competencies that it can offer to the market and society. The VBE 
competencies are defined in this paper through the competencies of three main 
VBE information components, such as the VBE member, the Virtual 
Organization (VO) formed in the VBE, and the VBE itself. Typically 
competencies appear as a part of the VBE members' profiles. VO's 
competencies need to be obtained through the VOs' profiles, during the 
operating stage of the VBE. The competencies of the VBE itself need to be 
carefully defined at each VBE and are contained in the VBE profile. These 
three kinds of profiles are addressed in this paper. The management of profiles 
and competencies within a VBE shall be supported by a special subsystem of 
the VBE Management System (VMS) - Profiling and Competency Management 
System (PCMS) specified in this paper. 

1. INTRODUCTION 

An effective creation of dynamic Virtual Organizations (VOs) requires pre-existence 
of a suitable Breeding Environment (VBE). VBE is currently defined as "a« 
association of organizations (members) 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 collaboration in potential Virtual Organizations" 
(Afsarmanesh, Camarinha-Matos, 2005). 

The competencies in VBE need to be defined through the competencies of its 
three main components, including the VBE member, the VO, and the VBE as a 
whole. Therefore, competencies in VBEs can be classified as follows: 
- VBE's (self) competencies address the abilities of the VBE to manage networks 

of organization towards VO formation; 
- VBE member's competencies constitute capabilities and capacities of a VBE 

member which it can offer to the VBE in order to form a VO; 
- VO's competencies are the result of clustering VBE members in a VO. 

The competencies of VBE members and VOs in a VBE can be arranged into the 
VBE competency catalogue. 
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Originally competencies are a part of the profiles. In general, an organizational 
profile can be defined as a set of structured information about the organization. VBE 
has three types of profiles including VBE member's profile, VO's profile, and VBE's 
(self) profile. 

This paper specifies common models for competencies and profiles, and 
addresses a Profiling and Competency Management System (PCMS) which 
constitutes an important part of the VBE Management System (VMS). 

Chapter 2 of this paper addresses the studied state of the art inclvi&mg, first the 
literature study on competency models, second the study of existing systems for 
organization profiling, third the study of profiling and competency management in 
existing VBEs, and fourth the experts' requirements to the PCMS. 

Chapter 3 addresses the specification of the PCMS's components and functions. 
This work on this paper was supported in part by the FP6 IP project, called 

ECOLEAD, funded by the European Commission. 

2. STATE OF THE ART 

In order to define the elements of the competencies and profiles of the VBE (self), 
the VBE member, and the VO, as well as to model the PCMS for VBEs, the state-
of-the-art related to profiling and competency of organizations is studied. 

In this chapter, a summary of some of the state of art work in this area as well as 
the results of some case studies that we have performed to identify the main 
requirements for the PCMS, as expressed by the field experts and academic experts, 
are presented. 

2.1 Literature study of competency models 

In the literature, different authors propose different definitions for competencies of 
organizations (companies), with some commonality (Galeano, Ermilova at al, 2006). 
Two of these definitions closer to our definition of competency are addressed below. 

Javidan (Javidan, 1998) defines the competency hierarchy as depicted in 
Figure 1. According to Javidan, resources are the inputs into the organization's 
value chain. Javidan categorizes resources into three groups of physical resources 
(e.g. equipment, location and assets), human resources (e.g. manpower, management 
team, training and experience) and organizational resources (e.g. culture and 
reputation). Capabilities refer to the organization's ability to exploit its resources; 
they consist of a series of business processes that manage the interaction among its 
resources. Capabilities (e.g. marketing capabilities, production capabilities, 
distribution capabilities and logistics capabilities) are functionally based. 
Competencies represent a cross-functional integration and coordination of 
capabilities. In a multi-business corporation, competencies are a set of skills and 
know-how housed in a SBU (Strategic Business Unit). Core competencies are skills 
and areas of knowledge that are shared across business units and result from 
integration and harmonization of SBUs' competencies. 
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Figure 1 - Competency hierarchy and strategic hierarchy by Javidan 

Molina et al (Molina at al, 1997) defines competences as the match between 
fulfilling the tasks defined by the VO broker with the constituent skills provided by 
the cluster. In their scenario there is a representation of competency which is 
describing the capability to make products, perform process or use technologies 
(humans, practices, resources). Following this argument, competencies can be 
described using the information entities as illustrated in Figure 2. 

Product I o-

delivers [i] 
makes 
[l:n] 

Process I o °'*"°'° Competence]— needs 
I I [l:n] 

Task 

is-carried-out-by [Im] 
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needs 
[l:n] 

Human Organisation Resources 

Figure 2 - Representation of competences by Molina et al 

Products addressed in Figure 2 are the products of the organization or the VBE, 
which are attractive from the perspective of the customer, and which make a 
substantial contribution to organization's or VBE's success. (Business) processes are 
all the processes of the organization, e.g. product development, order generation and 
fulfillment, integrated logistics, etc. Skills (Technology) are theoretical and practical 
knowledge, human skills and abilities that can be used to develop products and 
services. According to Molina el al, a representation of competence, which satisfies 
its definition, can be achieved by combining the information entities of products, 
business processes and technologies. 

Several elements introduced in the above two models are used as the base for 
specification of the common competency model of the VBEs. 
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2.2 Study of existing organizational profiling systems 

In our study, two de-facto standard profiling information systems, one Dutch and 
one European, which organize regional centralized profiling, are considered. These 
systems, addressed below, specify and classify a wide variety of information about 
organizations. 

The Dutch Chamber of Commerce (DCC_URL) has a trade register consisting of 
a large number of companies' profiles. Each company/organization is presented with 
the following data: contact information, information on the roles and functions, 
organization's legal form, date of estabUshment, number of employees, actual 
activities, the size of the company, summary of figures, annual accounts, etc. This 
register provides a very good example of categorizing organization's information for 
profiles in VBEs. 

An example of arranging profiles of non-commercial organizations is the EU 
register of organizations involved in proposal submission (ProposalForms_URL). 
Organizations' information includes the following categories: organization legal 
name, short name, department, postal address, legal national registration number 
(e.g. the Chambers of Commerce register), activity type, legal status, NACE 
(NACE_URL) business area, annual turnover, annual balance sheet total, number of 
employees, independence, owners, affiliation, etc. 

The profile elements introduced by the two above systems are further used to 
specify the common profile model for VBEs in ECOLEAD. 

2.3 Study of profiling and competency management in existing VBEs 

The main aim of analyzing the existing profiling and competency management in 
running networks of SMEs is to design a more advanced and generic PCMS which 
can fit most VBE domains and applications. 

A questionnaire called Ql, is prepared for collecting information from the 
running VBEs. We have purposely chosen VBEs from different countries for this 
study. Five VBEs in Europe and Latina America, including lECOS (Mexico), 
Virtuelle Fabrik (Switzerland), Toolmaker Cluster of Slovenia (Slovenia), GIZ ACS 
(Slovenia), and VIRFEBRAS (Brazil). 

From the analysis of the answers to Ql, the following conclusions have drawn 
among others. 
- Only four of the VBEs collect profiles of their member organizations. Two of 

the VBEs address VBE (self) profiles. One VBE collects VO profiles. Three of 
the VBEs collect competencies of their member organization. 

- Competencies in the VBEs are in most cases replaced by the combination of 
member's products/services, business processes and resources, 

- Some elements of profiles common among these VBEs include information on 
products/services, customers/suppliers, business processes, perfoiinance 
indicators/benchmark, competencies, strategy and goals of a company, and 
ICT/human/physical resources. 

- Some functionality of the VBEs in relation to profiling includes profile creation, 
search for members to form a VO, assessment of members performance, 
analysis of the VBE, defining new VO's resources, competencies, etc. 
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The model designed for the PCMS supports and further extends the above 
competency and profile structures and the required system functionality. 

2.4 Requirements to the PCMS from academic and industry experts 

The main aim for analyzing the requirements form experts was to specify the 
components and functionality of an advanced "future" PCMS for VBEs. In order to 
identify the requirements for the PCMS, we decided to study by collecting these 
requirements from the experts both in academia and industry. Therefore two 
questioimaires were developed, a questionnaire for academic experts, called Q2, and 
a similar questionnaire for industry experts called Q3. 

The study with academic experts included more than twenty experts involved in 
ECOLEAD consortium. Some conclusions from the analysis of Q2 follow. 
- Competency is defined by most researchers as an ability to perform tasks, 

business processes, job, core business, activities, practices applying 
human/physical/ ICT resources (e.g. personnel knowledge, skills, attitude, as 
well as organization machinery) aimed at offering products and/or services in 
the market. 

- The common elements of profiles for VBEs should include contact information, 
business process, human / physical / ICT resources, products / services, best 
practices, partner organization (e.g., customer, supplier, as well as filial and 
corporation). 

- VBE member' profile should also provide availability of member's competency 
or free capacity with a high level of detail. 

- VO's profde should include the VO type, a list of organizations involved, and 
the information on VBE member components that constitute the VO partners. 

- The arrangement of the profiles catalogue should be formed as a tree or a 
network, which may be arranged in several different ways depending on 
different criteria, and it should have a user-friendly interface and be flexible. 

- PCMS functionality needs to support indicating what VBE provide in order to 
promote itself towards new members and customers. The PCMS functions shall 
support profile creation, profile modification, profile construction, analysis of 
VBE's evolution, analysis of profile catalogue changes, assessment of VBE 
members and search for members' competencies to form a VO. The features 
necessary for the search for VO partners include: classification of organization 
profile information regarding different criteria (e.g. city, competency, product, 
etc.), including combination of criteria, several levels of approximation to the 
result as well as some optimization of the results. Obtaining member's profile 
infonnation can be either directly performed through structured questioimaires, 
or indirectly through text-mining of member's documents (e.g. web-sites, 
brochures). 

The above requirements are appHed to the further modeling of the PCMS. 

A group of business experts, involved in our study, responded to Q3 questionnaire. 
These consisted experts from seven different companies involved in the lECOS 
network. In summary, the following suggestions were proposed by the contacted 
organizations to improve PCMS fimctionality. 
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- Customers' letters of recommendation should appear in VBEs as well as the 
contact information about the person signed this letter (information of the 
customer). 

- The PCMS could also have information of the VBE members' network of 
suppliers. This will help to find other companies recommended by the VBE 
members, e.g. to invite them into the VBE to both increase the competency of 
the VBE, and to be involved in VOs. 

- Letters of confidentiality should appear in the VBE to make sure that the people 
that are going to use the PCMS tool will not use the information out of the 
necessary context. 

- A very strict system of members' data evaluation is required. 
The above requirements are considered for modeling the profile component. 

Namely, Associated partner, as well as Evidence of validity of profile information 
are introduced 

3. SPECIFICATION OF PCMS 

Based on the state of the art addressed in chapter 2, the model of the PCMS is 
specified. The PCMS mainly consists of: profiles of VBE member, VO, and VBE 
itself as the main information components; ontology for profiles and competency; 
and functionalities to access and analyze information. 

This chapter provides the common models for profile and competency in VBEs. 
It introduces the ontology for profiles and competency as a supporting component. It 
also provides the minimal necessary set of functionalities for the PCMS. 

3.1 Common models for profile and competency in VBEs 

Profile of an organization (e.g. VBE member, VO, and VBE itself) is defined as a set 
of structured information that describes the organization. Since the focus of this 
paper is on competency as the most significant element of profile, the organization's 
profile information is divided into two main groups - the general organization's 
information, and is competency-related information, as described below. 
- General information of an organization contains the basic information about the 

organization (see section 2.2) including the organization's name, its general 
description, coordinates, industry sector, legal status, strategy, total sales, 
financial information, etc. 

- Competency-related information (see sections 2.3 and 2.4) includes description 
of: competencies themselves, (business) processes, products/services, resources, 
practices and associated partners (e.g. customers) available for the organization. 
These six types of the organization's elements are defined further below as six 
classes. We have also identified a number of attributes for these classes, which 
are validated by representatives of the lECOS, a running network of 
manufacturing organizations (lECOSURL). The model of the competency-
related profile information is presented in Figure 3. In the text below we further 
define these six classes. 
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Figure 3 - Competency-related organization information 

Process of an organization is a structured and measured, managed and conti-olled 
set of interrelated and interacting activities that uses resources to transform inputs 
into specified outputs (Davenport, 1993), (1809004:2000, 2000). The attributes of 
the process class include Name, Description, and Type, 

Product/service of an organization is an output of a process which can be offered 
to the market/society and vi'hich consists of a bundle of tangible or intangible 
benefits that satisfy customer needs. Product/service class attributes include Name, 
Description, Strategy, Contribution to sales, and Type. 

Resource represents an element applied to a process that performs a number of 
operations which can transform some tangible/intangible inputs into some outputs. 
Organization can have three types of resources, including himian resoixrces, ICT 
resources (e.g. software) and physical resources (e.g. buildings, machines, 
equipment, transport, and knowledge assets). The resource class attributes include, 
for human resource: Job function. Educational level. Professional field. Degree 
obtained, Years of experience, and Number of employees; for ICT resource: Name, 
Description, and Type (e.g. software); for physical resource: Name, Type (e.g. 
buildings). Description, Number, and Functionality. 

Practices are the techniques, methodologies, and procedures that are used in the 
organizations to perform a job. Practices are used in order to improve business 
processes in the organization (Stuhlman_URL). Practice class attributes include 
Name, Description, Implementation time. Introduction date, and Reason for 
introduction. 

Associated partner is an organization which has some (business) relations with 
the organization. This class appears through the answers for questionnaire Q3. The 
supposed minimal set of the attributes for this class includes: Name, Type (e.g. 
suppliers, customers, filial, or corporation). General textual description, and Contact 
infonnation. 

We define competency as the organization's capability to perform (business) 
processes (in collaboration with partners such as suppliers), having the necessary 
resources (human, technological, physical) available, and applying certain 
practices, with the final aim to offer certain products and/or services to the 
customers. 
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Figure 3 - Competency model 

The earlier definition of organization's competency as "capability + capacity" 
(Afsarmanesh, Camarinha-Matos, 2005) addresses (processing) capability as a 
potential ability to perform a process, and the capacity as the availability of 
resources or associated partners. 

As represented in Figuî e 3, this definition is further extended by including 
another important descriptor for competency - the performance history, that itself 
includes effects, including products/services (Enterprise project_URL) and practices 
of an organization. The ECOLEAD model of an organization competency is 
illustrated in Figure 3. 

3.2 Main information components of the PCMS 

Based on the ECOLEAD common models of profile and competency, we define 
below the VBE member's profile, VO's profile and VBE's (self) profile as 
components of the PCMS. 

The member's profile is completely based on the common profile model. 
The VO's profile, in addition to the common profile elements, includes: a List of 

VO partners, Type of partnership. Collaborative opportunity description and other 
general VO-related information. Competencies of a VO can be of two types, 
including, first the VO partners' competencies, and second the new emerging 
competencies, which are the result of VO partners' collaboration. 

The VBE's (self) profile, in addition to the common profile elements, includes: 
a List of members. List of actors. List of roles, List of rules and other general VBE-
related information. The examples of VBE's processes include network 
management, VO formation, VO creation, marketing/branding of products/services 
(to be sold through the VBE), innovation promotion, etc. The examples of VBE's 
competencies include its ability related to VBE management, VO formation and 
creation, iimovation promotion, etc. 

Two important catalogues are necessary to be presented and managed inside the 
VBE, one catalogue for VBE members' profiles, another for VO's profiles 
catalogue. The VBE members' profiles catalogue can be accessed as a collection 
of members' profiles sorted by different types of organization information. In this 
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catalogue all the competencies, resources, product/services, etc., available in a VBE 
through its members, as well as the new emerged competencies appearing as the 
result of a possible assembly of VBE members' competencies, can be presented. 
VO's profiles catalogue can be accessed as a collection of VOs' profiles sorted by 
different types of VOs' information. These two catalogues are combined in a single 
VBE profiles catalogue system. 

3.3 Main functionalities of PCMS 

The summary of the PCMS functionalities can be found in Table 1. Please notice 
that inside the table some details are provided about these functionalities and how 
they will be achieved, e.g. manually, semi-automatically, etc. 

The proposed set of PCMS functionalities is divided into five groups, including 
creation, updating, structuring, search & retrieval, and analysis. Each group is 
addressed by the three PCMS's profile components for VBE member, VO and VBE 
(itself), as well as by the catalogue of the VBE members 'profiles and VOs 'profiles. 

Creation 

Updating 

Structuring 

Searcli & 
Retrieval 

Analysis 

Mcmber'.s 
profile 

VO's 
profile 

VBE's 
profile 

Manual / Semi-aulomatic: 
- Obtaining the profile data 
- Creation of the profile 
- Updating the ontology 

Manual / Semi-automatic: 
- Obtaining the profile data 
- Updating the profile 
- Updating the ontology 

Automatic ontology-based 
structuring of the profile (e.g. 
structuring competencies in the 
profile according to the 
competency classification) 

- Evaluation of a 
member by different 
criteria 
-Suggestion of new 
competency 
directions 

\TJE member.s and VOs' profiles catalogue 

Automatic ontology-based sorting of the 
catalogue: 
- by individual (e.g. city) or combined (e.g. 
city + competency) elements of the profile 
- by ratings (e.g. financial rating) 
- Specification of values for any set of the 
profile elements 
- Value of each element field can be given 
in different ways and using different types of 
restrictions, including restrictions on object 
relations or object attributes 
- Representation of the search results as a 
profiles catalogue, as well as graphical 
visualization 
- Several levels of approximation to the 
search results (i.e. search can have several 
iterations) 
- Ontology based Gaps identification 
- Supporting retreat or adding new VBE 
members for gap elimination 
- Ontology based "building" of new 
competencies in VBE, out of the existing 
ones 

Table 1 -Main functionalities of PCMS 
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3.4 Ontology for profiles and competencies 

The ontology for profiles and competencies is a support component for the PCMS 
that aims at the following: (1) providing the common understanding of the concepts 
related to profiles and competencies in VBEs, (2) classification of knowledge (e.g. 
competencies) and support of interoperability of knowledge inside the VBE and 
among the VBEs, and (3) supporting the PCMS functionalities (see Table 1). 

The current PCMS ontology is constructed top-down and manually, based on 
both the definitions of the competency-related classes of the generic organization's 
profile (see section 3.1) and the NACE classification system (NACE_URL) that 
indirectly addresses the classification of competencies. One snapshot of PCMS 
ontology developed in Proteg6 is presented in Figure 4. 

The use of ontology for the PCMS flmctionalities is addressed in Table 1, 
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Figure 4 - Ontology for profiles and competencies 

3.5 Adaptation/instantiation of the PCMS ontology 

To adapt/instantiate the ontology for a specific VBE application (e.g. to add 
competencies of a specific VBE to the ontology), a bottom-up approach is required 
and suggested in ECOLEAD. The bottom-up approach aims at semi-automatic 
extraction of information / knowledge from VBE members and VOs for the 
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ontology using online text corpora. Semi-automatic adaptation of the ontology to the 
VBE application makes the PCMS replicable. 

Figure 5 illustrates the high level approach for semi-automatic 
adaptation/instantiation of the PCMS ontology to a specific VBE application. The 
approach consists of several stages involving a feedback firom the organizations side, 
thus involving the VBE members themselves, the VOs representative organizations, 
as well as VBE actors such as the VBE administrator, the VBE competency expert 
and the VBE ontology provider. This approach is mostly based on the results of 
Metis project devoted to semi-automatic construction of domain and task ontologies 
(Anjewierden at al, 2003). 

Manual changes by experts 
(e.g. VBE member's/ 
VD's representatives, 
S/BE administrator, 
competency expert) ^ . 
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Figure 5- Adaptation of the PCMS ontology to a specific VBE application: 
(1) the top-down constructed ontology, (2) manual adaptation of the ontology by 
experts, (3) preparation of questioimaires for organizations, (4) receiving online 

information from organizations, (5) semi-automatic knowledge extraction through 
text mining, (6) semi-automatic bottom-up extension of the ontology 

4. CONCLUSIONS 

The PCMS is a subsystem of the VBE management system, supporting the 
competency orientation of a VBE which is fundamental for its role of breeding and 
creation of VOs, and focused on the aim of replicability and coverage of the varied 
competencies in VBEs. 

The specific innovative contributions of this research are three-fold. First, the 
specification / modeling of all VBE related profiles / competencies, consists of: (a) 
specification of the VO's profile and the VBE's profile in addition to proper 
modeling of the VBE member's profile, (b) extended modeling of organization 
competencies for VBEs. Second, a core common ontology for profiles and 
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competency in VBEs is provided. Third, a semi-automatic (bottom-up) approach is 
suggested for making the PCMS replicable. 

The PCMS in ECOLEAD is specified in a generic repUcable way, therefore it 
can fit diverse VBEs from all sectors. Namely, the PCMS can be applied to any 
industrial sector or other domains, and its generic model can be customized and 
adjusted to specific application needs according to the VBE type. This process, also 
called an instantiation, supports that general model is extended and converted into a 
specific model. This instantiation processes will be realized by following a 
methodology with necessary steps to adapt general information into specific 
information, and creating a catalogue of organization profiles and competencies to 
be supported by the VBE Management System of ECOLEAD. 

At present, the work on the approach for semi-automatic adaptation of ontology 
for profiles and competencies to a specific VBE application is being further 
developed and will be the subject of the following paper. 
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The reorganization of the supply chain in the aerospace industry has led to a 
new situation for small and medium-sized enterprises (SME). In order to react 
to the changed requirements, one possible solution is the project-oriented and 
temporary cooperation of SME by building a Virtual Company. This again 
presents the employees with new challenges regarding the work requirements. 
Within the research project AerViCo - Aerospace Virtual Company - special 
tools and instruments considering the effects on employee performance 
behavior are being developed in order to increase labor productivity and to 
support the employees within the cooperation. 

1. INTRODUCTION 

During the past years the development of the corporate strategy of manufacturers in 
the aerospace indushy has led to a new situation for small and medium-sized 
enterprises (SME). In order to lower their costs, European consolidated companies 
in the aerospace industry (Airbus, EADS, astrium, Lagardere, ...) have re-organized 
their supplier network. The number of direct suppliers, that have to be audited and 
certified, was reduced from several hundred to less than ten, which leads to a 
significant decrease of administrative work for the large enterprises (figure 1). 

Aircraft 
Manufacturer 

Aircraft 
Manufacturer 

o 
Fig. 1: Re-organization of the supplier network 

In consequence, the strategic supphers are commissioned to deHver completed 
systems instead of components and assemblies. 
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In addition to the order processing, the first level suppliers are now also 
responsible for the monitoring and the compliance of second and third level 
supphers with the quality standards. Consequently the above mentioned 
requirements are handed on to the second and the third level suppliers which are 
mainly SME. In order to respond to the new situation, one possible solution is the 
creation of a virtual network of SME which join forces in the case of an order 
processing and adjust flexibly to the requirements at hand (Peters/Bemhard, 2004). 
Because the success of interorganizational and knowledge-intensive cooperation in a 
virtual context depends to a large extent on the efficient and effective interaction of 
employees, the employees of the SME are confronted with new challenges. In order 
to make work more efficient and to support the employees within the cooperation, it 
is necessary to provide special tools and instruments considering the effects on 
employee performance behavior. 

In order to ensure compliance of employee behavior while working and acting in 
cooperation with the Virtual Companies' (VC) goals three aspects are of importance 
(Killich/Peters, 2003): commitment (motivation), capability (competencies) and 
conditions (influence of organization, leadership and culture), see figure 2. 

-Motivation for 
Cooperation in a Virtual 
Context 

-Competencies for 
Cooperation m a Virtual 
Context 

Influence of Organization, 
Leaderstiip, Culture on 
Cooperation 

Fig. 2: Employee-Related Aspects of Virtual Companies 

In order to support the SME with the operation of a VC, the research project 
AerViCo - Aerospace Virtual Company - was initiated. The objective of the project 
is to develop a cooperation network of SME which is the basis for forming project 
consortiums to process a certain order. One of the achievements of the project is the 
development of a method to support the employees' competencies for cooperation in 
a virtual context in order to enable them to act in accordance with the network goals. 
Even in a virtual and networked context social competencies, language and 
communication skills become more and more important and are needed in addition 
to excellent professional competencies. Therefore, in this project a method for 
profiling and enhancing employee competencies is being developed. 

2. CURRENT STATE 

In order to acquire a survey of the current state of cooperation within the aerospace 
industry, interviews (face-to-face and via questionnaires) were carried out 
(Odenthal/Peters, 2005), in which different fields of interest regarding the job design 
could be identified. On closer examination the role of the employees in a Virtual 
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Company must be differentiated into the employees who are directly involved in the 
cooperation and those who are not. In the context of the project AerViCo the 
companies concerned mainly offer development, constiTiction and testing services. 
In these knowledge-intensive services the employees are directly involved in the 
cooperation. That means that there are points of contact between the company 
(project leader and member of the project team) and the client. Because of this type 
of work, special job requirements for the employees involved directly in the 
cooperation occur. Professional and linguistic competencies, high flexibility in terms 
of the processing of different tasks and social competencies are necessary in order to 
successfully operate in interorganizational projects. Furthermore, different types of 
organizational culture in the virtual context lead to specific characteristics in respect 
to the job conditions: different ways of working, decision structures, authorities of 
the contact persons, different remuneration and differences concerning the influence 
of the workers' council hold the danger of conflicts. 

On the one hand companies expect their employees to fulfill these requirements, 
but on the other hand SME so far hardly provide systematical and methodical 
support and development of the employees' competencies. Often the companies 
employ staff members which develop "on-the-job" adapting to the postulated 
requirements. This procedure holds the danger of not making use of the full 
potentials concerning employee competencies. 

3. TARGET COMPETENCE PROFILES IN VIRTUAL 
COMPANIES 

In order to identify, support and develop the competencies of the employees 
involved in the cooperation, it is crucial to identify the target competence profile for 
the concerned roles within a VC which can be consulted in order to compare the 
target competence profile with the actual competence profile of the employee. This 
comparison of the two profiles offers the possibility of systematically implementing 
measures of competence development. 

One of the achievements of the AerViCo-project is the development of a method 
which generates target competence profiles for workplaces and activity fields of 
employees in SME while considering the special requirements in a VC. 

3.1 A method for generating target competence profiles 

The method for generating target competence profiles follows a synthetic approach. 
The basic idea behind the method is that the work tasks and work situation of a role 
in a virtual company can be described by a set of activities and activity features. 
Furthermore, activities and activity features require corresponding competencies of 
the acting person in order to successfully carry out the work tasks. 

Following this idea, a classification of activities and activity features was 
developed on the basis of existing models of activities (Stahl 1998; Kabel 2001) and 
an analysis of existing methods of psychological job evaluation (Richter 2001). This 
classification allows the description of work contents and work situations in a virtual 
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context. Furthermore, the described method is based on an existing classification of 
competencies (Eipenbeck et al. 2002). Erpenbeck defines competencies as 
dispositions of self-organization, which can be divided in four parts (see figure 3): 

• personal competence: Disposition to act reflexive self-organized 
• activity and acting competence: Disposition to act holistic self-organized 
• professional and methodical competence: Disposition to act theoretical-

methodical self-organized 
• social-communicative competence: Disposition to act communicative and 

cooperative self-organized 
While the classification of competencies is universally valid and not tailored for 

inter-organizational cooperation, the classification of activities and activity features 
allows for the specific aspects of work in a virtual context. For instance, concerning 
activities and activity features, working in VCs includes cooperation processes on a 
personal level and a high flexibility of the working situation in terms of working 
time, working place and information flows. These characteristics were taken into 
account for the development of the classification of the activities and activity 
features (see figure 3). In order to prove the completeness of this classification -
consisting of 29 activities and 21 activity features - the classification was used to 
represent several existing work processes and work task descriptions with a 
cooperative character. 
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processing 
• Professional knowledge 
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Fig. 3: General allocation of competencies to activities and activity features 

Using the described classifications, the basis of the method is formed by a 
weighted allocation of competencies to activities and activity features which was 
developed in workshops with experts from the field of cooperation in the aerospace 
industry. However, the goal is to establish a connection between the work tasks of a 
role in the VC and the required competencies. This happens by describing specific 
work tasks and situations using the defined activities and activity features. With the 
predefined allocation of competencies to activities and activity features this leads 
directly to the respective target competence profile of the considered role. To briefly 
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explain this train of thought, the Prime Contractor of the network is taken as an 
example. By working in a VC, "cooperative problem solving" (activity) gains in 
importance. Moreover, the job of a Prime Contractor involves frequent travelling 
(activity feature). Both aspects lead to a higher importance of social-communicative 
competencies and stress capacity. 

3.2 Application of the method considering as example the role of the Broker 

In the following, the application of the procedure of generating a target competence 
profile will be shown using the role of the Broker of the VC as example. 

The tasks of a broker are characterized as follows. He/she is responsible for 
coordination and administrative activities on the platform of the cooperation 
network independent of the concrete order processing. This includes on the one hand 
tasks of configuring a cooperation network, e.g. legal agreements between the 
network partners and the development of the IT-infrastructure for the network. On 
the other hand, the broker must ensure the smooth flow and operation of the 
cooperation network by taking over the task of the administration of the partners, 
conflict management and the controlling of the platform. Additionally, he/she is 
responsible for the marketing of the cooperation network. The broker acts as a 
mediator between the customer and the network by marketing the products or 
services of the network and by forwarding costumers inquiries to the network 
partners. 

ability to solve conflicts 

advisory ability 

ability to solve problems 

keenness to experiment 

ability to acquire 

conscientiousness 

appreciation willingness 

sense of duf 

Earn spirit 

integration ability 

dialogue ability 

communication ability 

cooperation ability 

customer relation management 

adaptability 

oracy 

Fig. 4: Example of a target competence profile of the broker of a VC (extract: 
social-communicative competence) 

Using the developed method, it is now possible to realise a target competence 
profile of a broker by allocating and weighting activities and activity features to the 
job tasks. This step is carried out by the user e.g. the project leader in order to fill a 
vacancy. The allocation of required competencies to the activities and features is 
imphcitly given by the method. Figure 4 shows an extract of an example for a target 
competence profile of a broker of a VC. From the point of view of the enterprises, 
this method for creating target profiles facihtates the process of selection of 
personnel by means of comparing the target profile of the work field and the current 
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state profile of the (potential) employee. From the point of view of the employee, the 
comparison of the target profile and the current state profile establishes and provides 
a basis for initiating measures for personnel development in order to increase the 
competencies and thus his/her capability continuously. 

3.3 Current state profiles and competence development measures 

In order to complete the competence profiling, it is necessary to measure the existing 
competencies of the employees involved in the cooperation (current state 
competence profile). Because of the wide range of existing competence measuring 
instruments the application of existing instmments is planned within the research 
project. A further project objective is the development of a catalogue of measures 
for competence development on the one hand classified according to the type of 
measure (e.g. on-the-job, off-the-job) and on the other hand according to the 
competence which should be developed. It is planned not to limit the catalogue of 
measure to organized learning situations but also to support the informal 
development of competencies, e.g. by providing design recommendations for a work 
organization which supports learning. By comparing the existing competencies 
(current state profile) of the employee with the required competencies (target 
profile) of the role, a prediction concerning the selection of competence 
development measures will be possible in the case of significant differences between 
the target and the cuiTcnt state profiles. 

4. EVALUATION PROJECT 

The method which is presented is being evaluated within a concrete engineering 
project which serves as an evaluation project within the AerViCo-consortium. 

The processing of the evaluation project takes place on 3 levels which are: 
project level, VC level and evaluation level (see figure 5). 
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Fig. 5: Process model of the evaluation project 

The project level is the conception and construction of one part of the mentioned 
engineering project - the development of a playground and entertainment area for 
children. 



149 
Competence profiling in virtual companies 

On VC level the developed methods for competence profiling will come into 
operation in order to support the personnel placement within the consortium. In an 
early stage of the project the cixrrent state competence profiles of potential project 
team members will be measured using a commercial method of competence 
measurement. After the definition of the project, the presented method will be 
applied to generate the target competence profiles of the roles required within the 
project. By comparing the current state profiles with the target profiles the team 
members suited best for the requirements of the project will be chosen. If necessary 
measures for competence development will be derived from the comparison of 
profiles in order to further qualify the project team on the job. 

The verification and evaluation of the target profiling instrument takes place on 
the evaluation level. By using special questionnaires and interview guidelines the 
effectiveness of the method for supporting the selection of team members and team 
qualification will be evaluated. The results of the evaluation (on the evaluation 
level) will be incorporated in a continuous and iterative fiirther development. 

5. DISCUSSION AND OUTLOOK 

In this article a procedure to generate target competence profiles for roles and 
positions in a Virtual Company was presented which is based on the one hand on an 
allocation of competencies to activities and activity features and on the other hand 
on an allocation of activities and activity features to tasks (regarding a role or 
position). In order to measure the existing competencies of the employees involved 
in the cooperation (current state competence profile), existing tools of competence 
measurement will be used. 

Currently the developed method is being applied in an engineering project in 
order to evaluate the practicability and, if necessary, to further improve the method. 
One of the next steps in the project progression will be the development and 
application of a catalogue of measures for competence development. 
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Autonomous, elementary units of production, co-operating in temporary 
networlcs, are considered as a Icey organisational form of enterprises in the 
21st century. A scientific approach is provided by networks based on customer-
oriented, directly linked, smallest autonomous business units called 
Competence Cells. This approach leads to new requirements for the planning 
of production systems of such networks. To meet them a framework called 
'PlaNet - Planning Concept for Networks' has been developed and is outlined. 
PlaNet provides the means for Competence Cells to solve their planning 
problems. The implementation of PlaNet is the Net Planning Assistant as a 
modular toolset. 

1. INTRODUCTION 

Autonomous, elementary units of production, co-operating in temporary networks, 
are viewed as a key organisational form of enterprises in the 21st century. A 
scientific approach is provided by Non-hierarchical Regional Networks based on 
customer-oriented, directly linked, smallest autonomous service units called 
Competence Cells. Simultaneously this concept points out perspectives for present-
day small and medium-sized enterprises (SME) to face ever-changing economic 
conditions. 

The approach results in new requirements on the planning of logistics structures 
and production plants. Therefore the Planning Concept for Networks 'PlaNet' has 
been developed. PlaNet assists the Competence Cells in tackling their planning 
problems. The methodical concept of PlaNet is based on the Systems Engineering 
Methodology. 

The implementation of PlaNet is the Net Planning Assistant (NPA). NPA can be 
configured according to the requirements of the particular plaiming process by 
choosing the appropriate tools. These commercially available and proprietary tools 
are cross-linked through a Production Database. A special emphasis is placed on 
tools for participative planning. 

The approach of Competence-cell based Networks is introduced in section 2. 
PlaNet is introduced in section 3. NPA is then presented in section 4. 
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2. COMPETENCE-CELL BASED NETWORKS 

2.1 Motivation 

There are currently two extreme cases regarding the development of enterprises. 
Firstly, there are mergers and acquisitions leading to the development of large-

scale enterprises, who usually act as 'global players', concentrating more and more 
capital. 

The other extreme is characterised by an increasing 'atomisation' of enterprises, 
which concentrate exclusively on their core competences. The economical impact of 
SMEs is undisputed. With their high share of gross value added they form the 
backbone of most economies in terms of employment and innovation. For example 
in Germany the SMEs earn about 50 percent of the gross value added and employ 
two thirds of the workers. (BMWi, 1998) 

Furthermore since the start of the 21st century empirical evidence suggests that 
the economical impact of micro-enterprises will increase (European Commission, 
2004). The bottom line is that 

the typical European enterprise is a micro-enterprise. 
In this context a key scientific question is how small performance units can 

become while still remaining capable of competing in the market place 
independently? Another relevant question is how these smallest-scale enterprises 
need to act in order to optimally exploit existing potential? This potential is lying in 
an increase of the competitiveness compared to large-scale enterprises as well as in 
the increase of the share of exports in the revenues. 

Small enterprises have apart from their specific core competences only limited 
resources. Due to this they can realise only sub-sequences of process chains. 
Missing competences must be obtained or be supplemented by co-operation and 
cross-linking. That way the ability for a holistic customer-oriented provision of 
complex products respectively services can be acquired. 

Present forms of co-operation are mainly based on hierarchical structures within 
and between enterprises. These co-operations are often dominated by a single large-
scale enterprise. Dependencies are mandatory. The achieved advantage of relative 
stability conflicts with the disadvantage of unilateral dominance. These 
dependencies work as restrictions for regionally established enterprises. They lead to 
significant market entrance barriers for small- and smallest-scale enterprises and in 
particular for business start-ups. As a result some regional competences are not 
completely utilised and an economically desirable dynamic in establishing and 
developing small enterprises is obstructed. 

To overcome these disadvantages it is necessary to aim future efforts at the 
development of non-hierarchical production structures. This is supported by studies 
that consider autonomous, elementary business units (Laubacher et al., 1997), co­
operating in temporary networks (Malone and Laubacher, 1998) also called 
'nanocorps' (Salmons and Babitsky, 2001), as the form of enterprise organisation of 
the future. 

Clusters of SMEs have gained considerable importance in a number of other 
European countries besides Germany such as Italy (UNIDO, 2006) and France 
(Villarreal Lizarraga et al., 2005). 
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There is a need to lay a scientific foundation to the so far rather empirical 
exploration of collaborative networks. (Camarinha-Matos and Afsarmanesh, 2005) 

2.2 Vision and Concept 

Due to this development in manufacturing organisation, which in recent years has 
been lastingly influenced by phenomena of elementarisation and specialisation of 
competences as well as customer-oriented networking, a specific vision aimed at 
small and medium-sized business (Figure 1) has been developed (SFB457 1999). 

Elementary business units — called Competence Cells — are co-operating in Non-
hierarchical Regional Production Networks in a customer-oriented manner and thus 
capable of facing global competition. 

"needs ProduL! 

Non-hierarchicai 
Regional 

Production Network 
based on Competsnce Cells 
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Figure 1 - Conception of Non-hierarchical Regional Production Networks 
(SFB457 1999) 

It is the long-term goal to investigate this vision in its entirety from a scientific 
perspective. Theories and models will be formulated in order to describe standards 
of Non-hierarchical Regional Production Networks and to subsequently develop 
concepts, methods and instruments for generating and operating such networks. 

Such structures of the value adding process will contribute to the development of 
micro firms and furthermore sustainable regional production profiles. 

Initially objects of research will be determined by the customer-oriented single 
piece and small-batch production conducted by mechatronical engineering 
companies and regional profiles. (SFB457 1999) 

In recent years an increasing attention has been paid to 'Virtual Organizations' 
(Camarinha-Matos et al., 2005), 'Collaborative Business Networks' (COBTEC, 
2005) and 'Virtual Organization Breeding Environment' (ECOLEAD, 2005). Often 
similar assumptions to those of the vision of Competence-cell based Networks have 
been made. All these research projects are striving for new forms of organisation 
which meet the new opportunities provided by working together in networks of 
production. However the central features of the Competence-cell based Networking 
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Approach - elementarity and autonomy of the performance units as well as the lack 
of hierarchies and the regionality of the networking - are not explicitly investigated. 
The focus of these projects is rather on supra-regional, hierarchical value adding 
organisations with special emphasis on certain aspects of information and 
communication technology. 

2.3 Competence Cell 

A Competence Cell is considered as the smallest autonomous indivisible 
performance unit of value adding, able to exist independently. 

The model of the Competence Cell (Figure 2) consists of: 
the human with his competences, arranged according to professional, 
methodical, social and personnel competences (Erpenbeck, 1998) 
available resources as well as 
the fulfilled task or executed function. 

With this function a business entity can be transformed and a certain 
performance can be achieved. The aspects of dimension and structure were 
supplemented to obtain a complete technical description. (Milller et al., 2004) 

2.4 Networking 

In order to substantiate the vision of Competence-cell based networking a Procedure 
Model has been developed (Figure 2). 
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Figure 2 ~ Model of the Competence Cell and Procedure Model of Competence-
cell based networking (revised from Milller et al, 2004) 

The model comprises three levels and seven phases. 
From loose infrastructural and mental relations present in a regional network 

(Level I) there initially emerges an institutionalized Competence Network, based on 
Competence Cells (Level II). Institutionalisation takes place via the coordination of 
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behaviour (e.g. agreements on offer generation, agreements on cost allocation) and 
via the pooling of capacity (e.g. common servers and data bases). These facilitate an 
efficient acting towards the customer and avoid internal discrepancies. 
Institutionalisation thereby creates the basis on which autonomous Competence 
Cells join to find to a collective creation of value. In order to hold fixed expenses 
down, the institutionalisation is to be limited to the necessary amount. 

The actual creation of value takes place in a Production Network (Level III), i.e. 
a temporary linking of selected Competence Cells, initiated by customer request. In 
order to select and cross-link Competence Cells and to operate the network, co­
ordinated ways of behaviour and pre-installed structures are available in the 
Competence Network. (MilUer et al , 2004) 

3. PLANET - A PLANNING CONCEPT FOR NETWORKS 

3.1 Requirements on Planning of Logistics Structures and Production Plants in 
Competence-cell based Networks 

The Competence-cell based Networking Approach puts special requirements on the 
planning of logistics structures and production plants. Among them are the extended 
domain of planned objects, the greater responsibility of the autonomous units which 
on the other hand might lack planning competence and the participative way in 
which planning needs to be done due to the lack of hierarchies. Those requirements 
are only partly met by existing planning approaches. 

Planning Concept for Networks (PlaNet) - for tho planning and design 
of logistics structures and production plants 
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Figure 3 - Planning concept with Holistic Planning Method (MuUer et al , 2004) 

Therefore a new framework for planning in networks of competence is needed. 
Such a framework has been developed with the Planning Concept for Networks. 
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3.2 Contents of PlaNet 

PlaNet is intended to enable and support Competence Cells in solving different 
planning problems in the field of logistics structures and production plants in 
Competence-cell based production systems, so that they can plan networks in case 
of need as well as in advance. 

PlaNet was designed as a framework, which embraces suitable theories, models, 
concepts, methods and preference solutions for logistics structures of Competence 
Cells linked to production systems as well as the planning of network-able 
production plants (Figure 3). 

Both Competence Cells with special planning competences and Competence 
Cells without such competences are addressed by PlaNet, also for working together 
in a collaborative way. 

3.3 The Methodical Concept 

After detailed assessments of existing problem solution and planning approaches the 
universal, domain-neutral, flexible and adaptable Systems Engineering Methodology 
(SE) (Daenzer and Huber, 1994) proved to be a suitable basis for the methodical 
concept. If the components of SE are considered as framework for PlaNet, the 
respective specific components of PlaNet can be classified in this framework. 

With the methodical concept adapted design solutions for logistics structures and 
production plants can be generated as depicted in Figure 3. Procedures to solve 
planning cases are formed with the Holistic Planning Method as a template. 
Methods like Integrated Process and System Structuring and pre-configurated object 
solutions such as Adaptive Object Components are integrated. (Mtiller et al., 2004) 

4. NET PLANNING ASSISTANT 

The Net Planning Assistant (NPA) is the implementation of PlaNet. 

4.1 Requirements and Concept 

Besides general requirements on software, additional requirements rise from special 
aspects of Competence-cell based Networks (Mtiller et al , 2004). Those are the 
consideration of missing planning competences in non-plamiing Competence Cells, 
small funds and heterogeneous software environments. On the other hand a holistic 
approach, internet-based connecting of Competence Cells and Participative Plaiming 
should be pursued. 

To meet these requirements NPA has like PlaNet a modular structure. 
Commercially available software tools together with proprietary developments are 
interlinked through an interface concept. An integrative Production Database (PDB), 
which is based on the production data model of PlaNet, is in the centre of NPA. 

Due to the modular structure the planning instance is able to configurate NPA to 
its special needs. Those needs are determined by the procedures in which this 
instance is involved and there especially the underlying methods. Thus the 
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configuration of NPA should contain the appropriate tools for the methods that a 
particular planning instance has to employ. 

NPA is not depending on particular software solutions. It should be rather seen 
as a general concept for linking together different software solutions which are 
necessary in the process of planning logistics structures and production plants. 

4.2 Components 

Potential components of NPA are shown in Figure 4. 
A user interface called DataMan supports the management of the Production 

Database. The usage of a web-based application which can be accessed through an 
internet browser is suggested for this interface. NPA also contains tools for 
modelling, planning of logistics structures and production plants, participation and 
visualisation, simulation and knowledge management. 
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Figure 4 -Net Planning Assistant (Muller et al. 2004) 

Planning in Competence-cell based Networks has to be done in a collaborative/ 
participative way. This does not necessarily take place in one location where all 
involved parties meet. In fact the participants can stay at different places while the 
planning is done jointly through the internet. Both ways of participative plaiming are 
supported by the plaiming and visualisation tool visTABLE. Layouts are displayed 
on a two-dimensional drawing which can be manipulated with a touch screen and 
also in a three dimensional view which shows the spatial implications of the 
developed layout. The large size of the screen allows a group of people to work on 
the layout together as can be seen in Figure 4. Alternatively the underlying software 
can be used for a distributed planning, accompanied by a chat application to discuss 
the suggestions of the different planners. For the distributed scenario especially the 
mobile version of visTABLE (Figure 4) is suitable. (Miiller et al., 2004) 
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5. CONCLUSIONS 

Competence-cell based Networks provide a promising approach for future forms of 
value adding organisations. The approach also points out perspectives for present 
small and medium-sized enterprises to face ever-changing economic conditions. The 
Planning Concept for Networks PlaNet serves the special requirements on planning 
of logistics structures and production plants in such networks. Suitable tools are 
provided through the Net Planning Assistant as the implementation of PlaNet. 
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To smooth the cooperation within a VBE, and to facilitate the partner selection 
for VOs configured in VBEs, the VBE member organizations need to trust each 
other. Among others, lack of trust relationships among organizations, negatively 
affects their information exchange and resources sharing. In small-size VBEs, 
organizations have the chance to get to know each, and thus can individually 
make their judgment on trustworthiness level of others. For large-size VBEs 
however, new approaches and mechanisms are required to be designed for 
measuring/assessing the trustworthiness level of other organizations. This paper 
first addresses this problem area and its challenges and then classifies it into 
three focus areas. It then introduces an approach for measuring the 
trustworthiness level of other organizations, based on both the trust criteria 
defined by the trustor and the past performance of the trustee. Three trust 
perspectives pentagon, square, and triangle, are then defined addressing the 
three problem focus areas. 

1. INTRODUCTION 

Stability and success of a strategic alliance among organizations, such as the Virtual 
organizations Breeding Environment (VBE), require the right balance of trust 
among its members. Thus, once in a network or alliance such as a VBE, 
organizations need suitable approaches and mechanisms to identify and measure 
trustworthiness of other organizations for the purpose of information exchange, 
resources sharing, and fruitful collaboration in VOs [Dillon, T. S. et al 2004]. 

A VBE refers to 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 
both their chances and their preparedness towards collaboration in potential Virtual 
Organizations (VO) [Afsarmanesh, 2005]. In larger VBEs, members meet and need 
to cooperate or collaborate with little known or even unknown other members. 
Members collaborate in order to achieve common goals. Entering in collaboration 
requires a member to make decision about the trustworthiness of others. 

Trust is a key concept addressed by research in many disciplines and it is gaining 
more importance in the new emerging information societies. In sociology, trust is 
related to reputation and previous interactions among individuals. The ways in 
which reputation for trustworthiness is established or destroyed are important in 
social trust relationships. According to Good [Good, D., 1988], not only will the 
perceivers of reputation have access to information which the reputation holder does 
not control, but also the manner in which both types of information are interpreted is 
not straightforward. Therefore, individuals wish to have complete information about 
the people they wish to deal with, before they deal with them [Dasgupta, P., 1988]. 
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In economics, decisions about trast are similar to decisions about taking risky 
choices. Individuals are presumed to be motivated to establish trust relationship with 
others in order to either maximize the expected gains, or minimize expected losses 
from their transactions [Williamson, O. E., 1985, Josang, A. et al 2004]. The critical 
factor in economic studies about trust is the risk management in trust relationships. 

Trust in psychology is related to beliefs [Marsh, S. P. 1994]. A trusting 
behaviour occurs when an individual believe that there is an ambiguous path; the 
result of which could be good or bad [Deutsch, M. 1962, Morgan, R. M, et al 1994], 
The occurrence of the good or bad result is contingent on the actions of another 
person. If the individual chooses to go down that path, he makes a trusting choice. 

In politics and digital governments, trust is related to truth-telling. It is important 
for digital government, to maintain high standards of troth-telling, to avoid being 
associated with the poor reputation and losing trust [Sztompka, P. 1999]. Trust in 
governments and politics is very important to keep governments and related political 
parties continuing in power. However, several factors are identified to be 
influencing the trustworthiness level of governments towards citizens, such as 
reputation, performance, accountability, commitment, etc. [Sztompka, P. 1999]. 

In computer science, trust is related to secxxrity, reputation, and privacy. 
Generally, when an environment is secure it is easier to establish trust relationships 
among systems users, and equally, if a users respect the privacy of others personal 
data and sensible information, he can be seen as trustworthy [Seigneur, J.M. 2004]. 

Trust studies as addressed in the above disciplines shows that trustworthiness has 
been perceived as a probability and thus, measured as a unit less probability value. 
Moreover, in some studies, trust is mainly related to reputation. Trust in most 
disciplines also has been studied at the level of individuals and not at the level of 
organizations. In our approach, we address trust among "organizations" being 
involved in collaborative environments and specifically, within VBE environments. 
We have observed and pointed out that trast is multi-criteria and thus 
trustworthiness cannot be measured with a single value. As presented later in section 
3, trastwortfainess is measured for different objectives, from different perspectives, 
and ia terms of the values of a set of trast criteria. Thus we address trast as a multi-
objective and multi-actor subject, considering all necessary factors that can influence 
the changes of trustworthiness. More challenges will rise due to the fact that VBEs 
are new scientific discipline and are characterized with heterogeneity among the 
interests, goals, disciplines, autonomies, cultures, etc., of their members 
[Camarinha-matos, 2005, Shao, J. et al 2004]. Trast assessment and creation is 
among the important subjects that need innovative approach and mechanisms. This 
paper addresses the assessment and creation of trast in VBEs. 

2. TRUST IN VBEs 

In this section we address the question of who needs trast and the challenges that 
must be addressed to realize trast in VBEs. We first start with the base definitions. 

2.1 Base definitions 

In this section we provide definition for the following terms: trast actors, trast 
criteria, trastworthiness, and trast relationship. 
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Trust actors: refer to the two organization paities involved in a specific trust 
relationship. The first party is the organization that needs to assess the 
trustworthiness of another party and is referred to as the trustor. The second 
party is the one that needs to be trusted, and thus it will need its trustworthiness 
to be assessed. This party is referred to as the trustee. 

Trust criteria: refer to the measurable elements that can establish a judgment about a 
given trust requirement. For example for the requirement of ICT infirastructure, 
the measurable trust criteria can include the storage capacity, the computing 
capacity, frequency of the system's security violation, network speed, etc. Every 
trust criteria have two attributes for its values, namely: Trust value metrics, 
which refer to the scales that identify the meaning of the measured values for the 
criterion, (e.g. for computing capacity can be megabyte MB/s), and Trust value 
constraints, which refer to the limits for values that separate the acceptable from 
unacceptable range of values (e.g. for computing capacity can be >300GB/s). 

Trustworthiness: Is the trait of deserving trust and confidence. In this paper, we use 
the term trustworthiness to refer to the level (intensity) of trust for a trustee in a 
trust relationship, based on the assessment of the necessary criteria. Clearly 
enough, the criteria for organizations' trust assessment are varied and wide in 
spectrum. In our research we focus on those criteria that can be measured, and 
we have systematically categorized and identified these measurable items as 
described in section 3.2 and table 1. Trustworthiness cannot be measured directly 
(by a single value) rather it needs to be measured indirectly through values for a 
set of criteria. Namely, the level that the constraints for a given set of criteria are 
met determines the level of trustworthiness. 

Trust relationship: A relationship is a state of coimectedness among people or 
organizations or is a state involving mutual dealing among people or parties. The 
trust relationship refers to the state of connectedness between a trustor and a 
trustee whose intensity is characterized and based on the trustworthiness level. 

2.2 Who needs trust in VBEs? 

Three kinds of focus areas (FA) were identified for trust needs in VBE: 
FAl- Trust among VBE members: The main aim of establishing and maintaining 

trust relationships among VBE members is to enhance the efficiency and success 
of both their cooperation within the VBE as well as their potential collaboration 
in VOs that will be configured within the VBE. Further to the individual 
member's achievements, the main criteria that influence the trustworthiness 
among VBE members include their roles, reputations, and membership level at 
the VBE as well as their past performance on activities related to the VBE. FAl 
is further addressed in section 3. 

FA2- Trust of a VBE member to the VBE and to the VBE administration: Trust of 
VBE members to the VBE and VBE's administration enhances the chance of 
members remaining loyal to the VBE, increases their willingness for active 
involvement in VBE, and encourages VBE members to invite and bring other 
valuable organizations into VBE. Among the main issues that influence the 
trustworthiness of the VBE and the VBE's administration, we can mention: 
successes in managing the VBE enviroiunents, VBE's successes in external 
markets and recognitions achieved through VBE's marketing and branding,, 
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transparency of the administration procedures and rules, transparency and 
efficiency of members performance measurement, frequency of opportunities 
brokerage, and fair possibility for all VBE members to get involved in potential 
VOs. FA2 is further addressed in section 4. 

FAS- Trust of a customer to the VBE: VBEs must be trusted by its customers. 
Customers that create opportunities in the market (to which VBE can respond by 
creation of VOs) must recognize and trust the VBE to accept its proposed bid. 
Consumers (end users of VBE results) also need to trust a VBE in order to decide 
positively on purchasing or accepting VBE's products and services. FAS is 
further addressed in section 5. 

2.3 Trust challenges in VBEs 

In relation to trust studies in VBEs, we identified three challenges that must be well 
addressed in order for the identified trust needs (section 2.2) to be realized. 
Challenge 1:- Causality: A main challenge in trust study is its causality. The future 

trustworthiness of a VBE member is "causally" related to its role and behavior at 
present, and actions it has performed and events it has caused in the past. 
Therefore, a part of trust engineering in VBEs is intended to support the 
decision-making about future trustworthiness of a member, while the information 
needed for this estimation mostly belongs to the past. 

Challenge 2:- Transparency and fairness: One more challenge in assessment of 
trustworthiness of VBE members is its transparency and fairness to its 
stakeholders. Each step taken for entire trust assessment process must be clear 
and transparent to all involved VBE members. For fairness, the steps taken and 
the approach used for trust assessment must accompany some (formal) 
reasoning, and also the information used for the assessment must be 
accredited/certified to avoid personal (subjective) judgment and biases. 

Challenge 3:- Complexity: Another challenge in trust study is to handle the 
complexity of multi-objective, multi-perspective, and multi-criteria nature of 
trust and trustworthiness in VBEs. Trust is not a single concept [Castelfranchi, 
2000] that can be applied to all cases, for trust-based decision making, and its 
measurements are subjected to both the purpose of the trust relationship, and the 
specific actors involved. Every case is different and consists of its own specific 
set of criteria to be considered for estimating trustworthiness. 

3. ASSESSING AND CREATING TRUST AMONG MEMBERS 

In this section we address the question on how VBE members can trust each other 
and how their trustworthiness can be assessed. Thus, as described in section 2.2, 
FAl is further addressed here. 

3.1 Trust perspective pentagon for FAl 

There are five possible trust perspectives [[Ratnasingam, 2005]] that a trustor can 
assume as primary aspects when assessing trustworthiness of the trustee. In addition 
to providing mechanisms for assessing the trustworthiness, information about every 
perspective based on generated/specified criteria must also be provided. When a 
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VBE member needs to trast another VBE member, support for acquiring the needed 
information and mechanisms to acquire the information in every prefen-ed element 
must be provided as indicated in trust perspective pentagon (Figure 1). 

O r g a n f z z i t l o n a l 

O c H a v i o r a i / 
IX/lsanagorlal 

F ins inc l£ i l / 
E c o n o m i c a l 

X c c h i n o l o g l c s i l 

Figure 1: Trust perspective pentagon for FAl. 

3.2 "BASE" and "SPECIFIC" trust criteria for FAl 

A VBE member will need to be trusted in two different cases: when applying to 
become a VBE member (base), and when it has to apply (or to be selected) to take a 
specific task in cooperation in VBE (e.g. to become an administrator) or in 
collaboration in VO (e.g. to become a VO partner or VO planner). In each case, 
there might be different trust criteria for assessing the trustworthiness (Table 1). 

Pcrspcclivo 

1. Organizational 

2. Social 

3. Financial / 
Economical 

4. Technological 

5. Managerial / 
Behavioural 

Rec]ulreinents 

Organizational strength 

Community participation 

Community compliance 

Capital 

Financial stability 

VO -Collaboration based financial 
stability 

Financial standards 

ICT- Infrastructure 

Technology standards 

Platforms 

Platform experience 

Stable management 

VO-Collaborative behaviour 

Reliability 

BASE Criteria 
Size of an organization 
Organization coverage 
Competences 
Personnel expertise 
Activities participated 
Community service contribution 
Community standards complied 
Cash 
Physical capital 
Operational capital 
Cash in 
Cash out 
Profit'Loss 
Operational costs 
Cash in 
Cash out 
Profit/Loss 
Auditing standards 
Auditing irequency 
Network speed (Broadband) 
Interoperability 
Availability 
Protocol supported 
Software standards 
Hardware standards 
Security standards 
Operating systems 
Programming languages 
Applied in VOs 
External project applied 
Duration held 
Years in power 
Management structure 
Frequency of power change 
VO opportunistic behaviour occurred 
VO successful collaborations 
VO participation as organizer/leader 
Quality 
Adherence to delivery dates 

Table 1: Examples of base trust criteria. 
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BASE trast criteria refer to those criteria that must be complied (at least at the 
minimum acceptable level) by all members in the VBE. These criteria are identified 
by trast experts, a-prior to the establishment of the VBE, but can be updated when 
needed. The trustworthiness assessment is done when the organization is applying 
for VBE membership based on the data filled on base trast (application forms) 
questionnaires. The collected data will also be stored in the VBE management 
system and will be updated periodically. Table 1 shows some base trust criteria 
identified with this study and vahdated by experts in ECOLEAD project and 
existing VBEs (VF in Germany, Virfebras in Brazil, and lECOS in Mexico). 
SPECIFIC trast criteria refer to those criteria that are generated and applied for a 
specific trast objective. Section 3.2 describes how to generated specific trast criteria. 

3.3 Generating SPECIFIC trust criteria 

Generating specific trust criteria needs to be achieved by trast experts 
knowledgeable about the VBE. At the highest level the process of establishing trast 
relationship is characterized by a set of trast objectives. Each of these trast 
objectives is characterized by a set of trast perspectives. Trast perspectives for FAl 
are shown in Fig 1. Based on the trust objective and preferred trast perspective, trust 
requirements are then identified (Fig. 2). Also, for each requirement, the specific 
criteria are identified. Metrics and constraints for each criterion are then specified. 
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Figure 2: Abstraction hierarchy for the trust establishment in VBEs. 

To further describe our approach, consider the case where the partner selection 
process at the VBE has made a list of suggestive VBE members that can fulfill VO 
requirements. Then, the plaimer of that VO needs to measure the trastworthiness of 
the suggested VBE members for invitation decision. Suppose that VO is focused on 
online selling of movies and therefore, trasting the capacity of the ICT iiifrastracture 
for each VBE member that may be invited to VO is important requirements and 
specifically, its download supporting capacity must be totally trusted. Figure 3 
shows an example on how trast criteria are generated. 
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Figure 3: Generating specific trust criteria for assessing ICT-I based trustworthiness. 
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3.4 Analysis of relations among criteria 

In order to perform the trustworthiness assessment efficiently, inter-relations among 
the criteria must be studied and well understood. While the inter-relations among the 
pre-defined "base" trust criteria can be developed a-prior to the VBE establishment, 
and suggested to the trustor in the VBE, the trustor may also require to dynamically 
defining "specific" criteria for which their inter-relations with other criteria must be 
dynamically defined. In our approach we use causal relations among the criteria to 
represent their inter-relations. To present this approach, consider the example in 
figure 3. Figure 4 shows a causal diagram including both the "specific criteria and 
selected base criteria". Factors that also influence the behavior of criteria must be 
identified and represented in the causal diagram. Factors (e.g. request rate, queuing 
time, etc.) must also be measurable, but they cannot stand alone or become criteria 
themselves. In the causal diagram, the plus sign (+) indicate that the increase or 
decrease of the first factor/criteria causes the increase or decrease of the second 
factor/criteria, and the minus sign (-) indicate that the increase or decrease of the 
first factor/criterion causes the decrease or increase of the second factor/criterion. 

Pstraliel „ ""̂ ^̂  

• (No.) I (IvIB/second) 

aHl. 
Out o f order - capacity - ^ 

/ CNo.) (.MU/sccond) \ _ 

^v ,^ ISfumber o f servers j i>^ Qucintr t 

Cseconds/M13) 
TraPflckina ' 

Ou t o f order ^ capacity - ^ Com, , lo lu ,n 
t i i i i c 

( s e c o n d s / M B ) 
Qi-icinir t ime J t - ^ 

O^"-) y - - ; ^ ( sooonds /MB) 

N e t w o r k speed Reques t rate N e t w o r k avai labi l i ty 
CNo-) (JvrB/seeond) ^'-^—' <failures/hoijr) 

Figure 4: Qualitative analysis of relations among criteria using causal diagram. 

3.5 Formal representation of relations among criteria/factors 

We use the causal effect as in figure 5 to represent the relations among criteria in 
form of mathematical equations. Using the reasoning (approach as addressed in 
section 3.4), the plus sign (+) in the causal diagram represents either addition or 
multiplication, and the minus sign (-) represents subtraction or division depending 
on the metrics that scale the criteria. The selection of the correct arithmetic operator 
depends on the balance of dimensions (when complex relations are involved, 
dimension analysis' can be applied). In developing equations, arrows that are 
directed to the respective factor/criterion are considered for the equation. For 
illustration purposes (short forms in table 1), we provide three examples. 

Example I: Formulating equation for trafficking capacity (TC) 
We refer to TC as the number of movies (expressed in Megabyte MB or 

Gigabyte GB) that can be downloaded in a specified amount of time. Three factors 
influence the TC: number of server (NS), server capacity (SC), and parallel 
downloading (PD). Assuming that each server can support a certain number of 
requests, and each request has certain size, the product of these factors balances the 
dimensions of the equation as shovra in equation 1. The derivative of equation (1) 

' Checking the correctness of an equation which you have derived after some algebraic manipulation: 
http://www,physics.uoguelph.ca/tutorials/dimana!y/ 
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represents the rate of change of each of the factor with respect to time and the 
relations among the changes (equation 2). The integration of equation 2 provides 
the accumulation of TC, which represents the total number of movies that can be 
downloaded for a period of time tl to t2 (equation 3). 

TC = NS*PD*SC (1) 

— TC = (PD * SC)— NS + (PD * A«)— SC + (SC * NS)— PD '•̂ •* 
dt ^ ' dt ^ 'dt ^ 'dt 

I ( | r c ) = J ( ( P . , * < A ^ . ) ; j ( ( . p * < . c ) . J ( ( . c * A . . ) ^ ™ ] ''^ 

Example 2: Formulating equation for completion time (CT) 
Similar to example one, the respective three equations for CT are as below: 

\dt ) ',\dt ) j\dt 
Where QT is queuing time and DT is dovwiloading time, 

Example 3: Formulating equation for queuing time and processing time 
For these criteria we applied queuing theory^ to formulate their respective equations. 
However, it is also possible to formulate the equation using the approach applied 
earlier as it will be shown at the end of this example. We refer to DT as the time 
(can be average) needed to download a specified number of movies. We refer to QT 
as the period that a request will wait in queue from its arrival to when its download 
starts. Using queuing theory, the three factors: DT, QT, and TC are statistically 
related. Comparing to queuing theory terms, DT is similar to the service time, QT is 
the same as the queuing time in queuing theory, and TC is similar to the service rate. 
Requests arriving for download are distinct. Also, the downloading for movies is 
distinct in respect to movies. From probability distribution, both the RR and TC 
follow Poisson distribution^. The DT follows exponential distribution"* since it 
measures the time required to process a single job. Based on queuing theory 
definitions, the equations for DT and QT are as shown in equations (7) and (8). For 
this case, request rate (RR) is similar to the arrival rate in queuing theory. 

DT-± ^^) ^ ' ^ or ^^ (8) 
TC ^ {TC - RR)TC 

Consider the relations among these factors in the causal diagram (figure 3). TC is 
negatively related to DT and thus, proves the fact that a minus sign can be 
represented as a division in the mathematical equation as in equation (7). The same 
reason applies for TC to QT in equation (8). RR is positively related to QT but in the 
equation its representation is a special case. Although it is in the quotient part of 
equation (8), the RR in the quotient is negated to indicate that it is positively related 
to QT. Completion time (CT) in principle is the sum of DT and QT, which match 
the relations as indicated in the causal diagram and also from queuing theory. 
Therefore, equation (9) shows the CT. Thus CT equation is also written as follows: 

cr = — 1 - (̂ ) 
PC-RR 

The rates of change and as well the accumulations equation for CT, QT and DT can 
be generated in same way as in equations (2), (3), (5) and (6). 

2 

http://www.eventhelix,com/RealtimeMantra/CongestionControl/m_Tn_l_queue.htm 
^ http://www.itl.nist.gov/div898/handbook/eda/section3/eda366j .htm 
''http://www.itl.nist.gov/div898/handbook/eda/section3/eda3667.htm 
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3.6 Quantitative trustworthiness assessment 
Based on the selected base trust criteria, specific trust criteria, and the collected 
data, trustworthiness of an organization can be assessed. When, trustworthiness 
needs to be forecasted to enable long-term assessment, simulation can be applied, 
using the developed equations. Also, when a large amount of data must be analyzed 
fast and efficiently, simulation is suggested. For the puipose of this paper, a 
simulation model was developed in Powersim to study the behavior of CT, TC, and 
QT. Here, we assumed that we have data for a number of past years. In this example, 
we assume that the trustworthiness of this VBE member can be assessed (and 
forecasted) based on its capability to support short time downloading. For this 
experiment (figure 6), the following parameters were applied: RR follows Poisson 
distribution with mean 1000MB and seed 0GB, number of PD as 10 per server for 
the 5 servers each supporting lOMB/s. 
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Figure 6: Simulation results for trustworthiness assessment based on TC, CT and QT 

From the results presented in Figure 6, trustworthiness can be assessed and 
decisions can be made about when in future an organization reaches a level of time 
for downloading, in order to be technically trusted. Nevertheless, in real cases 
clearly this aspect provides only one among several criteria that are considered for 
useful trustworthiness assessment. 

4. CREATING TRUST FOR VBE MEMBERS TO THE VBE 

In this section we address the question on how VBE members can trust the VBE and 
the VBE administration. Thus, FA2, as described in section 2.2, is further addressed 
in this section. 

4.1 Trust perspective square for FA2 

There are four trust perspectives that a VBE member can assume as primary aspects 
when assessing trustworthiness of the VBE and the VBE administration (Fig 7). The 
VBE member must be supported by being provided the mechanisms to access the 
needed information on the preferred trust perspective stored in the VBE. 

VBE policies-
related 

VBE component-
related 

Transparency and 
fairness related 

VBE-self-
related 

Figure 7: Trust perspective square for FA2 

4.2 Trust criteria for assessing trustworthiness of VBE and its administration 
A VBE member, in different cases, will need to be convinced to trust the VBE and 
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the VBE administration. For example, the VBE member will compete to win a 
chance for participation in VOs within the VBEs. For any decision made, VBE 
members must be convinced on why the selected members qualify than others. We 
suggest providing information about the following basic criteria in each perspective: 
VBE policy related perspective: Policy is plan of action to guide decisions and 
actions. Policies in short can be understood as political, management, financial, and 
administrative mechanisms arranged to reach explicit goals. In VBE aspects and 
related to trust, policies that must be accessible to members include the following: 

" Cooperation rules • Bylaws 
• Governance principles 

Transparency and fairness related perspective: The VBE administration must be 
transparent and fair to all VBE members. For this purpose the following information 
must therefore be accessible by all VBE members: 

• Trustworthiness measures • Partner selection processes 
• Performance measures • Incentives and rewards 

VBE component related perspective: Refers the components that constitute the VBE. 
The main component of a VBE is its members. VOs in some cases, when existing, 
become components of the respective VBE. Another, component is the supporting 
institutions. A member that wants to assess trustworthiness of a VBE and its 
administration might possibly prefer information related to VBE structure and its 
components. We suggest that a member can be provided with information about: 

• VBE members restricted profiles 
• VBE supporting institution restricted profiles 
" VO restricted profiles, etc. 

VBE-self related perspective: When it comes to trusting a VBE as whole, VBE 
members must also be supported with information that can build a positive picture 
about the VBE. We suggest providing information about the following: 

• Member restricted performance history • VBE performance history 
• VBE self restricted profile • VO performance history 

5. CREATING TRUST FOR CUSTOMER TO THE VBE 

In this section we address the question on how an external organization can trust the 
VBE. Thus, FAS, as described in section 2.2, is fiirther addressed in this section. 

5.1 Trust perspective triangle for FA3 

There are three trust perspectives that a customer can assume as primary aspects 
when assessing trustworthiness of the VBE (Fig 8). Customers (section 2.2) must be 
provided with relevant information based on their preferred trust perspectives. 

Profile-related 

VBE advertisement , , . , 
-related (, j ( ) Service for 

client-related 

Figure 8: Trust perspective triangle for FA3 
5.2 Trust criteria for assessing trustworthiness of a VBE 
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A customer, when selecting a VBE, (e.g. when a customer wants to provide a tender 
or need to recommend a VBE for an opportunity), will need to trust the VBE. In this 
paper, we recommend providing the customer with the following information: 
Profile related perspective: This information will enable the customer to understand 
the constituents of the VBE and its related competences. This includes: 

• VBE public profile including list of members and list of VOs, 
• VO public profile including partners' information and VO performances, 
• VBE members public profiles, 
• Previous product/service recognitions or acknowledgements, 
• Specific previous achievements. 

VBE advertisement related perspective: As in normal business world, VBEs will 
also advertise their products and services (offered through VOs) to the market. 
Information on advertisements that are usually made can indicate the capability of 
the VBE to reach customers. Such information can include the following: 

• News letters, 
• Copy of advertisements in the media, 
» Link of advertisements in various websites. 

Service for client related perspective: A customer can be convinced to trust the VBE 
based on how it will be supported when acquiring the services. This includes: 

• Customer portal, 
• Customer registration functions. 

6. REFLECTION ON THE TRUST CHALLENGES IN VBEs 

In section 2.3, three trust challenges were identified namely: causality, transparency 
and fairness, and complexity. In this work causality was addressed with the use of 
causal analysis about past behavior of the member based on the causal relations 
among the criteria. The use of past performance of members, the VBE and its 
administration indicates how causally their today and future trust is influenced by 
the past. Transparency and fairness is addressed by enabling trustors, and trust 
experts to formally reason (based mathematical formulas) for the trustworthiness 
assessment (section 3). The use of transparency and fairness measure, governance 
rules, cooperation rules and bylaws, also enhance the transparency and fairness 
(section 4). The suggested approach also, addresses the trust complexity by use of 
multi- objective, perspective, and criteria in the trustworthiness assessment. 

7. CONCLUSION AND FURTHER WORKS 

VBEs have proved promising for enhancing survivability of organizations, 
especially SMEs, in the current market with highly volatile opportunities and 
requirements. VBE is a strategic alliance, providing a cooperative environment that 
aims at enhancing organizations' preparedness for getting involved in potential 
virtual organizations. Among the important preparedness aspects to be supported 
within the VBEs, are the creating, assessing, and managing trust [Camarinha-Matos, 
L. M.*, etal2005]. 

In this paper, three main focus areas for trust in VBEs were identified. 
Approaches for assessing and creating trust, considering the identified challenges 
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were introduced. The kinds of information that a trustor needs to use in order to 
assess the trustworthiness level of a trustee were also addressed. Thus, this paper has 
contributed to the subject of assessing and creating trust in VBEs, which can also be 
applicable to the VO environments. 

The paper has addressed the challenging tasks of assessing and creating trust in 
VBEs. Other important areas of trust (trust management) studies such as trust 
relationship establishment and trust modeling are not addressed in this paper, but it 
is an important subject in our trust studies in the ECOLEAD project, and the topics 
of forthcoming papers. Furthermore, some other collaborative environments that 
their memberships involve individuals, such as the Professional Virtual Community 
(PVC) and Virtual team (VT), are not addressed in this paper. The trust assessment 
and creation approaches are in fact very different for organizations than for 
individuals. 

Acknowledgement: This work was supported in part by the ECOLEAD project 
funded by the European Commission. The authors thank the valuable contributions 
of their partners in the ECOLEAD consortium. 
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Virtual organizations play an important role in today's economy, as they are 
able to adapt themselves to the turbulent market environments. Team work and 
collaboration are main characteristics of virtual organizations, so the contacts 
among human beings have outstanding importance. A very important element 
of this human contact is trust. Trust building in virtual organizations has 
special characteristics, it is influenced among others by the type of media and 
communication device, and also by the duration of cooperation. The paper 
discusses the role of trust and trust building in the operation of virtual 
organizations from these aspects. 

1. INTODUCTION 

Based on the results of the information and communications technologies (ICTs), a 
new "digital" economy is arising. This new economy needs a new set of rules and 
values, which determine the behavior of its actors. In this dynamic and turbulent 
environment that requires flexible and fast responses to changing business needs 
organizations have to respond by adopting decentralized, team-based, and 
distributed structures variously described in the literature as virtual-, networked-, 
cluster- and resiUent virtual organizations. One main aspect of this approach is that 
organizations in this environment are networked, i.e. inter-linked on various levels 
through the use of different networking technologies. Today besides the Internet 
new solutions are offered, the different types of mobile/wireless networks. 

In this new organizational enviroimient new methods and techniques of trust 
building has to be developed, as the conventional rules caimot be applied. The paper 
introduces the ways of building trust, the most effective approaches using different 
media, and also outlines the trends of this field. 

Please use the following formatwhen citing this chapter: 

Mezgar. I.. 2006. in IFIP International Federation for Information Processing, Volume 224. Network-Centric Collaboration and 
Supporting Fireworks, eds. Camariulia-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 173-180. 



174 NETWORK-CENTRIC COLLABORA TION 

2. VIRTUAL ORGANIZATIONS AND COLLABORATION 

2.1 Main Characteristics of VO 

A virtual organization (VO) refers to a temporary or permanent collection of 
geographically dispersed individuals, groups, organizational units or entire 
organizations that depend on electronic linking in order to complete the production 
process. They are usually working by computer e-mail and groupware while 
appearing to others to be a single, unified organization with a real physical location. 
A VO can be considered as a temporary, culturally diverse, geographically 
dispersed, electronically communicating group of organizations, people. The virtual 
corporation, virtual-, real time -, enterprise cover mainly the same term as VO. 

A networked organization has multiple leaders, lots of informal links and 
interacting levels. Mutual links and reciprocity across the links are what makes 
networks work. Because of a lack of formal rules, procedures, clear reporting 
relationships, and norms, more extensive informal communication is required, so a 
key feature of virtual organizations is a high degree of this informal communication. 

As the base of virtual organizations are the interdependent, separate production 
teams/units, the cooperation and collaboration has of vital importance. The structure, 
the communication systems and the collaborating people/teams/organizations that 
define today's organizations characteristics must be harmonized to accomplish 
complex, demanding tasks. The collaboration is done through different media 
according to the actual demands of the tasks. The conventional tools are the 
telephone, fax, writing letters. On the next level are the computer network-based 
solutions e.g. e-mail, ftp, telnet. A higher quality of communication media is the 
WEB-based communication solutions. Through WEB pages a secure, easy and fast 
communication can be realized. 

A new way of connection is the application of different mobile wireless 
technologies for communication. Mobile wii'eless technology means mobility, 
namely individuals are available independently from location and time (24/7/365 
availability). This mobility is an important attribute of today's organizations and 
people. 

2.2. Collaboration in Virtual Organization 

Collaboration is basic factor of VO operation so it is important to define the 
differences among the different types of techniques and approaches applied in team 
work. Himmelman developed a hierarchy of partnerships (Himmelman, 1997), One 
level of the hierarchy is distinguished from the next level by the amount of trust, 
time, and personal/group interests needed to establish and maintain the partnership. 
In Himmelman's framework, networking, coordinating, cooperating, and 
collaborating mean different things and build on each other. While closely related to 
networking, collaboration can be imderstood as a process that exploits a networked 
environment. 

The qualitative difference between collaboration and cooperation is based upon 
the willingness of organizations/individuals to enhance each other's capacity for 
mutual benefit and to achieve a common purpose. Collaboration is a relationship in 
which each organization wants to help its partners become better at what they do. 
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In order to realize these goals different practical control/organizational concepts, 
models and techniques are implemented. Swarm Intelligence (SI) is the property of a 
system whereby the collective behaviours of (unsophisticated) agents interacting 
locally with their environment cause coherent functional global patterns to emerge. 
SI provides a basis with which it is possible to explore collective (or distributed) 
problem solving without centralized control or the provision of a global model. 

3. TRUST BUILDING IN VIRTUAL ORGANIZATIONS 

3.1 Definition and Forms of Trust 

Collaboration is main characteristics of the virtual organizations, so the contacts 
among the users, the human beings have outstanding importance. A very important 
element of this human contact is trust. In a networked organization, trust is the 
atmosphere, the medium in which actors are moving, so it is a basic building block 
of the communication among people and systems too. Trast is the base of 
cooperation, the normal behavior of the human being in the society. The ability of 
enterprises to form networked systems depends on the existing level of trust in the 
society and on the capital of society (Fukuyama, 1995). As the rate of cooperation is 
increasing in all fields of life, the importance of trust is evolving even faster. 

Trust can be defined as a psychological condition comprising the trustor's 
intention to accept vulnerability based upon positive expectations of the trustee's 
intentions or behaviour (Rousseau et al, 1998). Those positive expectations are 
based upon the trustor's cognitive and affective evaluations of the trustee and the 
system/world as well as of the disposition of the trustor to trust. Trust is a 
psychological condition (interpreted in terms of expectation, attitude, willingness, 
perceived probability). Trust can cause or result from trusting behaviour (e.g., co­
operation, taking a risk) but is not behaviour itself. 
The following components are included into most definitions of trust (Harrison, 
McKnight and Chervany, 1996):: 

- willingness to be vulnerable / to rely, 
- confident, positive expectation / positive attitude towards others, 
- risk and interdependence as necessary conditions. 

Trust appears in different forms. According to different authors (e.g. Luhman, 1979) 
trust has forms such as 
1. Intrapersonal trust - trust in one's own abilities; self-confidence basic trust (in 

others). 
2. Interpersonal trust - expectation based on cognitive and affective evaluation of 

the partners; in primary relationships (e.g., family) and non-primary 
relationships (e.g., business partners). 

3. System trust - trust in depersonalised systems/world that function independently 
(e.g., economic system, regulations, legal system, technology); requires 
voluntary abandomnent of control and knowledge (Luhman 1979). 

4. Object trust - trust in non-social objects; trust in its correct functioning (e.g. in 
an electronic device). 
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3.2 Approches and Factors of Trust-Building 

In building trust there are two approaches; information technology approach and 
human centered approach, based on culture, and morality. Information technology 
approach means that security has to increase by different architectures, protocols, 
certifications, cryptography, authentication procedures and standards and this 
increased security generates the trust of users. The feeUng of security experienced 
by a user of an interactive system does not depend on technical security measures 
alone. Other (psychological) factors can play a determining role; the user's feeling of 
control can be one of these factors. From this aspect user interface has the main role, 
i.e. the menu structure, the messages send for the user by the system. 

3.2.1 Technical side of Trust 
Approaching security from the side of trust, security is the set of different services, 
mechanism and software and hardware tools for generating trust with pure 
technology. More generally security is a condition that results from the 
establishment and maintenance of protective measures that ensure a state of 
inviolability from hostile acts or influences. Approaching the term security from 
from human side a computer is secure if a user can trust it. 

At different levels different security solutions have to be applied, and these 
separate parts have to cover the entire system consistently. The building blocks, 
elements of security are the security services and the security mechanisms. The 
following services form together the sense of "trust" for a human being who uses a 
service, or a given equipment (Menezes, 1996): 

Confidentiality: Protects against disclosure to unauthorised identities. 
Integrity: Protects from unauthorised data aheration. 
Authentication: Provides assurance of someone's identity. 
Access control: Protects against unauthorised use. 
Non-repudiation: Protects against originator of communications later denying it. 

The means for achieving these properties depends on the collection of security 
mechanisms that supply security services, on the correct implementation of these 
mechanisms, and how these mechanisms are used. 

3.2.2 Human side of trust-building process 
Trust is a dynamic process and it alters based on experience. Trusting process begins 
when an individual perceives indications that suggest a person/organization may be 
worthy of trust. These indications can include behaviors such as manners, 
professionalism and sensitivity and these forms are designed to represent 
trustworthiness. These formal claims to trustworthiness become strengthened over 
time and are eventually transformed into "character traits," such as dependability, 
reliability and honesty. 

It has to be analyzed why people feel safe and secure, what causes these feelings. 
The hypothesis of D'Hertefelt (D'Hertefelt, 2000) was that "The feeling of security 
experienced by a user of an interactive system is determined by the user's feeling of 
control of the interactive system". The more a user feels in control of an interactive 
program, the more the user will trust the site, the program. 
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3.2.3 Important factors of trust building 
Today the different types of networked organizations need new types of cooperation 
as the members of the working teams are geographically (physically) separated, they 
use shared documents, communicate through e-mail, and high quality audio and 
video channels. These teams are called as "virtual teams" as they never meat 
personally, they have no face-to-face (FTF) contact. The work of teams without FTF 
contact is less effective and reliable based on the observation stated by Handy "trust 
needs touch" (Handy, 1995). According to case studies, it is evidence that trust of 
virtual team members is significantly lower than trust in conventional teams (Rocco, 
Finholt, Hofer, and Herbsleb, 2001). In other experiments where interaction was 
primarily via email, very similar results have gained as in geographically distributed 
teams (Jarvenpaa and Leidner, 1999) 

In an experiment introduced in (Bos, 2002) four media types were compared: 
chat (text), phone conference, videoconference and face-to- face. Chat was 
significantly worse than each of the other three conditions, but audio and video did 
as well as face-to-face in overall cooperation, and were a definite improvement over 
text-chat only CMC. However, these two channels still showed evidence of delayed 
trust, in that they took longer to reach high levels of co-operation. 

The process of building trust is slow; trust is formed gradually, it takes quite a lot 
of time and repeated positive experiences (Cheskin, 1999). On-line trust can be 
described as a kind of human relationship. The initial stage is that of interest and 
distrust; there has to be a motivation, a need, to get interested in the service, or co-
working. In subsequent phases the trust will evolve or in case of negative 
experiences the cooperation will terminate. 

Trust is depending on the time span of cooperation and the type of connection as 
well. It can be stated that there are differences in trust building process in short-term 
and long-term relationships. In case of short-term relationships trust must be 
achieved quickly, and then maintain with no, or rare face-to-face interaction. The 
members of these teams must assume that other remote team members are 
trustworthy, and then later on modify their assumptions according their positive or 
negative experiences. 

In long-teim relationships there are four factors that are influencing trust 
building (Rocco, Finholt, Hofer, and Herbsleb, 2001): 

• greater investment in building trustworthy relationships, 
• more time to establish trustworthiness through routines and culture, 
• more communication channels, 
• trust formation may assume a higher priority. 

Latest researches show if people meet before using computer-mediated 
communication (CMC), they trust each other, as trust is being established through 
touch. In case participants do not meet formerly but they initiate various getting-
acquainted activities over a network, trust is much higher than if they do nothing 
before, nearly as good as a prior meeting. Using chat rooms and forums to get 
acquainted is nearly as good as meeting, and "even just seeing a picture is better 
than nothing" (Zheng, et. al, 2002). 
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4. TECHNOLOGIES AND TOOLS OF TRUST BUILDING 

4.1 Generating Trust by Human-Computer Interfaces 

As a communication/infonnation system term an interface is the point of 
communication between two or more processes, persons, or other physical entities. 
Interfaces are the key points for gaining the trust of the user/customer. They are the 
first connection point between the user and the system, identification of the users 
take place at this point (e.g. password input, fingerprint reader, smart card reader), 
so they have to be designed very carefully. 

Different new types of interfaces are in research phase. Interaction has to be 
extended with more senses (touch, smell, and taste) and parallel make better use of 
the senses used today (hearing and vision) by exploring peripheral vision and 
ambient listening. All Senses Communication would be a way to enhance the 
communication with other entities (humans or machines) using a combination of 
several present or future senses of humans. Multimodal systems (Oviatt, 2002) 
process two or more combined user input modes— such as speech, pen, touch, 
manual gestures, gaze, and head and body movements— in a coordinated manner 
with multimedia system output. This class of systems represents a new direction for 
computing, and a paradigm shift away fi:om conventional interfaces to the 
collaborative multimodal interfaces. 

4.2 Generating Trust by Security Servicies 

The security mechanisms provide with their correct implementation and usage the 
proper operation of security services. Security mechanisms are e.g. encryption, 
digital signatures and checksums/hash algorithms: 

• Encryption is used to provide confidentiality, and also can provide 
authentication and integrity protection. 

• Digital signatures are used to provide authentication, integrity protection, and 
non-repudiation. 

• Checksums/hash algorithms are used to provide integrity protection and can 
provide authentication. 

In the followings some solutions will be introduced how these mechanisms are 
applied in the practice to achieve the proper level of trust. 

4.2.1 Confidentiality 
The main factor of trust is confidentiality that can be achieved by technologies that 
convert/hide the data, text into a form that cannot be interpreted by unauthorized 
persons. Encryption is the major technique in generating confidentiality. Encryption 
is transforming the message to a ciphertext such that an enemy who monitors the 
ciphertext can not determine the message sent (Schneier, 1996). 

Public key infrastructure (PKI) is the most widely applied technology on public 
networks such as the Internet. PKI is a framework encompassing the laws, policies, 
standards, hardware, and software to provide and manage the use of public key 
cryptography. This is a method of encryption that uses a pair of mathematically 
related keys: a public key and a corresponding private key. Either key can be used to 
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encrypt data, but the corresponding key must be used to decrypt it. Tliis method is 
also called assymmetric encryption. 

4.2.2 Integrity 
A message integrity check ensures that information has not been altered message in 
transit by unauthorized persons in a way that is not detectable by authorized users. 
In combination with a key, a message integrity check (or checksum, or keyed hash) 
insures that only the holders of the proper key is able to modify a message in transit 
without detection. 

Digital signature is a data that binds a sender's identity to the information being 
sent. Digital signature may be tied with any message, file, or other digitally encoded 
information, or transmitted separately. Digital signatures are used in public key 
environments and provide non-repudiation and integrity services. 

4.2.3 Authentication 
Authentication is the process of identifying an individual. The typical computer 
based methods involve user ID/password, biometric templates or digitally signing a 
set of bytes using a keyed hash. Authentication usually rehes on either direct 
knowledge of the other entity (shared symmetric key or possession of the other 
person's public key), or third party schemes. Authorization is the process of giving 
permission for a user to access to network resources after the user has been 
authenticated through e.g. usemame and password. The type of information and 
services the user can access depends on the user's authorization level. 

4.2.4 Identification - Smart cards 
There is a strong need for a tool that can fulfil the functions connected to 
trustworthy services. Smart card (SC) technology can offer a solution for current 
problems of secure communication by fulfilling simultaneously the main demands 
of identification (e.g. using biometric templates), security (including cryptographic 
features) and authenticity besides the functions of the actual application. Smart cards 
are bankcard size plastic plates that contain a chip. This chip can be programmed, 
can store different data and has all the basic functions of a computer. 

5. CONCLUSIONS 

Virtual organizations are main elements of the Information and Knowledge Society. 
These organizations apply ICT very intensive both for internal and external 
cooperation in order to react flexible to the changing business environment. 
Collaboration and communication are two basic building blocks of virtual 
organizations and collaboration relies on trust among working teams and 
organizations, so the importance of trust is increasing very fast. As it is pointed out 
by different analysis based on real-life statistics, when users do not trust a 
system/service they do not use it. 

Those methods, technologies and tools that raise the level of trust among the 
collaborating partners or among the infocom systems and human beings (e.g. 
multimodal interfaces, all senses communication, encryption) have to be developed 
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systematically. It is vital to introduce these technologies into the operation of virtual 
organizations, even by slightly changing their culture or organizational structures. 
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It has been consistently argued in prior research that mutual trust is essential 
for maintaining inter-organizational relationship quality and performance. The 
mirror side of trust - distrust - has received only scant attention, however. 
This empirical and qualitative study focuses on the roles of and relationships 
between trust and distrust in inter-organizational relationships. The results 
reveal that the two concepts are not merely the opposite ends of a continuum, 
and these phenomena may exist simultaneously. Moreover, they could both he 
understood as an essential means of managing uncertainty and risks in 
relationships. 

1. INTRODUCTION 

Interest in collaborative arrangements such as partnerships has increased 
significantly during the last two decades (Contractor and Lorange, 1998). The focus 
has changed from the transactional and short-term to closely integrated collaborative 
and longer-term relationships (e.g., Kwong and Suh, 1999; Sahay, 2003; Wong, 
1999) as they are seen as a means of improving relationship flexibility and agility, 
and value creation. Trust is acknowledged to have a crucial role in such relationships 
(e.g., Dyer and Chu, 2000; Sako, 1998; Miyamoto and Rexha, 2004; Whipple and 
Frankel, 2000; Johnston et al., 2004; Handfield and Bechtel, 2002). The information 
age has challenged traditional business logic with the introduction of virtual and 
networked ways of organizing and managing transactions both within and between 
organizations (e.g., Bijlsma and Koopman 2003; Venkatraman and Henderson 
1998). 

Some scholars (e.g., Rotter, 1971; AITOW, 1974; Axelrod, 1984; Lewis and 
Weigert, 1985; Tardy, 1988) maintain that trust and distrust are the opposite ends of 
one continuum. According to this approach, inter-organizational trust and distrust 
are dimensions that are mutually exclusive, i.e. there carmot be high trust and high 
distrust in a relationship at the same time. On the other hand, others (e.g., Luhmarm, 
1979; Priester and Petty, 1996; Lewicki, McAllister and Bies, 1998) argue quite the 
opposite, i.e. that trust and distrust are separate yet linked concepts, which would 
suggest that both may exist side by side in relationships. 

Obviously, the relationship between trust and distrust in inter-organizational 
relationships is not clear, as there are conti-oversial findings and analysis (e.g., Sitkin 
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and Roth 1996). This paper contributes to the discussion by reporting on an 
empirical study on trust and distrust in this context. We begin with a very brief 
review of the relevant extant literature. Our empirical research was based on short 
accounts of the role of trust in buyer-supplier relationships. The following research 
questions were addressed: What are the roles of and the relationship between trust 
and distrust in inter-organizational relationships? What kinds of factors enhance 
buyer distrust? Our analysis of the role of distrust is based on Luhmanian's (1979) 
approach: we emphasize its different function and nature, and acknowledge the fact 
that it exists simultaneously with trust in inter-organizational relationships. 

2. LITERATURE REVIEW 

In order to understand the concept and role of distrust, it is useful to assess the ways 
in which trust affects inter-organizational relationships. Previous research has 
acknowledged that trust is an essential factor in relationship quality and performance 
(Anderson and Narus, 1990; Zaheer, McEvily, and Perrone, 1998; Ford et al., 1998; 
Parkhe, 1998; Barney and Hansen, 1994; Arrow, 1974; Blois, 1999; Ganesan, 1994; 
Kwon and Suh, 2004). It is seen to facilitate information sharing, open 
communication, commitment, long-term orientation and conflict management 
(Blomqvist, 2002; Creed and Miles, 1996), and to increase predictability (Sako, 
1994), adaptability (Lorenz, 1988) and strategic flexibility (Young-Ybarra and 
Wiersema, 1999). It is seen to have a crucial role in managing virtual organizations 
and in virtual organizing (Venkatraman and Henderson 1998; JCraut, Steinfield, 
Chan, Butler and Hoag 1999), since the traditional means of monitoring and 
controlling the other party are lacking (Handy 1995; Bijlsma and Koopman 2003)',". 

The role of distrust has mostly been examined within organizations, i.e. between 
employees, and between employees and management (e.g., Kramer, 1994 and 1999). 
Despite its increasing prominence, however, there is a lack of empirical studies on 
the critical incidents leading to increased or decreased trust in inter-organizational 
relationships, although there are a few exceptions, such as Robinson, Shaver and 
Wrightsman (1991) and Mancini (1993). A lack of trust - or low trust - is not 
usually defined in any specific way (see e.g., Bigley and Pearce, 1998) in these 
studies: it is rather seen as a situation in which the factors mentioned in various 
definitions of trust are absent. 

As pointed out in the previous section, some researchers (e.g., Priester and 
Petty, 1996; Lewicki et al., 1998) argue that trust and distrust are separate 
dimensions, and thus not opposite ends of one single dimension or continuum. 
Moreover, they are seen as concepts that may appear simultaneously in a 
relationship (Priester and Petty, 1996). These views rely heavily on Luhmann's 
(1979) work, in which trust and distrust are considered coexistent mechanisms for 
managing relationship complexity. The basic point is that low trust and high distrust 
- and on the other hand high trust and low distrust - are not the same phenomenon. 

The main justification supporting the argument for the simultaneous existence 
of trust and distrust lies in the notion that relationships are multifaceted and 
multiplex'" rather than unidimensional constructs, and moreover that the parties 
involved are inconsistent and in a state of imbalance'" (Lewicki et al., 1998). Parties 
in multiplex relationships are interdependent - even if they do not want to be - and 
consequently they have to interact and coordinate their actions, even against their 



It is not all about trust 183 

will (for more on this reasoning, see Lewicki et al., 1998). The multiplex nature of 
relationships leads us to a state in which one party has different opinions and views 
about the other - in terms of capability and goodwill, for example^. Ultimately, this 
reasoning leads to the presupposition that trust is a multi-dimensional phenomenon -
one person can trust another on certain issues but not necessarily on others or in 
different contexts (Blomqvist, 2002). In other words, the target of trust may vary in 
a relationship (Misztal, 1996). Since trust - and therefore also distrust - is a 
multidimensional phenomenon, the obvious argument is that they may both exist in 
these multiplex relations. 

The fandamental assumption in these views suggesting that distrust is not the 
other end of the trust continuum, but is essentially a distinct (although naturally 
related) dimension, is that "trust is good, distrust is bad". This thinking is far too 
black-and-white, and neglects "the other half of containing and managing 
uncertainty and complexity. Luhmami, (1979, 72) stresses this by referring to 
distrust as a "positive expectation of injurious action". In so far as it is an 
expectation of injurious action from the other party, distrust simplifies the social 
world, "allowing an individual to move traditionally to take protective action based 
on these expectations" (Lewicki et al., 1998). In other words, it is also an essential 
component of rational acting, especially in effective (economic) organizations. 

All in all, it is proposed here that trust and distrust are distinct phenomena, and 
that they may exist at the same time in inter-organizational business relationships. 
Moreover, both are considered fundamental conditions in terms of managing 
uncertainty and complexity. 

3. DATA ANALYSIS AND RESULTS 

The empirical study was qualitative in nature and was based on large corporate 
industrial buyers' short accounts of well-functioning and poorly-functioning buyer-
supplier relationships. The buyer company has several thousands of suppliers. Many 
of these supplier relationships are collaborative and partnership-type, rather than 
traditional arms-length buyer-supplier relationships. An industrial buyer needs to 
handle several hundreds of supplier contacts. Key suppliers act as system suppliers 
with their sub-suppliers, and therefore the large corporate production is truly 
networked. Broadly defined, an organization is virtual to the extent that it outsources 
key components of its production (Gallivan 2001) by means of ICT-enabled 
infrastructure (see e.g., Kraut et al, 1999). The case company collaborates mainly 
virtually with its supplier networks. The end product in question is a physical good, 
the manufacture of which involves major information flows (Rayport and Sviokla 
1995) between hundreds of parties. Much of the information flow in ICT-enabled 
information networks, such as in EDI and CAD/CAM applications, supports inter-
organizational information exchange. Consequently, the majority of the stories 
described collaborative relationships rather than ttaditional arms-length-type buyer-
supplier relationships. 

The accounts were collected during two internal seminars for industrial buyers 
held in a global metal manufacturer in 2003 and 2004. The buyers were asked to 
write short stories in which they should analyze the role of trust in well-functioning 
and poorly-functioning buyer-seller relationships. The assigimient to write stories 
did not refer specifically to trust and distrust. The respondents were asked to write 
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about their experiences of well- and badly-functioning collaborative relationships in 
relation to trust, but they were not specifically asked to describe or analyze the 
connection, or the difference, between the concepts of trust, lack of trust, and 
distrust. They produced 25 accounts of well-functioning relationships and 27 of 
poorly-functioning relationships. We chose qualitative content analysis (see e.g.. 
Berg, 2004, 265-298) as our analytical tool. In broad terms, content analysis 
includes any kind of technique for "making inferences by systemically and 
objectively identifying special characteristics of messages" (Holsti, 1968, 608). We 
first organized and grouped the manifest content of the data into common categories, 
and then we condensed and summed the incidents into categories built up from 
earlier research. Finally, we re-examined the data for more latent content (Berg, 
2004, 269). 

Network relationships were referred to in several stories. This was not 
considered purely positive, however: if the supplier caimot handle deliveries as 
agreed it inevitably causes delays and problems for all parties in the supply chain. 

"One bad thing is that our supplier also has its suppliers - and if the supplier's 
supplier's supplier turns its customer down, it will be reflected in the whole supply 
chain..." (a poorly functioning relationship) 

In the great majority of the stories, trust was seen to be an essential and critical 
success factor in the relationship between organizations, and open infonnation 
sharing and communication were considered prerequisites for the development and 
maintenance of trust. Similarly, factors and incidents related to lack of trust (e.g., 
lack of communication, inadequate information, promising too much, and hiding 
problems) were among the most cited in accounts of relationships in which trust did 
not develop, or was lost. Keeping promises - in terms of delivery dates, prices and 
quality, for example - was also seen as a critical factor enhancing trust. 

On the other hand, if the supplier did not keep its promises it had a clear 
negative effect on perceived trust. The majority of the buyers also mentioned the 
important role of personal relationships in developing trust, but somewhat 
unexpectedly, poor personal relationships were not as clearly seen as a factor 
hampering trust in the other organization. This applied especially to distrust^', as 
poor personal relationships were not mentioned as causing distrust in the seller 
party. This suggests the presence of organizational trust in addition to personal-level 
trust. Furthermore, imidimensional dependence was seen as a critical factor 
hampering trust, even leading to distrust in the buyer-seller relationship. 

Five of the 25 accounts of poorly-functioning relationships mentioned cases in 
which the supplier had either suddenly increased prices quite a lot, or had made 
smaller increases gradually. Some of them also recalled situations in which the 
supplier tried to charge for more goods than were actually delivered. Unreliable 
deliveries (delays, quality problems, delivering the wrong products) were the most 
frequently mentioned trust-hampering factors and incidents in the stories. 

The buyers were not asked to differentiate or analyze the concepts of trust and 
distrust as such. Nevertheless, there were some interesting notions about the role of 
distrust embedded in the stories, as illustrated in the following quotation: 

"...A certain amount of distrust keeps you sharp, though, and this way you will 
question things, and not take everything for granted. This forces you to check 
everything, and the possibility of making mistakes is smaller. " (a well-functioning 
relationship). 
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Another account of a well-functioning relationship (about a transport company 
that had always responded remarkably well to all demands and changes) ended with 
the comment: 

"It makes me wonder whether we are paying them much too much for their 
transport services?' (a well-functioning relationship). 

In both of these stories, trust was considered essential for the functioning of the 
relationship. They thus supported both of our propositions - that distrust is not a 
phenomenon that affects the relationship only negatively, and that trust and distrust 
exist simultaneously. 

We then proceeded to examine the data more in-depth in terms of its latent 
content in order to find out whether trust and distrust indeed were considered to exist 
simultaneously, thereby supporting the assumption that they indeed are distinct 
concepts. In this we relied on Luhmann's (1979, 72) reference to distrust as the 
"positive expectation of injurious action" to separate it from lack of trust. The latent 
content analysis revealed the simultaneous presence of trust and distrust in inter-
organizational relationships. This came out in two ways: firstly, there were 
relationships in which the buyer did trust in the supplier's competence, but not in its 
goodwill, for example, and in some relationships there was trust in the supplier, yet 
the buyer felt distrust at some level (which s/he considered to be a sign of 
rationality). 

Thus, our data gives indications of the simultaneous existence of trust and 
distrust in inter-organizational relationships and in buyers' perceptions of their 
suppliers. It also suggests that the role of trust may be more direct and more easily 
described and understood. Moreover, it is clear that the role of high trust in well-
functioning relationships is acknowledged to be fundamental in relationship 
performance. It seems that the quality of communication and information sharing, 
i.e. timely and honest informing about expected problems in keeping promises 
concerning delivery dates, for example, are particularly strong factors enhancing 
perceived trust in the other party. The absence of these factors was seen to hamper 
trust - in other words it lead to a lack of trust in the relationship. 

Again, distrust could be seen as a phenomenon largely resulting from urmiet 
expectations. It quite clearly often led to a weakening in the quality of the buyer-
seller relationship, and ultimately to its dissolution. Moreover, as noted earlier, 
unidimensional dependence was also seen as a factor causing distrust. In some cases, 
the above-mentioned factors leading to a lack of trust eventually also resulted in 
perceived distrust of the other party to the relationship. 

The positive side of distrust as a complementary means of managing uncertainty 
in the inter-organizational relationship was directly mentioned in only two stories. 
This also came out in the latent content of the accounts, however. Furthermore, the 
simultaneous existence of trust and distrust was mentioned several times, thus 
supporting our assumption that they may indeed exist side by side. Their 
relationship is evidently quite complex and ambiguous, yet it clearly exists and is 
therefore worth studying more deeply. 

4. DISCUSSION 

The objective of this empirical study was, first, to investigate the roles of and the 
relationship between trust and distrust in inter-organizational relationships, and 
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secondly to identify factors that enhance buyer distrust. Even though the empirical 
part of the study was conducted in only one industrial branch and context, it could 
be assumed that the results will hold in wider contexts. The findings support the 
argument that trust and distrust can be conceptualized as separate - although related 
- concepts, and thus not merely as opposite extremes of a single concept. What is 
even more important is that they may exist at the same time, and both are effective -
in different ways - in terms of reducing complexity and uncertainty in inter-
organizational relationships. We therefore propose that they should both be 
understood as a means of managing social complexity and inherent uncertainty in 
this context. 

On the basis of our empirical findings, we argue that distrust in inter-
organizational relationships could be seen as active belief in one party's willingness 
to engage in behavior that is aimed at exploiting the other party's vulnerabilities. 
Again, lack of trust is perceived as being more passive, yet not so reasoned and 
rational: it is more an evaluation of the other party's trustworthiness. Moreover, lack 
of trust was generally not believed to cause the dissolution of the relationship, 
although it may have made its development more difficult and slow. Whereas the 
absence of or shortcomings in communication, and inadequate information sharing, 
were acknowledged as factors causing lack of trust, the effect of unmet expectations 
was evident in causing distrust, thereby accentuating its active nature . On the other 
hand, in some cases the separation between lack of trust and distrust was not made 
quite clear, suggesting that there is still a certain amount of conceptual haziness 
surrounding these two concepts. 

Limitations and suggestions for further research 
Taking a one-sided approach to a dyadic collaborative relationship limits the value 
of any study, and we could have gained a more holistic picture by gathering data 
from both parties. Moreover, by using in-depth interviews instead of short and quite 
open accounts we might have obtained more in-depth information. 

The limitations of the present study lead us to suggest some approaches for 
further research: the use of in-depth interviews and quantitative surveys, and the 
gathering of data from both sides of the relationship, could be fruitful in terms of 
gaining a deeper understanding of the roles of trust and distrust and the connection 
between them. 

Moreover, as the conceptual clarification and separation between lack of trust 
and distrust remains somewhat blurred, there is a clear need for more theoretical and 
empirical research. Finally, as trust is argued to be a highly context-specific 
phenomenon, the same is presumably true of distrust, its antecedents and 
consequences. Therefore, conducting empirical research in other inter-organizational 
contexts, settings, and levels would be useful in order to increase the generalizability 
of the results of this study. 
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Handy (1995, 41) acknowledges this, noting the managerial dilemma taking shape in the question, 
"How do you manage people whom you do not see?" He goes on to state that virtual organizations are 
based more on trust than on control. 
' On the other hand - and quite on the contrary to the common argumentation - Gallivan (2001) claims 
that effective performance may be achieved in a virtual organization in the absence of trust, and that it 
may rather be a matter of ensuring control over the other party. Although we strongly disagree with 
Gallivaii's argumentation about trust being unnecessary in relationships within and between virtual 
organizations, we acknowledge the connection between the need for a reasonable amount of control and 
monitoring, and distrust as a means of managing uncertainty in all kinds of relationships. 

In all relationships, there are several ways in which the parties relate to each other. Moreover, they may 
have different experiences of various aspects of the relationship. In the inter-organizational context, there 
are several actors in each party, all with different capabihties, intentions, and ways of interacting with 
others. One party might trust another on a certain matter, but not necessarily on others. Consequently, 
there cannot be one, unidimensional and all-encompassing characterization of the other party in the 
relationship: it involves several and often complex constructs. 

We do not normally have complete and adequate information about the other party: bounded rationality 
causes uncertainty and a lack of balance. As we face a continuous flow of information that we need to 
process and absorb, we are able reach a state of balance only transitionally, and not consistently. 

Trust is commonly acknowledged in existing research as a multi-dimensional phenomenon, usually 
comprising rational, (e.g., capability/competence/ability/expertise and predictability) and attitudinal (e.g., 
goodwill, benevolence, reciprocity) components (for more on this, see e.g., Blomqvist 2002; SeppSnen, 
Blomqvist and Sundqvist (forthcoming)). 

Situations of distrust are different from those of low trust, as there is - reasoned and rational - fear, 
skepticism, and wariness. On the other hand, when there is a lack of trust - or low trust - there is a more 
passive characterization of the absence of hope, faith, and confidence. 
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Various supplier networks consist of many different types of 
interorganizational relationsItips. The coordination and evaluation of these 
kinds of networks is becoming more challenging as the importance and relative 
power of a single supplier increases due to the centralization of purchases. The 
main objective of this study is to measure mutual interorganizational trust in 
the supplier relations of Finnish paper industry. The second objective is to 
classify suppliers by the type of the relationship into different categories and to 
illustrate the development of these relationships in order to use these methods 
to assist main contractor's supplier coordination. 

The case network consists of seven companies operating in the fields of 
maintenance, engineering and consulting. During the study, the representatives 
of both the suppliers and the customers were interviewed using a questionnaire 
made in advance based on earlier literature. The results of the study show that 
mutual interorganizational trust along with interdependence is a central factor 
when main contractors choose and coordinate their suppliers in the network 
economy. 

1. INTRODUCTION 

Earlier studies concerning relationship, alliance and partnership formation have 
focused mainly on success factors, formation processes and rationales of 
interorganizational relationships (see e.g. Das & Teng, 2000; Hoffmann & 
Schlosser, 2001). However, the importance of identifying the characteristics of the 
relationship and classifying suppliers into different categories for the purpose of 
supplier coordination has been noticed (Cousins, 2002). Despite, there have been 
only a few studies concerning this research topic so far. This study tries to bridge the 
partial gap in the literature focusing on the supplier coordination and classification 
by the means of mutual trust and interdependence. 

Networked organizations show often extensive dependence on 
interorganizational relationships. The challenge is to find ways to coordinate these 
relationships as many of them seem to fail as a consequence of opportunistic 
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behavior, difficulties in partnership coordination, and/or mismatching expectations 
(Park & Ungson, 2001). In most cases, the coordination leans mainly on structural 
arrangements like regulations and rules which are the heart of formal control (Das & 
Teng, 1998). These arrangements are usually expensive and their extensive use may 
damage the quality of the relationship by indicating a lack of belief in one's goodwill 
or competence (Dekker, 2004). However, trust has been found to substitute formal 
controls as it reduces goal conflict and increases the predictability of partner's 
behavior (Gulati, 1995). In addition, using trust to coordinate interorganizational 
relationship may make coordination less expensive and allow greater flexibility in 
changing conditions (Nooteboom, 1996). The underlying problem with trust is that 
if it is not already in place, it has to be built which tends to be very slow and long-
lasting process (Johanson & Mattsson, 1987). This is why trust can be mainly used 
for coordinating long-term oriented relationships. 

According to Sako (1992) we may distinguish three types of trust: contractual 
trust, competence trust, and goodwill trust. Contractual trust rests on an assumption 
that the other party will carry out its oral and written agreements. Competence trust 
concerns partner's ability to perform according to these agreements and goodwill 
trust focuses on partner's intentions to perform in accordance with those agreements. 
All these forms of trust are present in an interorganizational relationship to some 
extent and usually they develop further over time. 

In order to use trust for coordination purposes organization has to recognize the 
amount of trust and characteristics of the relationship. The following model (Fig. 1) 
is suggested as a way to classify suppliers by the type of relationship and to assist 
the coordination of the supplier base. The model is based on the ideas of Wicks et al. 
(1999) and Cousins (2002) about matching trust and interdependence levels and 
classifying relationships into categories. The type of the relationship adopted 
depends on the level of output desired and the nature of the asset specificity (Cox, 
1996). If the outputs of the relationship for example will be realized in long-term 
and they are strategically important along with high asset specificity, the relationship 
should be developed towards the area of strategic collaboration. 

High 
Tactical 

Collaboration 

Market-based 
Relationships 

Close 
Collaboration 

Strategic 
Collaboration 

Opportunistic 
Behavior 

Level of 
trust 

Low 

High Low 

The number of alternative suppliers 

Figure 1 - Categories of the interorganizational relationships 
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In the model, the main means for deepening relationships are mutual trust building 
and reducing the number of alternative suppliers by transaction specific investments 
or centralizing purchases. Transaction specific investments lock both supplier and 
buyer into the transaction because the value of this capital in other uses is much 
smaller and without these investments alternative supplier can not produce the item 
as cost effectively as current supplier can (Williamson, 1979). Decreasing the 
number of suppliers leads to higher switching costs which increase the 
interdependence of the relationship. Hence, if the organization cannot match the 
level of trust to the number of alternative suppliers, the relationship may fall to the 
dangerous area of opportunistic behavior. In the area of opportunistic behavior 
relationships are focused mainly on short-term price reduction instead of medium to 
long-term competitive advantage creation or cost reduction (Cousins & Spekman, 
2003). 

Along with high switching costs the interdependence of a relationship can be 
created through valuable resources and monetary value of deliveries (Barney, 1991; 
Matikainen, 1998). The resource-based view suggests that interorganizational 
relationships are used to gain access to other firms' resources, for the purpose of 
garnering otherwise unavailable competitive advantage to the firm (Das & Teng, 
2000). Achieving competitive advantage through interorganizational relationship 
creates tight resource-dependency between partners (Das & Teng, 2003). Monetary 
dependence between the buyer and the suppliers can be analyzed by measuring the 
value of the deliveries and the share of the deliveries in proportion to the supplier's 
turnover (Matikainen, 1998). If the value of deliveries is high along with the share of 
the deliveries in proportion to supplier's turnover partners are strongly tied together. 
As the interdependence between partners and uncertainty of the relationship increase 
the coordination of the relationship by formal controls becomes difficult and 
expensive due to the extensive monitoring (Das & Teng, 1998). Especially in this 
situation other coordination device is needed and the most suitable seems to be 
building of mutual trust. 

The first step when building trust is to select conditions that are conducive to the 
emergence of trust (Nooteboom 1996). In the beginning of a new supplier 
relationship the supplier selection should be based on good reputation which 
enhances the competence trust (Barney & Hansen, 1994). During a relationship the 
main ability to increase the mutual level of competence trust is to consistently 
deliver high quality products in a timely accurate manner (Cooper & Slagmulder, 
2004). As the trust to the competence of the supplier is high enough the relationship 
can be developed further by other interorganizational trust building methods (Sako, 
1992). These are for example transaction specific investments, repeated interaction, 
information sharing, long-term commitment and mutually fair risk and benefit 
sharing mechanisms (Jarillo, 1988; Sako, 1992; Tomkins, 2001; Suh & Kwon, 
2006). 

2. RESEARCH DESIGN 

The empirical research was carried out as a multiple case study because it provided 
the opportunity to combine effectively qualitative and quantitative data from the 
customer-supplier relationships (see Eisenhardt, 1989). The study contains one 
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supplier network and two customers of the network in Finnish paper industry 
covering in total 12 dyadic interorganizational relationships. The supplier network 
consists of seven small and medium sized enterprises operating in the fields of 
maintenance, engineering and consulting. These suppliers are organized as an equal 
network where any of the firms can operate in the position of a main supplier if 
necessary. The customers are international companies, one pulp and paper producer 
and another focusing on paper machine production. 

The data for evaluating the levels of trust in case-relationships was collected 
through structured interviews. The interviews consisted of eighteen quantitative 
questions which measured both the level of trust and the number of alternative 
suppliers. Some of the questions provided also further information to evaluate the 
reasons for possible reduction of the number of suppliers as they measured the 
mutual transaction specific investments of the relationship. Trust was measured by 
evaluating levels of certain characters of the relationships by 3 point scale similar to 
Sako's (1992) ACR-OCR scale. These characters were, for instance, openness 
between partners, risk sharing agreements, intense of supplier competition, the asset 
specificity of the relationship and projected length of trading. The more relationship 
had these characteristics conducive to the emergence of trust the higher was the 
evaluated level of mutual trust. 

The representatives of the suppliers were interviewed first and on the basis of 
these interviews suitable customers for the research were selected. The selection was 
based on the size of the customer and the number of supplier relationships towards 
customer. Two suitable customers were found and personnel of these customers 
were interviewed using the same but slightly revised questionnaire. 

3. EMPIRICAL RESULTS 

Suppliers were classified into different categories based on the results of the 
conducted interviews (Fig. 2). The size of the supplier's figure indicates the 
dispersion of the answers. The wider the figure is the more there is differences in the 
evaluation of the number of alternative suppliers. The height of the figure reflects 
the dispersion of the calculated average levels of trust. In order to match trust and 
interdependence supplier should be situated on the diagonal of the figure or near of 
it (Fig. 2). In the case of Customer 1, the levels of interorganizational trust have 
increased properly as the number of alternative suppliers has decreased. Instead, 
Customer 2 has slightly failed to match trust and interdependence. Most of the 
suppliers are positioned below the diagonal and so they are quite near to the 
dangerous area of opportunistic behavior. Luckily, the monetary value of deliveries 
is relatively low so the possible opportunistic behavior of the suppliers is not very 
damaging to the Customer 2. 

During last few years Customer 2 has forcefully centralized purchases which can 
be seen as a low number of alternative suppliers (Fig. 2). The centralization of the 
purchases has increased the switching costs of suppliers while the dependency of the 
supphers has stayed low due to a relatively small share of the deliveries of Customer 
2 compared with the suppliers' turnover. This has led to one-sided dependency 
which is characteristic to the opportunistic behavior (see e.g. Cousins, 2002). In the 
case of Customer 1 the delivery volumes has stayed continuously high. Hence, the 
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dependency has become mutual in most of the case relationships. Higher purchasing 
volumes than in the case of Customer 2 have also ensured the proper development of 
mutual trust in relation to the interdependency of the relationships. 

High 

Level of 
trust 

Low 

High Low 

The number of alternative suppliers 

Customer 1 

High Low 

The number of alternative suppliers 

Customer 2 

Figure 2 - Classification of the supplier relationships 

Both valuable resources and transaction specific investments increase the supplier 
dependence of Customer 2 along with the one-sided monetary dependence. 
Customer 2 has outsourced nearly all maintenance and engineering know-how. 
Therefore Customer 2 needs the resources controlled by suppliers to maintain high 
production's utilization rate. In the cases of both customers the asset specificity 
arises mainly as a consequence of leaming-by-doing and transfer of skills specific to 
a particular relationship. For example, the respondents of the both customers argued 
that it takes several years after a new supplier is as effective as the current suppliers 
are. Hence, the human asset specificity is high in both cases due to the transaction 
specific investments (see e.g. Joskow, 1985), This has also led to high switching 
costs which have especially locked Customer 2 to its suppliers because of the small 
supplier base. In the case of Customer 1 the dependency arises from the 
supplementary and complementary resource alignment in the relationships. The 
resources of the suppliers complete the resource base of Customer 1 creating 
valuable combinations which may enhance competitive advantage. 

None of the case relationships has drifted fully to the area of opportunistic 
behavior. The main reason for this has probably been the supplier selection criteria. 
Both customers viewed that the most important factors affecting the supplier 
selection and the centralization of purchases are supplier's good reputation and 
valuable know-how along with competence trust. All the representatives of the 
customers said that in the long-run competent supplier is more cost effective than 
supplier offering low price products or services at the expense of quality. But they 
also stated that along with good quality competitive price is important. Therefore, 
suppliers having the best price-quality ratio probably get most of the purchases. 

As the supplier relationships deepened, mutual trust was build up mainly by 
transaction specific investments, increased information exchange and long-term 
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commitment. Especially customers built up trast by sharing information about their 
predicted demand on the maintenance and engineering services and increasing the 
projected length of trading. Long-term commitment was realized through annual 
contracts with the suppliers. These annual contracts were related to minor service 
piecework of maintenance and engineering. Most of the transaction specific 
investments were made by the suppliers as a result of leaming-by-doing and transfer 
of skills. Better know-how of the processes, machinery and working methods of the 
customer increased suppliers' effectiveness in a particular relationship. As a whole, 
the trast in nearly all of the relationships was enhanced mutually after a few years of 
joint interaction. 

In the case of three suppUer relationships the mutual trust was enhanced 
furthermore. Increased openness between these partners and additional transaction 
specific investments created conditions that were conducive to the addition of trust. 
In these cases customers had courage to give even strategically important 
information to the suppliers which increased notably the level of mutual trast. Once 
again most of the transaction specific investments were made by suppliers. All the 
three suppliers had employees who provided services full-time to these close 
customers. In addition, some of these employees worked physically in the office 
spaces of the customers. This transaction specific know-how deepened these 
relationships even more. Due to the high mutual trast and interdependence, two of 
these relationships ended up clearly to the area of strategic collaboration (Fig. 2). 

4. DISCUSSION 

Based on the empirical findings of this case study and earlier literature a cyclical 
development model of an interorganizational relationship is proposed (Fig. 3). The 
proposed model consists of four phases which cause the gradual deepening of an 
interorganizational relationship. The phases formulate a circle and as the 
relationship deepens it can go through the circle several times. Central elements of 
the model are trast and mutual dependency which are also potential key factors 
within a successful partnership relationship (see e.g. Das & Teng, 2003). The 
development of the relationship begins when the customer recognizes that his/her 
resource base lacks valuable resources which can be combined effectively with the 
existing resources or when there is a need to have related supplementary resources. 
In the first phase, customer seeks rehable suppliers controlling valuable resources to 
the customer. So far, the interaction between customer and supplier has been 
minimal, the uncertainty of the relationship is high and dependency low. This is why 
supplier selection is based on supplier's good reputation and competence trast which 
enhance the overall interorganizational trast of the relationship. After the choice of 
the supplier the actual relationship begins. As the amount of purchases increases, 
transaction specific investments are made as a consequence of mutual adaptation and 
leaming-by-doing (phase 2). This increases also the monetary dependence between 
the customer and the supplier. 

The transaction specific investments affect many dimensions of the relationship. 
They increase the amount of trast and valuable resources along with reducing the 
number of alternative suppliers (see e.g. Peteraf, 1993) (phase 3). The last phase of 
the circle includes the growth of the interorganizational trast. The addition of mutual 
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trast is gained through increased information exchange and long-term commitment 
to the relationship. Finally the higher level of interorganizational trust increases the 
amount of valuable resources of the relationship as trast is a rare and imperfectly 
imitable resource due to its significant degree of social complexity (Barney & 
Hansen, 1994). As a result of this development the relationship has moved from the 
field of market-based relationships to the area of close collaboration (Fig.l). 
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Figure 3 - Proposed cyclical development of an inter-organizational relationship 

After the first development circle, the deepening of the relationship can continue 
as happened in three case supplier relationships. During the second development 
circle the additional transaction specific investments increased the human asset 
specificity of the relationships. Mutual trast was also developed further by the 
means of increasing the openness of the relationships. As a result of the second 
development circle two of these relationships deepened to the area of strategic 
collaboration. 

The findings of the study can be summarized in two important aspects. A method 
of classifying interorganizational relationships was proposed to assist main 
contractor's supplier coordination mainly in the situations of supplier selection and 
centralization of purchases. Secondly, the classification was supported by the 
conceptual model for the purposes of deepening the supplier relationships. The 
major limitation of these findings is the extent of the study. The empirical part of the 
study covered only 12 dyadic inter-organizational relationships in Finnish paper 
industry. The results can not be generalized directly to other geographical areas. In 
addition, the empirical data was quite narrow and further research should be carried 
out before the proposed supplier classification and the development model can be 
used as a managerial tool. However, the observations can be a fertile basis for 
further research, for example statistical analysis on the proposed development model 
of inter-organizational relationships would be needed. 
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The core question that supports this paper aims to identify the role of trust 
bonds in a subcontracting/cooperation network. The empirical research relies 
on a case study of an industrial network, developed in the north of Portugal 
(Agueda and nearby), within the bicycles' subsector, covering about 25 
enterprises. We identified patterns of relationships amongst the subcontracting 
and subcontracted companies. Once the relationships amongst the companies 
in the network were understood, it became important to place trust in business 
relationships. Afterwards how, and to what extent, trust interferes in these 
business relationships was examined. 

1. INTRODUCTION 

The terms networks, virtual enterprises, collaborative networked organisations and 
clusters have become the fashionable terms to describe contemporary organisations. 
In fact, the theme of cooperation among enterprises has inspired the literature and 
generated an extended debate in the social sciences. The eighties and nineties were 
characterised by apparently contradictory tendencies in industrial organisation. One 
of those refers to the dimension of the entrepreneurial structure, indicating that the 
majority of new jobs are created by small enterprises. On the other hand, one reads 
almost every day about a new merger between two or more giant corporations. The 
number of divisions and acquisitions in the industrialised world has taken place at an 
unprecedented rhythm over the last few years. Some authors (for example, 
Sengenberger et al., 1990) identified the tendency of the crisis of the large 
enterprises and the flexibility of the small and medium enterprises as innovation 
agents and sources of job creation. But there is no agreement on this subject. For 
Harrison (1994), according to his analysis based on data obtained in the USA, 
Western Europe and Japan, large enterprises still concentrate a growing proportion 
of their capital and markets on the main economies: "production decentralisation 
does not lead to a corresponding power decentralisation - whereas large enterprises 
reorganise their various productive activities, the control of those units remains 
centralised." (Harrison, 1994 C£ Powell and Smith-Doerr, 1994: 382). 

The fast industrial development in Japan and in Italy in the seventies and 
eighties supported the idea that economic development is made easier when inter 
organisational relationships are based on trust. The trust game is played in network. 
The core question that supports this paper' aims to identify the role of trust bonds in 
a subcontracting/cooperation network. 

This paper is based on the work developed for the author's PhD thesis in Economic Sociology and 
Sociology of Organisations, in the histitute of Economics and Business Administration, Technical 
University of Lisbon, 2005. 

Please use the following format when citing this chapter: 

Urze, P., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric Collaboration and Sup­
porting Fireworks, eds. Camarinlia-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 199-210. 



200 NETWORK-CENTRIC COLLABORATION 

2. THEORETICAL VIEWS ON TRUST 

The study of trast was the target of special attention in the nineties (Sako, 1991, 
1992; Dyer, 1996) and, emerging particularly strongly in literature about business 
relationships, it became a study theme within the framework of horizontal 
relationships amongst enterprises {joint ventures, forms of cooperation) and of 
vertical relationships between suppliers and clients (Humphrey, 1998). Therefore, in 
understanding trust within the restrict framework of inter organisational 
relationships, several different categories are identified (Cousins, 2001). Trust can 
be taken: (a) as an isolated concept (trust and power, trust and risk), (b) within an 
interactive model (focusing on relationship model) or (c) within an industrial 
context, which is the one that most interests us in this case. With regards to this, the 
concept of the three attributes developed by Sako (1992) has been particularly 
mentioned by scholars, because it was thought of within the specific context of the 
relationship producer - supplier and also because it deconstructs the notion of its 
various attributes: contractual, skills and "good will". 

Dyer and Chun (1997) declare that there are several authors that consider that 
trust in the relationship supplier - client (a) reduces transaction costs and allows 
greater flexibility to respond to market changes (Dore, 1983; Sako, 1991; Barney 
and Hansen, 1994; Dyer, 1996), (b) leads to the optimisation of information sharing 
routines, which improve coordination in the sense that they minimise inefficiency 
(Clark and Fujimoto, 1991; Nishiguchi, 1994) and (c) makes it easier to invest in the 
transaction and in technologies that increase productivity (Asanuma, 1989; Lorenz, 
1988; Dyer, 1996). 

Even though trast appears as a critical theme in various social science fields, it is 
the economic perspective that appears to have considerably more weight in this case. 
In any case, this is clearly stated in the synthesis elaborated by Sako (1992), an 
author of reference on this subject. Sako (1992) turned some of the possible 
approaches to the problem into a system as follows: 1) Trust can be seen from the 
point of view of a preference (perceptible in behaviour) or as a meta-preference 
(based on beliefs or values) (Hirschman, 1984). Trust will be more meta-preference 
than a simple preference, meaning that there is a motivational force, a commitment 
to the normative value content (Etzioni, 1988). Trust, particularly the "good will" 
type, as a cultural predisposition, fits into this interpretation. 2) Trust can 
alternatively be treated as a scarce source, but present to different degrees, 
depending on the country. Therefore, in a country such as England where there is 
less trust than in Japan, businesses tend to lean on institutional motivation 
environments and standards, where very little relevance is given to trast. In the 
absence of trast, institutional controls are available to control abundant opportunistic 
behaviour. 3) As opposed to this, trast can be seen as a renewable resource 
(Hirschman, 1984; Gambetta, 1988). The prevailing idea is that trast grows with 
use; it has to be used in order to thrive. When it is not used, it has a tendency to 
waste away. This explains why relationships of trast are usually long lasting. 4) 
Trast building may be bilateral and specific of a particular relationship. Within this 
context, trast is an intangible capital, an asset held jointly by both sides. What is 
peculiar as far as trust is concemed, when compared to other assets, is the fact that it 
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can be built upon slowly and quickly destroyed. 5) Trast in bilateral relationships 
can also be taken into account in the reputation game. To damage reputation means 
the loss of future business opportunities. This assumes that the "reputation effects" 
are effective to impose sanctions on opportunists. An efficient way to show the 
market that one is worthy of trust is to perform a set of reputable behavioural 
principles, even if those may not be in one's own interest in the short term. 6) 
Finally, trust can be dealt with as an input, for which there are no markets. 
According to this point of view, trust cannot be immediately bought or sold, in as 
much as the direction of the instrumental exchange destroys the foundation of trust 
(of good will in particular). It is this non instrumental aspect that, in part, motivates 
people to perform over and above the minimal level of necessary effort. In short, in 
terms of the concept of trust, there remains a complex commitment between an asset 
in which somebody invests for their own interest, and a social standard. 

Sako has dedicated her work to the study of trust in the context of the 
relationship between assemblers and suppliers in Japan. In her work Price, Quality 
and Trust: inter-firm relations in Britain and Japan, the author makes a comparative 
analysis between Japan and England. "What is it that has weight in the 
competitiveness of the Japanese industry?" Is the basic query that accompanies the 
study (which includes three assembling companies and 36 suppliers in the 
electronics industry). Research clearly shows that the relationships between 
suppliers and clients have a strong effect on industrial results in terms of price, 
quantity and quality. And there seems to be a good reason to think that the model 
"obligation contractual relation" (OCR) can contribute to a better performance as 
opposed to the "arm's-length contractual relation" (ACR), where a contract is set up 
before the business, and if unpredictable problems arise, they are sorted out 
according to legal directives. OCR, on the other hand, presumes an economic 
contract which fits into specific social relationships between commercial partners 
who develop a sort of mutual trust. Even if each partner's tasks are negotiated, 
agreed and clearly stated in contracts before the business relationship starts, there is 
some incentive to do more than is expected by the business partner. Such an 
incentive is the result of expectations that the act of good will leads to a similar 
response by the partner and that in times of unexpected crisis, the good nature of the 
partner can be called upon in order to allow the non fulfillment of some previous 
agreements within the terms of the contract. 

The essential noiinative values that give shape to ACR and OCR behaviours are 
based on the presence or absence of trust in the three types conceptualised by Sako. 
Contractual trust (mutual anticipation that promises made are kept) and trusting 
capability (trust in the capability of a partner to develop a certain activity) exist to a 
larger or smaller extent both in ACR and in OCR. It is good will that is found in 
OCR but not in ACR. Sako (1992) concludes that the Japanese electronics industry 
seems to have more OCR characteristics than the equivalent English industry (even 
though the latter has been carrying out changes towards OCR). Amongst suppliers, 
there are large variations between companies. But the range of relationships in the 
Japanese industry seems to be more OCR than the range of English relationships. 
The author adds that trust relationships can be necessary but not enough to reach 
competitiveness. High quality and competitive costs are achieved in Japan, by 
cultivating OCR type trust, but also rivalry amongst the known core of Japanese 
suppliers who are placed to compete according to their capabilities. 
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This work also makes it clear that ACR and OCR are fiindamentally based on 
different business values and attitudes. The desire to enter into dependent 
relationships, or to invest in building trust by means of face-to-face communication, 
both leading to OCR, is present to different degrees both in Japan and in England. 

Dore (1983, Cf Gerlach and Lincoln, 1995: 495) mentions that "it is tangible 
relationship rather than impersonal market processes that explains the Japanese 
industrial organization." 

3. CASE STUDY ON A PORTUGUESE INDUSTRIAL 
NETWORK 

3.1 Methodological note 

As far as methodology is concerned, we used the case study method, in its wider 
sense, to analyse the industrial network in the Municipality of Agueda (and 
surrounding districts), in the bicycle sub-sector. We identified patterns of 
relationships amongst the subcontracting and subcontracted companies. Once the 
relationships amongst the companies in the network were understood, it became 
important to place trust in business relationships. In order to understand broadly this 
web of relationships, we decided that a qualitative, in depth research strategy would 
be appropriate to the nature of the subject being studied, also taking into account the 
dimension of the circumscribed network. Therefore, it is important to underline that 
we are referring to a case that includes 25 companies, 21 within the network and 
four outside - company A^ and 11 suppliers (Al to Al l ) and company B and 8 
suppliers (Bl to B8) - but collecting information also included interviews to 
Associations and privileged informants, namely entrepreneurs in the region with a 
vast knowledge of the sector (OEl to 0E4). 

3.2. Trust 

From rhetoric... 

Trust is, as predicted, a concept foil of variations that refers to practical aspects 
linked to business relationships. In other words, the idea of trust is gaining shape in 
association to price, quality, delivery times and the duration of the business 
relationship. "Usually, trust is fundamental. People slowly gain trust." (financial 
director of company A4) Entrepreneur Bl declares that "there are several factors 
[that interfere with choice], one of those is price. Even though price is not 
everything. There is also the problem of quality." When a supplier is selected, we 
can talk of objective criteria: the capability of responding in terms of quality, price 
and delivery times. These are the factors that are more related to trust. 

From what interviewees say, it is clear that this value needs to be recalled as a 
fimdamental reference of their business relationships, and is often introduced into 
the interview by the entrepreneurs themselves. But it is also clear from their 
declarations that the feeling of mistrust has been gaining ground in the field of 
entrepreneurial negotiations. This feeling of loss seems to lead the interviewees to 

' Core companies (designated here as A and B). 



Industrial networks trust bonds: A sociological perspective 203 

reinforce the idea that this principle is still an element of differentiation in business 
practices. "When we don't know what we are buying we say, 'I'll buy from that guy, 
I know he is a person who won't cheat on me'. It is fundamental to work with a 
regular supplier who you trust." (entrepreneur A6) 

The entrepreneurs reveal their concern in explaining that in their business there 
is no space for mistrust and mistakes. These words are mentioned but almost always 
by reference to others, they do not include themselves in that context, giving the idea 
that less transparent business practices exist, but are promoted by other 
entrepreneurs. 

One of the entrepreneurs remembers that: "It has to be a supplier who we trust 
completely because our clients analyse the parts and we cannot run the risk of 
selling them one thing for another." (...) Trusting is the same thing as having a 
signed contract. I trust as much a sale to company B without a contract as I would 
selling to some others with whom there should be a contract." (Entrepreneur Bl) 
This sentence explains well that trust, even though subjective, emerges here as an 
equivalent to the written contract that usually establishes the agreements of 
negotiation. The informal relationship based on trust is thus reinforced. The 
entrepreneur also notes the difference between "trustworthy" companies and the 
other companies where the business relationship should be regulated by formal 
contracts that work as a guarantee in case of condemnable actions. 

The feeling of mistrust is often associated to the more recent assemblers, since 
the majority of them do not own physical property. These companies do not 
generally have their own facilities and due to the work they carry out (only 
assembly) they do not invest a lot on technology. The provisional way they set up 
their installations means they are looked upon by suppliers as companies that do not 
offer any guarantees. It is also important to stress that these assembling companies 
have been functioning as an alternative for the components companies, as in lately 
they have witnessed the closure of their once important clients. But, as we have 
seen, there is a shared sense of mistrust in relation to most assemblers, including 
some reasonably large assemblers, but also some small assemblers designated as 
"basement" assemblers, Gambetta (1988) reminds us that trust means there is a 
strong probability that we are considering getting involved in some form of 
cooperation. In this case, the link with the assemblers raises many doubts, since it is 
not possible to predict anything. Even if the manufacturers maintain these 
relationships and feel they have to invest in them, that does not mean that a 
relationship of trust is being cultivated. On the contrary, the business is based on 
strong feelings of mistrust. 

. . . .To the facts 

Price 
The idea of trust emerges very much linked to price. To the question " What does it 
mean to trust a supplier?" entrepreneur A6 answers "it means that we are convinced 
that he is selling the product to us at the best price." For another entrepreneur, trust 
in a supplier is linked to the fact that he explains price variations for a certain 
product, in order to avoid business losses. 

When we asked another enti-epreneur if the fact that they have been buying from 
one supplier for a long time and the product has always fulfilled expectations was an 
element that set it apart from other suppliers, he answered "Price is price." With 
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regards to this, entrepreneur A3 explains, "The fact that I know the manager of 
company B and the fact that I know the purchasing director of company A [does not 
mean] that if I do not have the right price they will buy from me" This extract from 
the interview also shows that the value of trust is relative when faced with product 
price. "All our clients would change supplier for a small price difference", reminds 
entrepreneur A6. 

According to the initial talk with entrepreneur A10, the most important criteria to 
select a supplier are the following: "Speed, good price and quality. Fast delivery, 
because, you see, we have a delivery on a certain day. (...) There is price, which is 
also important, but in many cases speed and product quality are the most important. 
Good presentation. We also cannot go for the cheapest." 

On reading the interviews, it becomes clear that proposals by other suppHers put 
pressure on the regular suppliers, which is a natural part of business relationships. 
The interviewees mention that the supplier almost always matches the prices 
presented by the competition. The entrepreneurs declare that if the prices given by 
the old suppUers do not come near those of the others, there is a strong probability 
that the business relationship will end, if not completely, at least, it will not be as 
regular as before. 

There seems to be a preference for maintaining the regular supplier, but also to 
negotiate a lower price, as stated by entrepreneur A6: "Because we warn them when 
there are suppliers that offer lower prices for similar products. We inform our 
supplier. If he can offer the same price for a similar product we prefer to keep 
them." As mentioned by this entrepreneur, the regular supplier is preferred only in a 
situation where the prices are identical, otherwise the duration of the relationship 
becomes less important in relation to the price. 

Negotiation implies a daily and strong pressure to reduce prices. The game is 
endless. In the end it has to stop, even running the risk of loosing the business. 
Sometimes, businesses are agreed with very small margins, and payment conditions 
and schedules seem to compensate very little for the concessions made. 

Still on the subject of the pressure exerted in relation to the price (or payment 
conditions) the financial director of company A tells us "that a client who applies 
pressure, does so because he has the capability to come here or go elsewhere." In 
this case, client pressure could be positive, in as much as the sti-ength shown during 
the negotiation process demonstrates that the company has a market reputation, 
which means it has access to several suppliers. Entrepreneurs try to perceive the 
financial situation of the client trying to read different signals, so that they can 
protect themselves from prolonged debts or even from non payment due to 
bankruptcy processes. 

"If he can he makes, if he can't, he won't." (Entrepreneur A2) The entrepreneur 
states that, with the necessary precautions, price is a relevant factor in supplier 
selection. However, past experience leads him to evaluate the proposals by new 
suppliers in a more rigorous marmer. Entrepreneur A2 mentions some negative 
experiences due to changes in suppliers: "We've learnt some lessons. The first time, 
the product was wonderful, the second time, so, so... If it is from a credible company 
to another credible company, I do not abandon them, such as today I buy a lot and 
tomorrow I don't buy at all." 

There is a mistrust component that slowly disappears as the supplier proves his 
credibility, this way reducing the margin of uncertainly, and therefore, risk. Trust is 



Industrial networks trust bonds: A sociological perspective 205 

built over several completed agreements. In other words, the history of the 
relationship means that predictions can be made which offer the entrepreneur 
security, meaning they, on the other hand, commit to other businesses. There is a 
chain reaction, so that it is essential that raw material or component suppliers fulfil 
their commitments so that the remainder of the business is not compromised. 

The financial director of company B4 tells us: "The competition tends to be not 
only in terms of price, but also in terms of better conditions." Payment conditions 
are mentioned again and again as a way to gain some business. "We are not too 
demanding in terms of payment. Nowadays, people who buy want to pay as late as 
possible" (entrepreneur A8) So, entrepreneurs play not only with the price, but also 
with the setting up of payment conditions. Payment difficulty is constantly 
mentioned in the interviews, as entrepreneurs use this factor, defining more 
favourable conditions that may give them an edge with regards to the suppliers. In 
other words, apart from the price itself, there are payment conditions that may not be 
frequently practiced by other companies. 

When we compare the price factor with other factors, namely trust in the 
suppher, we realise that advantage is often preferred. Immediate gain is fundamental 
since the companies survive with great financial difficulties, which also pushes them 
to value the present in comparison to a future investment in relationships of trust. It 
is necessary to maintain the business, even if it means leaving behind other types of 
less immediate profit. Sako (1992) reminds us that to damage one's reputation 
means losing future business opportunities. To gain trust implies to fulfil a set of 
reputable behavioural principles even if they are not in our own interest in the short 
term. Now, the logic of trust does not invest in the short term, as opposed to the 
logic of many entrepreneurs. 

In short, price is a factor that influences a lot the entrepreneur's decision to select 
the supplier. Even though in some cases the entrepreneurs give the same weight to 
other factors (especially quality), the price issue is always the most important. 
However, it is obvious that suppliers are increasingly evaluated more carefully, 
considering experiences where entrepreneurs felt they had been cheated, and 
businesses that seemed attractive but ended up in significant losses. It is worth 
noting that a lot of the stories about situations that reveal trust, refer to issues linked 
to the price or to payments in agreement with pre-established conditions. Trust in the 
price offered by the suppliers illustrates many of the examples in the interviews. But 
a qualitative difference is noticed in the talks, mainly when the strength of price 
comes up in relation to the other issues. In other words, the link between the words 
(ideas) trust and price, is broken, being substituted by declarations where price 
(immediate) wins over and trust (based on long lasting relationships) loses. 

Quality 
Quality is also a factor largely associated to trast. A supplier is considered 

trustworthy if over time he guarantees that he always manufactures products of the 
same quality. Entrepreneur A8 agrees with this point of view, reminding us that 
trusting the supplier ... 

... "means product quality. We work on imported products and are concerned 
that we should not change clients in order to guarantee the same quality. If we 
work for two or three years with one supplier who gives neither us nor our 
clients any problems, we try to always have the same supplier and deliver 
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products of the same brand. And we 've had clients who ask for products of that 
brand." 

These words refer clearly to the idea that relationships of trust are reinforced by 
means of a continuous realisation of quality expectations. In the end, it is a matter of 
reiterating trust through the quality of the product, which is tested in the different 
consignments. 

What the entrepreneurs say suggests that quality prevails over price, which only 
changed when the quality of the products is similar. In these cases, the price would 
work as a differentiating factor, but only when it is possible to guarantee the usual 
parameters of product quality. This idea means that the importance of price becomes 
secondary. 

In the end, it is important to distinguish, in the interviews, a discourse that tries, 
from the tales about practices, to relate what actually happens in negotiations to 
what is considered more correct in business relationships. On the one hand, the 
words of the entrepreneurs include the idea of a desirable business in terms of the 
priorities given to criteria, and on the other, the idea that business pressures often do 
not combine with this ideal which favours the quality criterion. It is a pressure that 
emerges, in the words of the entrepreneurs, as an external force, uncontrollable, and 
in many cases inevitable, to maintain the business. 

Some entrepreneurs distinguish the suppliers they buy in function of the price, 
from those where this is not a defining factor. The joint development of some parts 
means that some suppliers gain importance due to that technical investment. This 
type of relationship strengthens the position of the supplier, gaining strength, in as 
much as a break in the relationship implies added costs. Along these lines, 
entrepreneur A/B says: "It means there is a bidirectional trust so that we are 
guaranteed that they fulfil our requirements. When we need to increase or decrease 
output, they understand, since we work together. The contacts mean much more than 
a purely commercial contact. There is even a joint product development." 

The entrepreneurs also distinguish the suppliers between those who are 
trustworthy and those who are not. They develop a relationship of complicity with 
the companies they trust, which means it is possible to maintain a guaranteed supply 
platform, especially for the most important business for the company. Once this trust 
base is guaranteed, less important suppliers emerge around the core supplier. In 
short, the companies try to guarantee a core that ensures regular supply of essential 
products. These suppliers (generally more than one for each product) are the supply 
base of the company. Substituting them is usually a process that requhes more 
attention. Usually, they are relationships where there has been investment in terms 
of trust and where the substitute company will have to maintain the existing 
standards in order to satisfy the demands of the clients. With regards with other 
marginal suppliers, easier to substitute, relationships are not necessarily based on 
trust links but mainly on factors that imply immediate advantages, namely the price. 

Competition from Asian countries strongly worries entrepreneurs in Portugal, 
because some of these countries compete on the basis of price and have been 
improving their quality, which makes the competition scenario worse for the 
Portuguese companies. "China and India are cheaper. (...) But at the moment, there 
are international companies for whom not even China is good enough and they are 
moving to Vietnam. (...) [China] It is a product that has to have a certain quality, 
even though it is lower than Taiwan products. These companies have some of their 
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technicians there. Products from Taiwan are good quality, and their price is already 
not too cheap." 

As a general rule, competition from Asian countries is quite strong. Even though 
some countries have made their mark through (lower) price, leaving some margin 
for manoeuvre in terms of product quality, now better quality is emerging which 
diminishes the distinction between companies. But these coimtries have been 
bringing their quality parameters in line with the Europeans. India is often 
mentioned as an example, as it has more qualified labour, meaning that important 
technical knowledge is also valued in terms of understanding the specifications of 
the work commissioned. Entrepreneur A8 says: "In India, not only is it cheaper, but 
they make the parts according to our specifications. When it is a matter of specific 
products that we commission they make a commitment not to sell to anyone else in 
our country. In Taiwan we have a supplier, but we haven't bought anything from 
him. They are intermediaries. They buy and put the parts together in a container and 
send them here." 

In short, entrepreneurs distinguish between core suppliers and marginal 
suppliers. The former are those who carmot be substituted easily and, if it is 
necessary to do so, the break in the relationship is felt as a loss. There are 
investments and guarantees that will not be easy to replace. Marginal suppliers are 
those with whom there is a more superficial relationship, and, in some cases, who 
provide supplies more sporadically, in other cases, they manufacture more standard 
products, without great added value. 

Delivery times 
Another factor also linked to the trust concept is the fulfillment of delivery times. 
One of the entrepreneurs explains that "[a trustworthy supplier] is a supplier who 
guarantees continuity and uninterrupted supplies. It is a supplier who, when we 
place an order with him for X date, he will not tell me 'I am missing such and such."' 
(Entrepreneur A/B). Another entrepreneur tells us that you lose trust when.... 

... "The supplier does not deliver on the agreed date. I have to stop production 
and he did not deliver and in that case, I do not forgive. Nappa leather for 
example." (Enteepreneur A2) 

Still on this subject, entrepreneur A/B adds: "If the supplier [is] trustworthy, he 
immediately warns us that he is going to have a problem, therefore we take action so 
that we do not have problems. That is almost a guarantee. A competent supplier 
does that because a supplier who is not competent is always hoping we don't notice 
that he is going to be missing something." 

In this case, they are dealing with guaranteed supplies in working time, or, in 
case that is impossible, with trust in the way they deal with supply problems. When 
asked what it means to have absolute trust in a supplier, entrepreneur A/B answers 
that he has to have a supplier who fits the bill and tells them "yes, sir, it will be here 
within a week." This factor gains importance when companies try to reduce stocks, 
especially within the framework of di just-in-time strategy. 

Entrepreneurs try to reduce stocks as much as possible. Delivery speed gains 
importance as most orders are made giving little warning. Delivery times are 
reduced for all those who contribute to the chain and there is lower tolerance for non 
fulfilment. Naturally, the risk is greater, but advance investments are avoided. 

The evidence provided by the entrepreneurs makes it very clear that it is 
necessary to avoid stocks, which naturally gives more importance to this criterion. 
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The products used in most parts are bought somewhat regularly, in as much as it is 
believed that there is no investment loss. More specific products used in fewer parts, 
are bought as needed, as there is no guarantee that they will be commissioned. The 
logic is to reduce risk and investment and obtain an almost immediate return. Once 
again, that logic is extended to the whole production chain, from the assemblers to 
the last suppliers. Usually, the more dependent suppliers, and those with least 
negotiating capability, are those who are the least capable of imposing rales. 

The financial situation of the companies is also mentioned in relation to the trust 
given to the response capability of the suppliers. It is well known that some 
companies in the cycle industry (and two-wheel industry in general) have closed 
down (bankraptcy), which produces a generalised atmosphere of lack of trust. 
Entrepreneur A/B reminds us: '7 think that trust in the supplier is important: the 
supplier's trust in us and ours in him. May be we can explain our reasoning. If I buy 
an article from a company that I know is almost bankrupt, that supplier cannot give 
me any guarantees that he will supply me with the product on the date I want, so he 
will put my whole product manufacturing line in jeopardy. When we are dealing 
with products that have quite extensive technical lists, it is enough that a nut, or a 
screw, fail us, and the product cannot go out. The whole production chain is 
interrupted." 

Concerns for the financial situation of the suppliers (and the clients) is constant 
in the talks, because the stories of bankrapt companies, some of them at one time 
important companies, leave great worries as to what might be their own future. 

If reference to delivery times is a recurrent factor in talks with entrepreneurs, 
again, concerns for this are not as strong as those for price and quality. Delivery 
times are not the most important element in supplier selection, even though it is a 
factor that entrepreneurs try to safeguard in business relationships. Entrepreneur 
A/B's declaration shows us the priority usually given to these criteria: "{After price 
and quality] there are always other criteria we value: response capability, and 
proximity. We always favour those who are nearer us, as long as they are on an 
equal footing." 

APIFER's (Portuguese Association of Builders and Furniture Hardware 
Manufacturers) President concludes, generalising: "Generally speaking, people 
subcontract from a company they already trust. Usually, the relationship between 
subcontractor and subcontracted is initially difficult as we have an entrepreneurial 
spirit that is not very clear. We promise everything for the next day and deliver a 
month later, which is not viable. People deal with somebody they trust in terms of 
delivery times," 

In conclusion, entrepreneur A/B stresses here the fact that the companies can 
reject the supplier based on the non fulfilment of delivery times in relation to other 
companies. The fact that they do not fulfil their commitments on a relatively regular 
basis means there is a behavioural pattern which is not in favour of the company 
being chosen as a suppHer. In a small network like this one, exchange of information 
between companies is fast. The companies that are part of this circuit know that their 
actions mean they will have a positive or a negative reputation. In this case, and, to a 
certain extent, similar to the Japanese model, the non fulfilment by suppliers may 
mean they will not be able to be incorporated into our networks. A negative 
reputation is quickly spread and the (re)integration of the supplier strongly 
compromised. "If they systematically fail, word goes round: you know, those guys 
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are not doing very well". (Entrepreneur A2). If business takes place as predicted, a 
good reputation is spread around (and then you gain the trust of third paities). On the 
other hand, if companies do not comply with what was established, they lose the 
trust of the community. 

4. CONCLUDING REMARKS 

The perception the entrepreneurs have of the meaning of trust in business refers 
precisely to the issues of price, quality and delivery times. In other words, to be able 
to trust a supplier, he has to prove himself in terms of those three factors. The 
designation "trust relationship" is favoured by long lasting links where there have 
been several opportunities to test that same trust. But what is peculiar to trust, when 
compared with other assets, is the fact that it is built slowly and that it can be 
quickly destroyed. (Sako, 1992). 

The price (immediate advantage) superimposes all other factors, namely trust 
based on the history of a relationship, which stops being relevant when the 
companies have to choose between subcontracted companies with different prices. 
The usual supplier is then preferred only in a situation where the prices are similar. 
Taking this logic into the global scheme of things, the prices of local companies 
have to be advantageous in relation to the prices of Asian countries. 

The background of the bicycle sub-sector also includes the more recent 
emergence of companies that are purely assemblers, many set up with Spanish 
capital. These companies acquire all the components from other local companies and 
some of them also import from Asian countries. In general, they do not possess 
property and are set up in rented facilities, as the equipment needed for assembling 
does not require large investments. These companies have been giving work to some 
component producers but do not seem to offer many guaranties, since their position 
in the market inspires sfrong feelings of misfrust. "Today they are here. Tomorrow 
they are elsewhere." In other words, a breakdown in personal relationships is linked 
to the disintegration of that industty. There is a feeling of lost sense of devotion 
connected to the loss of enfrepreneurial heritage. These assemblers work as "oxygen 
tanks" for some companies. But the fact that they are "disposable" does not offer 
guarantees. But even then they are valued. Why? Because some component 
companies have high production levels, aimed almost exclusively at those 
companies. 

Entrepreneurs often choose suppliers who they already know so that the results 
correspond to what they expect when they sign confracts with important 
clients/businesses. In these cases, it is important to guarantee that supplies are 
fulfilled according to agreements, minimizing risk. They play safe, as the demanding 
patterns of the client are well-known, selecting suppliers who are capable of 
ftilfiUing the requirements (even though sometimes it may mean a smaller profit 
margin). There seems to be a trust capital associated to certain suppliers. As this 
trust base is guaranteed, then other less important suppliers emerge around those. In 
the case of the more marginal suppliers, therefore more easily substituted, 
relationships are not necessarily based on trust but on factors that bring immediate 
advantage. 

What we see nowadays is that this local productive system (Reis, 1992) has been 
extended to a global level. In other words, the group of industrial companies 
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strongly linked to each other has slowly expanded their relationships to a global 
level, whereas once they were mainly local. According to Lazerson and Lorenzoni 
(1999) (reporting on industrial districts) locally defined production systems are 
anachronistic in a global economy. The local productive system starts to wear off, 
resulting in the disappearance of many companies and the search for alternatives by 
others. 
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Efficient methods of collaborative networks (CN) configuration should pro­
vide models and algorithms of decision-making under risk and uncertainty. In 
this paper, we present a multi-disciplinary framework of decision making in 
CN. Particular feature of this framework is stability analysis. We analyse ba­
sics of stability analysis and its challenges in the CN settings. Then we present 
a conceptual model of CN stability analysis and its dynamical interpretation. 
The stability analysis can be considered as an efficient tool to improve the 
quality of CN planning and execution models. 

1. INTRODUCTION 

In this paper, problem of value chain configuration and multi-echelon planning in 
collaborative networks (CN) is addressed. One of the CN management challenges 
is a combined formation of the CN structural-functional-informational configura­
tion and the programs of the CN execution. An important point of such simultane­
ous formation consists in ensuring of the business-processes continuity, informa­
tion availability, and system stability. 

A number of recent research papers (CamarUma-Matos, 2004, 2005) have dealt 
with forming of CN configuration methodology. The papers presented grounded 
models and algorithms of how to configure CN based on the known "normative" 
values of parameters. However, the CN execution is accomplished by permanent 
changes of internal network properties and external environment. So, the "norma­
tive" values of parameters can oscillate. As a consequence of this, (i) the analysis of 
CN stability and (ii) the embedding xmcertainty factors into the planning models are 
needed. The second means that all the CN management phases (planning, monitor-
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ing, analysis, and adjustment) must be considered as a whole based on the unified 
methodological basis (Ivanov et al., 2006). The planning subjects must be not only 
original objects, but also dynamics of their interactions, environment, and models. 
Planning process is interpreted as continuous control of system dynamics under the 
terms of uncertainty. Results of planning are not only ideal operations model, but 
also a set of the CN execution scenarios, models, algorithms, intended for system 
functioning support in case of disturbances and deviations. The above-mentioned 
challenges of the planning and control models interconnection are implemented in 
the DIMA-methodology (Ivanov, 2006). In this paper, we deal with the analysis of 
CN stability. 

2. A FRAMEWORK OF DECISION MAKING FOR THE CN 
CONFIGURATION 

We propose a framework of decision making for the CN configuration, which 
makes it possible to consider static network configuration and dynamic network 
reconfiguration combined. This framework is based on the combination of classic 
system and control theory with modern evolution system theories. The process of 
decision making is constructed as a combination of agent-based techniques with 
techniques of control and systems theories. It allows taking into account activity of 
the system elements, systematically risk embedding into the CN configuration and 
execution models, multiple model network description, interconnecting of configu­
ration and execution processes. 
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Figure 1, Decision making in the CN based on the combined using of multi-
agent and control theory frameworks 

This framework is based on the DIMA-methodology (Ivanov, 2006). In the 
DIMA-methodology, the conventional modelling approaches are not set off with 
each other, but considered as a united integrated modelling framework. The multi-
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agent ideology is considered as a basis for the active elements modelling at the con­
ceptual, mathematical, and simulation levels. The control theory serves as a theo­
retical background of systems analysis and synthesis (Casti, 1979, Sokolov and Yu-
supov, 2004). Figiu-e 1 presents the process of decision making in the CN based on 
the combined using of multi-agent and control theory frameworks. 

Algorithms of the control theory and operation research are intended for the 
ideal (etalon) solutions finding, which can be taken as a basis for the evaluation of 
the solutions found by agents in regard to their quality, fullness, and reliability. The 
second advantage consists in balancing the global network criteria with the local 
agents' criteria. Ideal (etalon) plans generated by the network coordinator are ad­
justed and specified by agents' interactions. So such a combined procedure of deci­
sion-making allows implementing decentralized management concept. 

3. BASICS AND CHALLENGES OF STABILITY ANALYSIS 

The degree of deviation in a functioning complex system (including CN) from its 
planned states is related to the concepts of stability and sensitivity (Yusupov and 
Rozenwasser, 1999, Sterman, 2000). Sensitivity characterizes the rate of system's 
reaction in response to disturbances of different classes. Sensitivity analysis permits 
the determenation of potentially dangerous situations resulting from critical 
variations of system's ftmctioning. Stability expresses the ability of a system to 
return to the initial (planned) state and (or) to remain within bounds of operation 
under the presence of perturbation factors. The stability analysis is performed 
regarding all of the states 5, that lie within the control horizon considered. This is an 

important part of the CN operative diagnosis and forecasting. The methodology of 
the CN comprehensive tactical decision making and operative diagnosis and 
forecasting taking into account decision stability is a subject of our research field. 

The concept of 'stability' plays a fundamental role in the systems theory. The 
sense of this term in general is equal for different types and classes of systems. It 
consists in limited reaction of a system on scale-limited entering impacts (controlled 
and non-controlled). A special feature of the CN stability analysis consists in 
adjustment of actions elaborated by managers and combination of centralized and 
decentralized management. This means that in case a CN looses its balance state, a 
search of new balance state is executed with the decentralized coordination of all CN 
participants' interests in the framework of common global criteria. 

The CN differs from a physical system. The latter is remarkable for its planning 
mechanisms, which have some elements of subjectivism. That is why it becomes 
necessary to broaden the sense of 'stability' term while CN considering. A CN is 
stable in its planned state, if i) it has a fixed variety of possible adjustment actions; 
ii) scale-limited and low-power influences occur; iii) these influences cause scale-
limited and low-power oscillation of end parameters of the CN. 

Let us examine some other aspects of the CN stabihty analysis. Stability 
characterizes a capability of a system to return to the initial (planned) state or to stay 
a certain period of time within admissible functioning area under the pressure of 
different disturbance factors. Moreover it is essential to understand, that the stability 
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of a system is defined according to certain classes of disturbances. One of the 
aspects of stability analysis is the CN oscillation analysis. Usually three main classes 
of oscillations are introduced: damped oscillations, expanded oscillations, and 
chaotic oscillations (Sterman, 2000). The evaluation of the CN stability is meant for 
the final decision making about the network design, and is the last step in the 
network design process. The stability analysis is also necessary while CN 
functioning (in dynamics). The CN stability analysis is carried out within a certain 
period of time, because an influence of disturbance factors and their impact on the 
CN functioning have definite time delays. 

CONCEPTUAL MODEL OF STABILITY ANALYSIS FOR THE 
CN CONFIGURATION 

The stability analysis of the CN configuration is based on the conceptual model of 
CN design and control (Ivanov et al., 2006). After a set of non-dominated Pareto 
optimal alternative of admissible CN configurations is formed, the stability analysis 
takes place. In the CN settings, the stability analysis has two main particular fea­
tures, namely (i) decentralization resuhed in need of balancing global network crite­
ria and local agents' criteria and (ii) existence of a number of alternative CN con­
figurations resulted in need of advancing stability analysis because of possibilities of 
structural-functional CN reconfiguration in dynamics. The conceptual model of the 
stability analysis can be presented in graphical form (Figure 2). 
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Figure 2. Conceptual model of the stability analysis 
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Figure 2 presents conceptual model of the stability analysis for a CN configm-a-
tion Si. To simplify the picture, we consider only two criteria Ji and J2 of CN con­
figuration parameters 

J{x{t\ u{t\ k{t),t) = WAAAJAJsJeJiJzf, (1) 
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where / is a set of CN configuration parameters, x{i) is an initial state of the CN, 
u{t) is a CN execution plan, and §(0,0 are vector functions that defines the mini­
mum and maximum values of perturbation impacts. The point (J^j, Jn) corresponds 
with the ideal CN execution plan. Then we introduce the r-environment of the ideal 
configuration Si, which borders permissible oscillations of the criteria Ji and Ji, so 
that the CN goal criteria can be achieved. 

In accordance with the framework of decision making in CN (see paragraph 2) 
and due to decentralization and structure dynamics, balancing global network crite­
ria and local agents' criteria and stability checking of alternative CN configurations 
are needed. Each agent builds its r-environment on the above-described principles. 
The CN configuration 5,- can be selected and launched only if all agent plans are 
stable for each state of the given CN configuration within the CN r-environment. 
Figure 2 presents an example when agent plans are stable regarding point {Jji, Jn), 
but the plan of agent Bj is instable regarding point {J2i+h Jn+i)- So the CN configura­
tion Si can not be selected and launched, and further decision making procedures are 
needed. 

The stability analysis objective at the configuration stage consists in indicating 
of permissible CN execution parameter oscillations. Based on the stability analysis 
results, the decision maker can estimate the stability degree of the configured CN. 
As a rale, border extension of permissible CN execution parameter oscillations leads 
to worsened goal criteria values. The decision maker can simulate various CN con­
figurations and execution scenarios trying to balance the goal criteria and the prob­
ability of their achieving. Additionally, other techniques of extended stability analy­
sis such as CN stability reserve analysis and perceptivity analysis of CN execution 
parameters regarding various perturbation impacts can be applied. 

The presented conceptual model is based on the forecasted information about 
the CN execution. However, the problem of including information update (Sethi et 
al., 2005) in CN decisions remains open. That is why the techniques of stability 
analysis in dynamics must be elaborated. 

5. STABILITY ANALYSIS IN DYNAMICS 

In dynamics, stability estimation can be performed on the basis of the attainability 
sets D (t. To, Xo), where XQ is a set of possible initial states of the system. To perform 
such analysis internal D^ (t, To, Xo) and external D^ {t. To, XQ) approximations of £> (t, 
To, Xo) should be constracted. Let us suppose that a set of admissible disturbances 
E(x{t),t) is defined as follows: 

^fit)<kj(t)<^f\t),J^l,...,m, (2) 

where ̂ . , ^ • are vector functions for minimal and maximal disturbances con­
secutively. These disturbances may appear at the stage of each CN plan execution 
(H,(0, t e {To, Tf], i= !,...,«) within some particular scenario of external environ­
ment influences on the CN (^(t), t e (^o, 2}],j = l,...,m). Let the initial CN state be 
x{To), hence examination of its functioning plan Ui{t) is needed. So, the defined vec­
tors and disturbances space (2) for the scenario S,j(t) are corresponded to the area of 
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possible variables of the CN configuiation models, i.e. the set of different execution 
scenarios. 

We propose this area to be named as the attainability set of the CN under dis­
turbances. We define it as follows: 

i ) f ( r ^ , 7 ; , Z o , H , « , ) (3) 

The set Z)^ ( T V , 7 ^ , X Q , H , U-) is corresponded to the indicators values, which 

assess the CN efficiency and stability. The latter we define as follows: 

Df\Tf,T„X,,S,u^) (4) 

To make the further material more comprehensive we will examine two 
components of vector index only. These components correspond to the indicators of 
effectiveness (Ji) and resource-containing (J2) of the CN functioning. In this case 
while geometrically describing the attainability area, it becomes possible to use 
Decart system of coordinates instead of polar system. 

If for some fixed fimctioning plans M,(f), (/=!,...,«) under disturbances £,j{t) 
the requirements (5) are fulfilled 

Df(Tf,T„X„E,u.)czPj, (5), 

the Ui{t) management program (the plan of the CN functioning) is considered to be 
stable under disturbances ^(t). In other words, feasible Jy J^ deviations of quality 
indices of the CN functioning are considered to be acceptable. 
In this case, the final selection of most stable CN management programs (plans of 
the CN implementation) is reasonable to be carried out accordingly to the following 
condition: 

S] («, it)) - max min S. («,. (0), (6) 
!£/<« \<.j<m 

where iS,- («,- (/')) - is the area of sets Dj (TV, T^, XQ , S , M,- ) and Pj intersection; 

« - the total amount of analyzed CN implementation plans; m - the total amount of 
disturbance scenarios at the stage of CN plan realization. 
It is possible to show that the search of the most stable CN functioning plan due to 
statement (6) is the realization of the multi-criteria selection under uncertainty, i.e. 
the principle of the guaranteed result. 

Finally, we consider the decentralized stability analysis. Dynamic system of the 
CN execution can be described in the following way: 

%{t)^Q[x^,t), (8) 

x^{T,) = x^,- i ^ ( r , ) eR" ' , (9) 

r; =j;''{x,(T^),x,(T^),...,x,,{T^)), (10) 

where X is a general CN state vector; w is a general CN control vector. The known 

vector-functions HQ and h^ determine end conditions for x at time t= To and at 
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t = Tf. The known vector-functions q^^^(x,M) = O and ^^ •̂' (x ,M) < O set main 

constraints for the agent operation, \x=\,...,m' is a number of agents (local decision 
makers) performing control functions. 

Now the stable plan construction for fiill decentralization can be stated as search 

for equilibrium program controls of B], B2,..., B~, agents in a differential game. 

First, the attainability sets i)(T^,7'Q,3c (Tg)] for each agent Bi, B2,-.,B~, at time 

t=Tf h constructed. Then an equilibrium point for the system of functions 

[j;% (r^),z,(2>),...,^~,(7»)} over D(Tf,T„x,(T,))xD(Tj,T,,x,{T,))^... 

X-D\rj-,TQ,x~,{TQ))cdin be determined. Here Brown-Robinson's method and its 

modifications can be used. After that management actions M (?) , t &{TQ, 2}] for 

transition from the initial state X (TJ,) = x ^ to the final state x (JV) = xj' are 

constructed. 
The set of agents 5^, \i = 1,..., m' is split into the following subsets 

p 

There is a subset for each coalition (a group of agents B^ united into a compe­
tence structure). The set % is called a coalition structure. We have examined three 
variants of coalition communication, namely (i) if agents of the coalition %;; do not 
know coalition structure x or functioning modes of other coalitions Xc (where L,, 
Q e {1,...,P}) in coalition structure %, (ii) if agents in coalition %(; know the coalition 
structure %, and (iii) if a finite set 5R of coalition structures is known, rather than a 
particular structure %. 

6. CONCLUSIONS 

Decision making techniques for the CN configuration must take into account risk 
and uncertainty as well as support decision making in decentralized way. In this 
paper, we presented a multi-disciplinary framework of decision making in CN, 
based on combination of conti-ol theory and multi-agent approach. Particular feature 
of this framework is stability analysis. We analysed basics of stability analysis and 
revealed its challenges in the CN settings. Then we presented a conceptual model of 
CN stability analysis and its dynamical interpretation. The stability analysis 
objective consists in indicating of permissible CN execution parameter oscillations. 
As a rule, border extension of permissible CN execution parameter oscillations leads 
to worsened goal criteria values. So, the stability analysis provides efficient tool how 
to balance the goal criteria and the probability of their achieving. The conceptual 
model of stability analysis is based on the forecasted information about the CN 
execution. The technique of stability analysis in dynamics includes information 
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update in CN decisions and provides their adequacy to the current execution 
environment. 

The presented stability analysis technique provides efficient tool how to embed 
risk and uncertainty factors into the CN configuration and execution models. 
Development of CN stability analysis methods has practical and theoretical 
importance. Generally, the efforts of CN configuration (scheduling) algorithms 
improving can be meaningful only in combination with appropriate CN stability 
analysis methods. Stability may be regarded as an additional indicator for the CN 
analysis, modeling, planning, operative management and forecasting. Its appHcation 
in the CN design and control models not only supports theoretical basis of the CN, 
but has a practical importance also. It may be applied to improve quality and 
precision of planning and management, decision taking (at levels of the CN goal 
selection, scheduling, monitoring, forecasting and adjustment), as well as complex 
analysis of the CN activity, forecasting and strategic decisions elaboration. 
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The main objective of this paper is to contribute to the understanding 
of the of Business Process Modelling field focusing on the definition of 
the Inter-Organizational Business Processes from both a high-level 
modelling perspective and a technological one. We used a conceptual 
maps' approach in order to clarify all the fundamental concepts that 
surround these two fields. We will present the two conceptual maps we 
have achieved through the help of a web-based tool for corpus 
linguistics and knowledge engineering named Corpografo and using 
the IHMC Cmaps Tools for the design of the Conceptual maps. 

1. INTRODUCTION 

The fast and increasing development of networked business environments brings 
new ways of interaction among the enterprises, which eliminated the time and space 
gap between business partners. Enterprise Networks is a new organizational 
structure that accomplishes the requirements of dynamism and agility that electronic 
commerce entails. The automation of Enterprise Networks activities in dynamic 
environments, as it is the case, is still, in most business-to-business scenarios, an 
undergoing research topic. Business pure models and business process technologies 
research field for the design, definition and enactment of Inter-Organizational 
Business Processes (lOBP), focuses mainly on one of these features, failing when 
connecting the two. On our work we will try to fulfil this gap and attempt to 
combine both views, which is an actual and challenging research field. 

In business networks, management information systems should be based on three 
fimdamental ideas: networked collaboration support, networked decision support 
and networked knowledge management. The management of a network of 
enterprises can in fact be viewed as the management of relationships and 
interactions between the different actors, directly and indirectly involved in the 
activities. Relationships involve operations, processes, resources, knowledge, social 
interaction, trust, power, etc [16]. 

Business Process Modelling (BPM) is a well established research and practice 
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field (thought immersed in different research topics such as Enteiprise ModelHng or 
Information Systems Architectures, to name just two on opposite sides of the BPM 
spectrum), embraced in a first moment by the management and industrial 
communities and in a second moment by the computer science and information 
systems communities. Somewhere in between, we can identify the workflow 
management community. BPM is still an ongoing research topic. In fact, BPM is a 
research challenging issue, especially focusing on the expression of 
interdependencies among business processes, information systems components and 
the emerging web technologies. Recently, BPM has gained a new breath pushed by 
the technological development in the area of internet/web technologies: web 
processes, service oriented architectures (SOA), semantic web, among others. 
Although dealing with the same object of study - the inter-organizational business 
processes - the terminology used by both communities can sometimes be confusing. 
This happens due to the use of the same terms referring to different concepts 
(different here is a continuum from "slightly" to "completely" different), or the use 
of different terms referring to the same concepts. 

This paper describes a research work encompassing a linguistic and conceptual 
analysis of the main fields dealing with BPM with the goal of conceptually 
clarifying the uses of BPM in the management (pure business perspective) and 
computer science fields (pure technological perspective). The main objective of this 
work is to contribute to the understanding of the BPM field focusing on a business 
architecture perspective and from a service oriented architecture one. Also an 
important goal (and the first aim of our work), is the setting up of a solid conceptual 
basis for interdisciplinary research in this area. 

The paper is structured as follows: Section 2 presents the method for the 
linguistic and conceptual analysis of Business Process Modelling. In section 3 the 
two perspectives on Business Process Modelling presented are contrasted using a 
conceptual maps' approach. Section 4 synthesises some related work in the BPM 
field and section 5 presents some conclusions and points for further research. 

2. A METHOD FOR A LINGUISTIC AND CONCEPTUAL 
ANALYSIS OF BUSINESS PROCESS MODELLING 

Two corpora were defined as a priori analytical categories for business process 
modelling related papers: business architectures [5, 17] and service oriented IT 
architectures. The fundamental reason for choosing these two specific corpora was 
to make a deep analysis of these complementary domains of BPM research. 
Complementary because we cannot separate these two perspectives as they are 
intertwined. In fact, the second perspective is the technological implementation of 
the first one. So in order to automate an lOBP it is essential to understand the 
management perspective of BPM very clearly. 

The method for the linguistic and conceptual analysis included the following 
steps: 

1. selection of the papers to be included in the two corpora, 
2. identification and selection of terms using a linguistic analysis tool, 
3. elaboration of two conceptual maps using the terms selected in 2, 
4. analysis of the conceptual maps regarding conceptual similarity, 
5. disambiguation of similar terms in the two corpora. 
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In the first step, relevant papers of the two fields were selected, according to our 
purposes. Research in the BPM field exists for more than a decade, so several state-
of-the-art and survey papers were selected (aprox. 65 papers). The same with the 
Business Architecture (BA) in SOA (aprox. 32 papers) [1, 9, 19]. Several papers 
where the link between BPM and SOA aspects was dealt with, were also selected 
[20, 8, 3]. 

The second step was undertaken with the help of Corpografo. Corpografo is an 
integrated web-based tool for corpus linguistics analysis and knowledge 
engineering. It is a computational environment on the web that allows users to build 
and research personal corpora vnthout the need for specialized technical skills or 
additional software, apart from a web browser [13]. This tool helped to extract a set 
of candidate terms from each corpus, which formed the raw material for our 
analysis. From this set of candidate terms (about 65 for BAs and 30 for SOAs) a 
selection was made of those that stood for concepts more relevant to BPM. 

The following step, and the most important one for the construction of the 
conceptual map, was to identify the relations between the selected concepts. This 
was also done using Corpografo but it was mostly based on the study of the selected 
papers covering these two research topics and on our knowledge of the domain. The 
result of steps 1 and 2 paved the way to build two conceptual maps for each of the 
areas which are described in the following section. 

3. CONTRASTING THE BP MODELLING VIEWS USING 
CONCEPTUAL MAPS 

To identify appropriate concepts shared in the business processes community there 
is the need to analyze and describe the business process (BP) itself. A Business 
Process is a set of ordered activities of an enterprise or of a network of enterprises 
that are executed according to some rules in order to achieve a goal. They are 
performed by one or more actors in a process. An actor can be an organization, a 
person, a software agent representing a person or an organization. 

Different business process models are employed in the design and 
implementation phases of the Business Process Management life-cycle, where the 
business analyst perspective serves as input for the technical analysis for BP 
implementation. The translation between these two perspectives is prone to semantic 
ambiguities. First, because the two perspectives employ different business process 
modelling languages and secondly because there is an "identified gap" on the type 
of resources used by the activities in the two perspectives, namely the human 
resources which cannot be contemplated in the technological definition of the lOBP 
but definitely exists in the high-level lOBP definition we are trying to achieve. We 
used a conceptual maps approach in order to clarify all the fundamental concepts 
that surround these two perspectives: management and technological. 

Conceptual maps are simple and practical representation tools that allow the 
representation of knowledge in the form of a graph and are an effective way of 
representing complex concepts and messages in a clear and understandable way [4]. 
The two conceptual maps, one for each corpus, were built using the IHMC Cmap 
Tools software [6]. 
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3.1 A conceptual map for BPm from the BA point of view 

The main objective of BPM is to provide a better understanding on how to express 
the business processes, their strategies and their behaviour. Business models provide 
ways of expressing business processes or strategies in terms of business activities 
and collaborative behaviour so we can better understand the business process and 
the participants in the process. Models are helpful for documenting, for 
understanding and communicating complexity. A Business Process Model is a 
representation that tries to capture the business processes which are essential to the 
organization function's understanding and performance, reflecting the business 
environment reality. BPM is not a recent research field; there are a lot of business 
processes modelling techniques that range from traditional data modelling (DFDs, 
Entity-Relationships Diagrams, IFEF-0, etc) to behaviour modelling techniques 
(State Transition Diagrams, Petri Nets, Role Interaction Nets, etc) [18]. A Business 
Process defines the behaviour of the process itself; it is a function that has inputs, 
preconditions that must be satisfied, outputs that result from the execution of the 
process and results. Activities in a business process can be business processes 
themselves, sub-processes or tasks - the basic part of a business process that cannot 
be divided. To model a business process we need to describe the BP itself in a 
detailed, reliable and imambiguous way which means we have to know a priori the 
activities involved in a BP. The BPM research community agreed that the three main 
views involved in BPM are behavioural, organizational and informational views. 
The behavioural perspective basically describes the order in which the different 
activities are executed. The organizational view describes the organization structure 
and, in particular, the resources and in which way these are involved in the BP. The 
informational point of view describes the information that is involved in a BP, how 
it is represented, and how it is propagated among the different activities. The 
conceptual modelling languages such as IDEF, Flow Charts, DFDs, Eriksson-Penker 
Business Modelling extension and UML are all graphical modelling languages but 
they only focuses on one of the views, e.g., the business view. 

3.2 A conceptual map for BPm from the SOA perspective 

The need to build complex business process, e.g. lOBP, in these highly competitive 
and dynamic business environments requires new methods and tools. Nevertheless, 
Web Services is an emerging technology that seems to meet this demand. Web 
Services technology is used for building complex distributed systems focusing on 
interoperability, which allows enterprises to describe the internal structure of their 
processes and explain how they can be invoked and composed. It also allows 
supported interactions between business partnerships based on the exchange of 
messages. This way, organizations can extend the business processes beyond the 
enterprise boundaries via this technology, thereby improving collaboration across 
partners and facilitating dynamic reconfiguration of business processes. A Web 
Service is like a unit of work which can complete a specific task [15]. Many 
businesses are adopting Web service technology to expose their business 
appUcations, allowing them to have business collaboration both within their 
organization and with business partners outside the organization. However, each 
enterprise has their processes described in different modelling languages, which 
increases the degree of complexity to exchange and share the knowledge between 
the enterprises involved in an lOBP. To fulfil this gap, some new approaches for 
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Business Process Modelling were developed; the most promising are BPEL4WS, 
WS-CDL, BPML, WSCI, WSFL, XLANG and WSDL which are XML (extensible 
Markup Language) based languages. WS-CDL and WSCI are languages appropriate 
to model abstract processes, e.g., they include every type of action executed between 
organizations and are accessible to the partners' organization [12]. The others are 
suitable for private processes, e.g., a process that describes the internal executable 
activities that support the activities of public processes [2]. A private process is 
private to the organization which means that the knowledge it possesses is restricted 
to the enterprise it belongs to. On the contrary, a public process has information that 
must and should be shared with other processes in order to obtain a composition of 
business processes that will form the lOBP. These concepts are also strongly 
connected with other two concepts: composition (or orchestration) and 
choreography of web services and we have adopted the following ones [9, 18]: 
Composition refers to the definition of the internal implementation of the executable 
business processes. Web Services Composition defines executable business 
processes that are built from a set of web services. Orchestration is usually private 
to the business party, since it contains reserved information (business strategies, 
business rules and business policies) on the specific way a given process is carried 
out. Choreography defines extemally observable behaviour of a business process. 
Web Services Choreography refers to the correct content and order of messages that 
two parties exchange in a business process. Choreography is usually public, since it 
defines the common rules that make for a valid composition of the distributed 
business processes in the business domain; it describes collaboration among the 
needed enterprise services in order to achieve a common goal. 

3.3 Connections and disambiguating of BPm concepts in the BA and SO A areas 

We will now identify some near concepts through the analysis of the presented 
conceptual maps, e.g., to disambiguate different concepts with the same name and 
near concepts with different names referring to the two conceptual maps. 

Form the pure business point of view, the central key element of this conceptual 
map is the term Business Process, through the use of diverse conceptual and formal 
languages. Business Processes have pre-conditions, inputs, outputs and goals; they 
execute a set of activities that consume resources. Whilst in the SOA approach, 
although we mention the BP concept, the BP is represented by a Web Service. The 
web sei-vice has inputs, outputs, a transforming function and its description is made 
through a specific language (WSDL-Web Service Definition Language). 
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The concept of lOBP from the high level management perspective has the 
correspondent SO A approach, as choreography of web services. Much like what we 
can see through the concepts represented in the previous and following scheme. 
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4. RELATED WORK 

There is a lot of work done on the definition of BP modeUing languages, but it 
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clearly misses some research clearly addressing the gap between the referred two 
complementary fields. [8] This paper aims at the realization gap between business 
and technical processes, discussing the differences between the processes modelled 
from the pure business perspective and those modelled with consideration of 
technical aspects. Designing a BP from the business point of view needs the 
message exchange between, activities and roles that are part of a process. However, 
when designing executable processes, attention must be paid to the business 
requirements and also to the technical context where the process should be executed. 
It also presents the design requirements that must be followed in order to create a 
lossless realization of a BP; their approach, based on a process description 
framework, defines the possible transformation needed when constructing a 
technical process from a business process. 

According to [14] "There clearly exists a gap between the high-level process 
models used in the early stages of the process management life cycle and the 
detailed execution models of the implementation and enactment stages. This gap 
manifests itself in the following points: lack of an appropriate language that covers 
both high-level process design and low-level process execution; lack of appropriate 
conversion between languages of different stages of the process management life 
cycle; and lack of guidance for the conversion of high-level process models into 
low-level executable models". 

The goal of BPMN [7] is to provide a business process modelling notation that is 
readily usable by business analysts, technical developers and business people that 
manage and monitor these processes. As such BPMN positions itself as a bridge 
between modelling and execution and between people that run the business and 
implementers of systems that support the business. 

5. CONCLUSIONS AND FURTHER WORK 

Modelling the lOBP integrating both the approaches - business and technological -
is still far from being achieved. Modelling lOBP requires specific constructs and 
methodologies, and requires a high-level model and the corresponding executable 
one for exchanging and merging behaviour's, resources and activities. The definition 
of lOBP from the management perspective only deals with the describing in what 
order the activities should be performed by the involved organizations in order to 
achieve a business goal. Whilst in the technical perspective the technological 
limitations must also be considered. The activities in the technical process can differ 
from the activities in the management business process (e.g., human resource 
activities cannot be modelled in the technical approach), regarding the goals, the 
message exchanges, the business requirements, among others. The analysis of the 
obtained conceptual maps and the revision of literature undertaken points out that 
Web Services seem to be a very appropriate communication mechanism to perform 
distributed business processes among several organizations, mainly because they are 
invoked and delivered through the Internet and also because they provide a standard 
interface. In our work we will try to bridge the gap between high level BP models 
and the execution of the lOBP achieved through the composition of the lOBP. The 
main objective of our work is to contribute to the understanding of Business Process 
Modelling field focusing on the definition of the lOBP, and for that we will need to 
generate a high level model for the lOBP and we will implement a prototype based 
on a Multi-Agent System (MAS) technology. Defining a BP in a detailed and 
comprehensive way is a complex task because of the dynamic environment they are 
involved in, such as complex business rules and policies, abnormally action from the 
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involved partners, among others. The focuses of research are the composition of 
lOBP, at the management level, through semantic matching of business process 
descriptions, including goals, operational requirements and business rules; and the 
application of learning approaches in MAS to manage the composition of lOBP, 
dealing with the evolution of the languages and vocabularies that underpin business 
rules, business models, and the regulatory framework. 
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Enterprises are evolving towards a more agile, dynamic and adaptive 
organisation tfiat can malce quicic responses to tiie marlcet and customer 
requirements. This carried out an increasing need for enterprises to get 
involved in collaboration strategies. Moreover, new IT organisation, namely 
Service Oriented Arcliitectures (SOA), can be introduced to implement opened 
and agile information system. To align tfie enterprise strategy and the 
information support system organisation, we present a cooperation model 
based on SOA, called service oriented enterprise. Tlianlcs to a multi-level 
process organisation, simple combination and filtering rules can be applied to 
build dynamically customised distributed processes on demand. 

1. CONTEXT 

Today, with the high competitive changing economy enviromnent, lots of 
organisations have redesigned at least some of their systems and reviewed their 
process structures and strategies to take advantages of new business opportunities 
often leading to Collaborative Business. These collaborative organisations are set 
according to short term goal and implement dynamic and on-demand Virtual 
Enterprises (VE) (Kwon et al. 2003). To fit the required agility level required by 
such adaptive organisations, an efficient and agile information system must be set to 
support common process enactment and execution. This leads to take mto account 
both the organisational constraints to establish efficient common processes and the 
technical inter-operability constraints. 

While focusing on enterprise organisation, one can use enterprise modelling 
approaches. Due to these different levels of collaboration, a virtual enteiprise 
organisation leads to two different strategies: either the VE is considered as a 
standard enterprise (in this case modelling methods must be adapted to fit the 
planned duration and respect enterprise autonomy) or the VE is seen as a set of co­
operating organisations (in this more agile case a particular attention is paid on 
shared business processes). 

While focusing on the IT side of collaborative business, a particular attention 
must be paid on inter-operability constraints. This leads to adapt the traditional 
information system organisation to support the necessary openness. Emerging 
technologies such as the Service Oriented Architecture (SOA) (Baghetto et al., 
2005), ontologies (Yang et al, 2005) are generally perceived as core technologies to 
successiully deal with these challenges. 
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Introducing SOA for enterprises information system can reduce dramatically the 
fiinds required to start up a business. Services are readily available for integration 
and orchestration. Moreover, while each service has a machine understandable 
representation, discovering the convenient service could be achieved in a dynamic 
and automated way. Hence, enterprises will be able to form on-the-fly, project-
driven and on demand alliances. As the number of services increase, a particular 
attention must be paid on an automated service combination. 

Nevertheless, enterprises define differently the service's granularity level. It can 
be associated to a whole workflow with several tasks or a single elementary task. 
Consequently, enterprise must "re-think" their business process organisation to find 
the suitable relationships with these services. Using object oriented approach, 
enterprises can attain this goal by modelling and decomposing recursively their 
business processes. Resulting business objects are turned into appropriate services 
either by adding a convenient interface directly, or by associating them into 
composed services. Thus, the IT support and the associated services are "prepared" 
both for an internal and an external use. 

Furthermore, the inter-operability level requirements involves taking into 
account semantic constraints. A key idea is to use ontology to empower services 
with semantic descriptions. (Hu and Du, 2004) defines ontology as an "explicit 
specification of a conceptualization". Ontologies allow an effective services 
discovery and ensure a good management and organisation of available services 
space. 

This paper focuses on the major difficulties which arise when building the inter-
enterprise process. We argue that enterprise must be re-organised according to 
collaborative basis to benefit of market opportunities. Consequently processes must 
be defmed in an adaptive way. Next, we present a multi-level framework based on 
SOA that can be used to assist the dynamic combination of enterprises services 
resulting in a collaborative inter enterprise process which provide a value-added 
service to users leading to a Service Oriented Enterprise organisation (SOE). 

2. INTER ENTERPRISE PROCESS ORGANISATION 

VEs require a lean and evolving structure, able to protect the flexibility and 
reactivity of each partner. Moreover, enterprise-engineering projects are rather long 
and their cost can be a bar. This can be overcome by connecting engineering 
processes to more efficient diagnostic processes to guide the way standard solutions 
are chosen. Such a bottom-up modelling approach proposed in the GRECOPME 
framework (Biennier et al., 2002) relies both on an efficient "collaboration" 
diagnosis and on re-usable collaborative business processes. Of course, in order to 
preserve enterprise autonomy and to favour the emergence of the global synergy, 
collaborative business processes and their support systems have to be adapted to this 
multi-enterprises context. In order to support these collaborative business processes, 
inter-organisational workflow systems can be set. For this purpose, different points 
of view can be developed: 
• Each enterprise protects its own autonomy and has its own workflow. In this 

case, workflow interactions must be defined to provide a global organisation 
(Casati and Di Scenza, 2001), tasks managers can be co-ordinated thanks to tasks 
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dependency relationships as proposed in the METE0R2 system (Miller et al., 
1997). 

• A centralised common workflow is defined and is turned into activity charts so 
that a decentralised execution, split among the different partners, can be used. 
Such an analysis process is proposed by (Muth et al, 1998) and makes a heavy 
use of Transaction Processing systems to provide the shared information 
consistency. 

• A B2B workflow based approach can be derived fiom traditional EDI or C-
Business environment: For this purpose, (Van der Aalst, 2002) proposes multiple 
descriptions of shared business process: public and private workflows are 
defined concurrently and the global consistency is achieved thanks to well-
defined information exchange format (Bussler, 2002). 

Both of these process organisations rely also on the interconnection of the 
enterprises IT support. Turning the monolithic information system organisation to a 
more dynamic one may be achieved thanks to service oriented architecture. These 
component based architectures are mostly business process oriented: thanks to the 
orchestration level, elementary services can be combined so that rather customised 
processes can be built from standard elements. To fit the enterprise needs, this IT 
architecture can be worthy combined to enterprise process oriented modelling tools 
as ARIS (Sheer, 1993) so that the IS can be tuned efficiently. 

While the Service Oriented Architecture principle can be worthy used to define 
customised IT support and to improve the IT inter-operability thanks to common 
interfaces, the IS complexity remains a brake to the openness. Consequently, a 
particular attention has to be paid on the global corporate information system 
organisation so that it can evolve without loosing its consistency. To fit this last 
requirement, one can use the urbanism paradigm (Longepe, 2003): the information 
system is split in rather independent units associated to different business areas, so 
that local changes should not impact the full system. Coupled to the SOA 
organisation, it means that the engineering phase is achieved in a hierarchical way; 
for each business areas, business processes are identified and split among activities, 
processes and lastly operations associated to services (figure 1). This leads to a 
multi-dimensional organisation, clustering processes and information parts 
according to "independent" business areas. 
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Figure 1 - Information system urbanism principle and its connection to services 
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Nevertheless, such an information system urbanism strategy leads to rather static 
organisations exhibiting poor collaborative abilities between the different business 
areas. In this case, organising shared processes consists in orchestrating independent 
process without taking into account the organisational consistency: for example 
juxtaposing different planning strategy in a supply chain when sub-processes do not 
share a common goal may be leading to a bull-whip effect. 

Consequently, a technological inter-operability is not enough while building 
collaborative organisations: enterprises must be re-organised according to 
collaborative opportunities and processes must be defined in an adaptive way so that 
they can be re-orchestrated easily. 

To support fast and efficient process organisation, one may use a dedicated 
orchestration process. This leads to service selection and assembly. After 
discovering the convenient services, consistency controls must be implemented 
while orchestrating these services. We found various approaches to service 
orchestration from academia and industry. (Medjahed et al., 2003) present a 
framework for orchestrating atomic services, which are semantically described using 
non-functional properties such as their function, their category and their QoS. Other 
approaches for service orchestration including model checking, modelling service 
composition as Mealy machines, and automatic composition of finite state machines 
(Fu et al., 2002). Automatic services composition is the "ultimate" goal of most 
composition efforts. Hence, (Berardi et al., 2005) presents a framework describing 
services' behaviour as an external execution tree and then translates it into finite 
state machines. In (Hamadi and Benatallah, 2003) Petri nets are used as tools to 
modelling service orchestration. Each service is associated to one Petri net 
describing service. They define a net for each service and composition operators that 
perform composition sequence to produce new services. 

Nevertheless, these approaches focus on particular technical points. To support 
dynamic service binding, leading to dynamic virtual organisations, a more complex 
framework is required. 

3. SERVICE ORIENTED ENTERPRISE ARCHITECTURE 

Building dynamically a collaborative process involves taking into account both 
enterprises own organisation and dynamic service binding abiUties. This leads to 
apply the urbanism paradigm globally on the enterprise organisation and not only on 
the IT system (Biennier and Mathieu, 2006). This approach leads to re-organise the 
enterprise according to activities that can be exposed to other partners and 
assembled dynamically and then to couple this enterprise organisation to the IT 
support, leading to a service oriented organisation. 

To reach this goal we start from an organisational point of view, using basic 
elements to describe an enterprise i.e. activities, resources (including IT resources) 
and actors. Analysing these elements and their relationships according to several 
enterprise modelling approaches leads us to define basic properties attached to them 
and to re-organise them in a multi-level architecture, paying a particular attention to 
the inter-enterprise process combination requirements (see figure 2): 
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• On the enterprise side, we have to define a fragmentary organisation that can 
be used as elementary bricks to set a common process, and its links with the IT 
support system. To fit this requirement, we propose a 4-level organisation: 
• Enterprise entities level: contains the set of the basic enterprise entities: 

activities, resources, individuals, organisational units. 
• Business object level: this level is used to manage different business objects 

according to the business domain such as product, order, customer, payment 
and so on. This representation includes at least its business name and 
definition, attributes, behavior, relationships, rules, pohcies, and constraints. 
Business objects can be conceptual, i.e., analysis/design objects, as well as 
implementation objects, which are independent, language neutral and 
persistent objects that require a middleware infrastructure to run. 

• Business component layer: this layer is used to gather basic activities that 
exhibit common functional characteristics and goals into different business 
components. Business components are designed as packages encapsulating a 
well defined set of business objects. Each business component is made of two 
parts: first the interface that can be exposed and an internal part related to the 
own enterprise process organisation fitting the enterprise own business rules 
and defining precisely interaction between business objects. This involves 
that each business component are closely associated to resources and actors. 

• Concrete services level: This level consists of the real services 
implementing the information system. Each business component is related to 
an ordered set of "concrete services" orchestrating the related process. This 
level includes service-oriented design and development incorporate a broad 
range of capabilities, technologies, tools, and skill sets that include: 
• Managing services lifecycle: it includes identifying, designing, 

developing, deploying, finding, applying, evolving, and maintaining 
services. 

• Adopting best practices and tools for architecting services-oriented 
solutions in repeatable, predictable ways that fits changing business 
needs. 

• Delivering service oriented solutions fitting quality and QoS 
requirements. 

• On the collaborative process organisation side, we define a 2-level 
organisation: 
• Inter-enterprise common process: this layer is used to describe the 

common process that must be built. The common process consists in 
orchestrating different virtual services, selected and bounded dynamically 
according the needs. 

• Virtual services level: This layer is used to describe in a generic way the 
services exposed by the different enterprises. These services are associated to 
basic functionalities that can be combined to set the common process (figure 
3). As far as their implementation is concerned, these virtual services are 
associated to functions that business components can expose to be invocated 
and used by partner enterprises in cooperation scenarios. Differently, virtual 
service will act as exposed interfaces of the business components. Then 
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combination constraints are used to define the way concrete services should 
be assembled to be interfaced in the common process. 

The dynamic binding process is organised as a selection followed by an 
assembly phase. To support an efficient selection process, we use the basic 
descriptors taken from the meta-model (figure 2) so that an efficient filtering process 
can be used. 

Figure 2 - Enterprise architecture's meta-model 
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Figure 3 - Virtual service architecture 

A simple ordering process example can be used to illustrate this service 
combination process. In such a case, the customer defines the product quantity and 
asks for the expected delivery date and product fees. As far as the manufacturer is 
concerned, creating the convenient process involves combining production and 
supply services. First, selecting the convenient partners involves defining 
competencies related to the ordered products. By this way, adapted partner selection 
can occur. Then, building the distributed ordering process mixes customer. 
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manufacturer and its supplier production, supply and pricing processes. This 
involves that each partner exposes its virtual services namely ordering and 
production planning interface. As far as the ordering processes are concerned, the 
related business component gathers both the ordering process support system and 
the pricing algorithm. Then this business component is interfaced with the 
production business component so that delays can be adjusted. Despite of its 
simplicity, this example mixes different enterprise elements with standard interface: 
• Entities/ Resources: estimate, request estimate. 
• Activities: sending document, receive document, checking document. 
• Individuals: customer, manufacturer, supplier. 

Then the business component level includes associations between different 
businesses objects according to the different enterprises needs and business rales. In 
our case, we can define the following business component: (send document, 
customer, manufacturer), (send document, manufacturer, supplier), (receive 
document, manufacturer, customer), (receive document, supplier, manufacturer), 
(checking document, customer, manufacturer), (checking document, customer, 
manufacturer, supplier) that can be re-assembled to build dynamically the shared 
business process. 

L...—1h=i^..—(y^^ ^ process 

customer manufuciurer Supplier 1 Suppli«r2 objects 

Figure 4 - Dynamic binding of virtual services 

4. CONCLUSION 

To support dynamic collaborative organisation, a dynamic process enactment 
service must be provided. This involves building both a common process and the 
dedicated IT support system. In this paper, we present how enterprise architecture 
can be re-organised to set a service oriented enterprise which can support inter-
enterprise cooperation. This architecture, based on the IT SOA, is organised into 
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different levels (business objects used to model enterprise process are associated to 
virtual services and finally to concrete services) so that the global infrastructure is 
closely related to the enterprise business strategy and exhibit convenient agility 
abilities. Several filtering processes are used to select the convenient services to bind 
and then an assembly process is set. Further works will deal with the automated 
integration of syntactic inter-operable services so that the combination scope can be 
extended. 
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In this work we present a collaborative model for logistics process 
management addressing the problem of the integration of activities of a 3'''' 
party logistics (3PL) operator. The scope of a 3PL operator is to achieve a 
balance between the warehouse and transportation costs and customer seiyice 
level. In our model we define a collaborative network in which the 3PL 
operator interacts with subcontractors such as manpower suppliers and 
transporters, and the relationships are governed by contracts. The model 
supports a negotiation mechanism among partners and a cooperation system 
among macro modules in order to find optimal combined logistics and 
distribution plans. The architecture of the collaborative model is organized in 
operational modules and elements to support a chain's dynamic execution. 

1. INTRODUCTION 

Collaborative networks that connect customers and suppliers are creating value by 
making trading more efficient and possibly even more effective than traditional 
method. The term collaborative network (CN) was used in (Camarinha-Matos, and 
Afsarmanesh, 2004) to refer to the complex systems emerging in many forms in 
different application domains, and consisting of many facets whose proper 
xmderstanding requires the contribution from multiple disciplines. 

Companies focus on their core business and outsomce secondary activities to 
other organizations. The coordination of processes by the customer's organization is 
difficult because part of the work is executed outside the company's boimdaries. 
Indeed, the outsourced service can be considered as a sub-part of a process initiated 
in the customer's organization. Thus, the whole process spans the customer and the 
suppher of the service and could be considered as an inter-organizational workflow 
that should be defined and managed in order to ensure that it produces the desired 
level of quality (Strieker et al, 2000). 

The traditional workflow approach to business process management involves 
describing the entire process from a centralised perspective (Jennings et al, 2000). 

In order to co-ordinate the relationships among supply chain actors it is 
important to have integrating techniques at tactical level used in conjunction with 
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integration tools at operation level (Perona and Saccani, 2004). 
Supply Chain components can provide intelligence and flexibility to supply 

chain architectures. In (Verwijmeren, 2004) a software component architecture to 
provide intelhgence and flexibility to supply chains is proposed. Supply chain 
engines are built on top of ERP, WMS and TMS to provide a global inventory 
management engine. For implementation issues Java Enterprise, CORBA and web 
service technologies are used. 

(Mason et al, 2003) make use of a discrete event simulation model to examine 
the total cost benefits that can be achieved by suppliers and warehouses, through the 
increased global visibility provided by an integrated system. Global visibility can be 
considered as enabler for cost and service efficiency. 

Our approach considers a set of agents to perform activities associated with 
logistics management providing more flexibility than the traditional methods. The 
agents provide an open system with loosely coupled components and perform 
common tasks of a 3'̂ '' party logistics (3PL) operator such as storage, replenishment, 
order picking, packing, shipment, etc. Some tasks are outsourced to the collaborative 
partners (i.e shipping to transporters) or scheduled on basis of availability of 
manpower supplied by the collaborative partners. The advantages of employing 
agents include the facilitation of inter and intra organizational cooperation and 
flexibility in controlling process parameters. 

In some situations, it is not always possible to predict in advance all the 
parameters that may be important for the overall processes. This gives rise to the 
need of adaptive systems. (Piramuthu, 2005) presents a theoretical framework for 
dynamic formation and reconfiguration of supply chains. 

In this work we present a collaborative model for logistics management 
addressing the problem of the integration of activities of a 3PL operator. The goal of 
a 3PL operator is to achieve a balance between the warehouse and transportation 
costs and customer service level. 

In our model we define a collaborative network in which the 3PL operator 
interacts with manpower suppliers and transporters. The model supports cooperation 
between Warehouse Management System (WMS) and Transportation Management 
System (TMS) in order to fiind optimal combined logistics and distribution plans. 
The benefit of using this approach can be that better coordinated inter-organizational 
processes would cost less while decreasing inefficiencies and improve overall 
quality. The internal (flow of works among WMS and TMS) and external (flow of 
works with manpower suppliers and transporters) costs can be reduced and the 
quality of the services provided can be increased due a better planning. 

The paper is organized as follows. In Section 2 we describe the logistics 
scenario, and the relationships among the existing partners. In Section 3 the 
proposed multiagent model is overviewed. In Section 4, we suggest how the actors 
should collaborate in order to reduce the logistics activities inefficiencies. Finally in 
Section 5 conclusions and future work is discussed. 

2. THE LOGISTICS SCENARIO 

The 3"̂  Party Logistics Operators (3PL) respond to the need of business operators 
(T' layer) and logistics operators (2°'' layer operator - 2PL) to optimise the supply-
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chain performance by subcontracting operational tasks such as transport or 
warehousing to second-tier suppliers; screening, selecting and contracting the latter, 
and monitoring and evaluating their performance. A 3PL thus orchestrates supply 
chains. 

To fulfil its role, the 3PL estabhsh a business network driven by contracts and 
information systems. The most important information systems used by the 3PL are 
the Transportation Management System (TMS) and the Warehouse Management 
System (WMS). TMS is basically an Information System used to plan shipments. 
TMS solutions automate the entire shipping process of a company, from carrier 
selection to routing and scheduling. WMS is basically a software system to track and 
manage warehouse activities. 

Once the logistics network is designed, the customer sends both shipping orders 
and storage orders to the 3PL. The 3PL forwards the orders to the Warehouse 
Manager and the Transportation Manager who build the operation plan outsourcing 
some activities to the 2PL operators (i.e. manpower and transportation suppliers). 
This step is fulfilled in two possible ways; by first solving the transportation 
problem, then by solving the warehousing operations problem or vice versa. 
Possible conflicts in the two plans are resolved mostly by phone. 

We can now introduce the actors in our business model and explain their roles. 
Figure 1, illustrates the structure of the business model and the interactions among 
the actors. In particular, the 3PL operator can be represented as the Contract 
Manager {CM), the Warehouse Manager (WM), the Transportation Manager {TM), 
and the Logistics Manager (LM). The three decision makers interact with other 
partners of the logistics network and in particular with the Transportation Suppliers, 
the Manpower Suppliers, and the Customer (representing the 1̂ ' layer of the business 
model). 
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The actor interactions can be classified under three levels: 
Strategic level. In this level the contract manager CM starts a contract with the 

customer, builds up the network and select the 2PL partners and internal resources to 
execute the business. 

Planning level. At the planning level the actors interact defining their resources 
to fulfil orders. In this phase the WMS and the IMS are used in cascade. The 
interactions are mostly unidirectional. In this phase a planning flow can be 
individualised. At each step a subset of resources are booked and constraints are 
fixed for other resources. 

Operation level. At operation level the interaction among actors is guided by 
process execution. The information and physical flows specify the sequence of 
interaction among partners. 

3. THE MULTIAGENT COLLABORATIVE NETWORK 

The mentioned interaction approach has some gaps. In particular one of the most 
important is the lack of flexibility in business planning and execution. The planning 
of resource allocation in cascade from WMS to TMS or firom TMS to WMS in 
particular can result in inefficiency for the entire network. The research project 
PILOT-ICT (new integrated logistics framework based on ICT and distributed 
decision systems), partially founded by the Italian Ministry of Education University 
and Research - MIUR under the national law FAR n. 297/1999 - intends to 
undertake the development of a multiagent system for collaborative WMS and TMS 
integration. 

Multiagent Systems have a successful application in supply chain integration 
(Nissen, 2001). In (Ito and Abadi, 2002), multiagent systems are used for 
warehouse system management. In this paper we present the multiagent model as a 
collaborative model for supply chain partners. Collaboration is the most important 
form of cooperation in multiagent systems. Collaboration means that a group of 
agents work together on a common project or task (Shen, Norrie, and Barth^s, 
2001). In the ongoing project the multiagent approach intends to achieve the 
following goals: 

Flexibility: The whole system and each agent of the system are adaptive. By 
means of negotiation they can share information about resource allocations, times 
and costs. Through adaptive behaviour the agents are able to modify dynamically 
the behaviour in function of unforeseen situations. To assure predictable behaviour 
to agents a constraints system has to be defined (Spears, 2006). We use a mechanism 
of upper and lower bounds to key performance indicators (KPI) is considered. 
During strategic interactions, bounds to KPI are fixed whilst during plarming KPI 
levels are allocated to agents by negotiation. The agents keep track of the history of 
KPI levels.. 

Modularity: One of the gaps of the classical systems is that they are build up 
around a problem instance; the solutions to the problems are indeed very difficulty 
to apply to other systems. Often the 3PL has to build up information systems for 
each customer. The considered model is designed to be implemented around 
decision modules on which the system's agents are built up. These modules (for 
sti-ategic planning, warehouse optimisation, distribution scheduling, and 
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perfonnance evaluation) will have a high degree of modularity. The need for 
flexibility and adaptability implies an important trade-off between modularity and 
integration (Lakatta et al, 2004). 

Effectiveness: Agents have the ability to share a set of alternative plans. A 
strategic plan agent (the Logistics Manager agent) will build a general plan over the 
received plans, resolving the plan constraints violations by means of negotiations. 
Each partaer of the logistics network can indeed propose a set of plan alternatives 
and it is not forced anymore to build up its plan based on fixed plans of other 
partners. This will result in a higher degree of performance for the entire supply 
chain. The KPI are a measure of Service Level, cost of the activities, time, and 
productivity for each sub process. 

The actor interactions under the three levels can be reformulated as following: 
Strategic level. During the contract management phase the Contract Manager 

agent interacts with the Logistics Manager agent and fixes the bounds for the KPI; 
in this phase the Contract Manager and the Logistics Manager also establish the 
correspondence among sets of KPI intervals (or bounds) and collaborative sub 
networks of 2PL operators able to meet those intervals. 

Planning level. As explained in detail in the next section, the planning level is 
performed through the following steps: once the order details (related to outbound 
logistics or incoming logistics, e.g shipment or storage orders) are received from 
customers the logistics manager starts a collaborative negotiation asking alternative 
plans to Warehouse Manager and Transportation Manager agents. Using their 
knowledge base the two agents can fix upper an lower bounds of KPI that are able to 
respect for different plan alternatives (also interacting with the 2PL operators 
Transportation Suppliers snA Manpower Suppliers). An iteration to resolve conflicts 
and ask for extra resources may be needed. After the resource allocation the agents, 
using optimization algorithms embedded in the information systems modules, 
compute the detailed operation plan and update their knowledge of resource 
allocation and performances. We assume that an agreement is always foimd. 

Operation level. At the operation level the interaction among actors is guided by 
process execution. During the execution, agents adapt their knowledge about KPI 
parameters and resource allocation confronting foreseen plans with real 
performances. 

4. THE PLANNING SCHEMA 

Once the order details are received from the customer, the Logistics Manager Agent 
(LMA) groups orders using a selection method based on a function of the features of 
the order such as type, constraints, priority, etc. Then, for each order batch it selects 
the needed resources to execute the required activities. The LMA communicates 
with Warehouse Manager and Transportation Manager Agents (WMA and TMA 
respectively) so that they may produce consistent and feasible plans with maximum 
profit. To do so, the LMA provides case-base and contextual information to the 
WMA and TMA. In particular, on the basis of historical data, the LMA defines a set 
of bounds BS (e.g. time constraints, level semce boimds, priority, etc) that WMA 
and TMA have to follow for each order. 

The LMA sends the order batch details with the relative BS to WMA and TMA. 
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These manager agents select the needed activities to order batch fulfillment and 
define which of them outsource. 

In the first step, the outsourcer (WMA and TMA) prepares the requests for the 
execution of the activities that he wants to outsource and define the searching 
criteria that needed to be used to find the convenient suppliers (manpower suppliers 
and transporters respectively). Given a list of supplier candidates, a preliminary 
screening is carried out to determine which potential supplier appears to be qualified 
to execute the required activities and/or services. The decision maker should take 
into account the degree of successes in past executions operated by the bidding 
suppliers to ensure quality in the outsourcing operation. 

After this step, the outsourcer broadcasts its requests to every selected supplier. 
To increase the rate of successful contracts, each supplier determines a set of offers 
that maximizes own profit and presents it to the outsourcer. Until the best offer is 
selected, whole offers are stored in a working memory of the outsourcer. 

The WMA and TMA select the optimal set of offers covering all orders and 
compose and schedule the workflow of the required activities feasibly with the 
available resources. They initiate a simulation of this workflow with the appropriate 
details to evaluate the performance and then produce operation plans (WP and TP 
respectively). 

The LMA receives the plans from WMA and TMA and check their feasibility. If 
the plans are inconsistent the LMA starts a negotiating process. 

Here is the logic outline for the negotiating algorithm of the LMA: 

Get the order batch OB to fulfill 
Set i = 0 
Calculate BSi related to OB 
Repeat 

Broadcast OB andBS to the WMA and TMA 
Receive the plans WP and TPfi-om WMA and TMA respectively 
Detect conflicts in WP and TP 
Redefine the BS to resolve detected conflicts 
i = i + J 

Until BSi is equal to 55j_; 
Inform WMA and TMA that equilibrium has been reached. 

After each iteration the BS is redefined and become more constiicted allowing 
WMA and TMA to produce plans more convergent to reach an equilibrium. 

Once the plans WP and TP are received, the LMA detects conflicts and ask new 
plans for a better convergence to WMA and TMA modifying the BS. Based on its 
own set of offers received by suppliers, WMA and TMA may send a new plan 
satisfying the new BS or not. If not WMA and TMA can restart the outsourcing 
phase. Once conflicts are resolved, the LMA closes the negotiation and vahdates the 
plans WP and TP. 

4.1 Technological architecture 

Architecturally, there are many styles and approaches to implement collaboration. 
The web has already become the communication infrasttucture not only for people 
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to people but also for application to application. The progiammatic interfaces made 
available are referred to as Web services (Buhler, 2004). They are aimed at using 
XML to build distributed information processing systems that work across the 
Internet. Web services are now increasing in sophistication. Specifications for 
quality of service and service composition such as BPEL for Web Services 
(BPELWS) currently authored by IBM, Microsoft and BEA, WS-Coordination, WS-
Transaction, WS-Security, WS-Reliable Messaging, and WS-Policy will allow for 
far richer, higher-level delivery of computing services via a web services 
management platform (WSMP). 

While initial implementation of web services may be simple, over time business-
to-business integrations will become complex. Business process integration may be 
aided by the increased adoption of BPEL or other standards such as business process 
management (BPM) for web services flow composition (Smith, et al, 2003). 

We propose that the 3PL operator can make use of a composition of the Web 
Services. Each process to fulfilment of an order batch can be decomposed into a set 
of workflow managed by WMS and TMS. In the planning level required activities 
are defined and business objects are handled to compose the workflow. Then a 
workflow engine instantiates the workflow process specifications. 

In this scenario also the outsourcing communication between WMA and TMA 
pass through Web Services. A two-level mechanism for selection of suppliers is 
used to configure a new business process that consists of a set of Web services. In 
order to narrow down the available suppliers list, at the first-level suppliers are 
selected by a Web Services discovery engine, whose search criteria are created 
automatically by the requirement document. In order to construct the best business 
process, at the second-level suppliers are selected in accordance with a global 
optimization algorithm. 

Similarly for the negotiation phase it is possible to use the web service 
technology. In order to address these issues (Kim, 2003) proposed a framework for 
negotiation automation system. The framework leverages the scope of existing 
research on the negotiations and extends it to the level of complexity necessary for 
next generation eBusiness applications. 

5. CONCLUSION 

In this work we presented a multiagent model to undertake facilitation of inter and 
intra organizational cooperation, flexibility and effectiveness. In the proposed model 
the 3PL forwards orders received from customer to the Warehouse Manager and the 
Transportation Manager who build the operation plan outsourcing some activities to 
the 2PL operators. Furthermore we suggest how the actors should collaborate in 
order to reduce the logistics activities inefficiencies. Further developments will 
investigate the use of auction mechanisms to solve the planning problem. We have 
already implemented most of the optimisation modules and we are working on 
framework integration and on the simulation of the proposed collaborative 
multiagent model. 
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Projects in the building industry are extremely dynamic, driven by external 
conditions, modified user requirements and frequently changing business 
partners. Therefore, common principles should be established throughout the 
construction industry, which flexibly support the management of construction 
project information and processes. This paper presents an example of dynamic 
cross-enterprise process planning, execution and controlling on a conceptual 
and application level. It is based on a life-cycle oriented collaborative business 
process management model. The model supports collaborative business 
process modeling by using pre-dejined process modules. The adaptation of the 
model to the specific requirements of the AEC&FM-domain is illustrated by 
the example of errors and omissions management in Architecture, Engineering, 
and Construction (AEC). 

1. INTRODUCTION 

This paper discusses novel methods and tools to support inter-organizational 
collaborations within the AEC-industry more efficiently. Firstly, the concept of local 
and global knowledge in construction projects is introduced. Secondly, a potential 
model for the description of inter-organizational construction project management 
information is briefly explained. Important parts of this model include pre-defined 
process modules. Process modules document local (in-house) knowledge of an 
individual participant, which are then contributed to a collaborative network. 
Specific parameters have been identified to adapt process modules to the context of 
a certain project. The newly developed Process Module Chain modeling approach 
supports the integration of local process modules into a virtual, project-centered 
process chain, representing a complete collaboration network. As a third step, an 
integrated IT-architecture for the management and controlling of collaborative 
business processes is briefly introduced. 
Last but not least, the authors will explain a mobile computing system for Errors and 
Omissions Management in AEC. This E&O software system was developed to 
demonstrate the applicability of the methodological approach for distributed model 
management developed within the ArKoS research project (http://www.arkos.info). 
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2. APPROACH 

2.1 Project Centric versus Organization Centric Approaches 

Construction projects are defined as complex one-of-a-kind projects. Thus, to derive 
a common model for collaborative construction project management, its complexity 
has to be reduced by subdividing it into integral/coherent sub-projects or project 
views. Therefore, the entire project has to be decomposed into its controlling 
elements and structured in a reasonable manner. 

A requirement within collaborative networks is to clearly distinguish between 
publicly available "global" knowledge and specific technological knowledge, 
including business secrets of individual collaboration partners (so-called "local" 
knowledge). The Architecture for Integrated Information Systems (ARIS) (Scheer, 
1999) supports the definition of different views in business process models. Global 
knowledge is represented on a vertical axis, including the organizational view and 
the output view, which are necessary to establish a goal-oriented collaboration. 
Local knowledge is represented on a horizontal axis. Local knowledge is bilaterally 
shared between partners (Zang et al., 2004). 

Following the approach of global and local knowledge, an AEC-specific 
Construction Network Schema was developed (Keller et al. 2004&2005) to specify 
the global knowledge in a more detailed way. The Construction Network Schema 
consists of four major elements: Project Organization, Project Structure, Project 
Information and Project Phase. The dimension. Project Organization, is subdivided 
into the categories. Organizational Structures and Roles, characterizing the 
management aspects of a project (global knowledge). The decomposition of the 
project into technical and functional aspects is realized by means of the dimension, 
Project Structure. High-level tasks -necessary for the completion of a project- are 
defined by the category, Function; whereas, the category. Building Object, structures 
the project into spatial and/or physical sections. The dimension. Project Information, 
defines the IT-Infrastructure and systems for inter-enterprise information exchange. 
It also specifies the Information Content that is exchanged amongst project partaers. 

2.2 The Concept of Business Process Modules 

Business Process Modules (BPM) store and preserve local knowledge in a reusable 
and coherent maimer. The aim of introducing Business Process Modules is to 
support the integrated use of local and global knowledge within a project team in a 
secure way. Process modules are generally pre-defined for the performance of a 
certain bundle of activities and are adaptable to different project contexts. Each 
process module represents a logical element with distinct interfaces (Menzel, 2003). 
These process interfaces are developed for a seamless integration of instantiated 
process modules into the existing Process Module Chain, defining all relevant input 
and output parameters. Each process module will be identified by certain meta-
information that describes the parameters needed for its selection, initialization and 
integration. A schematic representation of a process module for construction 
processes is given in Figure 3. The generic processes (modeled as an Event-driven 
Process Chain) will be identified by Context and Initialization Parameters as well 
as Input and Output Information. 
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3. COLLABORATIVE NETWORK INFORMATION TO 
SUPPORT ERRORS & OMISSIONS MANAGEMENT (E&O) 

Currently, E&O management, in particular E&O documentation and inspection on 
the site, is little supported by software applications. Additionally, different 
inhoraogeneous IT-formats are common practice. Therefore, it was decided to 
prototypically develop and implement an E&O management system, running on 
mobile wireless devices (such as PDA). The system architecture should support easy 
integration into already existing, desktop-based IT environments. 

E&O management involves numerous organizations of different size and varying 
roles. It also comprises main as well as supporting functions. Furthermore, a precise 
specification of the building structure is required for E&O management. 

The development of the showcase started with a project analysis, which led to a 
general specification of typical constraints and requirements for E&O management. 
Building sites of heterogeneous structure and different organizational types were 
examined. On the basis of the BPM developed, we demonstrated that seandess 
information exchange between different project participants can be organized more 
efficiently; especially, that existing global and local knowledge could be used as part 
of the mobile application. 

To model global knowledge for E&O management, the following definition is 
introduced (cf. Figure 1): E&O management processes belong to the "Construction-
Phase" of a building project. A common Organizational Structure in this phase is 
the "General Contractor" model. This model is composed of three major partners: 
a) the client, b) the general contractor, and c) subconti^actors. The client contracts the 
general contractor for the installation of the complete building or major parts of it. 
The general contractor might be either one single company or a consortium of two 
or more companies. In each case, the general contractor usually assigns several 
subcontractors to distinct tasks. Each of these organizations has its own internal 
structure. However, for E&O-management, all companies have to establish the Role 
"Quality Manager". 

Each project is characterized by its individual Building Objects as output of the 
network. The availability and accessibility of that information is required if a so-
called "context-sensitive" application is to be configured. In our showcase, 
additional SOAP-services were implemented supporting the information transfer 
from desktop-based project management applications to the mobile E&O 
management system. In this way, the existing global knowledge of the project can 
easily become an integrated part of the mobile E&O-system. The global project 
workflow was modeled by using the Process Module Chain approach, which is part 
of the ARIS-methodology. 
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Figure 1 - Global knowledge of E&O management 

However, additional local knowledge must complement global knowledge, 
describing the individual steps of how to fix detected errors and omissions 
appropriately. Therefore, the Project Information Structure indicated on the left of 
Figure 2 has been developed and implemented. The developed service-oriented 
architecture allows mobile and office applications to access two servers: one storing 
the E&O documentation and the other managing all project-related information, 
such as roles, participants, building product specifications, etc. 
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The communication between the various appHcations and different servers is 
realized by web services. Information exchange is handled by XML based SOAP 
messages. The data structure for the exchange of E&O information and E&O 
categories was developed and is exchanged by WSDL-specifications. The usage of 
such an open, transparent, service-oriented architecture supports the integration of 
existing applications. Thus, each partner can participate in E&O management 
processes by using his own application(s) complemented by the mobile application. 

This approach protects, on the one hand, the consistency of global collaborative 
network information and ensures, on the other hand, the extension of the project-
specific knowledge space by homogeneously adding local knowledge. 

3.3 Reference process models to support E&O management 

At present, no standardized model for E&O management processes has been 
realized. Regulations are handled in a project-specific way. Therefore, we developed 
a general process model for E&O-management, synthesizing the findings of our 
intensive project studies. Subsequently, this detailed model was decomposed into 
coherent process modules based on the modeling methods introduced in chapter 2. 
Thus, the developed process modules can be applied to different construction project 
types. The various process modules are stored in the Repository of the Architecture 
for Collaborative Scenarios (Theling et al. 2005). 

Context-Parameter 
Initialization-Parameter 

Process module; "E&O Recording" 

Input-Information 

iqugJUy managar | 

Context Parameters 
Organization Structure {General Contactor} 
Role {Quality Manager} 
Phase {Construction} 
Building Objects {all} 

Initialization Parameters 
IT-Infrastructure {E&O Server} 
Information Content {E&O Data} 

Input Interface: 
Data {none} 

Output Interface 
Data {Fault Notification} 

Output-Information 

Figure 3 - Process module "E&O Recording" (Event-driven Process Chain) 

For the identified process modules, the meta-information described in chapter 2.3 
has been specified. An example of the "E&O Recording" process module is given in 
Figure 3. This module can be applied by the quality manager of the general 
contractor and is applicable for all major types of building objects. For the 
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initialization of the process module, a server for E&O data management has to be 
established in the project. No input-data is required to start the process module. At 
the end of the process, a "fault notification" will be sent to the responsible partner. 

4. APPLYING THE ARCHITECTURE 

A general system architecture model developed in the ArKoS-project (Theling et al. 
2005) was adjusted to our showcase as depicted in Figure 4. Firstly, a set of E&O 
reference processes was developed which supports the modelling of cross-company 
collaborative networks. Secondly, complementary project-specific process 
descriptions were made accessible by using the SOAP-services described above. 
The E&O-process modules and the project specific functions are both part of the 
process-data-pool. 

Thirdly, diverse AEC-modeling tools, such as CAD-tools and their inherent 
standards (e.g. IFC, STEP AP 225), can be used to produce a complete model of the 
built artifact. The technical and structural information of the building are both 
combined in the project-data-pool. In addition, project documents can be attached to 
the process and project data by a document management application. 

Furthermore, existing E&O-protocols were analyzed in depth in order to define a 
comprehensive but general catalogue of E&O descriptions. These descriptions were 
categorized, leading to a complete E&O classification. 

' • • A E C - ' 

Project 
Modeling 
Tool-Set 

Figure 4 - System Architecture to support „Errors and Omissions Management" 

The process-data-pool, project-data-pool and E&O classification are part of the 
global E&O-knowledge base, supporting a specific collaborative E&O-network. 
This knowledge-base delivers the input data for the mobile E&O system component. 
The accessibility of these knowledge components reduces data acquisition efforts, 
contributes to consistent data management and supports an effective, holistic project 
management for all participants of the E&O collaborative network. 

The developed E&O system architecture also contains two management 
components. During build-time, nine different states were defined, describing the 
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"life-cycle" of an error or omission. The precise definition of the different states 
allows at each time of the project the evaluation and analysis of the work progress 
with regard to E&O-management. The following states were defined: (1) E&O 
registered, (2) in progress by general contractor, (3) in progress by subcontractor, (4) 
rejected by subcontractor, (5) under negotiation with subcontractor, (6) completed 
by subcontractor, (7) completed by general conti-actor, (8) rejected by general 
contractor, (9) completed, (10) under negotiation with chent. 

Finally, for each error or omission a time-stamp is generated. Additionally, the 
user can define a priority and deadline for each detected error or omission. This data 
is generated during "build-time" and allows exact controlling of E&O management 
processes. 

4.1 Errors and Omissions application 

The mobile E&O-system component consists of three parts: (1) data acquisition, (2) 
data analysis, and (3) synchronization. Within this section, the first two parts are 
described in more detail. 

The GUIs depicted in Figure 5 illustrate the data acquisition sequence supported 
by the mobile system component. On the first screen, the user must localize the 
error. Most of the information is delivered from the project-data-pool (e.g. building, 
floor, room). The user only selects this information instead of needing to acquire this 
information redimdantly. The second screen supports the error or omission 
specification. Again, the necessary information specifying the profession and the 
building part is delivered by the process-data-pool. The error category as well as a 
pre-defined error description is selected from the error catalogue. 

Finally, the application automatically adds the current date and deadline. The 
user might wish to specify the cost necessary to fix the error in addition to 
specifying the original company responsible for fixing the error. The information of 
the responsible company (subcontractor) is already specified in the project-data-pool 
and can be selected according to the specified profession (e.g. electrician, plumber, 
painter, etc.). 
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The detailed and precise error & omission specifications are stored temporarily in a 
local database on the mobile device. The status of all new acquired errors is 
"l=registered". The local and the main "E&O-database" are synchronized by 
analyzing the E&O-states and using the SOAP-services, as described above. 

All errors and omissions will be propagated without delay to the responsible 
partners of the collaborative network. The partners can act quickly and immediately 
to fix an error or omission. Short response times contribute to decreased costs of 
errors & omissions management and to a higher quality of the built artifact. Finally, 
the client is served in a better way, and the overall costs for delivering the built 
artifact are decreased. 

5. CONCLUSION 

A showcase, based on the example of errors and omissions management in 
Architecture, Engineering, and Construction, was developed and implemented. To 
achieve that, the required global and local knowledge was identified, and a general 
business process model was developed and decomposed into coherent process 
modules. Additionally, a mobile application was implemented to demonstrate the 
basic functionalities of the proposed system architecture. The application was 
successfully tested in demonstration projects of various sizes (€ 5Mill. to € SOMill.). 

The work has been conducted within the scope of the project 'Architecture for 
Collaborative Systems' (ArKoS - www.arkos.info) funded by the German Ministry 
for Education & Research since 2003. The design, realization and analysis of the 
E&O management showcase were supported by the Bilfmger und Berger AG. The 
mobile component will become a part of the company's software system in 2006. 
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To compete and to thrive in the current global markets it is imperative for the 
regional businesses to form sustainable collaborative networks. Further, 
virtual inter-organisational collaboration not only requires changes in the 
organisational structure but also the increase the dependence on readily 
available information. The efficiency and effectiveness of this information 
depends on suitable collaboration tools; especially on the ICT infrastructure as 
well a trust and cultural understanding between collaborating partners. 
Especially for SMEs the ability for efficient networked collaboration is of key 
importance. At the moment, there are no affordable and customizable ERP 
tools for such a networked collaboration among SMEs. 
This article presents a research approach focusing on the relevant challenges 

for the development and introduction of a collaboration tool based upon open 
source capabilities with industry specific ERP functionalities. 
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1. INTRODUCTION 

Globalisation has to led to fierce competition, customer driven markets and higher 
complexity in products, as a consequence there is a trend towards constantly 
changing partnerships characterises in the working enviroiunent of European 
manufacturing industry [Scheer, 2002, Sherman, 1996, Frederix, 2003]. This 
industry is vital to the European economy as it sustains 23.7 million jobs, an output 
of 1800 bilUon € (21% of EU GDP), and a positive contribution to the EU balance 
of payments (net of +120 billion € or 1.4% of GDP in 2001 [Enterprise Europe, 
2002]. Therefore, the ability to maintain and develop the competitiveness of 
European manufacturing industry is essential for the prosperity of the EU. 
Regarding the challenges of globalisation and the emerging networked economy, it 
has been recognised that significant improvements in the competitiveness can only 
emerge as a result of the combination of information and communication 
technologies with new managerial and organisational techniques [COM 2002] and 
with a shift from goods based to knowledge based products [Thoben, 2003]. The 
European manufacturing industry has dealt with these challenges for years and a 
clear trend toward concentrating on key competencies, which actually forced 
companies to outsource production steps to various other partners [Meyer, 2004] 
resulting in a collaborative production of highly complex, often knowledge intensive 
products has been observed. 

The success of collaboration is not only a matter of finding a partner with the 
right key competencies, but more a question of having the right ICT tools for 
seamless information processing and the right people to perform the daily 
collaboration work as well as on the ability of the participating organisations to act 
in a dynamical environment. Typical ICT tools needed for fast and seamless 
information processing within large companies are ERP and CRM tools and for 
intra- organisational collaboration the newest SCM tools also provide some of the 
required functionalities. Up to recently, such tools have been quite expensive to buy 
and their implementation required a high degree of IT competencies within the 
company. Even though large industries enterprises play a more and more dominating 
role in the European manufacturing industry, the SMEs, mostly acting as suppliers 
to larger ones still remain the backbone of the economy, esp. in the Eastern 
European Countries. However, if the SMEs intend to survive and thrive, they need 
to stay competitive by higher efficiency and productivity; therefore there is a need of 
a fast, reliable integrating support system at an affordable price fostering 
collaboration between SMEs. In order to keep the cost and the access on a low level, 
such a collaboration tool should be open source based and offer just the needed 
functionalities. 

2. THEORETICAL BACKGROUND 

The European Charter for Small Enterprises, adopted by the General Affairs Council 
in Lisbon on 13* of June 2000 and endorsed at the Feira European Council on 19-
20* of June the same year, recognizes that small businesses are the backbone of 
Europe's economy and the key to our competitiveness. Tool and die making 
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workshops supply the European industry with customised mechanical components. 
Typically for these workshops is that they offer fairly knowledge intensive services 
and products to their customers and that these products and services are developed 
in close collaboration with other enterprises as well as the customer. The business is 
order-based, labour-intensive and most of the workshops are SMEs and typically 
they have one-of-a-kind production. Tool and die makers' customers are demanding 
industries from almost all branches where the manufacturing of goods is taking 
place: automotive industry, textile industry, IT & electrical industry, aerospace, etc. 

2.1 Organisational aspects 

In today's world, competition at every level of business activity is fierce; therefore 
only those enterprises that can minimise their costs will stay in the market and 
maybe as a winner. In the manufacturing business, costs are directly related to two 
ratios, productivity and efficiency. The related figures to these two characteristics 
show the worth of the money spent. This is where managers try to pull the lever. 
Several ways can be found to achieve higher productivity or better efficiency, but 
for the European manufacturing industry there has been a shift towards knowledge 
extensive products and services combined with a higher degree of collaborative 
production [Frederix, 2003], often based upon the concept of virtual organisations 
and extended products (compare Figure 1). 

Looking at the supply chain of the manufacturing industry, it is obvious that the 
tool and die making workshops play a major role as suppliers of knowledge 
intensive services and products. Therefore, every change that large manufactures do 
to their supply strategies, leads to new requirement which a tool and die making 
workshop has to meet in order to stay as a supplier. Up to now, the tool and die 
making workshops have been able to meet these new requirements with high quality 
products and services as well as an excellent educated workforce but as the non-
European competition from other SMEs as well from large enterprises growth, this 
isn't possible any more. 

Furthermore, the one-of-a-kind production results in high costs and risks, since 
more complex products in terms of fimctionalities and high quality demands engage 
more complex and expensive manufacturing technologies. The range of needed 
manufacturing technologies comprises traditional as well as more innovative and 
expensive technologies. These are seldom all in-house, so there is need for sharing 
capacities (machines, materials, machine operator) and knowledge resources 
(technologies, competences). 

The one- of a kind- product offered by the tooling industry fulfils the 
requirement of being an extended product. Complex extended products require 
various key competencies and hence it is often a collaborative product. The extended 
product includes a combination of a physical product (like the tool itself) and 
associated services/enhancements (like the engineering services offered) in order to 
improve the marketability [Baalsrud Hauge, 2004]. As shown in Figure 1 an 
extended product consists of tangible and intangible assets. Consequently, tangible 
products can be intelligent, highly customised, and user-friendly and include 
embedded features like maintenance whereas intangible extended products are 
information and knowledge intensive and can consist of services, engineering. 
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software, etc. [Thoben, 2003]. The co-operation includes both material and 
information flows in order to accelerate the co-operation within the value chain.' 

Fitted into a typical manufacturing network, could mean that some suppliers 
delivers raw materials, some parts of the physicaVtangible products, which builds 
the core of the extended product, whereas other either support with some specific 
manufacturing technology and engineering services depending on the specific 
customer's requirement. 

However, looking at the layer model below it becomes obvious, that workshops 
producing the customised product in collaboration do have quite much in common 
with virtual organisations, for which general business models are available. 
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Figure 1: virtual organization, and extended product [based upon Oliveira 2000] 

Toolmakers are operating in a highly dynamic market and are therefore forced to 
adapt their organisation and technologies to dynamic requirements as well as to 
constantly optimise their business processes in order to stay competitive. They have 
long experience with expertise, knowledge and competences-sharing as well as to 
mediate lessons learned throughout a cluster. So the basic premise for the 
collaborative work, the sharing culture is well developed and caused by the strong 
competition, a lot of workshops have organised themselves in tool-clusters or in 
associations. It is expected, that this trend will remain during the next decade. 

2.2 Technical aspects 

Additional to the challenges facing the organisational aspect of a virtual enterprise, 
the up coming and implementation of new IC Technologies among SMEs has 
opened new possibilities for collaboration but on the other side due to their limited 
financial and human resources they neither have a genuine need nor the possibility 
to implement the different ERP and SCM systems of their customers. However, in 
order to be able to process information in an efficient way and thereby stay in the 
market they need at least to be able to connect to such systems. 

Michael Porter Value chain model can be seen as appropriate 
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Collaboration platforms 

Over the past years, a diversification has taken place regarding the categorisation of 
information systems. Figure 2 below presents a systematic view of respective 
categories ordered by document management ftinctions as well as communication 
and collaboration support. Furthermore, the figure shows an overview over the 
diverse categories of tools. 

Setting boundaries between the mappings of individual collaboration tools to the 
categories is difficult, as individual tools can often be attributed to more than one 
category. Thus, the mapping is carried out according the most fitting category per 
tool. Further categories such as PIM, workflow, group work support and e-leaming 
could also be added to the figure 
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Figure 2:Categorisation of Tools [Based upon Bafoutsou/Mentzas 2002] 

The combination of individual categories can contribute to the creation of new 
categories. Furthermore, group work support is increasingly being integrated into 
cureent OS, meaning the categories can be even further extended. For example, if 
one chooses to extend the above categories by their temporal and spatial dimensions 
a complete methodology can be created which is presented in Table 1 below. 
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260 NETWORK-CENTRIC COLLABORA TION 

As has been shown, group work and document management are always 
distributed applications and can be synchronous or asynchronous. Similarly, 
conference systems can be co-located or remote. On the other hand, electronic 
workspaces generally represent synchronous or asynchronous communication and 
collaboration support. 

The above mentioned collaboration tools are indeed usable for improving 
collaboration, but they do not solve the problem with getting the information 
automatically out of internal ERP systems neither do they offer the functionality of 
an ERP system inside the enterprise 

ERP-systems 
Many large companies have implemented ERP-Solutions but they are still restricted 
to internal and/or enterprise level. The solutions are more or less customised and 
even though much work has been carried out in the field of Enterprise application 
Integiation(EAI) to solve problems with different data exchange formats and 
application which are not interoperable, most of this work is concentrated within an 
enterprise. In a dynamic business networks, the participating partners change, and 
with each change it is to expect that different ERP- systems needs to be cormected to 
each other, either through defining specific interfaces or redundant data management 
has to be expected. This is one of the main obstacles networked businesses have to 
deal with. 

According to various studies [Meyer, 2004]; only a few SMEs in Eastern Europe 
have implemented ERP-system. One reason is the lack of financial and human 
resources needed. Another reason is that the functionalities of these standardized 
applications do not Mfil the specific requirements of the tool and die making 
industry. Only about 30 percent of all ERP system's functionalities listed are 
common among all the industries. Therefore, based on preceding figures it is 
imperative to narrow the focus from all industries to individual industries and find 
out their core ERP functionalities that could supports collaborative network among 
companies 

Even though it has been stated that the SMEs build the backbone of the 
European economy hardly any research have been carried out in order to establish 
information transfer and sharing among business networks for collaborative efforts 
supporting the competitiveness of SMEs. Some descriptions and procedures 
regarding the introduction of single tools and methods for network business in the 
tooling industry can be found in the literature, but a holistic approach is still missing. 
Appropriate models, methods and in particular a methodology of integrating is 
lacking for the tool and die making industry through open ERP solutions in 
distributed and globally dispersed entrepreneurial networks 

3. MAIN RESEARCH CHALLENGES AND APPROACH 

Even though there is a need of collaboration among enterprises, the past has shown 
that due to different goals among the partners and rapid changes of processes, 
collaboration are complex to handle. Additional, in dynamic and flexible networks, 
common experience is often lacking often resulting in the lack of trust. European 
collaboration networks also need to deal with the cultural aspect. 
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The above mentioned problems are relevant for almost all collaborations and 
mainly the identified problems can be classified into three categories: 

• Interoperability, management and organizational models 
• Sharing culture and technology transfer 
• Cheap and effective software solutions based on open standards 

Based upon this, it can be stated that for the tool and die workshop problems are 
mainly related to their production management and resource planning, as well as to e 
-collaboration but also with respect to management of customer relations and e-
collaboration in carrying out their day-to-day business. Collaboration processes 
represent a key factor in the competitiveness of tool and die making clusters. By 
suitably improving these processes, clusters will be able to strengthen their position 
as suppliers. In order to effect such an improvement, we suggest the implementation 
of a collaboration platform utilizing emerging, innovative technologies made 
available to participating SMEs at the lowest possible cost. 

In order to integrate the component into the overall supply chain, as well the 
SMEs' existing mdividual back-end enterprise systems, the solution will be 
augmented with (adaptive) service modules, allowing fast and flexible, standardised 
interfacing. 

Based upon this, the idea of our research is to develop a collaboration tool with 
ERP functionalities for the tool and die making industry. Since this tool is supposed 
to be affordable for SMEs and interoperable, it will be based upon open source 
technologies. Not only the establishment of an IT infrastructure for supporting 
collaboration will a part of the research, but the SMEs will also be taught how the 
structured information sharing along complex and networked value chains can be 
accomplished. Therefore, our research project integrates both affordable open ERP-
Solution and business interoperability driven approaches with information and 
communication technology (ICT) methodologies and instruments in order to 
develop and implement an innovative integration among SMEs of tool and die 
making industry. 

For the networking of SMEs and other players in this sector it is imperative to 
have a collaborative development based on the open-source IT systems developed in 
the project as an internet based platform. To make the project results and particularly 
the open source ERP-application easily available for a wide range of users, a 
download service will be implemented on this platform. It will enable the partners to 
download relevant source-code, install it using the help from the onhne manuals or 
request support from the IT partners. In addition to that, all other project results will 
be disseminated via the platform. 

Due to the nature of the project In which the tool clusters are involved, they still 
struggle to find the right organisational model for collaboration. The project will 
therefore emphasise on this aspect, since this a key to successful collaboration. 

The project initiative is going to leverage the common goals with regard to different 
aspects identified so far. To harmonize the efforts of the different partners, it has 
been categorized into four main modules with each module achieving distinct goals 
and helping to achieve the final vision. The relation between the modules can be 
seen in Figure 3 
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Figure 3: Tool East modules 

Module I: Definition of a generic business process model for tool and die 
making workshops 
Modelling the business process is an essential part of any information based 
business networking development process. Deriving from the business model, 
the software requirement specification will be formulated as the basis for 
software development. It specifies the required behaviour of a system 

The performed survey of suitable process models shows that the Aachner 
PPC[Luczak,1999] model seems suitable for analysing the end user business 
processes and to collect the user requirements. How ever, this model is not very 
well known outside the German speaking area, therefiore we found it necessary 
to also match this model with the SCOR[SCC2006]. At the moment it seems 
that the Aachner PPC model is more suitable, because it is more flexible and 
more detailed, but these results need to be verified and determined during the 
next couple of months. Additional, two main challenges were identified: First is 
that there is a large diversity in running processes within the tool and die 
making workshops (SMEs) - these differences were analysed using morphology 
and process landscapes. The second point focuses on one of a kind production 
that leads to some specific requirements for the CRM functionalities for the 
Tool-East software. 

Module II: Open source software architecture and apphcation 
development (adaptation and improvement of one existing open source ERP 
solution; the development of another new open source ERP application is not 
the ambition) 

In order to develop software for SMEs as large group of companies which 
are not well served by the strong software suppliers the project will come up 
with an enlarged open source ERP-system with CRM-functionalities. The first 
objective of module-II is to evaluate and select the best open source solution 
available as basis for the intended specific development. The second objective is 
to develop additional modules to support processes described in the business 
process model. SMEs will be included in this work and to a very early stage a 
first prototype will be available in order to receive a first feedback. 

First results of a survey performed by the business process analysis have 
shown that the following functionalities are relevant: 'inter-operability and 
inter-communication', 'organisational structure and multi-site planning'. 
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'production planning and control', project management', Engineering and 
master data management', material management/ requirement planning', 
'purchase and procurement', 'outbound logistics and distributions' are core 
fanctionalities where as 'Financial accountant' and 'human resource' 
functionalities are not so relevant. 

• Module III: Standard interfaces for open source applications 
Competitive forces are driving technology efforts towards e-coUaboration and 
cooperative exchange of data and applications within and across corporate 
boxmdaries. That means that intelligent interfaces have to support the exchange 
of data. Evolving new technologies provides an array of services to effectively 
design and develop integration and collaborative solutions that connect different 
systems like ERP, CRM, or other internal systems, as well as connectivity with 
partners, vendors, and other service providers. For SMEs not only the 
integration of large systems is problematic but also the possibility to import 
existing data stored e.g. in Microsoft Excel files or other individually 
programmed databases in order not to retype all information manually. The 
strategy is to provide additional functionality via interfaces, so the technical 
possibilities and latest development will be examined and evaluated. 

• Module IV: Training and education 
The findings of training and education module are critical to develop a 
methodology to carry out persormel training, establishing an appropriate 
relationship between classroom, on-site, and e-leaming modules. It has to meet 
the different stakeholder groups' individual requirements and training needs. 

This common structure facilitates the integration of different aspects. Different 
modules will be integrated to develop a synchronized open source ERP application 
in close relationship with each SME in the consortium. 

4. CONCLUSIONS AND SUMMARY 

The project Tool-East will provide a cost-efficient ERP application for tool and die 
making workshops on the basis of existing open source ERP applications. Within 
the project the open source application will be adapted and modified for the specific 
requirements of this branch. The new adapted and modified ERP appUcation 
supports the efficient coordination of intra-enterprise order processing and 
strengthens competition and competitiveness of Eastern European SMEs. Primarily, 
orders management, work planning, resource allocation and CRM need to be 
optimised and linked together in a dynamic work environment. Moreover ERP 
applications are necessary for the electronic collaboration in dynamic business 
networks. To enable industrial cluster to e-collaboration the consisting process and 
data standards (for example ROSETTANET, ebXML etc.) will be considered for the 
Tool-East project. 

This project focuses as a core on the use of open soui'ce technology for the 
development of an integrated business application for tool and die making 
enterprises with high performance regarding availability, safety and maintainability 
at the very onset. Further on this will be enriched by enabling coordination between 
the different players in this sector. Strengthening the open source initiative in 
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general and particularly in this field of business opens an enormous potential for 
SMEs. A successful case study and dissemination platform in the specific branch 
addressed in this project will pave the way for future initiatives. Since demands for 
business software from other branches with specific SME structures are 
predominantly comparable, therefore results and concepts from this project can be 
transferred, so that a large impact can be assumed. 

For the long term success it is essential for the tool and die making industry to 
continue to set on iimovative business strategies long time in advanced. Such a 
strategy comprises participation in dynamic business networks. Two main 
challenges for a successful participation of tool and die making workshops in 
dynamic business network is to coordinate intra-enterprise order processing and that 
they bring their core capabilities into a flexible network. 
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Teaching a course on optimizing online communication behavior and social 
network analysis permitted us to obtain preliminary results on correlating 
temporal online communication patterns with team performance. Students from 
Helsinki University of Technology and University of Cologne who had never met 
face to face formed virtual interdisciplinary teams collaborating on a common 
task. While collaborating over long distance, students kept track of their own 
communication activities by e-mail, chat, and conference calls with Skype. The 
contribution of this paper is twofold. First, we introduce an innovative course 
format creating an empirical base for team performance in a distributed online 
communication environment. Secondly, we provide basic analysis of correlations 
between SNA measures and team performance. Students used these insights to 
optimize their own communication behavior for future virtual collaboration. 

1. INTRODUCTION 
The advent of the Internet has provided new opportunities for collaboration thought 
impossible just a few years ago. Exchanging ideas and work by e-mail, chat, Internet 
telephony, blogs, and Wikis has opened up new avenues for spontaneous 
communication. Researchers have begun to study how these new communication 
channels influence productivity and creativity of virtual teams [Cro04, Cum03, 
GI0O3, Kid05, Lee03, Lue03]. In our own work we studied Collaborative 
Innovation Networks, or COINs [GI0O6]. COINs are virtual teams of self-motivated 
people with a collective vision, enabled by technology to collaborate in achieving a 
common goal - an innovation - by sharing ideas, information, and work. 

This paper describes early results on how to improve online communication for 
better performance and creativity. These insights have been gained while teaching a 
graduate-level distributed course on online collaboration co-located at three 
imiversities. The main objective of this course had been to offer students an 
opportunity to improve their own communication behavior when collaborating in 
virtual teams to become better members of COINs. They did this by completing an 
iimovation-centered distributed project as a virtual team, and then correlating their 
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individual and team communication patterns with individual and team performance 
in the distributed project. 

In fall 2006 we jointly taught a course to 13 students in Finland and 12 students 
in Germany on how to optimize their online communication behavior to become 
better net citizens and members of virtual teams, increasing their efficiency and 
creativity. Part of the course was taught from MIT, such that the course was 
distributed at three locations. Figure 1 illustrates the classroom teaching part of the 
course, where one virtual classroom was formed by participants from Helsinki, 
Cologne, and Boston. 

•Enr •* 

Figure 1 - Snapshots from teaching the course 

Our course was organized in three parts. In part one, students learned about 
principles of social network analysis (SNA) [Was94], Collaborative Innovation 
Networks (COINs), and Swarm Creativity [GI0O6]. In the second part students 
formed seven interdisciplinary teams comprising three to four students from 
different institutions (University of Cologne, Helsinki University of Technology) 
and applied the tools framework taught in part one by analyzing a virtual online 
community. This permitted them to study rules of optimized online communication 
in other online communities. In part three the students analyzed the communication 
behavior of their own virtual team, based on their online communication record of e-
mail, chat, and phone interaction. Communication records were collected by cc'ing 
all communication activities to seven dummy e-mail addresses. 

The main goals of the course were to teach students how to be efficient online-
communicators and collaborators in distributed virtual teams. Our objective was for 
students to become more effective communicators by becoming aware of their social 
position and their contribution pattern in the virtual team. In more general terms, 
course participants also learned to increase organizational innovation and 
effectiveness by converting organizations into "Collaborative Innovation Networks" 
(COINs). On a technical level, they learned how to apply social network analysis 
using the tool TeCFlow (Temporal Communication Flow Optimizer) developed at 
MIT and Dartmouth [Glo04]. 
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Figure 2 - Communication patterns of project teams in phase 2. 

Figure 2 shows the social network during part two of the course, produced with 
TeCFlow. Ties between actors have been produced by mining the e-mail archive of 
the course communication. Note the central role of the instructor, with very little 
inter-team communication. Only teams 1 and 2, and teams 5 and 6 show inter-team 
communication. 

2. CORRELATING PERFORMANCE WITH SOCIAL 
NETWORK STRUCTURE 

The course participants formed seven separate project teams, each with team 
members from both Cologne and Helsinki. Each team analyzed an online 
community. They choose subjects such as communication among contributors to 
Wikinews, tracking of trends on RFID through using the ISIWeb literature database 
or analyzing e-mail communication among Enron employees. As the team members 
were geographically distributed, their communication was conducted online, mostly 
by e-mail. 

Each student graded the quality of the work of the teams other than her or his 
own team on a scale from 1 to 4, with 1 being the best grade. The quality of the 
work of each team was ranked based on the quality of the final presentation of the 
team and the final report. Students also ranked the quality of the individual 
contribution of their own team members. This means that each student gave a grade 
to each of the other six teams, and to the two to three peers within the team. The best 
students and teams were rated 1, the worst a team was rated by a student was 3, the 
worst an individual was rated was a 4. 

We tested three hypotheses based on the peer ratings. The three hypotheses are: 
1. The internal (ingroup) team ratings are correlated to the communication 

balance of the teams. 
2. The external team ratings are correlated to the communication balance of the 

teams. 
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3. There is a significant correlation between the external ranking of each team's 
output and the mutual internal ranking among team members.' 

We also looked at more simple parameters such as the number of e-mails sent 
within each team. While there was indeed correlation between external rating and 
numbers of messages exchanged, it turned out not to be significant. This may be 
because of the small size of our sample. Applying typical SNA measures such as 
betweenness and degree centrality [Was94] did not make sense here, because of the 
small individual team size of three to four members, which were all fully connected. 

The hypotheses were tested on the communication data collected from the 
course and the grades. All e-mail communication between the course participants 
was collected and was used as the basis for the communication analysis. The main 
measure to be used for this analysis was the contribution index, which is defined as: 

, , messages sent-messages received 
contributon index— ~ " m essages_ sent+m essages_ received 

[Glo03]. 

The contribution index takes on values between -1 and +1, it is +1 if a person only 
sends messages and -1 if it only receives messages. A contribution index of 0 
indicates a totally balanced communication behavior. In the project most project 
related communication was communication within the team. Peripheral 
communication of team members with outside people, which would have had an 
impact on their contribution index and might have distorted its relation to the 
contribution index of the other team members, was almost non-existent. 

Average weighted variance of the contribution index (awvci) 

J m , - v a r ( C r ) 
awvci^^ {team) • ;=i 

Z'w,-

OT; = number of edges on day i 

ws = window size 

C^ - (ci ™ ,• • •, cz'"^) = vector of contribution indexes of all team members for day i 

ci^l = contribution index of member n on day i 

Figure 3 - Average weighted variance of contribution index to calculate the 
balanced'ness of a team's communication 

To describe the balance of a team's communication the average weighted variance 
of the contribution index (figure 3) was defined. The window size denotes the 
shding time window in number of days used to calculate the contribution index with 
TeCFlow. In order to reduce the impact of high variances of the ci caused by single 
messages by one member in phases of general low activity, which leads to 
distorting (weekend) peaks, the variances are weighted with the number of total 
edges on that particular day. This weighting increases the influence of patterns that 
appear in high activity phases like shortly before the deadlines. The resulting 

Tested by Lutz Tegethoff, Ilkka Lj^inen and Sebastian Schiefer during part three of the 
COIN course 
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average weighted variance of the contribution index {awvci) adopts values close to 0 
if the communication is balanced. 

2.1 Teams with high internal ratings have a 'balanced' internal communication 
behavior 

The average internal ratings can be seen as a self assessment of a team. Teams in 
which information is shared fast and even among the members and where the 
response time on mails is short, should have more satisfied members, which give 
better ratings to the rest of the team. These teams are also expected to have a low 
awvci. Therefore the average internal rating should be correlated to the awvci. 

As it turns out, there was no significant correlation between balanced 
internal communication behavior and internal rating^ (see Table 1). We can 
speculate that team members differed in their willingness to give each other "harsh" 
grades, thus distorting the measiirements in oui- small sample. 

n=7 teams 

External Rating 
Average Internal Rating 

awvci 
Window Size 1 

Pearson 
Correlation 

0.724 
0.187 

P-Value 

0.066 
0.688 

Window Size 5 
Pearson 

Correlation 
0.921 
0.494 

P-Value 

0.003 
0.260 

Table 1 - Correlation between ratings and awvci 

We calculated awci for window sizes of 1 and 5 days. With a time window of 1 day, 
contribution index values, which form the basis for awci, fluctuate too much. A 
Window size of 5 days gives better results, smoothing peaks of activity and 
inactivity periods. It corresponds to a 5-day work-week and fits well into the overall 
project period of one month. 

2.2 A 'balanced' internal communication leads to a better external rating 
In this case the correlation between the awvci and the ratings is high (see Table 1). 
The external ratings show a higher correlation with the balance of the team's 
communications than the internal ratings. It can be assumed that external ratings are 
more honest than the internal ones as students are not asked to rate team members 
they have been working with closely for a few weeks. They are more precise too, as 
they are based on a larger number of judgments. 
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f j 
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Figure 4 - Ingroup and external (other groups) ratings of 7 teams (low is better) 

• There was no correlation between individual grade and contribution index neither. 
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2.3 Internal (ingroup) evaluation and external (by other group) ratings are 
correlated 

The better the external team rating, the better the average internal rating of the team 
(Pearson Correlation=0.651; P-Value=0.113; n=7). A satisfied team gives good 
mutual ratings and provides work of good quality. This shows again that efficient 
teamwork has a positive impact on results (figure 4). 

2.4 Limitations 
While these early results are promising, they have to be taken with more than a grain 
of salt. The used dataset is small and somewhat incomplete. Communication was not 
completely recorded when it went through channels different from e-mail. Some 
teams sent messages to their team e-mail address to record these interactions, others 
did not. Ratings were done on a subjective basis with an underlying rigid structure. 
Also, our emphasis on temporal balance of contribution index only captures a subset 
of all communication activities. 

3. CHALLENGES OF VIRTUAL COLLABORATION 
The student groups faced several challenges during their virtual collaboration, which 
they reported at the end of the course. The students had not met each other face-to-
face across countries, thus they did not know each other or their working styles, 
which caused some confusion and also getting a sense of "team work" was felt hard 
to achieve. The beginning was clearly the most difficult phase for many groups, it 
seemed to be quite hard to start an efficient work process and it took some time 
before a productive working mode was achieved. 

The student groups were formed during a videoconference session: the students 
joined the groups according to their interest on suggested topics. The only rule for 
forming groups was that all the groups should have students from both countries. If 
a group had at least two students from the same country, this led to the formation of 
co-located sub-groups that at least partly communicated through other means than 
electronic (e.g., phone or face-to-face), thus this communication was not recorded 
and other group members could not follow it. Especially for groups having only a 
one-student sub-group in the other country, this caused difficulties for the isolated 
student to follow activities in the other coxmtry. Even though e-mail was the main 
communication medium, some groups started to use Skype (contains both chat and 
voice) or other chat programs especially for coordinating the work and making 
decisions. The synchronous commimication was regarded as very efficient, but the 
problem was to find meeting dates suitable to all group members, since the students 
had many other courses at the same time. This problem often led to Skype or chat 
sessions between only two members at the time. 

E-mail communication functioned quite well, but it was regarded as a less 
efficient communication medium than Skype or chat, since it was slow and thus not 
very interactive. Especially decision making was felt to be difficult through e-mail. 
Moreover, the asynchronicity of e-mail communication created uncertainty when 
others did not know how to interpret the silence of the non-responding team 
member. Interpreting the sent e-mail messages was not always easy, neither. 
Translating from "Finnish" English to "German" English and vice versa opened up 
room for wide interpretation! 
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Despite these challenges the student groups did very good work and gained 
interesting results from the analysis of both the on-line communities and their own 
communication. The student feedback was very positive - the students felt that 
despite of the problems they had learned a lot. 

4. LESSONS LEARNED 
By organizing this course we learned a lot both regarding the arrangements of a 
distributed coxttse and regarding data collection for research purposes. In the 
beginning of the course we did not give the students much advice on how to 
communicate or how to record the communication. We just asked the students to 
send a copy of all e-mails to an e-mail-box where all the communication of each 
group would be archived to be used when analyzing communication during their 
second assignment. We also offered MediaWiki as a forum for discussions. We 
learned that in the future it might be beneficial to teach in the beginning of the 
course some rules about how to work and communicate efficiently in a distributed 
team. In this course the students had to figure it out by themselves and make all the 
mistakes first, which of course took time away firom working on the projects. 

Since the student groups found Skype and chat very useful, we will need to 
encourage use of this kind of communication channel in the fixture. Moreover, a way 
to systematically record this kind of communication should be designed and taught 
to the students. Even though there was active communication inside the groups, the 
communication across the groups was very limited and took mainly place in 
connection with class videoconference sessions. Encouraging communication across 
groups will be needed, e.g. for solving technical problems. For instance, a discussion 
forum for technical communication problems could be started. Questions to the 
teachers could be directed to this forum, allowing everybody to follow and 
participate in these discussions. 

The country-specific sub-groups were the reason that not all communication was 
recorded, e.g. phone calls and face-to-face conversations. This communication was 
often invisible to other team members, causing problems especially to one-person 
country-specific sub-groups, when he or she was to a certain extent left outside of 
the team. This posed additional problems for our communication research setup. 
This problem could be solved either by forming more balanced groups (at least two 
persons from one country), advising the students to record the non-electronic 
communication and informing the others, or by choosing only one team member 
from each site and organizing the course across several sites. This later solution is 
what we plan for the next version of this course: to involve four universities, which 
means four participating sites. That kind of a course would be both more challenging 
to organize and more challenging for the students to work in, when the groups are 
highly distributed. However, it would also be more interesting both for the students 
and for studying the communication patterns. Moreover, all the communication 
across these sites would be electronic and thus easier to record and for other team 
members to follow. 

5. CONCLUSIONS 
In this paper we presented our experiences of organizing a novel course on 
optimizing online communication behavior. The distributed student teams applied 
social network analysis to analyze communication behavior both in a chosen online 
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forum and afterwards inside their own group. We obtained preliminary results on 
correlating temporal online communication patterns with team performance. These 
results based on self-evaluation indicate that students in teams exhibiting balanced 
communication behavior performed best. Students used the insights they gained on 
the correlation of their own communication behavior with their group performance 
to improve their future communication behavior and collaboration style in COINs. 

The presented communication analysis can only be considered indicative, as not 
all the communication was documented and as there were problems in the data 
recording. Despite these weaknesses, this experiment can be regarded as successful: 
the student feedback was very positive and we gained valuable ideas for both 
improving the course and better recording the communication data. Based on this 
experience we plan to teach this course again, this time among four universities, 
which will make the experiment both more insightful, but also more challenging! 
We would like to close with a quote from a student commenting on the course: 

"This course was a great one. We learned a lot of things. The most valuable thing 
I learned was that the better communication is, the more successful you are 
(personally or as a team)." 
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The establishment of a common value system is an important element for the 
sustainability of collaborative networks. This paper discusses the role of value 
systems in the VO breeding environment when the promotion of the 
cooperation is based on reciprocity mechanism. Some scenarios are included 
in the discussion and illustrations are given based on data from real networks. 

1. INTRODUCTION 

The behavior of an individual, society, or collaborative networked organization 
(CNO) is determined by the underlying value system. It is intuitively understood 
that the values considered in a business-oriented CNO (e.g. network of companies) 
are different from the ones in a non-profit context (e.g. disaster rescue network). 
Taking the simplified view that the goal of a CNO is the maximization of some 
"attribute" of its value system, in a business context the dominant value is the profit 
(in economic sense), while in the other case the objectives are altioiist and the 
rewards expressed in terms of the amount of prestige or social recognition. 

In general, the structure of a value system, and therefore the drivers of the CNO 
behavior, includes multiple variables / aspects. Complementarily there are other 
elements that strongly influence or determine the behavior of the CNO and its 
members, such as the schema of incentives, trust building and management, ethical 
code, the CNO culture, and the contracts and collaboration agreements. 

On the other hand, it is commonly assiuned the participation in a collaboration 
process brings benefits to the involved entities. These benefits include an increase of 
the "survival capability" in a context of market turbulence, but also the possibility to 
better achieve common goals. On the basis of these expectations are, among others, 
the following factors: sharing of risks and resources, joining of complementary skills 
and capacities, acquisition of a (virtual) higher dimension, access to new / wider 
markets and new knowledge, etc. 

However, with the evolution of collaborative forms, the emergence of new roles, 
new actors and the continuous and repetitive interactions among partners make that 
the value generated by a collaboration process is no more determined only by its 
tangible assets (given by products/services supplied), but also by its intangible assets 
(e.g. relationship value, or "social capital"). Furthermore, in this new context the 
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value system "borders" (or what characterizes the value system) are becoming less 
defined and its centre of gravity is changing place (Figure 1). 

Value system welt Known hmerging new value-systems 

Market 
Organisation 

Traditional cooperation 

Figure 1 - Evolving nature of value systeiris 

The purpose of this paper is to discuss the value system role in the VBE context 
v/hen the promotion of the cooperation is based on reciprocity mechanism. 

2. VALUE SYSTEMS 

What is a value system? A value system frequently understood as the ordering and 
prioritization of a set of values that an actor or a society of actors holds. However, 
the values that a group or an actor holds may fall into several different categories 
since the concept of value is multifaceted. In literature we can find several 
definitions for the meaning of value, two main focuses for these definitions are 
referred to as economic values and ethical / ideological values: 

Economic Value: 
' An amount, as of goods, services, or money, considered to be a fair and suitable 

equivalent for something else; a fair price or return. What a customer gets in 
exchange for the price it pays. 

• To make a judgment as to the worth of something, in the sense of appraise, 
assay, assess, calculate, estimate, evaluate, gauge, judge. 

Socio- Ethical value: 
Ethical values are those values that serve to distinguish between good and bad, 
right and wrong, and moral and immoral. At a societal level, these values 
frequently form a basis for what is permitted and what is prohibited. 
Ideological values deal with the broader or more abstract areas of politics, 
religion, economics, and social morals. 

A number of characteristics can be considered for the values in a value system: 

• Subjective - For an identical context, distinct members may apply different 
values and might have different perceptions of a value. 

• Personal vs. social - The personal values can be apphed only to one member 
(e.g. assets, capacity, and price) and social values can be applied to a set of 
members (e.g. ethical code, cooperation agreements and contracts). 
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• Normative vs. Exchange - The purpose of normative values is to define a set 
of rules ("rights/duties") that contribute to assure the stability and the cohesion 
of the group since they transmit norms in a persuasive way and present an 
unquestionable form (e.g. trust, ethical code, and law). The purpose of 
exchange values is to "measure" the objects exchanged among partners in a 
certain context and moment. 

• Dynamic - The values can change along the time. They can fade out, increase 
their worth or can appear for the frrst time. 

• Measurable - The values can be measured using a quantitative or a quantitative 
scale. 

The concept of a value system in a CNO context must be based on the notion that 
each product/service requires a set of value activities that are performed by a number 
of the network members forming a "value creation system" through a VO (this 
definition includes economic and ethical / ideological value as well). As a result, a 
value system is important in terms of providing a: 

• Regulation role - for mstance, regulation role can include assuring social 
cohesion, to understand members' behavior and to build performance indicator. 
• Transactions mechanism between partners - such as, assuring an equality 
utility between objects exchanged. 

3. MECHANISM FOR EVOLUTION OF COOPERATION 

How to promote a cooperative behavior in a sustainable way? Several principles and 
mechanisms have been suggested in the literature, as illustrated in Table 1. 

Table 1 - Cooperation mechanisms 

( Diijii l . i l i n i l 

I I U l l l . l l l l ^ l l l 

Direct reciprocity 

Indirect 
reciprocity 

Kin selection 

^ l i ' i i i i l ( \ t 1 i | j | i i i i i 

This mechanism suggests that actors should reciprocate help those 
that have intentionally helped them in the past. This model can 
explain social phenomena like for instance the live-and-let-live 
system in trench warfare in World War I, friendships, gratitude, 
sympathy, tmstworthiness and in general all social dilemmas. In 
the biological field it can explain the symbioses mechanism. 
The mathematical model of cooperation via direct reciprocity is 
based on game theory and much of the work developed applies the 
prisoner's dilemma, stag hunt and chicken game metaphor 
r2ir9iri4i. 
This mechanism suggest that an actor should provide help if the 
recipient has helped others in the past. In this mechanism it is a 
common practice in human societies like for instance: social 
welfare principle, insurance principle, where the donor does not 
obtain a return from the recipient, but from a third party [1][13]. 
Kin selection leads to the concept that an individual should 
sacrifice itself in order to save "two sibhngs, four nephews or eight 
cousins". Kin selection has been used to explain the evolution of 
humanity's social structure, social insects such as ants and termites 
riiimi. 
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Group selection 

Social learning 

This mechanism describes the process by which groups develop 
adaptive traits that improve their fitness in their environment 
compared to other groups. According to this approach the selection 
mechanism can operate not only at the individual level, but also at 
the group level where it is possible to explain the existence of 
altruistic behaviours. Altruists may be less fit than non-altruists 
within a single group, but groups of altruists are more fitted than 
groups of non-altruists. 
An approach similar to this process was the propaganda campaigns 
in the Great Depression "We're all in it together". According to 
social psychological, humans form coalitions on the basis of 
virtually any commonality of interest and all humans are in the "in-
group" where the information "in-group" members is processed in 
more favourable ways than information about out-group members 
rioi. 
According to this approach individuals learn the most dominant 
behaviours in their embedded social network. Based on this 
principle cooperation can evolve based on cultural transmission. 
The common metaphor, when a group of actors decide to solve 
problems that none of the actors alone could solve, leads to 
scenarios where cooperative behaviour is created among many 
individuals without conscious control are cooperation examples via 
social learning [41 [15]. 

4. RECIPROCITY AS A MECHANISM FOR PROMOTING 
COLLABORATION IN A VBE CONTEXT 

In the following discussion a VO breeding enviromnent (VBE) is assumed as the 
target context [6][7]. A VBE represents an association or pool of organizations and 
their related supporting institutions that have both the potential and the will to 
cooperate with each other through the establishment of a "base" long-term 
cooperation agreement. When a business opportunity is identified by one member 
(acting as a broker), a subset of these organizations can be selected and thus forming 
a VO. A breeding environment, being a long-term networked structure, provide the 
basis to record data about past collaboration occurrences, presents the adequate base 
enviromnent for the establishment of cooperation agreements, common 
infrastructures, common ontologies, and mutual trust, which are the necessary 
facilitating elements when building a new VO. 

Let us consider Task Benefits (TB) as the benefits that result from the 
performance of a task in the context of a collaborative process. A collaborative 
process is understood as a set of tasks performed by the collaborative network 
members towards the achievement of a common goal (e.g. the business goal that 
motivates the creation of a Virtual Enterprise). For reasons of simplicity we consider 
a level of granularity of tasks such that each task is performed by a single member of 
the network (single actor). 

In this discussion benefits are assumed as abstract quantifiable measurements 
with the same meaning as net profit. 
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Let ty be a task f; perfonned by an actor Oj and 7S. . {ty ) the benefits for another 

actor a,- as a result of the performance of this task. 

When i ^ j this represents a received benefit (RB) (perspective of actor a,-) or a 

contributed benefit (CB) (perspective of actor Uj) (Fig. 2); otherwise it is a 5e/^ 

benefit, case that will not be considered in this discussion. 

TBji (hj) 

^ / K^j 

RBy CBj, 

Figure 2 - Actor fl; receives benefits from the action of actor Uj 

Based on this representation (see, [5] [6] for more details), a reciprocity mechanism 
can be implemented by analysing the balance between "social" benefits credit (the 
sum of benefits contributed by an actor a • to all its partners) and "social" benefits 

debit (the sum of benefits received by an actor a • as a result of the performance of 

all actors involved in the collaborative process). The reciprocity value (i?.)for an 

actor a . is given by: 

1=1 i=l 

Where: N - Number of actors involved in the collaborative process 
CB •• - Benefits contributed by a. to a,. 

RBj- - Benefits received by a • from a. 

Wheni? < 0 , the actor a. may be seen, by its partners, as having a potentially 

"selfish" behaviour in the period of time in analyse, in the sense that it received 
more benefits than it contributed. If this balance remains negative in the long term, 
the actor would most likely be considered selfish and probably not an appreciated 
partner. On the other hand, wheni?. > 0, the actor a. might be seen, by its partners, 

as having a potentially "altruistic" behaviour and it would be considered altruist if it 
holds this behaviour in the long term. 

In order to discuss the role of the value systems when the promotion of 
cooperation is based on a reciprocity mechanism, let us consider the following two 
scenarios. 

Scenario l-A VBE with a common value system 
Let us again suppose the actor a performs a task that benefits actor a,-. From the 

perspective of actor a,, this action is perceived as an investment (contributed benefit 



278 NETWORK-CENTRIC COLLABORATION 

(CB)) in actor a,-. If the two actors share the same value system then they will have 
the same perception of the benefit value. Based on this premise actor a,- will 
valorise the benefits received (RB) (its satisfaction) to the same amount (RB=CB). 

As result of actor's a,- satisfaction, actor a,, recognizes a "debt of gratitude" to 

actor aj (kind of social debit) and actor uj gets a "credif' from actor a,.. As both 

actors have the same perception of the benefit value then the total sum of benefits 
variations is null for a full cycle (Fig. 3). 

^ % 

^iio 

Figure 3 - Contribution of actor fl,- to actor a,-

Later on, let us suppose actor a • needs something done to him by others. As actor 

a,has a social credit from a past exchange he can now expect, fi-om the reciprocity 

principle, to get some service from the actor Uj (direct reciprocity) or from any other 

actor member of VBE (indirect reciprocity). 

The assumption here is that sharing a common value system leads the two actors to 
perceive the value of a benefit in the same way. In this context the principle of 
reciprocity can be a good general governance rule for promoting collaboration. In 
order to illustrate this idea let us consider the following example. 

Example 1 - Time Bank Case 
The Time Bank concept induces mutually helping communities whose value system 
consists of only one variable that is the quantity of time exchanged among people. 
The cooperation benefit is measured as the number of hours that one person spends 
helping another. One key principle here is that one hour is equal to everybody. One 
hour of helping out with gardening is equal to an hour of baby-sitting. As an 
illustration. Fig. 4 shows some exchanges of services among members in a 
Portuguese Time Bank agency. 

The reciprocity principle is applied in the Time Bank in the following way: 
people "deposit" time they when they contribute to the community by giving 
practical help and support to someone; in exchange they are able to "withdraw" time 
when they need something done to themselves by others. 
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Figure 4 - Exchanges of services in a time bank agency 

Based on real data from a Portuguese Time Bank agency, Fig. 5 (using UCINET 
[3]) shows the evolution of collaboration from the perspective of contributed 
benefits along two consecutive years. The nodes' size represents the level of 
contribution of each actor and the link's width represents the value of benefit 
supplied. Analysing the two graphs at the same time we can verify that in 2002 there 
are two nodes (2000 and 2014) that are the major contributors. When we look at 
2003 the situation changed; in that year there are more big contributors and the 
number of links also increased, showing that a stronger cooperation level was 
achieved. 

Figure 5 - CB over time 

This increase in the level of cooperation, and the prohferation of time banks in many 
countries, depends in our opinion, among others factors (such as the leadership of 
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the time bank promoter), on the existence of this simple and common value system 
and the application of the principle of reciprocity (mostly indirect reciprocity in this 
case). 

Scenario 2-A VBE without a common value system 
Let us now discuss a scenario where actors involved in an exchange have distinct 
perceptions of the value of a benefit. Fig. 6 illustrates a case of benefits 
"depreciation", i.e. when an actor undervalues the benefits of an action performed by 
another. As illustrated, actor a,, performs a task that benefits actor Uj. From the 

perspective of actor a. this action means an investment in (contributed benefit (CB) 

to) actor 0.. However, actor Oj gives it a lower value and therefore the "social" 

credit received by the performer is less than what it assiraied to be its contribution 
(RB < CB). This difference in perception of a value is likely to create a sense of 
unfairness and to reduce the will to cooperate. 

We could also consider the opposite situation (less common?), as illustrated by 

figure 8 that represents a case of additional gain to actor a,.. In this case, from the 

perspective of actor a,., the outcome of this social interaction means an additional 

gain because for him the level of benefits contributed to actor a, is lower than the 

level of satisfaction actor aj got (RB > CB). Since actor's a^ contribution (CB) is 

lower than the "social" credit received from actor a, (CB < Credit), it is likely that 

actor O; will be motivated to keep cooperating with actor ̂  . 

Figure 6 - Actor a, depreciates benefits 

received from the action of actor a. 

Figure 7 - Actor a • over appreciates the 

benefits received from the action of actor «, 

Figures 8 and 9 illusttate what happens between two actors when both depreciate or 
both over appreciate the benefits received from the action performed by the other. In 
the case of figure 8, since the level of satisfaction (perceived received benefits (RB)) 
is higher than the value of benefits confributed, the cooperation process is likely to 
stay stable over time in spite of not having a common value system as there is a 
mutual perception of additional gain for both actors. On the other hand, when the 
level of satisfaction (perceived received benefits (RB)) is lower than the value of 
benefits contributed, the wiUingness to cooperate is likely to be in danger, at least in 
the long term. 
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Figure 8 - Reciprocal over-appreciation of 
received benefits 

Figure 9 - Reciprocal depreciation of 
received benefits 

As discussed above, the lack of a common value system, namely in case of 
depreciation of benefit value, is likely to be an obstacle for the sustainability of a 
collaborative network. One possible approach to remedy this situation is to elaborate 
a number of measurable indicators and making them explicitly "visible" to all 
partners. In this way transparency is promoted and hopefully will contribute to a 
convergence towards aUgnment of the different perceptions of value. 

The development of graphical tools that allow the visualization of some 
indicators of collaboration [6] for all actors at the same time could be a good 
approach to increase the transparency among distinct partners and in that way 
contribute to building-up a common value system, thus assuring the network 
cohesion and simultaneously the feeling of fairness inside the VBE based on 
indicators that measure the quality and level of collaboration of each member in 
public way. As an illustration, let us consider the following example. 

Example 2 — VBE of small and medium enterprises 
This example uses input data based on Virtuelle Fabrik, a long term collaborative 
network (a VBE) in the metal-mechanic sector, located in Switzerland and 
Germany. For the purpose of the following discussion, let us consider the benefits 
are based only on one variable, the turnover of collaborative actions. 

Based on the turnover data for 2004, the nodes' size in Fig. IDA represents the 
sum of benefits received, by each member, from the network and the link's width 
represents the value of the benefit supplied by one member to another. Hence, in this 
case who received more benefits were enterprises 10, 11 and 13. 

On the other hand, the nodes' size in Fig. lOB represents the sum of benefits 
contributed by an actor to the network and the link's width represents the value of 
the benefit supplied to a specific actor. Hence, the major contributors are enterprises 
16 and 58. If we look to the links between enterprises we can easily identify, for 
instance, a strong exchange of benefits between enteiprises 16 and 13. 

Analyzing the two graphs at the same time, we can conclude that for this period 
of time (one year) there are some enterprises, for instance enterprise 58, which might 
feel "uncomfortable" with its participation on this VBE. In fact, if the situation of 
enterprise 58 holds for a long time, its participation in this collaborative network 
could become unsustainable in the long term as it might consider that there is no 
reciprocity. 
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Figure 10 - Received benefits (A) and contributed benefits (B) for 2004 

The graph in Fig. IIA shows the benefits credit balance ( i? .>0) for all 

enterprises members of the VBE. Based on the period of time under consideration 
the enterprises 15, 16 and 58 exhibit a potential altruistic behavior in the sense that 
they contributed much more benefits than they received. 

On the other hand, Fig. IIB shows the benefits debit balance (/j . <o) for all 

enterprises members of the VBE. For the considered period of time, enterprises 11, 
50, 53 and 59 exhibit a potentially "selfish" behavior m the sense that they received 
much more benefits than they contributed, or at least this can be the perception got 
by the other pai-tners looking at these indicators. 

Figure 11 - Benefits credit (A) and debit (B) for 2004 

In rational terms the motivation for a company to stay in the VBE should be based 
on a comparison of the benefits it gets versus what it could get if working alone out 
of this community. Nevertheless it is also important to consider the natural tendency 
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of people to make comparisons with their partners and therefore it is very important 
to avoid the emergence of any feeling of unfairness. 

In order to reduce the problems discussed above it is necessary to implement 
mechanisms that act as incentives for cooperation. For instance, honorific 
recognitions, higher chances to get access to business opportunities, more access to 
some assets and even punishment of "selfish" behaviors (e.g. less access to 
opportunities, higher cost in the access to common services/assets). Perhaps one 
challenge is to create, at the VBE level, a kind of indicator of the level of 
cooperation that lets members accumulate and use "credits" in a similar way as in 
the Time Bank. 

For instance, in the social network analysis area there is an indicator of 
"prestige" of a member in a network. Applying this concept here, Fig. 12 relates 
actors' prestige to the sum of received benefits. Although in a broad sense it could 
make sense that the total of received benefits (RB) would grow with prestige, in the 
sense that actors that are more prestigious tend to receive more external benefits 
links, we can notice that for the same level of prestige different companies got quite 
different levels of benefits. 

Different reasons can be considered for this situation, for instance: the amount of 
benefits an actor receives depends on several other factors belonging to the value 
system that were not taken into account in this example. Therefore, although exphcit 
representations of the "status" of collaboration according to some indicators can 
increase the transparency of the network, it might also have a negative effect if the 
set of indicators is not properly defined and a good set of indicators is not introduced 
in the governance principles of the VBE. 

Prestige 
• 

Figure 12 - Relationship between Prestige and Received benefits for 2004 

5. CONCLUSIONS 

The development of a common value system in a VBE context is an important step 



284 NETWORK-CENTRIC COLLABORA HON 

to support the sustainability of collaborative behavior over the time. When partners 
have different value systems, which typically leads to different perceptions of 
benefits, non-collaborative behaviors are likely to develop. In order to overcome this 
problem, some mechanisms to promote transparency and induce alignment of value 
systems might be implemented at the level of the governance rules of the VBE. A 
discussion of approaches in this direction, illustrated by a simple "value-set" case 
based on transactions values, was presented. 

However, more work is necessary in order to identify a proper set of indicators of 
the collaboration level of each partner. 
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This paper presents a framework for supporting virtual organization (VO) 
inheritance relying on knowledge management approach. It emphasizes that 
part of the problems to manage VOs is derived from the lack of information 
and lessons learned about the past businesses as well as that keeping the VOs' 
histories can be useful for augmenting and for given more agiUty in the 
decision-making process. Tlie suggested framework presents VO inheritance as 
a horizontal activity that covers the entire VO life cycle, providing information 
for the several involved collaborative actors. An initial experiment using 
decision analysis is presented to show its use in VO inheritance. In the 
conclusions it is argued that VOs could be much more effective and the 
problems solved with more agility if a better use could be made out of the 
information inherited from VOs. 

1. INTRODUCTION 

Working collaboratively is becoming more and more important for enterprises as a 
strategic answer to respond to the increasing dynamics and competitiveness in the 
global market. Collaborative Networked Organizations (CNOs) has been considered 
the discipline in charge of studying all the manifestations of organizations when they 
work in an inter-linked and organized way (Camarinha-Matos et al,, 2004a). 

One of these manifestations is Virtual Organization (VO). A VO is a dynamic, 
temporary and logical aggregation of autonomous organizations that cooperate with 
each other as a strategic answer to attend a given business opportunity or to cope 
with a specific need, and whose operation is achieved by a coordinated sharing of 
skills, resources and information, totally enabled by computer networks (Rabelo et 
al., 2004). Its objective is to create and to deliver products or services to final 
customers and, at the same time, creating value for all entities engaged in the 
collaboration process (ECOLEAD, 2005a). 

Managing the creation and the operation of VOs is, however, complex. Part of 
this complexity has been identified in several works, e.g. (McKenzie, 2001), 
(Afsarmanesh et al., 2005), (Karvonen et al., 2005). Another part of it is related to 
the lack of adequate support for VO managers to consider past experiences when 
dealing with problems along the VO life cycle. The inability to learn from a 
cumulative "project history" probably puts a new project's timetable in greater risk 
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than all other factors combined (Reed, 2002). The same situation may occur for 
VOs. VOs operating without considering what have happened in past VOs will not 
necessarily fail, but accessing VOs' past information can require considerable - and 
unnecessary - effort from VO managers and from VO partners. This kind of 
information can be very much useful in several situations. For example, for speeding 
up the selection of partners for future VOs (reducing the search and negotiation 
processes) or for elucidating similar problems already solved in other VOs. 

This work intends to exploit the part related to the difficulties originated by the 
fact that most of the information and knowledge generated along the VO life cycle 
use to be lost after the VO dissolution, i.e. the fact that VOs' history are not retained 
for fiiture use. 

VO inheritance (VO-I) has been emerging as the research area for dealing with 
the problems related to how generated information, knowledge, devised practices, 
products and services about VOs can be handled and managed (Camarinha-Matos et 
al., 2004b). In fact, this area is still in its infancy. Initial steps have been made in the 
ECOLEAD project (ECOLEAD, 2005c), comprising the VO creation phase, and 
calling bag of assets as the repository that contains common ontologies, basic 
software tools, and common information related to Virtual Organization Breeding 
Enviroments (VBE). 

The proposed approach aims at presenting a framework based on knowledge 
management that extends the VO inheritance scope to the whole VO life cycle. 

The paper is organized as follows: Section 2 introduces the concept related to 
VO inheritance and how it is placed in the VBEA^O context. Section 3 presents the 
knowledge management approach for VO inheritance. Section 4 depicts the basic 
concepts of decision support as well as of structuring decisions via decision analysis. 
Section 5 shows a practical example using decision frees and sensitivity analysis. 
Finally, Section 6 provides preliminary conclusions and future steps. 

2. VIRTUAL ORGANIZATION INHERITANCE 

VOs, by nature, have temporary and disfributed behaviors and are logically and 
legally dismantled only after the confractual clauses have been all fulfilled. It means 
that the VO duration can vary from days to years. There are three basic difficulties 
that make the process of managing VO inheritance - VO inheritance management 
(VO-I-M) - complex; 

• The amount of information of every VO uses to be naturally huge. 
• It is difficult to elect which and how relevant infoiination and lessons 

(successful and unsuccessfiil) are, as well as how they should be get, 
interpreted, analyzed, filtered, modeled, stored, organized, contextualized, 
systemized and showed to managers for more effective decision-making. 

• The knowledge about VOs is usually spread among the VOs' members, i.e. 
each actor knows about what happened with a given VO inside his/her own 
company, but rarely or insufficiently knows what happened in other VO 
members. 

Few significant results that face these difficulties can be found in the literature, 
meaning that there are several questions not well covered yet. Actually, it is a direct 
consequence of the fact that research in the VO-I area is still in its beginning. 
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Franke (Franke, 2000) describes a VO from an inter-organizational perspective 
where the concept of Virtual Web/Corporation as a partnership model is introduced. 
The basic idea is that virtual web members should make their resource base 
available to their partners. The knowledge-based perspective brings the potential to 
build core know-how and therefore to gain competitive advantage. Franke also states 
that one agent should act as a caretaker during the VO dissolution phase. The 
importance of the storage of acquired and generated knowledge was emphasized; 
however none guideline of how to proceed and/or store such knowledge was 
provided. 

According to Blecker (2000), the knowledge management in VOs means 
designing, controlling, and developing a purpose-oriented knowledge together with 
the partners. It leads to the union of the knowledge among the VO's participants. 
Blecker argues that in short term forms of VOs, only the outcome of production 
process rather than knowledge is shared. This statement is not true when VOs 
emerge from VBEs that guarantee preparedness and long term partnership. 

The approach presented in this paper aims at gathering the information and the 
knowledge throughout the CNO (for both short-term and long-term VOs) and 
organizing them in order to make this knowledge easily accessible. 

The need related to the knowledge storage in VOs leads to a specific approach, 
namely VO-I. The authors define it as the set of information and knowledge 
accumulated from past and current VOs along their entire life cycle. VO-I-M 
corresponds to the VO activity that manages what has been inherited about given 
VOs, usually supported by computer systems ̂  

VO inheritance is seen as a horizontal process with the aim of offering "services" 
to other "clients", like VBE and VO management (VOM) actors and related 
supporting systems. Figure 1 illustrates the VO-I process. In the bottom it is possible 
to visualize the whole CNO life-cycle comprising VBE and VO life-cycle. On the 
top of the figure it is represented the process of information gathering and its 
transformation into knowledge. The top-left side represents databases storing 
information from VBE partners, VO's performance metrics, clients, products, core 
competences, and whatever is important. Those databases are one of the sources of 
information for extracting knowledge (via data mining, for example). In a similar 
way, on the top-right side the unorganized information is represented by small 
circles. In an upper level the information is organized according to some rules or 
relevance; new knowledge - circles in bold - is also made available. For instance, 
the transformation of tacit knowledge into expHcit knowledge via decision trees, 
questionnaires, and so on. The double-arrows in the middle of the figure represent 
the data/information flowing from CNO level to VO-I to be organized and 
processed, as well as its retimi to VBE/VOs. The overall process of gathering, 
storing, organizing, and exfracting knowledge from information, related to CNOs, 
comprises the VOI process. 

' VO-I-M is much more than Business Intelligence (BI). Although some works (e.g. 
Rabelo et al , 2002) have extended the fraditional view of BI when also considering 
current/dynamic information of a company, BI tools work only with static and past 
information from just a given company, and not from (dynamic) VOs or supply 
chains, for instance. 
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Figure 1 - Global framework for VO inheritance 

Finally it is important to differentiate VO inheritance from VO life history. The 
VO life history is related to the time sequence of actions and their description in the 
stages during the VO life cycle (Tolle, 2002). As there is not a standard way m 
which activities can be performed over time, each VO has its own integrated 
activities describing its life history. Examples of hfe history can be found in Ollus 
(2002) and T0lle (2002). In VO-I knowledge and the expertise acquired can also be 
reused in VOs in execution. For example, comparing partner's performance in 
different VOs, or predicting cases when planned activities will have some delay. In 
its essence, VO inheritance aims at improving VO managers' decision making 
capability. One supporting approach for that is knowledge management. 

3. PROPOSED KNOWLEDGE MANAGEMENT APPROACH 

The definition for Knowledge Management presented by Malhotra (1998) states that 
"knowledge management caters to the critical issues of organizational adaptation, 
survival and competence in face of increasingly discontinuous environmental 
change. Essentially, it embodies organizational processes that seek synergistic 
combination of data and information processing capacity of information 
technologies, and the creative and innovative capacity of human beings'". Based on 
this, knowledge management applied to VO inheritance intends to create the synergy 
among pieces of information. In general, VO inheritance activity collects data and 
information by itself and it can discover new knowledge (e.g. Loss et al., 2005), 
whereas knowledge management organizes overall knowledge and makes it 
available to users in a structured and comprehensive way. 

Some suggested tools/techniques for the task of knowledge discovery are: data 
mining algorithms (Fayyad, 1996) - for finding new patterns and/or models in data 
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which can be useful; text and web mining (Mladenic, 2003) - for analyzing and 
discovering knowledge in unstractured data (e.g. documents in free text form); and 
decision analysis (Bohanec, 2003) - for deciding the best choice among a mmiber of 
alternatives. 

For the task of organizing and presenting knowledge, knowledge map is an 
interesting alternative because it corresponds to a visual representation of a 
knowledge domain in order to facilitate the location, comprehension or development 
of knowledge (Plumley, 2003). It deals with: i) explicit knowledge - core 
competencies, legacy systems, additional expertise, forms, documents, 
presentations, papers; ii) tacit knowledge - group dynamics, culture and social 
attributes; and iii) procedures (guidance, tips, checklists) - used by the CNO actors. 

VO inheritance linked to knowledge management is more than a sum of parts of 
data and knowledge. It provides a framework with experiences and case studies for 
managers of both VBEs and VOs. Next section describes the general approach on 
how a decision support enviroimient can be used as an integrated framework for 
handling the knowledge extracted in a VO inheritance scenario. 

4. DECISION SUPPORT IN VO INHERITANCE 

Decision Support is a broad term that comprehends all aspects related to supporting 
people in decision-making. Similarly to what happens in traditional companies, 
decision making problems are seen as the dilemma of choices also in VO where 
optimality rarely exist. That is why terms like "the best" or equivalent does not 
make sense anymore to be applied in real business regarding the so many variables 
and uncertainties usually presented in a decision. A VO manager is always 
confronted to situations like finding partners for a VO, evaluating current versus 
planned scheduling, analyzing financial effects of order replenishment or 
cancellation, comparing VOs' historical data for performance analysis, planning 
actions for handling predicted problems, among others. All this aims to fulfill the 
VOs' goals and contractual clauses regarding expected benefits and profits. 

Therefore, in general, the relevant question is "which alternative should be 
chosen when the VO manager has many variables involved to take a decision? ", 
which reveals making a choice out of a number of alternatives (Bohanec, 2003). 

Regarding the field of decision sciences (human decision making), some 
techniques are available to help m finding options to satisfy the decision maker's 
goals. The three main branches for decision support are (Bohanec, 2003): i) 
operation research; ii) decision support systems; and iii) decision analysis (Figure 2). 
Operation research stractures real-life situations into mathematical models. Decision 
support systems deal with unstructured problems and uses data models to identify 
and to solve problems. Decision analysis breaks the problem in more manageable 
parts considering possible alternatives and available information. This paper exploits 
the use of decision analysis as it seems more suitable for dealing with the mentioned 
VO problems, which involve uncertainties and managers' preferences. 

The process of making choices is more complex than just picking one option. It 
consists in assessing the current problem and understanding the objectives, and 
collecting as well as verifying available and pertinent information in order to 
identify possible alternatives (Clemen 1996). Alternatives are split into more 
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manageable and understandable parts in order to model the problem and they are 
presented to the VO manager, who decides to apply one of them or not, also 
considering that different managers present different behaviors and adopt different 
management strategies for the same problem (Pereira-Klen et al., 2005). 

Figure 2 - Decibiou Malung Areas (Source: Clemen, 1996) 

Decision trees, a special technique in decision analysis was chosen since they are 
representations of decision problems and are used in the process of structuring 
decision elements like alternatives, uncertain events, and final outcomes (Clemen, 
1996) which fits our case example. It utilizes a structure of three types of nodes: i) 
decision nodes: alternatives presented to the manager; ii) chance nodes: events with 
certain probability of occurrence; and iii) terminal nodes: the final outcome {payoff} 
for each leaf in the tree. It means that each problem can have two or more alternative 
solutions (which can be decomposed in several tree levels), and each alternative has 
decision nodes. At last, each alternative has a probability to happen (100% for all 
alternatives of a given problem) and an associated cost. 

5. THE EXPERIMENT 

In a CNO scenario a given enterprise is usually involved in several VOs, and 
decisions should be taken for each VO and for every problem related to. These 
decisions are different from each other because each situation is likely unique. The 
example below describe how a decision making process related to one problem in a 
given VO would be carried out. 

This example is related to a case where one VO partner in a given VO is delayed 
in its planned delivery. In this case, VO-I aims to store information about the 
decisions taken and their reasons as well as the final outcome for future use by the 
VO manager. A hypothetic scenario for a VO producing special chairs - named as 
chairs production - has been devised and decision trees and sensitivity analysis 
were used to model and to base the final decision for facing such delay. 
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In this scenario it was assumed that the foreseen VO profit will be of 10K€ in the 
case no problems occur during its execution. However, as a partner is delayed, a 
decision should be taken about what to do, regarding other partners' capacities and 
scheduling, contract penalties, and know-how about the production. It will be also 
assumed that this problem is considered relevant to be solved (regarding the 
involved values), its solution should be found as soon as possible (as they affect the 
current schedule), it will be a one-stage solution (i.e. no further possibilities of 
refinements/renegotiations), and the VO manager will take the decision alone. 

There would be four decisions to be taken: 
• Increase capacity - the delayed partner should contract more employees in 

order to accomplish its deadline. But this will cost 4K€, i.e. the final outcome 
will be of 6K€ and this action has 65% of probability to overcome the delay. 
In the case this action does not solve the problem the VO should then pay for 
this. This means that the other 35% of probability is divided in other possible 
consequences. In this case, there would be two types of consequences: the 
worst one is a very drastic image impact, which is expressed as a zero € of 
profit; or suffer penalties. Three levels of penalties may be applied, which 
can vary from low, medium and high penalties, causing a loss of 6.5K€, 
7.5K€ and 9K€, respectively, and with a probability of 20%, 35% and 45%, 
respectively, to happen. The probability numbers and, usually, the values 
associated with the consequences are provided according to the manager 
experience and managerial style. 

• Status quo - it means to leave it as it is. Status quo is divided into two 
branches: aware and unaware. The former case represents the manager's 
knowledge about the overall VO schedule as well as the partners' capacity. 
The manager can decide to do nothing because he knows that one of the 
partners has been working with a loose schedule meaning that it is able to 
absorb the delay. This has 70% of probability to solve the problem and hence 
to keep with the original profit of 10K€. The latter case, the manager thinks 
that the problem will be "naturally" solved along the time by the involved 
partners. It has 30% of probability of success but he estimates a loss of 2.5K€ 
in the final outcome with the actions that would be taken by the partners. 

• More time - the VO manager requires more time to the final client in order to 
adjust and to end the delayed production order, but this would be possible 
thanks a discount of 3K€. If the client accepts this alternative the final 
outcome will be 7K€ and this acceptance would happen with 65%) of 
probability. However, there is 35% of probability that the client does not 
accept this. Then the manager should decide for analyzing the consequences 
image damage ox penalties, described in the first decision type. 

• Sub-contracting - the VO manager decides to go one step beyond and one or 
more partners will join the VO in order to fulfill the needs. The available 
options regarding time, costs, and quahty of service are: i) partner I will cost 
of 5Ke; ii) partner 2 5.5K€; iii) partner 3 6K€; and iv) partner 4 also 5K€. 
All these subcontracted partners have 90% of probability to succeed in this 
mission. In the case of failure (with 10% of probability), the profit is zero K€. 

Rolling back the options of this decision tree and ranking them, the following 
sequence is found: more time with an outcome of € 5.258,75; sub-contracting with € 
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4.950,00; status quo with € 4.750,00; and increase capacity (work power) in the last 
place with an outcome of € 4.608,75. 

Quantities incorporated into a tree are uncertain and many probabilities are just 
estimations. One option to vahdate the best alternative is to apply the Sensitivity 
Analysis technique. It is done ranging the values of some probabilities in order to 
assess how the decision is affected by the variation in one or more of the uncertain 
quantities in the model. It works like a what-if case. Figure 3 shows for example that 
the more the manager is aware about the status of the VO's partners the bigger the 
chances of taking the right decision tends to be. The probability of awareness, 
variable p_awareness, was ranged from 50% to 90%. The graphic shows a threshold 
in 73%), which means that only if the VO manager is more than 75%) sure about his 
actions, "doing nothing" is a better choice than more time. Just to remember, more 
time was the best outcome before ranging the value of the probability p-awareness. 
The results sound obvious or too simple. However no one was aware of this 
conclusion before this analysis. 

Sensitivity Analysis on pawareness 
• Increase work power 

• Status quo 

A More time 

• Sub-contracting 
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Figure 3 - Sensitivity Analysis on probability of awareness 

Despite decision trees cannot be completely reusable regarding that each 
situation is usually imique, the case presented can be used as a model to be followed 
in similar situations. Surely different sets of alternatives will be made available in 
each situation. Sensitivity analysis can be used to study the deviation in some 
variables representing the probability in chance nodes in order to give more 
confidence to the decisions. In this context, knowledge management makes the 
knowledge obtained in decision analysis process explicit and hence easier to be 
modeled, systemized and available to VO managers for his further use. The content 
of this decision tree is hierarchically organized and classified in a taxonomy 
(represented by an ontology) so that short explanations can be provided about the 
elected decision option {status-quo). 
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6. CONCLUSIONS AND NEXT STEPS 

This paper stressed the concept of Virtual Organization inheritance (VO-I), 
highlighting its increasing importance in the CNO discipline. An approach for 
supporting virtual organization inheritance was introduced, where knowledge 
management was used as the main guideline and decision support was the example 
chosen for the application presented. The rationale of the proposed approach is that 
the management of VOs could be much more effective and its problems solved with 
more agility and reliability if information and lessons learned from past VOs could 
be stored and properly retrieved by VO actors (e.g. VO managers and VO planners). 

Regarding that problems and solutions can vary for every VO, the main goal of 
VO-I is not necessarily the reusability of decisions taken in the past but rather the 
possibility to consult what has happened in similar cases, the practices used and their 
effects, the adequacy of certain performance indicators to select partners to compose 
a VO as well as to monitor them along the VO operation, and so forth. Managing 
VO-I is therefore an important asset for organizations, specially if it is considered 
that this information is properly stored, processed, and organized. VO inheritance 
provides structure and guidance for thinking systematically about decisions even the 
ones that seem to be tricky to solve. 

Despite its importance, the research about VO inheritance is still in its beginning 
and many open questions are present. Some of them were pointed out in the paper, 
showing an initial research path to this area. This paper did not intend to provide 
solutions for all the identified problems of decision-making in VOs, but rather to 
present an initial experiment that corresponds to a part of a wider framework. 

In a former work developed the by the authors (Loss, 2005) the focus was put on 
how bunches of information can be collected and how new knowledge can be 
generated for decision-making purposes applying data mining. The present work 
adds another piece in the devised framework evaluating decision trees as a possible 
technique to support the modeling and costs of decision alternatives. However it is 
important to point out that the limitation of techniques such as decision tress (for 
instance the need of experts for both decision tree modeling and domain specific 
ones) has a direct influence on its application. 

Next steps of this research will be devoted to analyze how VO-I can benefit from 
ontology in terms of better representation of knowledge, richer semantics to link the 
stored knowledge with problems, and a more sophisticated indexation mechanism to 
facilitate the search for knowledge by VO managers. 
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This paper deals with interoperability of enterprises. Interoperability is a 
multi-form issue and can be studied at different levels. Tliis research woric 
focuses on the business level and particularly on the decisional aspect so 
called decisional interoperability. The objective of the paper is to present how 
to develop decisional interoperability using design principles with 
mathematical formalisation, in order to improve and to facilitate the decision­
making activity in a collaborative context. Finally, an illustration example 
using the proposed principles is presented to show the interest of the decisional 
interoperability solution. 

1. INTRODUCTION 

Increasingly, competitiveness of an enterprise depends not only on its internal 
productivity and performance, but also its ability to collaborate with others. 
Enterprises need to collaborate with other partners in terms of communication and 
interaction, in order to reach their objectives including the ones that are common 
between partners. In this context the development of interoperability has become a 
key factor of success. 

Interoperability can be studied at different levels, and one of the developments of 
interoperability is related to the decision-making activity (ATHENA, 2003). It is so-
called decisional interoperability. The purpose of this paper is to present the basic 
concepts and principles of decisional interoperability. 

However, this paper does not take into account the socio-psychological aspect of 
the decision-making but focuses on formal and quantitative aspects, in order to 
reduce the uncertainty in terms of the objectives that the partners have to reach 
during a collaborative decision-making process. 

This work has been initiated within the frame of WP6 (Design principles for 
interoperability) of INTEROP NoE (INTEROP, 2003). It also aims at extending the 
GRAI decisional model concepts to the development of interoperability in the 
context of networked enterprises. 

First, the definition and a mathematical formalisation related to the decision­
making activity inside one enterprise are presented. Set theory is used to formalise 
the decision-making activity. 

Then, the decision-making activity in a collaborative context is discussed. Based 
on these works, a definition of decisional interoperability is proposed. Some design 
principles to build a decisional interoperability solution are presented. Set theory 
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notations are also used to fonnalise the basic concepts of the decisional 
interoperability. 

A simple case study is proposed at the end of the paper in order to illustrate and 
show the applicability of the proposed approach. 

2. DECISION-MAKING ACTIVITY: CONCEPTS AND 
DEFINITIONS 

2.1 Definition 

Decision-making is an activity that aims at making choice. The decision itself is the 
resuh of choosing between courses of action (CEN, 2000). The decision-maker 
disposes of a set of alternatives and has to choose the best one allowing reaching his 
objectives. According to (Doumeingts, 1998) and (Vallespir, 2002), in order to 
choose among possible solutions, several items may influence the decision-maker: 

• One (or more) objective(s) that the decision must allow reaching; 
• One (or more) decision variable(s) on which the decision-maker can act; 
• Constraints that limit the use of the decision variables; and 
• Sometimes, criteria that guide the choice to make dmng the decision­

making process. 

This set of items form a decision frame constraining the degree of freedom to make 
a decision. Therefore, the decision-making can be shown as the search of a solution 
reaching (or being near) the objectives in a space defined by the decision variables 
and delimited by the constraints (Vallespir, 2003). Figure 1 illusfrates the principle 
of decision-making consistently with the decision frame. 

Constraints Space 
of freedom 

Decision 
Min T Max ' variable 1 

Val(dvl) 

Figure 1 - Representation of the space of freedom for decision-making (two 
decision variables are considered) 



Decisional interoperability 299 

2.2 Formalisation 

Starting from the definitions given above, it is possible to propose a foimalisation of 
the decision-making activity. Fomaalisation is necessary to understand and represent 
in a precise way the basic concepts relating to decision-making activity. 
Furthermore, it will allow giving general rules to make a decision that could be 
applicable in any situation including decisional interoperability. 

Let us assume several notations: 
Given OB the set of objectives that the decision must allow reaching, 

OB-={obi,...,obn\n&^*. 

Given VD the set of decision variables, 

FD = {vc/i,...,vJ«},«eN*. 

Given VD^t the set of constrained decision variables, 

VDct = {vd e VD\P{vd)}= {vJi«,,...vi«c,„},« € N *, 
with P(vd) = the decision variables respect the constraints. 

In order to make the decision through the formalisation of the decision frame and the 
definition given by (Vallespir, 2003), it is possible to write: 

Given D the set of the possible decisions (given by the set of the values of the 
decision variables defined by the constraints), 

D = {{vdic,\,...,vdncm]},d = {vdun,...vdnci„},n e N* , 
card(D) = cardiydun) x... x card{vdnc„), n e N *. 

To each element of D - that is to say each combmation of values of the decision 
variables - one possible objective can be associated. 

Given OB' the set of objectives that can be reached by the elements of Z), 

OB'={)b'&OB'\oV=f{d)}. 
The ftmction / defines a series of mathematical operation that allow the 
transformation of the decision variables values into the corresponding objectives. 
An objective, belonging to OB, can be totally fulfilled if and only if it also belongs 
to OB'. In the case where there is no solution, the decision-maker will choose a 
solution belonging to OB' that will be the nearest to the desired objective. 

Finally, the set Dr of the decisions researched d is: 

Dr = [de DpB'WB]. 
This formahsation can be now applied to decisional interoperability. 
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3. DECISIONAL INTEROPERABILITY 

3.1 Collaborative decision-making 

In the context of collaboration, partners work together in order to reach a common 
goal (Kvan, 2000). At the level of decision-making, it concerns the decision-makers 
to take a decision reaching the objective of the collaboration and also satisfying their 
own interests. Currently, the decision-making process is well defined (Mercier, 
2003). However, several problems emerge from this process (Chen, 2005) 
(Wikipedia, 2006): 

• The majority of collaborative decisions have to do with subjective issues 
(there is no formalisation and no rational manner to take a decision); 

• Decisions are usually imposed by one party to another; 
• The time length to achieve a common decision. 

Therefore, decisional interoperability has to support the collaborative decision­
making activity and to prevent the mentioned problems. 

3.2 Decisional interoperability 

According to (IEEE, 1990), (Oxford, 1999) and (Daclin, 2005), decisional 
interoperability can be defined as the ability for several decision-makers to exchange 
support-information for decision-making, and to use these support-information in 
order to make a decision that allows reaching the objective of the collaboration and 
at the same time that respects their own interests. The principle is to generate a 
common decision space taking their own support-information for decision-making 
into account as shown in figure 2. 

t ' i " i i i i ' o ; i I 

1 jL'«.isii>ii - l i^ io in 

DoL'j'̂ uiii N\sio!', l)i;̂ i-..i'M •>v-iiv:n. 

Figure 2 - Representation of the principle of decisional interoperability (Daclin, 
2006) 

The existing collaborative decision-making process is not designed for decisional 
interoperability. Consequently, it is important to define principles to design 
decisional interoperability solutions. 

3.3 Design principles for decisional interoperability 

A design principle is a rule to follow, that orients design decision-making. It can be 
defined as a fundamental truth which stands for evidence (Suh, 1990). Starting from 
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the problems encountered in collaborative decision-making, three design principles 
for decisional interoperability have to be implemented according to the identified 
problems as summarised in figure 3. 

In the case 1, decision-maker A makes a decision without knowing neither decision 
frame nor the possible decision which can be made by decision-maker B. In this 
case, the decision-maker A can make a decision which, on the one hand does not 
satisfy the decision-maker B and on the other hand does not satisfy the objective of 
the collaboration. This leads to some iterations and negotiations between both 
decision-makers to find a solution. 

In the second case (case 2) the decision-makers A and B have clearly defined 
their decision frame including the possible decisions that can be engaged and make 
it known to the partner. In this case, the decision-makers can make a decision on the 
one hand without time loss and on the other hand which can satisfy both of them and 
the objective of the collaboration. 

Decision 
variable 2 

• 

Decision 
variable 2' 

Max 

Min 

Decision-maker 

Decision 1 

Case 1 

Min Max 

Maxh-1— 
I 
t 
t 
i 
1 

Case a" ~ - .Min. - •'-

- .Decision-maker 

Decision 1' 
• - ! • • 

I 
I 

• ! Decision 2' 

Min Max Decision 
variable 1 

® Bad decision of A leading to a decision of B out of its frame 

• Good decision taken by A knowing the decision frame and the capability of B 

Decision 
variable 1' 

Figure 3 - Representation of the problems of collaborative decision-making in 
order to establish design principles 

The three design principles for decisional interoperability that have to be 
implemented are: 

Axiom 1: "when designing a decision-making activity, make its decision frame 
explicit". 
The decision frame contains a set of items which limits the freedom of decision­
making. It allows improving the decision-making transparency. 

Axiom 2: "Implement a mechanism to exchange the decision frame between all 
decision-makers ". 
Building a decision frame known by your collaborative decision-maker improves 
decisional interoperability in terms of iterations between parties, and of the delay 
before reaching a decision. 
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Axiom 3: "Establish capability for each decision-maker". 
Decisional capability allows knowing admissible limits for the decision-makers, and 
improves the ability to make decisions that satisfy all decision-makers as far as 
possible. 

3.4 Formalisation 

Based on the conceptualisation of the decision-making activity previously proposed, 
a formalisation of the decisional interoperability is developed below. 

Let us assume supplementary notations: 
Given OBc the set of the objectives of the collaboration, 

OBc = {obc\,..., obcn], 72 e N *. 

Given P^ the set of the possible decisions that can be engaged by each partner in the 
collaboration, 

Pc = {pci,...,pcn],n e N * . 
In order to obtain this set, the decision-makers have to exchange their own decision 
frame as defined above; otherwise they risk making a decision that will not allow 
satisfying other partners and/or the objective of the collaboration. As a consequence, 
the partners will have more negotiations and iterations to make a satisfying decision. 
This set represents the capability of the decisions-makers. 

Given Dc the set of the possible decisions in the frame of the collaboration, 

Dc = '(J)cl,...,pcn]\,dc = {pc\,...,pcn\n S N * 

card(Dc) = card(pci) x... x card(pcn),n € N *. 

Given OB 'c the set of objectives that can be reached by the elements of Dc, 

OB' c = \pb'ce OB' c\ob' c = gidc)}. 
The function g defines a series of mathematical operation that allow the 
transformation of the possible decisions that can be engaged by each partner into the 
corresponding objectives that can be reached in the frame of the collaboration. 
An objective, belonging to OB^, can be totally fulfilled if and only if it belongs to 
OB;. 

Finally, the set £)„ of the decisions researched d^ is: 

Drc = ldceDc\OB'cf]OBc} 
This formalisation is applied to an illustration example presented in the section 4. 
This example is largely simplified to illustrate the decisional interoperability 
between two partaers using a formal approach. 
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4. ILLUSTRATION EXAMPLE 

Let us consider two partners (Pd and Pc2), in a collaborative decision-making 
context. 

The objective of the collaboration for the partners is: "to produce n products for 
a maximum cost of 30 K€". This objective can be noted: 

OBc = {0,1,...,30) 

The partners have selected the possible decisions (in this case in euro) that can be 
engaged in the frame of the collaboration. This selection of the possible decisions is 
performed and workable after that the decision-makers have clearly defined and 
exchanged their own decision frames. According to their own decision frame and 
the decision frame of the partner, these possible decisions can be noted: 

Pel = {10,15,17} 

Pel = {13,16,24} 

The set of possible decisions of the collaboration is noted D^. 
card(Dc) = card{Pc\) x card(Pc2) 

card(Dc) = 3x3 = 9 
Thus, there are 9 elements in Dc. It is possible to vwite them on: 

'{10,13}, {10,16}, {10,24}' 

£>C = ]{15,13},{15,16},{15,24}>. 

{17,13}, {17,16}, {17,24} 
The set of objectives that can be reached by the elements of Dc is OB 'c. 
It has been written above thatob' c = g{dc). In this example, the objective is a 

cost and the cost supported by the partners must be summed. Therefore, in this case, 
the g function is defined by the sum of all elements of a given d^ set: 

n 

ob'c = ^dci. 

Thus, for the set of the objectives that can be reached by the elements of Dc, it gets: 

OB'c = {23,26,34,28,31,39,30,33,41}. 

Finally, the set of the decisions researched by the collaborative decision-makers can 
be noted: 

cost< 30 => Drc = {{10,13},{l0,16}, {l5,13},{l7,13}}. 

Any of these four possibilities fulfils the given objective. Indeed, they meet the 
objective of the collaboration defined as "to produce n products for a maximum cost 
of 30 K€". The decision-makers can make a decision among the £>„ set of solutions. 
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5. CONCLUDING REMARKS 

This paper has presented a formaHsation that aims at developing interoperability in 
the context of collaborative decision-making in order to solve and to prevent the 
problems identified (iterations, long delay...)- This formahsation is independent 
from technological issues. 

Some design principles to build decisional interoperability were proposed in 
order to allow the decision-makers to make right and appropriate decisions by 
clearly defining their decision frame, exchanging their decision frame and 
establishing a common decision space. This formahsation is simple to design and 
implement in enterprises and can apply in any kind of situations. The example is 
largely simplified to keep the presentation in a reasonable volume. 

The proposed approach allows extending the GRAI decisional model concepts 
initially developed for intra enterprise integration to inter enterprise interoperability 
from the point of view of decision-making. 

Future work is concerned with the development of ftmctions - that allow 
obtaining the set of objectives that can be reached by the possible decisions of the 
partners of the collaboration - based on performance criteria of the enterprises. 
These functions represent the performances that are the most frequently targeted by 
the enterprises such as cost, quality and time. A real case study will also carried out 
in a SME. 

6. REFERENCES 
1. ATHENA. Advanced Technologies for Heterogeneous Enterprise Networks and their Applications, 

FP6-2002-IST-1, Integrated Project Proposal, 2003. 
2. CEN TS 14818, Enterprise integration - Decisional Reference Model, CEN TC310/WG1, 2000. 
3. Chen, David. "Practices, principles and patterns for interoperability". INTEROP deliverable D6.1, 

2005. 
4. Daclin N, Chen D, Vallespir B. "Design principles and pattern for decisional interoperability". In 

proceedings of IFIP 5.7 Advances in Production Management Systems, APMS, 2005, 
5. Daclin N, Chen D, Vallespir B. "Towards a conceptualisation of decisional interoperability", 

Interoperability of Enterprises and Software Applications, I-ESA'06,2006, 
6. Doumeingts O, Vallespir B, Chen D, "Decisional modeling GRAI grid". In International handbook on 

information system, P. Bemus, K. Merlins & G. Schmidt ed, Berlin: Springer, 1998. 
7. IEEE. "A compilation of IEEE standard computer glossaries", standard computer dictionary, 1990, 
8. INTEROP. "Annex!-Description of work", Interoperability Research for Networked Enterprises 

Applications and Software. INTEROP NoE. Network of Excellence, n°508011,2003. 
9. Kvan, Thomas, "Collaborative design; what is it?". In Automation in Construction, vol,9, Elsevier 

Science BV, 2000. 
10. Mercier N, Noyes D, Clermont P. "Mod61isation des meoanismes de collaboration dans les processus 

decisionnels". 4eme congr^s des doctorants, 2003. 
11. Oxford dictionary. "Oxford dictionary", Oxford University Press, 1999, 
12. Suh NP, "The principles of design", Oxford University Press, ed, 1990. 
13. Vallespir B, Doumeingts G. "La m6thode GRAI". Support de cours de I'^cole de printemps 

"modelisation d'entreprise", groupe de travail n°5 du groupement pour la recherche en 
productique, 2002. 

14. Vallespir, Bruno. "Mod61isation d'entreprise et architectures de oonduite des systdmes de 
production", Memoire d'Habilitation h Diriger des Recherches, 2003. 

15. Wikipedia. "Les systemes de prise de decision, www.wikipedia,fr. 2005, 



TRAINING OF STRATEGIC DECISIONS 
IN COLLABORATIVE NETWORKS 

THROUGH SERIOUS GAMES 

Reiner Kracke, Jannicke Baalsrad Hauge, Heiko Duin, Klaus-Dieter Thoben 
BIBA at the University of Bremen, GERMANY 

{krk, baa, du, tho} @biba. uni-bremen. de 

Serious gaming is an upcoming approach for supporting training activities. 
Since games have been identified as an opportunity to increase familiarity of 
the player with any artifacts, they can also be used to mediate experience in 
management and strategic decision making. In combination with the current 
trend towards networked games, teaching of strategic decisions in 
collaborative networlc environments is the next step in the evolution of learning 
games. This paper presents such a gaming approach, supporting a virtual 
multi stallholder environment, where trainees can experiment with new ideas 
without risli and effects on the real life. 

1. INTRODUCTION 

Collaborative Networks (CN) are emerging in many business areas. Thus planning 
and operating them is a skill that becomes more and more important for today's 
professionals. In order to mediate these skills and to enable them to assess the value 
creation through Collaborative Netvî orks, new forms of training for the 
professionals are required. An upcoming approach of training in the business world 
is the serious gaming approach (Prensky, 2001; Thoben et al. 2000), which uses 
computer games as tools to let professionals gain experience as players in a "soft 
failure" environment. 

This paper presents an overview on the general approach of using games to 
support professional trainings. Based on that, a specific gaming approach focusing 
on training strategic decisions in manufacturing is being introduced, explaining how 
to achieve the projected impact in terms of learning results. Therefore it will give an 
overview on strategic decisions, which should be supported by serious games, and 
how they can be integrated in a game by providing the player with events and 
information, to let him freely derive his corporate strategy and decide about 
necessary actions, instead of leading him through a storyline. The content of this 
paper is based on intermediate results of the EU-project PRIME (FP6-IST-016542), 
which has the objective to create a game, where professionals can experiment and 
learn how to handle a business in a multi-stakeholder Virtual Business Environment. 
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2. TRAINING OF STRATEGIC DECISIONS 

Strategic decisions are far reaching and consequential for organizations. The 
importance of making the right decisions increases, when an organization is part of a 
collaborative network and tihe consequences of those decisions affect not only the 
own organization but also the coimected partners in the network. 

Strategic decisions must often be made under conditions, where parts of the 
enviromnent are uncertain and assumptions about other involved parties may be 
incorrect or incomplete. In such situations, the decision maker has to rely on his 
experience to fill the gaps in the information foundation of the decision process. 
Additionally, decision effects are often indirect and might thus be unintended and 
unforeseen. At this pomt it's again the decision maker's experience that allows him 
to assess the long-term effects as well as the side-effects of his decision. 

These circumstances imderline the importance, that decision makers are aware of 
the difficulties and effects of the decision making process and in order to achieve 
this awareness and to provide accelerated experience, they require a special training. 
However, traditional vocational training methods are obviously not appropriate for 
this task, since experience carmot be taught in such a passive way. Instead, decision 
makers have to be exposed to environments and situations, where the required skills 
can be trained through practicing. 
The real life and the real business envu'onment would be a perfect playground to 
collect experience and train skills, but of course there is the problem, that the real 
life does not pardon failures and wrong decisions. Thus the trainees need a "soft 
failure" environment, where they can experiment without risking the reputation of 
their company or even of a whole networked organization. 

3. SERIOUS GAMES 

When coming to the point, where a model of the real world is required, computing 
technology usually provides solutions in form of simulation applications. Those 
simulations can help imitating and understanding the real world and with the ability 
to speed things up, long term effects can be analyzed in short time. However, 
simulations are not always a proper solution to support training, because their 
capabilities regarding interactivity are usually very limited. 

A computing domain which provides extensive interactivity is the games 
domain. There are many genres in the computer games domain, and a special one of 
them is the serious game. The terminology "Serious Game" is quite new in the 
world of computer games and thus there's no universal definition for it, yet. 
However the term itself clearly states, what it is: a game with a grave background or 
content. 

3.1 Evolution of Serious Games 

The terminology "Serious Game" is mainly based in the computer games domain, 
which has experienced a rapid development in the last decades. With the 
introduction of personal and home computers in the 1980s, the computer games 
continuously gained importance in the recreational sector and with the advancing 
computer technology, new opportunities emerged, enabling the creation of even 
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more sophisticated games (Herz, 2002). An ideal example for the development of 
games is the flight simulator genre. Whereas the first games of this type were very 
simple and just allowed the player to control an aircraft in a stylized environment 
with generic cockpit instruments and simple flight physics, modern flight simulators 
confront the player with a realistic enviroimient including reahstic cockpit 
instruments, realistic flight physics, a realistic world, where the landscape has been 
modeled using a topographic base and satellite images and even the airport towers 
use their real-life radio frequencies and allow in-game communication. This high 
degree of reahsm increases not only the attractiveness of the games, but it also 
allows the player to learn some basic about flying and thus this opportunity has been 
grasped by airlines and the military. 

Whereas the steadily increasing computer technology can be seen as a major 
driver for the development of computer games, the internet and the networking 
capabilities in general enabled opportunities to create a new type of games: online 
games. The ability to play games online with other human players made games 
much more interesting, because a player's in-game fellows or opponents are not 
anymore as predictable as computer controlled ones are. Nowadays there are games, 
which are played by several 10.000 players at the same time - sharing a one virtual 
world (Ondrejka). The vast majority of online-games is still of entertaining 
character, but there are also some games, which have a serious and/or realistic 
background (Second Life). However the number of games, which address issues of 
learning for business life, is relative low. 

3.2 Business Games 

Business games are serious games by nature, because they're usually about 
managing a company, which clearly has a more serious than entertaining 
background. However, business games are often referred to as business simulations, 
where by definition a simulation is not the same as a game. A simulation's purpose 
is to imitate something, e.g. a flight simulator imitates the behavior of a real plane 
and the environment in terms of terrain and weather, but there are no elements in 
such a simulation that directly reflect an entertaining approach or a game's rules. In 
opposite to a simulation, a game always has rules and it defines a goal, which a 
player has to achieve in order to win the game. The reason why business games are 
often called business simulations might be that those games include an economic 
environment, which simulates the behavior of customers and competitors. But the 
majority of business games confront the player with a scenario and a goal, which 
must be achieve in order to win. This makes those games real games. 

In business games the player usually has to deal with production, logistics, 
finance and marketing and the typical goal is to maximize the company's profit or to 
gain a vast market share. Even if those goals can also be found in a real company's 
business plan, it is a challenge for many people who like to play those types of 
games in their spare time. Since even the business games, which are intended for the 
entertainment market, have to be believable and the technical prehminaries 
nowadays allow a high grade of complexity in the economic system of a game, they 
confront the player with many terms, effects and details that can be found in the real 
business life. 
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3.3 Games as Training Tool 

The circumstance that a game can reflect large parts of the real world can be 
exploited for training purpose. Besides, using games as tool for training has some 
positive effects on the trainees. Even if the object of serious games is not 
entertairmient, they are still considered as games. Thus most trainees enjoy this form 
of training and their involvement is more intense than in other teaching methods. 
Additionally games are interactive, allowing active learning, which has been proven 
more effective than passive learning. 

The usage of serious business games for training (see Serious Games Initiative) 
can already be observed in schools and universities, where students can play and 
learn the basics of business. However this kind of training has not yet been fully 
established in companies. Compared to the success of flight simulators which are an 
established training method, business games are far from being an inherent part of 
business training. There are several reasons that are responsible for that difference: 

• Serious business games are not obviously saving costs, like the flight 
simulators do. Those flight simulators reduces the training costs by using 
virtual airplanes for training activities, thus saving fuel and additionally 
it reduces the risk of failure during a pilot's first flights, because a flight 
simulator does not crash physically. The training of business 
professionals usually doesn't require expensive equipment like airplanes, 
thus a game is not being regarded as a cost saver. 

• It is more complicated to simulate a real world business environment 
than the environment in a flight simulator. In a flight simulator, the 
trainees in the cockpit have to deal with the status of the plane and react 
on the environmental influences in terms of the weather condition. In a 
virtual business world, the state of the plane is taken by the state of the 
company, but the interaction and interdependencies with the 
environment is more complex. The complexity increases especially when 
the trainee acts in a collaborative network, where there are usually many 
stakeholders involved, whose behavior depend on the trainee's actions. 

• The third big difference regards the controls, which are available to the 
trainee. In a flight simulator, the trainee can use the cockpit instruments, 
which are more or less the same in each plane. In the business world, 
there is no common set of controls, which allows a professional to 
manage a company or department, thus the companies do not see a direct 
relationship between serious business games and their own business, if 
the game has not been developed for their specific framing issues. 

Because of these reasons, business games still reside on the entertainment level and 
haven't become an inherent part of training in the business world yet. Some games 
may have the potential, to mediate basic knowledge of economics and can thus be 
used to train students on a basic level, but those games usually lack the depth of 
detail to be sufficient for advanced corporate training. 
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4. TRAINING OF STRATEGIC DECISIONS THROUGH 
NETWORKED GAMING 

4.1 The PRIME approach 

The objective of the EU project PRIME is to create a serious business game, which 
can be used for advanced training of business professionals in the domain of 
strategic manufacturing. Thus the game is intended to be used in corporate training, 
the three issues of serious business games, which make the integration in 
professional training difficult, have to be addressed: 

• To provide a set of controls, which are common to business professionals 
of different companies and different industries, the PRIME approach moves 
strategic decisions in the focus of the game. Those strategic decisions are 
supported in an indirect way, by providing the underlying information to 
the player and let him decide, what to do based on this input. This means, 
that there is no guide- or storyline, which leads the player through the 
game, querying his input at discrete turning points within the game. Instead 
each player has a game interface which allows him to assess the situation of 
his business unit and to freely decide about the necessary actions to 
improve his economic situation. (Decision Flows — Fig. 1) 

• Even if games caimot help reducing costs in a direct way, they provide an 
environment, where trainees can experiment with new strategies and 
failures don't affect the company in the real world. PRIME aims to provide 
a virtual business environment (VBE) where the player can run his own 
business unit and gain experience through learning by doing. Especially the 
long term effects of strategic decisions are of interest, since a games 
capability to simulate those effects can provide a good feedback to the 
trainee, after he made a decision. (Business Units - Fig. 1) 

• To provide a realistic multi-stakeholder enviromnent, supporting 
collaborative networks, PRIME will be a multiplayer game, where many 
players share the same VBE. Whereas singleplayer games are usually based 
solely on simulation, the PRIME approach confronts the player not only 
with artificial stakeholders, but also with other human competitors and 
business partners. In the resulting networked gaming environment the 
players can communicate and interact with each other and are thus being 
confronted with unexpected scenarios which are influenced by the behavior 
and decisions of other players (Heide Smith, 2005). (Global Business 
Enviromnent - Fig. 1) 
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Figure 1: The Multi-Stakeholder Concept of PRIME 

4.1 Strategic decisions in PRIME 

To be of use for corporate training activities, a serious game has to provide support 
for the targeted training objectives. Since the PRIME approach focuses on strategic 
decisions, the game's qualification depends on the extent of the encompassed 
strategic decisions. Thus the first activity in the development of PRIME has been the 
compilation of a list of strategic decisions and issues, which are being regarded as 
important to be taught. This assessment has been done within the PRIME 
consortium, which not only includes developers but also end-users of the game. The 
following list is the result of the content related part of the user requirements 
analysis and shows an overview of the demanded training subjects. Additionally the 
training subjects have been rated by each end-user in the consortium with 1 being 
not important to 5, which indicates high importance for the end-users training plans. 

In order to make these decisions a part of a game, it has to provide situations 
where the player can decide between various options. In games, where the player is 
guided along a predefined storyline, these decision making points are explicit 
present, letting the player choose between a set of possible options. This kind of 
decision making is not always realistic, since in real life, there are sometimes no 
discrete choices and even the timing of decision making is not always given. Thus 
the PRIME approach is based on free decision making, where the player is always 
asked to assess the current situation based and act or react, when he sees a need for 
action. This way, a player can be as active as he wants and he can even avoid 
making decisions, which most probably will not improve the situation of the 
player's business unit. 
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Table 1 - Importance of including training issues in PRIME 
Rating by End-Users 

Make or buy (outsourcing, off shoring) 

Customer decoupling point position 

Supply/Delivery network level 

Chase vs. stocking production plan 

Stock levels; stock position (ex. bullwhip effect) 

Integration of stakeholders (governments, NGO, etc) 

Supplier integration (supplier vs. partners) 

Plant localisation 

R&D Product 

Enterprise Integration 

Manufacturing strategy 

Modularity in products/processes 

Labour skill level 

Plant capacity 

Maintenance approaches 

Production planning strategies and methodology 

Plant/shop-floor configuration 

5 

4 

5 

4 

4 

1 

2 

5 

1 

1 

4 

1 

1 

3 

1 

3 

3 

4 

3 

2 

3 

1 

2 

2 
' 

4 

3 

2 

3 

3 

2 

4 

3 

2 

5 

,. 

• ^ 

J 

2 

5 

5 

4 

5 

5 

5 

3 

2 

4 

4 

2 

4 

2 

2 

2 

5 

4 

4 

3 

5 

5 

4 

4 

4 

5 

3 

4 

2 

2 

1 

1 

2 

4.2 Example for Training of "Make or Buy" 

The "Make or Buy" decision is the top rated strategic decision of the PRIME 
requirements list. Thus the following example is based on this type of decision, 
describing how the PRIME approach supports training. 

As already mentioned, the player has to keep track of the current situation of his 
business unit. This is supported by the information, which the game provides in 
various ways. In case of the "Make or Buy" decision, there are information sheets, 
which inform the player about the costs for making a specific product. This 
information about costs can be either based on current costs, if the player is already 
producing this item, or can be estimated by the player by taking a look at the 
production cost of a similar product. On the other hand the player can issue an 
invitation to tender for the product, to get the information about costs when buying 
the product from a supplier. Those information sources can be regarded as direct 
input for the decision, but they are not being compiled for the player so he can 
simply choose between "make" or "buy". Besides the player has to consider other 
factors too, which are of an indirect nature and might not seem directly relevant for a 
player when making the decision. An example for this is the question, whether the 
item to be decided about represents a core or non-core product of the player's 
business unit. This question is not being asked by the game and thus must be 
assessed by the player. If the player runs a company, that produces cars, it might be 
of importance to retain the knowledge of constructing engines in the own company 
to remain competitive. If he decides to buy the engines from a supplier, he'll become 
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dependant on the suppliers regarding a component of high importance. But those 
assessments are no exphcit part of the game - by purpose. By not asking a player 
these questions, he is forced to consider all important inputs to a decision to prevent 
experiencing negative results as long term effects. 

5. CONCLUSION 

The presented approach of PRIME uses two important elements to support the 
training process of business professionals: The trainees act in a network, which is 
very important to create a sufficient complexity in the VBE especially since human 
players act not as predictable as simulation models or artificial stakeholders, which 
are only included to fill the VBE and guarantee a sufficient amount of active 
players. Besides, the fact that human players have to deal with each other makes 
negotiations more realistic and even the personal aspect of inter-organizational 
collaboration is automatically present. The second major element is the free decision 
making, which omits querying the player to react on discrete events. Instead the 
players have to be pro-active and maintain an overview over their virtual 
environment and assess the current situation. 

Based on this concept, and combined with a good concept of integrating games 
into corporate trainings, the PRIME consortium is developing a game, which has 
high potential to address not only the grave background of a learning tool, but also 
to mediate fun while playing. This way the PRIME game will increase the 
motivation of the trainees, since they will be able to play a game, even if it's just a 
supportive training activity. 
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In this paper the problem of finding a computational fast method for pricing of 
the delivery service in a logistics networic has been analyzed. The objective is 
to develop a supporting method for effective interaction among logistics 
service providers and customers. 
We make use of an analytical function to predict the final total cost of 
distribution and to develop an interaction protocol that, using the function, 
leads to a final win-win solution in which the most of the customers have 
agreed to accept a delivery time comporting a reduction of total distribution 
costs. We also validated the method by use of a simulation software, evaluating 
the results in terms of cost-efficiency and stability. 

1. INTRODUCTION 

Logistic activities represent the connection point between goods production and 
fruition locations, which are separated by time and space (Pareschi et al, 2002). 
Global competition and tremendous technological progresses, in information 
technologies and logistics, impose to logistics operators a substantial reduction of 
their costs, particularly of those originated by the delivery process, when goods must 
be delivered to customers at right time in the right amounts and positions. The costs 
sustained by the distributor can be decomposed in three drivers: the variable cost of 
traveled distance, the variable cost of the vehicles, and their fixed cost. The class of 
problems studying the minimization of the transportation costs is commonly known 
as Vehicle Routing Problem (VRP); when customers ask for delivery in a specified 
time window, the sub-class to which it is referred to is the Vehicle Routing Problem 
with Time Windows constraints (VRPTW). The presence of a large amount of tight 
time windows leads to the increase of the number of needed vehicles, and a 
consequent increase of the transportation cost. On the contrary, if a customer would 
accept the delivery in a large time window, this would mean an increase on his 
costs, which originated either by the extra work for unload of the shipment in a 
unforeseen time window or by the loss of money of a missed sale due to 
imavailability of goods. 

(So and Song, 1998) analyze the interrelations among pricing, delivery time 
guarantee and capacity expansion decisions. (Basu et al, 2004) extend spatial pricing 
theory for delivery service to encompass multizone plans. In (Campbell and 
Salvelsbergh, 2005) an incentive scheme specialized for home delivery service is 
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proposed. In (Bianco et al, 2005) a formal decomposition of the vehicle routing 
problem and an interaction protocol is defined while in (Bemardi et al, 2004) a 
multiagent architecture is described. However, the high number of customers and 
the huge amount of possible solutions make difficult to resolve this problem to the 
optimum in a competitive interval of time, given that the problem belongs to the NP 
- hard in strong sense class of problems (Toth et al, 2002). In this paper we analyze 
the problem of finding a computational-fast method for the pricing of the delivery 
service in a logistics network, with the objective to develop a supporting method for 
effective interaction among logistics service providers and customers. The 
developed supporting method will help the implementation of an interaction 
protocol in which the logistics operator is able to price in a time-efficient manner the 
logistics service. 

Given the opposite relationship between costs and windows widths, we have 
identified the trend of the costs as an analytical function, and then we have analyzed 
its ability to predict, with an adequately low error margin, the distribution costs 
using as the only input the measure of the time windows widths. Moreover, upon 
this analytical function we have built an algorithm for the solution of the delivery 
problem which leads to a final scenario where the most of the customers agree to 
broaden out their windows after an economical measurable saving on the 
transportation cost. On top of this algorithm, a multiagent system can be developed 
(Shen, and Norrie, 2001). Multiagent systems for supply chain integration and 
coordination (Durfee, Lesser, and Corkill, 1987; Gerber, Russ, and Klusch, 2003; 
Julka, Srinivasan, and Karimi, 2002; Karageorgos et al, 2003; Lee, and Whang 
1999) can be thinked as a building block for collaborative networks (Camarinha-
Matos and Afsarmanesh, 2004). The remainder of this paper is structured as follows. 
In Section 2 problem and model definition are introduced. In Section 3 the proposed 
solving approach is presented. In Section 4 conclusions and future works are 
discussed. 

2. PROBLEM AND MODEL DEFINITION 

The problem consists in finding a computational fast method for the pricing of the 
delivery seiTice in a logistics network, with the objective to develop a supporting 
method for effective interaction among logistics service providers and customers. 
The developed supporting method will help the implementation of an interaction 
protocol in which the logistics operator is able to price in a time-efficient manner the 
logistics service. 

We model the problem as follows: 
Given a set of « customers and an initial time window W^i = [e°„ /",] associated to 

each customer / = 1, 2, ..., n. Let Wi = [e„ /,] be alternatives time windows 
associated to each customer ; = 1, 2, ..., n with Wj 2 ff",-. Let s°i = /",• - e", and j , = 
/, - e, be the width of the time windows in hours with s°„ 5, e {1,2,...,/} where / be 

the maximum time width Let w^={W°j, W°2, ..., W°„), and w=(Wj, W2, ..., W„) 
vectors of the time windows. Let Let rij the number of customers having time 
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; 
windows width equal to j . Let moreoverS = (V" fij • j)ln . Given a market with a 

set of n customers and a given resources, network structure, and good requests for 
customers, we can define c,(i',) > 0 as the cost for the customer / for receiving 
delivery in a time window Wi and tc{ w) the total cost of transportation for the 
logistics operator. We introduce the integer variables Ci, /; e {1,2,...,/}. The problem 
is to find the combination of w ={Wi,W2, ..., W„) such that is 

n 

min tc{w) + YjCi{Si) 
(=1 

s.t. 

Wi^W° V/ = l,2,...,n 

f^.=[e,.,/,.] Vf = l,2,...,« 

e;</; Vj = l,2,...,n 

eiJi e {l,2,...,l},wherew = iWi,W2,...,W„) and W^ =[e?,/f], Vi = 1,2,..,« 

We notice that for each instance of w the solving of a VRPTW problem is 
needed. 

3. THE PROPOSED APPROACH 

To solve this problem we apply to the model the following procedure: 
1. Find the analytical relationship between tc and Sll; 
2. Tune up of the function to prevent error margin; 
3. Given an interaction protocol for the pricing of the dehvery service, validate it; 
4. Implement the interaction protocol in a multiagent based application. 

3.1 The Analytical Function 

The very first step of our research is made up by a set of tests, carried out with the 
goal of identifying an analytical function which is able to describe the distribution 
costs according to changes in customers' delivery time windows Wj. 

We have considered 100 geographically-distributed customers (the position is 
defined by a couple of Cartesian reference points), with only 1 central depot, where 
the deliveries begin and end. Let/) the percentage of customers requesting for a tight 
time windows p, with 0 <p < 1, and the measure of such tight time windows be w 
hours, with 0 < w < /; four scenarios have been considered: 

Scenario 1: p = 0.25; 
Scenario 2: p = 0.50; 
Scenario 3:p = 0.75; 
Scenario 4:7? = 1. 
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Customers not demanding for a tight time window are supposed to have I hours 
wide windows, with / = 9. 

For each scenario, 4 sub-scenarios have been considered: 
Sub Scenario a): w = 1 hour; 
Sub Scenario b): w = 3 hours; 
Sub Scenario c): w = 5 hours; 
Sub Scenario d): w = 7 hours; 

Each sub-scenario has been resolved using a VRPTW "ad hoc" solver based on 
Solomon II heuristic (Solomon et al, 1987): particularly, 10 runs of the solver have 
been performed for each sub-scenario, randomly assigning the tight delivery 
windows to different customers, but not changing windows start-times and due-
dates. A total of 160 runs have been resolved. The demand of each customer, based 
on Solomon "R" instances, has been kept constant in all the runs, as well as the 
service time equal to 90. 

The outputs of the solver for each scenario are the total number of vehicles 
necessary to serve all the customers, and the total cost of distribution. 

In Figure 1 a plot for each sub scenario (w = 1, 3, 5, 7) is drawn, showing the 
total cost in function of the percentage p of time window width. The total cost 
strongly increases with the increase of the percentage of customers, over the total, 
den^nding for a tight delivery window: moreover, the differences in average total 
cost don't seem significant for requested delivery windows w = {3, 5, 7} hours, 
while they are substantial between these 3 spans in which w = 1 hour 

sssai^^SKs? 

26 50 75 

% tight windows 

Figure 1 - Average total cost after percentages of tight windows 

In order to find out the trend of the total cost in relationship with the sll ratio, we 
used the minimum squares method. Using this method we have chosen as regression 
function the logarithmical expression: 

Fc = a ln{SH) + b 

where a and b represent model constants with a = -9395.7 and b = 24382. 
In the moment of choosing which function, out of the four produced by the 

software for each scenario, we will be using for our future experiments, we decided 
to select the one, shovra in Figure 2, produced by the fourth scenario, for the two 
following reasons: 



312 NETWORK-CENTRIC COLLABORATION 

dependant on the suppliers regarding a component of high importance. But those 
assessments are no exphcit part of the game - by purpose. By not asking a player 
these questions, he is forced to consider all important inputs to a decision to prevent 
experiencing negative results as long term effects. 

5. CONCLUSION 

The presented approach of PRIME uses two important elements to support the 
training process of business professionals: The trainees act in a network, which is 
very important to create a sufficient complexity in the VBE especially since human 
players act not as predictable as simulation models or artificial stakeholders, which 
are only included to fill the VBE and guarantee a sufficient amount of active 
players. Besides, the fact that human players have to deal with each other makes 
negotiations more realistic and even the personal aspect of inter-organizational 
collaboration is automatically present. The second major element is the free decision 
making, which omits querying the player to react on discrete events. Instead the 
players have to be pro-active and maintain an overview over their virtual 
environment and assess the current situation. 

Based on this concept, and combined with a good concept of integrating games 
into corporate trainings, the PRIME consortium is developing a game, which has 
high potential to address not only the grave background of a learning tool, but also 
to mediate fun while playing. This way the PRIME game will increase the 
motivation of the trainees, since they will be able to play a game, even if it's just a 
supportive training activity. 
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Now, putting this latest value inside the function equation, we finally obtain the 
predicted total cost tc for each group as: 

tc =aln(r/l) + b 

Making use of the percentages and the widths decided in the previous phase, we 
build VRPTW instances, yet without any change in customers' service time, demand 
and position, still equal to Solomon's II ones. 

We build 10 instances for each group of percentages, again assigning delivery 
windows to customers in a random way, and then we resolve them using VRPTW 
solver, which produces the total cost of transportation tc and the number of vehicles 
for each instance. 

Each group/c and the 10 (exact) tc 's are compared, and a correction rate that 
makes tc able to predict (merely, overtop) all fc 's is evaluated 

Looking at the results produced after the 4 groups of percentages, it is possible to 
observe that 70% of tc 's are correctly predicted by the function. Thus, just carry a 
little coiTection to tc (the maximum needed is of 6%, what is more already 
expected), making our function able to predict 100% of results. 

3.3 The interaction protocol 

The developed cost function can be used as a tool for measuring the transportation 
cost based on received orders, and for computing price discounts during negotiation 
with customers. A basic interaction protocol exploiting these potentialities is 
structured as follows: 

INIZIALIZATION: 
-i=l,j=l;k=\; tc' =0, tc" =0; 
— The n customers send orders to the Logistics Operator. 
~ Computation of the number nj of customers having time window width j 
~ Computation of transportation cost tc' through the function and first 

assignment to customers as tc'i = tc'In. 

STEPl: 
IF: rij-kX) 

— Hj = rij - k, 

— rij+i = rtj+i + k 

— Computation of new total cost of transportation, tc'', and of the discount 
A=ic' ~ tc" 

— Send a propose to customers having time window width equal to j a 
discount of A/nj 

IF: at least m>0 customers exist for whom is valid C/(/) > c,(/' + I) - A 
— Enlarge time windows for such customers: s', = 5, + 1 

ELSE: 
-S&tk = k+l and goto STEP 1 

ELSE: 
-- goto STEP 2 
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STEP 2: 

W:J<1 
— Computation of new nj+l and nj, 
--Setj = 7 + 1 ; goto STEP 1 

ELSE: 
~ Computation of new n/.j and «/ 
~ Computation cost tc' related to final numbers n/, «2, •••>«; 

STOP 

3.4 Simulation 

With the aim of validating the interaction protocol, we implemented it on a 
simulation software, building a model which reproduces its steps in order to reach a 
market result where the final percentages of customers asking for tight delivery 
windows are much less than initial ones, having the customers negotiated to broaden 
up their windows after a consistent saving. A total of 40 runs have been resolved. In 
Table 1 we show results of two runs. If the customers' cost structure is feasible, the 
negotiation will always lead to a fmal decrease of total costs. In the table this results 
can be argued from the medium time window width S. 

Table! 

J 
1 
2 

3 
4 

5 

6 

7 
8 

9 

S 

- Examples of negotiation results 
Example 1 

Original «y 

50 
0 
20 
0 

20 
0 

10 

0 

0 

2.8 

Final n,-

49 

0 
16 
0 

13 

0 

2 

9 
11 

3.47 

Example 2 
Original «y 

12 

11 
11 
11 

11 

11 

11 
11 

11 

4.96 

Final «,-

11 
8 

8 
8 

5 
2 

6 
4 

48 

6.26 

Comparing the algorithm-made with the solver-made results, we can observe that 
our method has been able to reduce the number of customers asking for a tight, and 
troublesome, delivery window, carrying a real benefit to the whole system. 
Furthermore, the final total cost of distribution is always a little higher than the 
solver one, which means that the algorithm won't ever produce a lower cost than the 
real, needed one (produced by the solver), avoiding a loss to the distributor. 
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4. CONCLUSION 

In this paper we have found a computational-fast method for the pricing of the 
deUvery service in a logistics netvv'ork, with the objective to develop a supporting 
method for effective interaction among logistics service providers and customers. 
We have developed and tested an analytical function which is able to predict 
transportation costs and we have shown an interaction protocol for customers and 
logistics operator to decrease total distribution costs. Future works will regard the 
ability of the analytical function to predict changes in quantity requests, the use of a 
better solving algorithm to find function parameters and the development of a 
multiagent system implementing the described interaction protocol. 
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Areito is the name of a Virtual Learning Environment (VLE) that is being set 
up and used by multiple educational organizations in the Dominican Republic. 
Through Areito, it is possible to simultaneously create, manage and deploy a 
large number of Virtual Learning Communities (VLCs) oriented towards 
diverse aspects of learning processes in education, science and technology. 
The nature and specific contents of each VLC are defined by authorized end-
users by selecting and configuring collaborative IT tools that best support the 
social interaction and Icnowledge exchange between members of a given VLC. 
This papers provides a general description of Areito and tlie development of 
pilot VLCs at educational organizations in the Dominican Republic. 

1. INTRODUCTION 

Although there is no formally standardized definition of the Virtual Community 
(VC) concept, the following description provided by Rheingold is widely cited in 
many related publications: "Virtual communities are social aggregations that 
emerge from the Net when enough people carry on public discussions long enough, 
with sufficient human feeling, to form webs of personal relationships in cyberspace" 
[1], Currently, VC environments have become extremely popular and have 
expanded to many areas including professional, social, educational and 
entertainment domains. Nevertheless, independently of the main interest or purpose 
of a given VC, it is important to bear in mind that any VC is ultimately based on 
social networks of people that use the VC environment to maintain and strengthen 
their interaction through the web. This implies that the success of a VC heavily 
depends on the extent to which it allows effective sharing and exchange of 
information to support an underlying social interaction process among people with a 
specific interest or common goal. 

One of the most important apphcation domains of VCs is learning and education. 
Here, Virtual Learning Communities (VLCs - also referred to as On-line Learning 
Communities) can be defmed as follows: "learning atmospheres, a context 
providing a supportive system from which sustainable learning processes are gained 
through a dialogue and collaborative construction of knowledge by acquiring, 
generating, analyzing and structuring information'' [2]. 

Please use the following format when citing this chapter: 

Garita, C . Agiiero, Guadamuz, L., 2006, in IFIP International Federation for Information Processing, Volume 224, Net­

work-Centric Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: 

Springer), pp. 323-332. 
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According to this approach, the main foundation of VLCs communities lies on 
the proper exchange of knowledge among their members. In general, knowledge 
can be either explicit (e.g. organizational documents) or implicit (e.g. tacit 
experiences and knowledge of people). Normally, members build together the 
contents of the community instead of just using pre-existing materials. Furthermore, 
members have as common goal to mutually support each other during the 
accomplishment of learning activities. In general, the concept of VLC is rather 
complex since it involves aspects from multidisciplinary areas such as pedagogy, 
philosophy, sociology, communication and computer science. 

In this context, this paper focuses on Areito' - A Virtual Learning Community 
Environment in the Dominican RepubHc [3]. Areito is the main component of the 
Digital Services Platform project of the State Ministry of Higher Education, Science 
and Technology (SEESCYT) of the Dominican Republic. Areito, by design, is a 
web portal to create portals with multiple tools available for online information, 
interaction and collaboration. Areito's portals represent Virtual Learning 
Enviroiunents (VLE) called Virtual Learning Communities (VLC). Here, a VLC is 
defined as a commimity of persons and organizations that come together through a 
web environment with the main purpose of improving learning processes in higher 
education and research in the Dominican RepubUc, Thus, a VLC represents a group 
of persons (e.g. students, teachers, researchers, professionals) and different 
educational organizations (e.g. universities, ministries, private companies, 
international organizations) in the Dominican Republic. The term learning is used 
here as the acquisition of knowledge through formal study and research experiences 
carried out at university level. Thus, a myriad of VLCs can simultaneously emerge 
around specific interest topics at universities such as for instance industrial 
engineering, manufacturing, chemistry, teachers training and nanotechnology, 
among many others. 

The rest of this paper is organized as follows. Section 2 provides a brief 
introduction to Areito VLC reference model. Section 3 summarizes the analysis 
phase that led to the identification of the VLC interactive collaboration tools used in 
this platform. Section 4 includes several platform development and deployment 
issues regarding actual VLCs in the Dominican Repubhc. Finally, Section 5 outlines 
some related conclusions and future work activities. 

2. AREITO VLC MODEL 

In order to define the VLC model and functional requirements for Areito, many 
existing related projects, initiatives and resources were analyzed including virtual 
learning / academic communities ([4],[5],[6]), communities of practice ([7],[8],[9]) 
and specific virtual environments focusing on social, health-care and rural 
communities, among others [10],[11],[12]. Furthermore, relevant Collaborative 
Supported Cooperative Learning (CSCL) tools were studied as well as Learning 
Management Systems (LMSs) such as Blackboard, Angel and Moodle [13],[14], 
[15],[16]. After this extensive analysis, we concluded that although there is large 
nimiber of virtual community initiatives on many different domains, there is still a 

' This project has been developed with funds from the State Ministry of Higher Education, Science and 
Technology (SEESCYT) of the Dominican Republic through Innova Technology. 
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tangible need to develop environments focusing on collaborative learning vrith a 
strong sense of community. Thus, one of the main distinctive features of Areito is 
its virtual community approach integrating aspects of VC, CSCL and LMS models. 
It can be clarified that although Areito is not a course management system, it allows 
for the creation of VLC with the purpose of supporting coursework. In addition, 
state-of-the art CSCW reUable software technologies are the foundation of Areito's 
tools to develop VLC. These community-building tools are fully integrated through 
best web practices with high productivity and low technical support as design goals. 

Furthermore, one of the novel features provided by Areito is the seamless 
integration of a wide variety of web-based interactive communication tools ranging 
from basic facilities typically found in VC environments (e.g. chat, mailing lists, 
instant messaging, discussion board, whiteboard, videoconference, application 
sharing) to higher-level collaboration tools that are rarely available within these 
environments, supporting for instance, organization of educational events (e.g. 
conferences, seminars, talks), digital publications (e.g. informative digital bulletin), 
knowledge base management, service centers (e.g. helpdesks) and digital markets to 
exchange services and products. Another major feature of Areito is the fact that 
VLC design and content management tasks are carried out by administrator users 
themselves in a flexible and configurable fashion using built-in VLC templates and 
drag-and-drop facilities for laying out web components on screen. Finally, Areito's 
end-user interface has been specially designed considering graphical elements 
closely related to Dominican art and culture in order to achieve an attractive 
personalized envirormient for target users. 

The rest of this section describes the general reference model for VLCs used in 
Areito including its target audience, overall structure and typology. 

2.1. Target Audience 

According to the VLC definition given previously in Section 1, the general audience 
of virtual communities in Areito is composed of the following actors sharing an 
interest in improving learning processes in the Dominican Republic: 

Instructors and researchers. 
Students. 
Professionals in education. 
Universities and educational centers. 
State Ministry of Higher Education, Science and Technology. 
Public and private enterprises. 
International organizations. 

The general audience members or actors were identified based on interviews and 
general meetings with potential end users from different educational organizations. 

Subsets of this list of actors could join up dynamically and create different VLCs 
with specific goals and purposes. Clearly, the target audience of Areito is extremely 
large and varied in nature. Therefore, specific key aspects that are usually carefully 
identified when building a virtual community environment such as audience, 
purpose, kinds of interactions, duration, policies, IT tools, etc., will ultimately 
depend on each specific VLC created within Areito. As a result, the VLC 
environment must support a high degree of flexibility and configurability. 
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Figure 1 - Areito VLC reference model. 

2.2. VLC Reference Model 

Many related initiatives and projects have proposed reference models for virtual 
community design (see [17],[18]). In the case of Areito, the proposed VLC 
reference model is presented in Figure 1. As shown in this figure, Areito is in fact a 
portal of VLCs that can be applied in different learning scenarios. Each VLC is 
conceptually composed of a set of members (persons), learning areas and IT tools. 
Learning areas represent interaction spaces where members can collaboratively 
exchange and construct knowledge. Examples of learning areas include: 

Special Interest Groups (SIGs): SIGs represent (sub) virtual communities 
created by members with (more) specific interests within a given VLC. 
Course management: area where members can learn using an approach similar 
to Course Management Systems (CMS) like Moodle or Blackboard. 
Collaborative learning: area where members interact following a Computer 
Supported Cooperative Learning (CSCL) approach such as BSCW [13, 19]. 
Research projects: areas devoted to support collaboration within R&D projects. 
Customized area: refers to spaces specially designed for other particular 
purposes depending on specific community needs. 

Interactive and collaborative tools in this model can be associated to VLCs and 
learning areas. These tools will be described later in this paper. 

Please notice that the proposed classification of learning areas reflects the fact 
that one of the main design goals of Areito is to apply an integral approach to 
support learning scenarios involving aspects from virtual communities, learning 
management systems and collaborative learning tools as mentioned previously. 

2.3. Typology of VLCs 

VLCs can be classified according to different criteria [2],[18],[20]. In Areito, the 
classification shown on Table 1 is used, based mainly on the type of activity carried 
out by members of the community. 
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Table 1 - Main typ 
Type 
Research, 
Development and 
Innovation 
(R+D+I) VLCs 
Educational 
VLCs 

Professional 
VLCs 

Interest VLCs 

Social VLCs 

3S of VLCs in Areito. 
Description 
VLCs allow members to focus on interest topics related to 
knowledge creation and novel application of existing 
technology. Members share a personal interest to contribute 
and participate in activities related to knowledge creation. 
VLCs offer members a context oriented towards educational 
learning processes such as pedagogy, academic resources, 
instructors training, educational events and students support. 
VLCs provide an environment in which members can share and 
exploit practical experiences and knowledge related with their 
profession, e.g. work culture, problem perception, professional 
values, best practices and novel trends. 
VLCs gather people that share an interest in a particular subject 
or cause, e.g. handling of a certain disease, politics, culture, 
law, religion, enviroimient, languages. Participants make an 
effort to understand and cooperate with other members. 
VLCs based on a network of contacts of individuals with an 
interest in social interaction and entertairunent. Participants 
often sympathize with others very easily. Community 
contributes to a sense of group identity and membership 

Please notice that in the above classification, VLC types show a very wide 
diversity of learning application domains (e.g. VLCs can focus on different areas of 
science, technology or engineering) and participant members (e.g. members of 
VLCs can be combinations of educators, students and professionals, among others). 
This reference typology is useful for end-users in order to better describe the 
purpose and context of a given VLC and it provides a standard way to classify and 
access entries of Areito's VLC directory. The proposed typology was validated and 
applied to actual VLCs suggested by end users. 

3. ANALYSIS OF COLLABORATIVE VLC TOOLS 

Different listings and classifications of ICT tools for VLC support can be found in 
[21],[22],[23],[24]. These classifications are based on characteristics such as: 
documentation vs. communication services; sjoichronous vs. asynchronous tools; 
interaction possibilities along time and space axes; and so forth. 

As a first step to identify functional requirements in terms of communication and 
collaboration tools for Areito, an extensive survey of existing projects, initiatives 
and tools was carried out (see Section 2). After this survey, a list of commonly 
existing features was built and new advanced tools were proposed. 

In order to assess the actual usefulness of the identified tools from the target-
audience perspective, a workshop event was organized in which the general model 
approach of Areito was presented and a questionnaire was applied to more than 20 
persons from 13 different universities in the Dominican Republic. The main 
objective of the questionnaire was to consult, identify and characterize the needs of 
universities in relation to Areito VLC envii-onment. The questioimaire included 
items regarding the selection of adequate interactive / collaborative tools for VLCs 
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proposed by end users themselves. As a result of this activity, several kinds of tools 
were identified for later specification and development, as summarized in Table 2. 

Table 2 - Summary of Areito interactive and collaborative tools. 
Basic information / communication tools 
Messaging 
Communication 
Special interest 
groups (SIGs) 
Information 
management 

Email, SMS, instant messaging, presence indicator. 
Video conference, chat, whiteboard, forum, blogs, wikis. 
Groups of people created within a VLC around a given subject. 

Document library, calendar of events, search, news, informational 
multimedia elements, subscriptions, RSS feeds, SMS, WAP 
services, contextual help. 

Advanced collaboration / interaction tools 
Group decision 
support 
Event organization 

Digital market 

Course support 

Digital bulletin 

Voting, polls. These tools gather information about the opinion of 
persons about a particular statement of questions. 
Support for organization of educational events (conferences 
including participant registration, call for papers, paper evaluation). 
Website where offers and demands of services and products are 
placed by VLC members. 
Website providing facilities for course management (e.g. projects, 
assignments, resources, course program, grades). 
Allows creation of bulletin news templates, specification of bulletin 
sections and contents, web publishing and distribution. 

Configuration and administration tools 
VLC management Creation of VLCs based on templates, interface design (drag-and-

drop of webparts), access rights definitions, VLC areas subscriptions, 
hosting facilities, members profile management, user roles, etc. 

In later cycles of analysis and design, additional advanced tools were identified 
and developed such as knowledge base manager, service center (helpdesk), real-time 
forum and draft maker (real-time collaborative text editor). 

Besides the identification of the above tools, other fimctional requirements were 
considered regarding the following aspects of VLC enviromnents: 
• Sociability: this issue involves people, purpose and policies associated with a 

VLC [25]. In particular, netetiquette policies (behavior) need to be clearly stated 
[26]. VLC administrators are encouraged to always include a section on 
community prupose and policies. 

• Usability and accessibility: usability refers to user interface considerations 
including: consistent navigation, familiar language and icons and clear layout 
design. Accessibility is related to usability issues addressing special 
characteristics or disabilities of VLC members such as vision problems. 

• Aliveness. A key for success in VLCs is "their ability to generate enough 
excitement, relevance, and value to attract and engage members" [27]. 
Therefore, the website must always look "alive" and continuously present new 
contents to users. This is supported in Areito through different ways. For 
instance, Areito, being organized as a hierarchy of portals, provides mechanisms 
to effectively make VLC and their activities visible in many levels of the 
hierarchy and ui many ways. Areito's mformational multimedia elements adapt 
to Areito's own interior aliveness to promote VLCs evolution. Namely, VLC 
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promotional mini-posters, automatically generated news, interactive 
informational multimedia elements with subscription modalities (e.g. email, RSS, 
podcast, SMS), list of on-line users and adaptive user interfaces are examples of 
means to ensure that VLC evolution is indeed noticeable for end users of Areito. 

• Configurability and personalization. The environment should be able to adapt 
itself according to user preferences and profile information, instead of making 
users adapt to the environment. In addition, users should be able to easily select 
and configure tools that best suit their interaction needs. 

4. DEVELOPMENT AND DEPLOYMENT ISSUES 

The Areito portal has been developed using Microsoft SharePoint Services 
technology as support platform [28]. Through SharePoint, a set of basic 
collaboration and communication services are available in order to build 
organizational websites. Among the collaboration features of this product, we can 
mention: Microsoft Office integration, document collaboration and user presence 
indication. Other technical features include: ASP.NET extensibility, website 
templates (websites can be saved as templates for distribution and further 
instantiation), web parts (reusable components) and maintenance-free site 
development. Based on this platform, Areito communication and collaboration tools 
shown on Table 2 were developed or integrated. 

Once the selected tools were developed and tested, specific VLC templates were 
designed in order to better assist end users with VLC creation and configuration 
tasks. Namely, VLC templates allow the creation of entire websites and associated 
tools using preexisting definition files. These templates represent "emerging use 
patterns" of Areito communication and collaboration tools. Moreover, any VLC 
website can in turn be saved as a template for future reutihzation. Examples of 
developed VLC templates are: basic Areito VLC (VLC with main tools), Areito 
Portal (website with a VLC directory), and VLC for course support. 

A snapshot of Areito portal (in Spanish) is shown on Figure 2 (see also [3]). The 
top section of the website includes the following elements: a banner specially 
designed with Dominican Republic art motifs and pictures, search toolbar, 
contextual help link, hot links (e.g. create VLC) and user identification. Below the 
top section, the three main layout areas are: configurable quick-access menu area 
(left), relevant infoiTnation and knowledge exchange area (middle) and general 
information area (e.g. recent news, contact information, presence indicator) to the 
right. The middle area includes a welcome and introduction section to the portal, a 
directory of specific VLCs created within Areito, as well as general discussion 
section and on-line polls. Furthermore, the main menu on the leftmost area gives 
access to other relevant information components of the portal, such as calendar of 
events, document library, FAQs, digital bulletin and administration and 
configuration tools. Interface elements (web parts) on any area can be moved to any 
position on screen by a drag-and-drop facility available to administrators in page-
design mode. 
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Figure 2 - Screenshot of Areito Virtual Learning Communities Portal. 

The Areito VLC directory (central position on screen) contains entries with 
URLs to actual VLCs hosted for different universities and educational organizations 
in the Dominican Republic. Examples of current VLCs in this directory include 
specific communities on the following subjects: ICT Use in Education; Agro-
alimentary, Biotechnology and Business Sciences; National Defense Academy; 
Websites Visibility; English Teaching; Education on AIDS Issues; and Presidential 
Forum for Educational Excellence; among others. All these VLCs have been 
developed based on templates and make intensive use of collaboration tools such as 
digital bulletin, event organization and digital market, described earlier in this paper. 
It is expected that with adequate training and support, end-users will be able to 
actively create and cultivate many other VLCs themselves. 

It is important to mention that since Areito was made available in January 2006, 
VLCs have recently been launched for end-user groups and are at an early 
"nurturing" stage. In this sense, they represent pilot VLCs that are starting up and 
that will soon provide valuable feedback for platform developers and managers. All 
VLCs were identified or proposed by end-users during workshop events or 
individual meetings. For each VLC a "route map" has been defined in collaboration 
with end users in order to have a customized VLC development and sustainability 
plan including training workshops, special VLC content uploading, VLC follow-up 
events, end-users group meetings and promotion of new VLCs. A route map can be 
seen as a graph containing information about activities, goals, deadlines, evaluation 
criteria, dependencies, required resources and responsible persons. 

An example of a particular VLC is provided in Figure 3. Becas Internacionales 
is a VLC about international scholarship opportunities for students and professors of 
the Dominican Repubhc. This is a community where the Government publishes 
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Figure 3 - Screenshot of International Scholarships VLC. 

available options and community members search for those options effectively. 
Additionally, the community serves as a training site for prospective scholarship 
recipients, and as a Service Center for real-time communication between students 
and professors and the people knowledgeable about scholarships. 

Interested parties can apply online for scholarships, interactively query the 
scholarship system about the current status of their applications, use forum-like tools 
to ask questions and receive answers asynchronously, download relevant documents 
and application forms, review available scholarship options from international 
organizations and subscribe to receive electronic bulletins periodically. People can 
also query the international scholarship recipients database to fmd out about 
previous recipients and their universities. 

For these tasks, Areito provides community administrators and users with a 
number of innovative tools to create bulletins, to organize relevant events, to create 
scholarships markets where options are published, interests are expressed and 
matches are automatically ranked, to maintain multimedia information elements 
such as news, to subscribe to SMS, PODCAST, e-mail and RSS information 
services, to organize interactive forums, to cooperate in the development of 
documents, to create and maintain contact lists, scholarship lists and much more. 
Imagination is the limit to the members of the Becas Internacionales VLC. 

5. CONCLUSIONS AND FUTURE WORK 

The Areito environment introduced in this paper represents an advanced platform 
for creation, development and management of Virtual Learning Communities in the 
Dominican Republic. Among the main distinctive features of Areito, we can 
summarize the following: i) use of an integral collaborative learning approach 
merging aspects of VCs, CSCL y LMS models; ii) wide variety of advanced 
interactive collaboration tools readily available; and iii) highly flexible and 
configurable management of VLCs and their contents. 

Since launching of the platform has recently taken place, it is necessary to 
further assess and evaluate end-users perspective and feedback on daily usage and 
proper evolution of VLCs in Areito. In particular, more work is due regarding VLC 
design and cultivation guidelines, intensive training workshops and follow-up 
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events. Future work also includes development of more tools to further assist course 
instruction activities. There are also plans to exploit Areito facilities to host VLCs 
for educational organizations from other Latin American countries besides the 
Dominican Republic. Development of an English version of Areito should also be 
considered. 
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In this paper authors describe the development of an emergent collaborative 
working environment - netWork Oasis - and the practical findings discovered 
during the Oasis development process. The findings of the project indicate 
strongly that there is a need for further research and development of tools, 
practices and methods in the field of collaborative networked organisations 
(CNO). The main findings: Network Incubation and Serendipity Management, 
are described, while they are some of the missing elements in traditional 
theories of Virtual Organisation Breeding Environments and Professional 
Virtual Communities. 

1. INTRODUCTION 

In this paper we concentrate on the netWork Oasis as a practical example of 
emergent collaborative working environment. netWork Oasis is a development 
project of Joensuu Science Park, Finland. The objective is to design and construct a 
hybrid space into the premises of Joensuu Science Park in order to support and 
increase the productivity of modem knowledge worker. 

The structures and hierarchies emerging within netWork Oasis are not controlled 
by any external force, but appear as a result of interactions between Oasis members. 
The behavior and characteristics of the emergent systems are complex and hardly 
predictable, but may give unexpected valuable results, which might be seen as 
demonstrations of serendipity concept. To support the value of serendipitous 
discoveries we develop network incubation and principles of serendipity 
management. Some of the most important, as facilitation, motivation and trust 
management, are described in this paper. 

2. BUSINESS ECOSYSTEMS: OASIS CASE 

The term "business ecosystem" refers to an environment, which functions like 
nature. In fact, the business field can be described trough actions and functions 
occurring in nature. Business and markets evolve and change all the time and 
companies have to keep up and cope with the changing environment. Like in nature. 
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it requires clever moves and rapid adaptation. It means that the strongest may not 
survive, but the most adaptable will. 

Business Ecosystem concept was introduced by James F. Moore in 1993 (Moore 
1993): "organisms of the business world" - interacting organizations and 
individuals, who produce goods and services for the members of the ecosystem. The 
roles and capabilities of the members may change with the time. But the function of 
ecosystem leader is valued by the community members and enables to move towards 
shared visions. 
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• Rising interest I 

^ M S ^ H l i l i i Wk s ^ 

iii 
1111 

H W WF W 

I 
I 

Training camp 
• Viaon 
• Enthusiasm 

VT creation 
• Vtorksbops 
« Commitirtg 

Virtual Team 
• Corwjrete actbn 
• Tas* orierted 

Sub8ten« 
expert 

r^'T;-;-

PT^^Ct \ 

i 
' I ; 

Networking 

Figure 1. Oasis Way of creating Virtual Teams fromPVCs 

network Oasis project as a business ecosystem started to function from the Kick-
off meeting on February 2004 (Figure 1). It was organized by inviting possibly 
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interested people through the personal networks of core tribe members. More than 
40 people were participating to the Kick-off meeting. The idea was to have 
professionals with their ideas, but CVs were not allowed. Instead of CVs members 
had to use mottos to describe themselves. The interactions during the Kick-off and 
Training Camp were facilitated: everyone had to have a conversation with a number 
of other members, whom s/he hasn't met before. For example, even the seats for the 
dinner were distributed through some kind of a lottery. The vision was given on the 
Kick-off meeting on the previous night and the number of ideas produced during the 
Training Camp was numerous. The goal was to collect those ideas and get the main 
directions for further development. Initially, all ideas were divided into three main 
categories: Interior, Instruments and Interactions. 

During the following months several workshops were organized, where the 
whole network Oasis Concept was developed in details. New members were 
introduced through the invitations as it was from the very beginning. Term "Oasis 
Way of Working" was used already on the second Oasis workshop, thus the Oasis 
culture started to develop. On that step Oasis Way of Working included 24/7 
availability of the environment; mixture of work, learn and play; then serendipity 
from nature and sfrangers was added. At some point the necessity of socially rich 
enviroiunent and diversity at all levels was clear, but at the same time the family 
friendliness was important for Oasis members. The concepts of Oasis Tribe and 
Oasis Warriors were bom. The values proclaimed by Tribe members are: 
Sustainability, Diversity, Individuality, Trust & respect, Co-discovery, and 
Wellbeing. 

As a testing environment for Oasis Way of Working, FlexLab was opened on 
Autumn 2004. Virtual environment (Oasis Garden) is used for collaboration 
between the workshops and functions as a knowledge database. Currently several 
projects are going on in the virtual enviroiunent: Interior design, FlexLab Concept, 
selling the Concept, GLOW and some others as well. GLOW-subproject is devoted 
to the development of hybrid space tools. It is based on personal user profiles and 
combines three dimensions: real, virtual and social. 

Physiv-<sl 
space 
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Figure 2. Traditional and hybrid community tools 

Traditional community tools like bullet-boards, e-mail, instant messaging 
programs and conference tools concenfrate only on connecting people (social space) 
through digital media like the Internet. Some community members may work daily 
in the same premises or at least they meet face-to-face every now and then. Still, the 
physical element is missing in the community tools. We think that the physical space 
is essential part in modem communities and it has to be integrated and supported 
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(Figure 2). We call this combination of social-, digital- and physical space as hybrid 
space. To create and to support this kind of hybrid space in netWork Oasis we have 
created a tool called GLOW. We suppose tiiat digital space (like Oasis Garden) 
provides means for asynchronous collaboration mostly, while hybrid space enables 
synchronous interaction. 
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Figure 3. netWork Oasis hybrid space ecosystem (P - Physical, S - Social, D -
Digital spaces) 

network Oasis hybrid space ecosystem is represented by a number of places, 
each of which is a combination of physical, digital and social spaces, connected by 
the means of hybrid space interface (Figure 3). Each of these complex triple-space 
structures are netWork Oasis'es located in different places of Europe/World, or 
smaller centers - FlexLabs, where the presence of hybrid space might be weaker 
than in fully-functional netWork Oasis. Figure 4 demonstrates netWork Oasis 
infrastructure, where Oasis I is current netWork Oasis in Joensuu Science Park 
premises and will be opened on January 2007; blue circle stands for the current 
Joensuu FlexLab; other grey dashed circles represent possible future netWork Oasis 
centers and FlexLabs. netWork Oasis ecosystem is open for interaction with external 
networks. 
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Figure 4. netWork Oasis infrastructure 
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The network Oasis is an example of business ecosystem, where future users of 
Oasis environment and current users of FlexLab are the developers of the 
environment themselves. Oasis Garden and, in the future, GLOW hybrid space 
function as Professional Virtual Community (PVC) tools, where one may find peers 
and experts firom a number of organizations. Garden made it possible to develop 
several projects in virtual environment, which operate as Virtual Teams, employing 
members from different companies and physical locations. We'll describe the 
collaboration process and supportive techniques in more details in the next chapter. 

3. NEW EMERGING COLLABORATIVE PLATFORMS 

A PVC is an association of individual experts, who collaborate, share ideas and 
interact in order to create common value. The formation of PVC and distribution of 
the roles in it is usually not controlled or managed from top-bottom, it is rather 
spontaneous process. In this context term 'emergence' should be described, as the 
patterns of PVCs are the emergent structures. Those patterns are based on 
interactions between the parts of PVC. An emergent behavior appears when a 
number of simple entities operate together and form more complex behaviors as a 
system. The properties of emergent systems are hardly predictable, as the number of 
interactions between the entities increases combinatorially with the number of 
components. Serendipity is a key word in the behavior of emergent structures (see 
Chapter 3.2). 

At the network Oasis we aim at developing Peer-to-Peer (P2P) networks. P2P 
networks are characterized by the equipotency of all members. They are dynamic 
and don't have a stable hierarchy. These networks are important from the value 
creation point of view, as well as they are interesting areas of research on 
themselves. 

Oasis Tribe and Oasis Way of Working are the examples of emerging structure 
and behavior. Tribes, generally speaking, are characterized by fluid boimdaries and 
heterogeneity, are not parochial, and are dynamic (Fried 1975). Oasis Tribe 
promotes diversity of its members and their equality in collaboration with each other 
and contribution to different sub-projects of netWork Oasis project or even new 
separate project estabhshment. New members are invited through the existing Oasis 
network, broadening the areas of expertise and possibilities of the whole Tribe. 

Tribe is one of the examples of possible emergent structures from social and 
professional networks. The behavior developed during its formation is not common 
for the regular organization and not easily acceptable in the hierarchical structures, 
but is very beneficial in the networks context. Oasis Way of Working, as an example 
of emergent behavior, is a culture which was developed by the Tribe members 
during the conceptual plaiming. New members learn from other Tribe members and 
naturally follow. It gives support for networking, favoring serendipity and 
encouraging diverse and trustful interactions, love for potential, and co-discovery. 
Oasis Way of Working is a continuously evolving process. Network Incubation and 
Serendipity Management are two very important results created thanks to the Oasis 
Way of Working. 
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3.1. Network Incubation 

Business Incubation is one of the key elements in science parks and other 
development organizations. The role and importance of business incubation has 
been widely accepted. 

In the network Oasis project we have noticed that there is one very important 
link missing in the beginning of this innovation system - Network Incubation. In 
order to have good quality interactions between diverse people a new approach is 
needed. During the netWork Oasis conceptual plarming the aim for diversity was 
very high and it was achieved in many levels: age, gender, social background, 
professional background, geographical background. Network Incubation can be 
defined as: "Creating supportive environments and methods for high quality 
interactions between diverse people in order to create new combinations of 
competences ". 

In our project we have created supportive environments - netWork Oasis, 
FlexLab and GLOW- and methods for high quality interactions — Oasis Way of 
Working between diverse people - Oasis Tribe plus added members - in order to 
create new combinations of competences - in our case to create an innovative and 
productive collaborative environment netWork Oasis. 

When FlexLab - the test bed for Oasis environment - was established in Autumn 
2004 in Joensuu Science Park we were also able to experience the benefits for 
people from different organizations working in same physical space. Developing our 
own hybrid space - GLOW - and using our interaction tool Oasis Garden accelerated 
the serendipitous interactions and thus created a need for Serendipity Management. 

3.2. Serendipity Management 

Serendipity Management is something out of which we have not found any 
references in the modem business literature. There are certain elements of it, which 
are widely known, but again the whole concept of Serendipity Management is new 
and first time mentioned in our paper in eBRF (Glotova, Kakko, Marjomaa, 2005). 

Serendipity Management will be one of the hot topics in near future and our 
definition for it is: "Serendipity Management is a concept where you attract curious 
talent in order to find unexpected, emergent, tacit competence by using facilitation 
and trust management in very diverse environments." When successfiilly 
implemented, Serendipity Management can improve the possibility to discover new 
and intersectional ideas which can be developed to breakthrough innovations. 

3.2.1. Theory of Serendipity 

There is actually not any clear theoretical definition of the theory of serendipity. One 
accepted definition of serendipity is: "Serendipity is the faculty for making desirable 
discoveries by accident, Horace Walpole so named a faculty possessed by the heroes 
of a tale called "Three Princes of Serendip"" (Webster's Dictionary 1994). 

In the book "Serendipity - Accidental Discoveries in Science" by Royston M. 
Roberts is described that "In the fields of observation, chance favors only the 
prepared mind" (Louis Pasteur). The vital character of discovery in serendipitous 
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findings must be underlined by Albert Szent-Gyorgyi "Discovery consists of seeing 
what everybody has seen and thinking what nobody has thought". So it all depends 
on "discoveries made by accident and sagacity of things which they were not 
actually in quest o f (Roberts 1989). 

The list of these accidental discoveries in science is impressive from Archimedes 
to Columbus from Teflon to Viagra from Isaac Newton to finding the secrets of 
DNA. 

3.2.2. Tacit Competence 

Organizational knowledge creation, according to Nonaka (Nonaka et al. 2000), is a 
spiral process that starts from the tacit knowledge exchange, through externalization 
and conceptualization processes transforms to explicit, and through experiences in 
particular contexts to tacit knowledge of individuals again. Tacit knowledge in this 
spiral plays a role of starting point. 

Knowledge, contrary to information, is always context-dependent. In a 
professionally and culturally diverse environment, such as netWork Oasis, it is a 
challenge to find a balance between the benefits of diversity and the necessity for 
common shared context in order to build trust. Trust in a network is especially 
important for sharing tacit knowledge, which can be discovered and exchanged only 
in face-to-face communications and common experiences. 

Motivation is "a must" for creating shared context, knowledge exchange and 
finally, building competence network. Motivation can be seen as a sum of several 
factors: self-motivation of individuals, support from network, inspiration from 
results, and facilitation. 

Self-motivation is hard to control or facilitate, it is personal factor though it can 
be developed. Motivation from network is one, which comes from the feeling of 
being a part of the network. In netWork Oasis we build "Oasis Tribe" and develop 
methods for collaboration, traditions and rituals for the Tribe members in order to 
increase their attitude and motivation. 

Inspiration and motivation from results appears when celebrating success, which 
can be seen in a variety of events: not necessarily the foundation of a new company 
or development of a new product, but sometimes a good idea just found in a short-
talk or catching up the inspiration from people or place can be much more 
important. Discovering serendipitous ideas might become the greatest motivator 
based on previous results. 

Facilitation is a key element in increasing motivation on different levels. It is 
hard to overestimate the importance of facilitation in the complex organizations and 
networks of diverse people, where creativity and knowledge sharing are the comer 
stones for success. 

Tacit competence has two main multipliers: tacit knowledge of individual 
experts and, which is more valuable, their motivation to share that knowledge, 
which can be personal or facilitated, and trust, 

Availability of tacit competence in a particular network is one of the main 
elements of serendipity management. 
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3.2.3. Facilitation 

Facilitation is the enabler to increase motivation to collaborate and share knowledge, 
as been told in previous chapter. Facilitation can be used in other cases: to increase 
the quality of interactions, to harness diversity, to improve the productivity of 
knowledge work, etc. 

As interactions make ties between the nodes of the network, thus support, 
facilitation and motivation for interactions are the key elements for effective 
network functioning. Interactions can happen spontaneously or in a facilitated 
maimer. Spontaneous interactions are supported by the environment: irmovative 
interior and instruments. But facilitated interactions are also needed in the network 
of diverse and creative people. 

Creative people are often skilled in individual processes, but may have more 
difficulties cooperating with others. We want to associate facilitation with border 
breaking, opening up for new potential, achieving results that could not be achieved 
spontaneously (netWork Oasis Concept Document 2004). 

The key factor and vital enabler of motivation is a certain state of mind called 
Flow (Csikszentmihalyi 2003). Flow is an experience of feeling the deep enjoyment, 
which comes from doing some activity, and a feeling of being deeply involved in it. 
After the Flow one feels the increasing self-esteem. The possibility to experience 
Flow is a strong motivating factor for individuals, organizations and networks. The 
challenging job within the person's capabilities, including increasing capabilities to 
grow and learn, will be the most probable place where Flow can occur. To stimulate 
the interest in the particular job we can do three things: 

1. Make the objective conditions of the workplace as attractive as it is possible. 
2. Find ways to saturate the job with meaning and value. 
3. Choose and reward individuals who find satisfaction in their work. 
Creative people can experience Flow more often then others, but even they need 

to be facilitated to feel so. Creating the enviroimient and developing the working 
cultui'e, which supports Flow, is one of the main objectives in the netWork Oasis 
project. 

3.2.4. Trust Management 

Trust is the core element in working collaborative networks and VOs (Jarvenpaa, 
Shaw Thomas 1998). Thus, it is important part of business ecosystem. Trust can be 
established in several ways and the most important incentives in trust building are 
deliberate trust supporting leadership and commonly recognised and accepted group 
norms (Baron, 1992). The role of trust supporting leadership is to "guide" and 
enable trust building whereas group norms reduce uncertainty and bring security 
into the network or community. 

Having well established trust in the network brings several advantages. Open 
communication and knowledge sharing improve reactivity and adaptability in the 
network. In addition trust and open communication help tacit competence to emerge 
from the network thus benefiting the whole network (Lavikainen, 2005). Trust also 
affects on serendipity. Although serendipity can occur without trust, it may not be 
exploited without the help of other network members. In this case, if there is no 
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willingness to share the new idea, the opportunity induced from serendipity will be 
neglected and the potential innovation is lost. 

This was just one viewpoint of how trust affects on networks, VOs and 
communities. We have to remember that trust affects strongly also in individual 
level for example in the workplaces, reflecting relationships also to the network. In 
fact trust is always established in individual level and the networks and communities 
are run by the very individuals. 

In Oasis we concentrate specifically on the individuals and trust building is 
therefore aimed at personal networking. This means that individuals represent 
themselves and not the companies they work for. Our way to do this is to leave out 
the work titles and thus people are in equal level in the community. In addition we 
believe that trust is built socially so we try to support social interactions through 
physical and virtual community tools. 

In traditional business contracts have played major role in building trust between 
the companies. Unquestionably contracts are still needed in today's business life but 
we think that the viewpoint should be very different. Our opinion is that trust is 
needed when we want something to succeed and the contracts are needed only when 
something goes wrong. That is why we want to lay more emphasis on trust building 
than in formulating watertight contracts. 

4. CONCLUSION 

In our view, recently business ecosystems are transforming to network ecosystems. 
Thus the question of how to make networks more effective and productive arises, 
meaning how to facilitate and support members of PVCs to interact, share, discover 
and establish new VTs. 

At network Oasis Project we are driving to a new networking culture, which is 
based on equality, curiosity, and collaboration. According to our experiences some 
totally new practices are needed. In our paper we have described more in details 
Network Incubation and Serendipity Management, which we believe are going to be 
the vital elements when improving the productivity of PVCs and emerging VTs. 
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We present a model for collaborative problem solving in Virtual Communities 
of Practice. The model applies a repositoiy, comprising resources, properties 
and statements, to underpin the process of problem-solving. The process allows 
for formulating, exploring, matching and gradually refining abstract problem 
descriptions (one kind of resource) into the corresponding concrete solutions 
(another Icind of resource), expanding the underlying repository with new 
resources, properties and statements in the process. The model is defined 
formally, its usefulness is argued with a simple case study and a possible 
implementation is described using Semantic Web. 

1. INTRODUCTION 

Virtual Communities of Practice (VCPs) enable distributed knowledge workers to 
share experience and seek solutions to concrete problems in a given field of interest, 
all through computer-supported interaction and collaborative work. VCPs allow 
members to develop individual performance and establish best practices in the field. 

The extent of computer support for VCPs differs depending on the nature, scope 
and field of interest, ranging from member registration, to collaborative review and 
version control. Both synchronous interactivity (chat rooms) and asynchronous 
(email forums) are supported. However, while technical functions are generally 
supported, supporting creative aspects of community work is difficuh. One reason is 
the shortage of methods to carry out creative activities through computer-supported 
processes. This is not surprising - creativity is inherently hard to formalize! 

This paper presents a process-oriented model for collaborative problem solving 
in Virtual Communities of Practice. The model describes a systematic process of 
solution-building for a given problem description. The model relies on a repository 
to keep the record of various kinds of web resources - publications, projects, case 
studies, problems, solutions, etc.; properties - data about or relations between 
resources; and statements. Statements are triples of a subject (resource), property 
and object (resource or data). Problem-solving is carried out in six stages: 
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1) problem description - A member formulates a problem description from its 
own practice and adds this description to the repository as a resource. 

2) problem exploration - Members explore the problem and gradually add to the 
repository the relevant resources, properties and statements. 

3) problem matching - Members try to match the problem against similar 
problems described in the repository, including solved and imsolved problems. 

4) solution design - Members decompose the problem into a number of sub-
problems and add each to the repository as a problem description. 

5) solution refinement - Members gradually add new resources, properties or 
statements relevant to the solution obtained so far, and link the solutions to 
sub-problems with the solution design, when available. 

6) solution deployment - When all sub-problems are solved, the member adds a 
solution statement relating the abstract problem with the concrete solution. 

The model is described conceptually then formalized using RSL (George, 1992). 
The repository and operations invoked by members as part of the problem-solving 
process are formalized. Thereafter, we discuss a possible implementation relying on 
Semantic Web. The usefulness of the model is argued through a case study - design 
an XML language and software to write and display presentation slides. 

The rest of the paper is organized as follows. Section 2 provides background 
information in three areas related to the paper. Section 3 presents a process model 
including: concepts (Section 3.1), formalization (Section 3.2) and implementation 
(Section 3.3). Section 4 presents a case study and Section 5 draws some conclusions. 

2. BACKGROUND 

This section provides a brief accoimt of the three areas related to this paper: Virtual 
Communities of Practice, Collaborative Problem Solving and Semantic Web. 

Virtual Communities of Practice: A Virtual Community is an aggregation of 
individuals or businesses interacting around a shared interest, where interactions are 
supported by technology and guided by some norms (Porter, 2004). A Community 
of Practice (CoP) is a group of people sharing a concern for something they do and 
learning how to do it better by interacting regularly (Wenger, 2004). A Virtual 
Community of Practice is a CoP where interactions are supported by technology. 

Following (Porter, 2004), five attributes characterize VCPs: purpose - the 
interest shared by members; place - the virtual space comprising the members' sense 
of presence; platform - the nature of interactions between members, whether 
synchronous, asynchronous or both; population - pattern of interaction according to 
the structure and social ties of the group; and profit - the economic value that a 
community may produce. Following (Cambridge, 2005), the lifecycle of a 
community comprises: (1) inquiry - identifying the audience, goals and vision of the 
community, (2) design - defining activities and roles to support community's goals, 
(3) prototype - piloting the commimity with selected stakeholders, (4) launch -
rolling out the community to a broader audience, (5) growth - encouraging members 
and newcomers to participate and get engaged in the activities, and (6) sustain -
cultivating and assessing the knowledge created by the community. 
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Collaborative Problem Solving: We defined a Problem as an intricate unsettled 
question. Problem-solving deals with the processes involved in finding solutions to 
problems. Collaborative problem-solving is problem-solving done by peers, 
performing the same actions, having a common goal and working together 
(Dillenbourg, 1999). Collaboration is the process of intertwined activities of two or 
more actors while solving a problem. Direct collaboration is realized by 
communications between actors. During indirect collaboration the actors apply the 
knowledge other actors made available in a repository (Conen, 1996). 

Semantic Web: The Web is essentially a repository of documents aimed at human 
consumption. Semantic Web extends the Web by capturing formally the semantics 
of documents, thus automating the discovery, integration and reuse of documents 
(Bemers-Lee, 2001). Semantic Web is implemented using several technologies and 
standards. For instance, Resource Description Framework (RDF) is used to specify 
resources (W3C, 2005). Another technology is the Web Ontology Language (OWL), 
used to describe relationships between resources (W3C, 2004). 

RDF is a language for representing and exchanging metadata about the resources 
on the Web, with precise syntax and semantics. Syntactically, RDF applies an XML 
language called RDF/XML. Semantically, it describes web resources in terms of 
properties and their values. Resource descriptions are called statements and consist 
of a subject, predicate and object. The subject identifies the resource, the predicate 
determines a property of the resource, and the object defines the value of the 
property. Resources and properties are identified through URIs. 

An ontology is a specification of a set of concepts and their relationships in a 
particular domain of knowledge (Gruber, 1993). Ontologies are usually expressed in 
a particular logic language enabling the definition of classes, properties and their 
relationships. For instance, OWL can be used to define ontologies. OWL is the 
language developed by W3C as a standard for the Semantic Web, with several tools 
existing to define, encode and develop ontologies. 

3. COLLABORATIVE PROBLEM SOLVING FOR VCPs 

This section presents the main contribution of this paper - the process for 
Collaborative Problem-Solving in Virtual Communities of Practice. 

3.1 Conceptual Model 

The process of Collaborative Problem Solving relies on a repository, with an 
underlying ontology, ovmed and developed by the community. The components in 
the repository are: resources - community assets categorized into classes, properties 
- relations between resources or data about resources; and statements - expressions 
about resources and their properties. Properties are binary relations between pairs of 
resoui'ces or between resources and simple values. Statements are triples of a subject 
(resource), property and object (resource or data), written [ s u b , p r o p , ob j ] . 
Figure 1 depicts the resources stored in the repository and how they are used to build 
solutions. Solutions can be composed by any type of resource, for instance a 
solution to a previous problem can be used to build a solution to a new problem. 
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Figure 1: Repository for Collaborative Problem Solving 

The process is carried out in six phases: problem description - adding a problem 
resource to the repository; problem exploration - analyzing the problem by adding 
statements linking it to existing or new resources; problem matching - identifying 
similarities between the problem and other problems in the repository by adding 
relevant statements; solution design - decomposing the problem into sub-problems 
and adding them as new resources to the repository; solution refinement - adding 
new statements, resources and properties related to the solution, and linking 
solutions to sub-problems with the solution design when they become available; and 
solution deployment - adding a solution statement when all sub-problems are solved. 

Figure 2 depicts the process and how the number of statements about the 
problem increases during all phases. It also shows how the number of unsolved sub-
problems increases during solution design and decreases during solution refinement. 
The process can be carried out fully collaboratively since sub-problems can be 
assigned to different members, who in turn apply the same process for solving them. 

problem problem 
description exploration 

problem 
matching 

solution 
design 

solution solution 
refinement deployment 

\ I 
number of 
statements 

number of 
subproblems 

I I I I I I I I I I I I I I I I I I 
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Figure 2: Process for Collaborative Problem Solving 
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3.2 Formal Model 

The aim of this section is to show how it is possible to formahze the model 
described in Section 3.1. First, we introduce abstract types to represent data, 
resources, properties and statements. Va lue type is defined to comprise plain data 
or complex data (resource). In addition, three functions are defined to return a 
subject (sub), predicate (pred) and object (ob j ) parts of a statement. 

type 
Data, 
Resource, 
Property, 
Statement 

type 
Value == plain(Data) | complex(Resource) 

value 
sub: Statement -> Resource, 
pred: Statement -> Property, 
obj: Statement -> Value 

A repository is modeled using a type Repos , with functions defined to return sets 
of resources, properties and statements. The type is constrained to ensure that all 
statements in the repository only use the existing resources and propeities. 

type 
Repos', 
Repos = (I r: Repos' :- iswf(r) |} 

value 
res: Repos' -> Resource-set, 
prop: Repos' -> Property-set, 
Stat: Repos' -> Statement-set 

value 
iswf: Repos' -> Bool 
iswf(r) is all s; Statement :-
s isin Stat(r) => 
sub(s) isin res (r) /\ 
pred(s) isin prop(r) /\ 
case obj(s) of 
plain{_) -> true, 
complex(o) -> o isin res(r) 

end 

A number of functions are defined to modify the repository. Among them are the 
functions to add resources, properties and statements. All functions must ensure that 
the resulting repository is well-formed according to the constraint above. 

value 
addRes; Resource >< Repos > Repos 
addRes(o, r) as r' post 

res(r') = res(r) union {o} ... 
pre o -isin res(r), 

addstat: Statement >< Repos > Repos 
addStat{s, r) as r' post 

stat(r') = stat(r) union (s) ... 
pre canAddStat(s, r), 

addProp: Property >< Repos — > Repos 

value 
canAddStat: Statement >< Repos -> Bool 
canAddStat(s, r) is 

s -isin Stat(r) /\ 
sub(s) isin res(r) /\ 
pred(s} isin prop(r} /\ 
case obj(s) of 

plaln(_) -> true, 
complex(o) -> o isin res(r) 

end 

A problem is a particular kind of resource. We introduce the types representing 
resource and property types, along with functions hasType from values to types. 
Problem type is defined as a subtype of Resou rce . A function is also introduced 
to return a set of properties used in the statements about a given problem. 

type 
ResType, 
PropType 

value 
problem; ResType, 
exactProp: PropType 

value 
hasType: 

Resource -> ResType 
hasType: 

Property -> PropType 

type 
Problem = {| 

value 
isProblem: Problem >< Repos 
isProblem(p, r) is 
p isin res(r), 

problemProp; Problem >< Repos -
problemPropip, r) is 

{ t I t: Property :- exists s 
s isin stat(r) /\ p = 8ub(s 

pre isProblem(p, r) 

Resource :- hasType(o) = problem |} 

Bool 

-> Property-set 

Statement :-
/\ t = pred(s) 
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In the following, we introduce example functions supporting various phases of the 
problem-solving process. In problem description, we only add the problem resource. 

value 
describe: Problem >< Repos > Repos 
describe(p, r) is addResource(p, r) pre ~isProblem(p, r) 

During problem exploration, new statements about the problem are repeatedly added 
to the repository, along with new properties and resources as required. For instance, 
function e x p l o r e is defined to add a single statement. 

value 
explore: Problem >< Statement >< Repos > Repos 
explore(p, s, r) ia 

let r' - if pred(s) isin prop(r) then r else addProp(pred(s), r) end in 
case obj(s) of 
plain(_) -> addStat{s, r') , 
complex(o) -> 

if o isin res(r') then addStat(s,r') else addstat(s, addRes(o,r')) end 
end 

end pre sub(s) = p /\ isProblem(p, r) 

During problem matching, the problem is compared to existing problems and 
suitable statements are added to record the similarities. One measure of similarity is 
that the two problems use the same set of properties in the statements about them. A 
property type e x a c t P r o p has been defined to express this. The following function 
ma tchExac t adds the corresponding statement, if applicable. 

value 
matchExact: Problem >< Problem >< Repos — > Repos 
matchExact(pi, p2, r) is 

let s: Statement :-
sub(s) = pi /\ pred(s) = exactProp /\ obj(s) = complex(p2) 

in addStat(s, r) end 
pre lsProblem(pl, r) /\ isProblem(p2, r) /\ 

problemPropCpl, r) = problemProp(p2, r) 

The remaining phases of problem-solving include solution design, refmement and 
deplo>Tnent. Specific functions are defined to support these phases. For solution 
design, the functions add new problems as sub-problems of the original problem. 
For solution refinement, the functions add new statements, properties and resources 
related to the solution, as well as functions relating the solution to the solutions of 
sub-problems. For solution deployment, the function adds a statement relating the 
problem and the final solution, when all sub-problems are eventually solved. 

3.3 Implementation 

The process described above is currently implemented to support the community 
portal for the UNeGov.net initiative - Building a Community of Practice for 
Electronic Governance (UNeGov.net, 2006). The portal is developed in Java using 
the Jena Semantic Web Framework (Jena, 2006). The portal maintains the database 
of members and the repository rehes on the ontology described in OWL. Jena API is 
used to manipulate the ontology, browse and search the repository, and maintain the 
knowledge created by the community. All resources are represented by URIs. For 
papers or software resources, the URIs link to their electronic versions. For member 
or organization resources the URIs link to their home pages. 
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4. CASE STUDY 

Consider a Viitual Community of Practice focused on XML technology and 
software development. Suppose this VCP is presented with the following problem P: 
"Define an XML language and software to write and display presentation slides". 

Suppose the repository contains the resources of the types l a n g u a g e , t o o l , 
e l e m e n t and schema, problem P ' with some statements, and its solution S ' : 

P' : Define an XML Language for specifying contents of documents. 
S' : XML4D0C specifies contents of documents. 
[P', about, schemas] , [P', includes, title] , ... 

The problem-solving process is depicted in Figure 3. The process begins by adding 
P as a p r o b l e m resource to the repository (phase 1). During problem exploration 
(phase 2) we add statements [P, a b o u t , schemas] and [P, a b o u t , t o o l s ] . 
Similarities identified throughout problem matching (phase 3) are expressed by 
[P, s u b P r o p , P ' ] - P contains some but not all properties of P ' . Three sub-

problems are identified during solution design (phase 4): 

P I : Analyze existing presentation slides to identify typical elements. 
P2 : Define an XML Schema to describe the contents of slides. 
P3 : Select a tool for the presentation of slides. 

Once the sub-problems are identified, similar problem-solving is carried out for each 
of them (see Figure 3). PI is solved with SI identifying presentation elements 
found in the analyzed slides. Several statements are added to relate P2 to these 
elements. As the same elements were found in documents, P2 is matching the 
properties and values of P ' , therefore its solution S' is also suitable for P2. P3 is 
further sub-divided into P4 - transform XML to HTML, and P5 - select a tool to 
display HTML. P4 is solved by the XSLT transformation for the schema obtained in 
S ' , while P5 is solved through browsers recorded as tools in the repository. 

Phase 
1 
2 

3 

4 

5 

6 

Problem 
Prdefine slides 
[P,about,schemas] 
[P,about,tools] 
tP,subProp,P'] 

Pl:analyze slides 
P2:define schema 
P3;select tool 
S:XML4Doc/browser 
[Si,part,S] i=l..3 
[S,solves,P] 

Sub-Problems 
Pl:analyze slides 
[PI,about,elements) 

[PI,subProp,P'] 
[Pl,exactProp,Pl 

SI:slides analyzed 

[SI,solves,PI] 

P2:define schema 
[P2,about,schemas) 
[P2,includes,title] 
[P2,exactProp,P'] 
[P2,exactValue,P') 

[S',solves,P2] 

P3:select tool 
[P3,about,tools] 

[P3,exactProp,P] 
[P3,subProp,P2] 
P4:XML to HTML 
PS:HTML tools 

S3: HTML browser 
[Si,part,S3] i=4,5 
[S3,solves,P3] 

Figure 3: XML Case Study - Problem Solving and Sub-Problem Solving 

During solution refinement (phase 5) for P, S: "XML4Doc is a schema for slides 
and any browser can display them." is added. Statements [ S i , p a r t , S] for i = 
1 . . 3 are added to relate sub-problem solutions with S. Finally, during solution 
deployment (phase 6), [S, s o l v e s , P] is added to link P with its solution S. 
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5. CONCLUSIONS 

The main objective of this paper was to present a process-oriented model for 
cooperative problem solving in Virtual Communities of Practice, suitable for 
implementation as part of community portals. This was motivated by the shortage of 
computer-supported methods to support creative aspects of community work. 

The process relies on a repository containing resources, properties and 
statements. Problems, solutions and partial solutions are all expressed as resources. 
Problem-solving is about connecting a problem description to the existing resources, 
creating new statements, properties and resources in the process. In particular, new 
sub-problems are identified and solved through the same six-phase processes. The 
paper formalized the model, indicated a possible implementation, and illustrated its 
usefulness through a case study in XML language/tool development. 

The main benefit of the approach is the definition of a systematic process to carry 
out problem-solving in any domain of knowledge, enabling computer support to 
organize the process and maintain the repository. At the same time, the approach 
requires that problem-solving conforms to a particular formal structure, and the 
suitability of this structure for particular problem domains is yet to be investigated. 

Future work includes expanding the model to cover community concepts, 
exploring opportunities for automation in different phases, implementing the model 
and assessing its effectiveness in various domains of knowledge. 

ACKNOWLEDGEMENTS 

We would like to thank Irshad Khan, Adegboyega Ojo and Gabriel Oteniya for 
useful discussions and comments about this work. 

REFERENCES 

1. Berners-Lee Tim, Hendler James, Lassila Ora. The Semantic Web. Scientific American, May 2001. 
2. Cambridge Darren, Kaplan Soren and Suter Vicki. Community of Practice Design Guide, 2005. 

http://www.educause.ed ii/ir/l)brarv/pdf/NU0531.pdf 
3. Conen Wolfram, Neumann Gustaf Prerequisites for Collaborative Problem Solving. Proceedings of 

WETICE 96, IEEE 5"' Intl. Workshops on Enabling Technologies, Stanford, CA, June 1996. 
4. DiUenbourg Pierre. What Do You Mean By "Collaborative Learning". Collaborative-Learning: 

Cognitive and Computational Approaches, pp 1-19. Oxford: Elsevier, 1999. 
5. George Chris, et al. The RAISE Specification Language. Prentice Hall, 1992. 
6. Gruber Thomas. Toward Principles for the Design of Ontologies Used for Knowledge Sharing. 

Formal Ontology in Conceptual Analysis and Knowledge Representation. Kluwer, August 1993. 
7. Jena. Jena - A Semantic Web Framework for Java, 2006. http,i//j.ena^purceforge,.Ml^^ 
8. Porter Constance Elise. A Typology of Virtual Communities: A Multi-Disciplinary Foundation for 

Future Research, Journal of Computer-Mediated Communication. Vol. 10 (1), 3, November 2004. 
9. UNeGov.net. Community of Practice for Electronic Governance, 2006. http://www.unegov.net. 
10. Wenger Etienne. Communities of Practice - A Brief Introduction, June 2004. 

http://\vww.ewenger.com.'theory/index.htm. 
11. W3C. Technology and Society Domain, Semantic Web Activity. Resource Description Framework, 

October 2005. Mtl3.://wwY,w3,org/ia.)E/-
12. W3C. OWL Web Ontology Language Ovei-view. W3C Recommendation, February 2004. 

http://www.w3.org,''TR/owl-feature.s/. 



PART 1 2 

FRAMEWORKS FOR PVC 



ADAPTIVE COLLABORATION IN 
PROFESSIONAL VIRTUAL 

COMMUNITIES VIA NEGOTIATIONS 
OF SOCIAL PROTOCOLS 

Willy Picard 
Department of Information Technology 

The Poznan University of Economics 
ul Mansfelda 4 

60-854 Poznan, POLAND 
<picard@kti. ae.poznan.pl> 

Support for human-lo-hutnan interactions over a networic is still insufficient, 
particularly for professional virtual communities (PVC). Among other 
limitations, adaptation capabilities of humans are not taken into account in 
existing models for collaboration processes in PVC. This paper presents a 
model for adaptive human collaboration. A Icey element of this model is the 
modeling of some social elements involved during the collaboration process. 
Processes are modeled as social protocols. A second contribution is the 
proposition of negotiation as a mean for adaptation of these protocols. 

1. INTRODUCTION 

Enterprises are increasing constantly their efforts in order to improve their business 
processes. A main reason for this may be the fact that enterprises are exposed to a 
highly competitive global market. As a consequence, enterprises improve their 
business processes to become more competitive and to increase their performances. 
Among the most visible actions associated with this effort towards better support for 
better business processes, one may distinguish the current research work concerning 
Web services and associated standards: high-level languages such as BPEL or WS-
Coordination take the service concept one step further by providing a method of 
defining and supporting workflows and business processes. 

However, it should be noticed that most of these actions are directed towards 
interoperable machine-to-machine interactions over a network. Support for human-
to-human interactions over a network is still insufficient and more research has to 
been done to provide both theoretical and practical knowledge to this field. 

Among various reasons for the weak support for human-to-human interactions, 
one may distinguish the following two reasons: first, many social elements are 
involved in the interaction among humans. An example of such a social element 
may be the roles played by humans during their interactions. Social elements are 
usually difficult to model, i.e. integrating non-verbal communication to 
collaboration models. Therefore, their integration to a model of interaction between 

Please use the following formatwhen citing this chapter: 

Picard, W.. 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric Collaboration and 
Supporting Fireworks, eds. Camarinlia-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 353-360. 
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humans is not easy. A second reason is the adaptation capabilities of humans which 
are not only far more advanced than adaptation capabilities of software entities, but 
also not taken into account in existing models for collaboration processes. 

The insufficient support for human-to-human interactions over a network is 
particularly important for professional virtual communities. As mentioned 
in [Camarinha-Matos 2005], "professional virtual community represents the 
combination of concepts of virtual community and professional community. Virtual 
communities are defined as social systems of networks of individuals, who use 
computer technologies to mediate their relationships. Professional communities 
provide enviromnents for professionals to share the body of knowledge of their 
professions [...]". According to [Chituc 2005], httle attention has been paid to the 
social perspective on Collaborative Networks (CN) business environment, including 
obviously professional virtual communities in which social aspects are of high 
importance. 

This paper is an attempt to provide a model for human-to-human interactions 
within professional virtual communities. The proposed model addresses, at least to 
some extent, the two characteristics of the interactions between humans. It should 
however been kept in mind that the results presented here are a work in progress and 
therefore they are not claimed to be neither sufficient nor exhaustive. 

The rest of this paper is organized as follows. In section 2, the concept of social 
protocol, used to model collaboration processes, is presented. Section 3 then 
expands on the use of negotiation as a mean for adaptation of social protocols. Next, 
related work is reviewed. Finally, section 5 concludes this paper. 

2. SOCIAL PROTOCOLS 

A social protocol aims at modeling a set of collaboration processes, in the same way 
as a class models a set of objects in object-oriented programming. In other words, a 
social protocol may be seen as a model which instances are collaboration processes. 

Social protocols model collaboration at a group level. The interactions of 
collaborators are captured by social protocols. Interactions are strongly related with 
social aspects, such as the role played by collaborators. The proposed model 
integrates some of these social aspects, which may explain the choice of the term 
"social protocols". A formal definition of the proposed model has been already 
presented in [Picard 2006], 

2.1. Modeling collaboration processes 

A social protocol p is a finite state machine consisting of {Sp, Sp""'', Sp"^, Tp, (pp} 
where S is the set of states, Sp'"" C S is the set of starting states, Sp"'' dS is the set 

of ending states, S^J"^ <^S^p = 0 ) Tp is the set of transitions from states to 

states, and (pp: Tp —* [0, IJ. 

In a social protocol, collaborators - as a group - are moving fi'om state to state 
via the transitions. A tiansition may be triggered only by a collaborator labeled with 
the appropriate role. A transition is associated with the execution of an action. 
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Execution of an action means the execution of remote code. SOAP or CORBA are 
examples of technologies that may be used to such remote code executions. 

The (pp function puts an additional constraint on the execution of transitions. The 
^p function defines the "desirability" of a transition within the given protocol for the 
whole group. The highest the value of the ipp function for a transition t is, the highest 
the desirability of this transition for the group will be. If the value of the f̂  function 
for a transition / is zero, then the group does not desire this transition to be executed. 
It allows collaborators for presenting various granularity levels of a given social 
protocol with regards to a desirability threshold. Desirability filtering is the 
transformation that causes all transitions with desirability value lowest than the 
desirability threshold to be suppressed. 

The conditions that protocols have to fulfill to be valid, both structurally and 
semantically have already been presented in [Picard 2005a]. 

2.2. Social protocol example 

The example of social protocol which is presented in this section is oversimpHfied 
for readability reasons. It is obvious that social protocols modeling real-world 
collaboration processes are usually much more complex. 

The chosen collaboration process to be modeled as a social protocol may be 
described as follows: a set of users are collaborating on the establishment of a 
"FAQ" document. Some users only ask questions, while others, referred as "experts" 
may answer the questions. Other users, referred as "managers", are may interrupt the 
work on the FAQ document. The work on the document may terminate either by a 
success (the document has been written and the manager estimates that its quality is 
good enough to be published) or by a failure (the users did not find any way to 
collaborate and the manager has estimated that the work on the FAQ should be 
interrupted). 

A possible model of this collaboration process as a social protocol is presented in 
Figure 1. 

"* 1 .̂  . 1 T*9 
1 .5/ f 
hy 1 / 

^ ' 

*{ S !—'""• 

\:^/ 1 
Figure 1. Example of social protocol 

In Figure 1, five states Sj... s5 are represented as circles. State sj, s is a starting 
state; states sj and s^ are ending states. States are named as follows: 

• state sf. waiting for first question 
• state S2: waiting for answer 
• state S3: waiting for next question 
• state s/. failed termination 
• state S;-. successful termination 
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Transitions are represented as arrows, and the line style is associated with the 
role of the users that may execute a given transition. Continuous line style is used to 
represent transitions that may be executed by "normal users", fme-dashed style for 
transitions that may be executed by "experts", and fine-dotted style for transitions 
that may be executed by "managers". 

The figures closed to the arrows represented the value of the desirability function 
for the associated transition. As an illustration of desirability filtering, the "suppress 
question" transition would be suppressed by desirability filtering for the value of the 
desirability threshold 0.6. Transitions are summarized in Table 1. 

Table 1 — Transitions for the example of social protocol and their 
associated desirability values 

Source state 
si 
s2 
s2 
s2 
s3 
s3 
s3 

Destination state 
s2 
s3 
s3 
s4 
s2 
s4 
s5 

Role 
Normal 
Expert 
Expert 
Manager 
Normal 
Manager 
Manager 

Action 
Ask question 
Answer question 
Suppress question 
Failure ending 
Ask question 
Failure ending 
Successful ending 

9 
1 
1 

0.5 
1 
1 
1 
1 

3. ADAPTATION OF SOCIAL PROTOCOLS VIA 
NEGOTIATION 

While social protocols support, at least to some extent, the integration of some social 
elements (such as roles) to models of interactions among humans, the adaptation 
capabilities of humans are not taken into account into social protocols. There is 
however the need to provide adaptation mechanisms to social protocols. Indeed, 
interactions among humans are often a context-aware activity. In this paper, context-
awareness refers to the capabilities of applications to provide relevant services to 
their users by sensing and exploring the users' context [Dey 2001, Dockhorn 2005]. 
Context is defined as a "collection of interrelated conditions in which something 
exists or occurs" [Dockhorn 2005]. The users' context often consists of a collection 
of conditions, such as, e.g., the users' location, environmental aspects (temperature, 
light intensity, etc.) and activities [Chen 2003]. The users' context may change 
dynamically, and, therefore, a basic requirement for a context-aware system is its 
ability to sense context and to react to context changes. 

Adaptive mechanisms are therefore required as complements to the formerly 
proposed model for human collaboration processes. The mechanism proposed in this 
paper is based the idea that social protocols may be negotiated. Two aspects of 
social protocols may be negotiated independently: first, the desirability function may 
be negotiated, second, states/transitions sets may be negotiated. 



Adaptive collaboration in PVC via negotiations of social protocols 357 

3.1. Desirability negotiation 

The first element of social elements that could be the object of adaptation may be 
the desirability function. The values taken by desirability function for various 
transitions define the desirability of the v/hole group with regards to single 
transitions. By modifying the value of the desirabihty function, the whole group may 
adapt the social protocol to the situation in which the group is. 

By increasing the desirability value of a given transition, a group may decide that 
a transition is "desirable" for a given desirability threshold, and therefore the 
tiansition associated with the modified value will become available. By decreasing 
the desirability value of a given transition, a group may decide that a transition is not 
"desu-able" any more, and therefore the transition associated with the modified value 
will become unavailable for a given desirability threshold. 

Figure 2 - Social protocol presented in section 2.2 after the desirability value 
of the transition "suppress question" has been increased by 0.3 

Effects of a potential modification of the desirability function of social protocol 
presented in Section 2.2 are presented in Figure 2. In the presented example, the 
original social protocol presented in Section 2.2 has been adapted by the whole 
group via negotiations. The result of the negotiation is the group agreement stating 
that the desirability value for the transition "suppress question" has to be increased 
by 0.3. The modified desirability values associated with transitions are presented in 
Table 2. 

Table 2 — Transitions for the example of social protocol and their 
associated desirability values 

Source state 

Sl 

S2 

S2 

S2 

S3 

S3 

S3 

Destination state 

S2 

S3 

S3 

S4 

S2 

S4 

Ss 

Role 
Normal 
Expert 
Expert 
Manager 
Normal 
Manager 
Manager 

Action 
Ask question 
Answer question 
Suppress question 
Failiure ending 
Ask question 
Failure ending 
Successful ending 

9 
1 
1 

0.8 
1 
1 
1 
1 
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3.2. Structural negotiation 

The second element of social elements that could be the object of adaptation may be 
the set of states and/or the set of transitions. The set of states consists of the set of 
situations that may occur during the life of a collaboration process. The set of 
transitions consists of the set of interactions that collaborators may perform. 

By adding/suppressing states, the whole group may adapt a social protocol by 
providing/suppressing situations to the collaboration process. It should be noticed 
that the addition/suppression of states is related with the addition/suppression of 
transitions leading and originating from the modified states. 

By adding/suppressing transitions, the whole group may adapt a social protocol 
by providing/suppressing interactions to the collaboration process. It should be 
noticed that the addition/suppression of transitions is usually not related with the 
addition/suppression of states to/from which the added/suppressed transitions 
leads/originates. 

Figure 3 - Social protocol presented in section 2.2 after a transition related 
with the action "comment a question" has been added from sj to S}. 

Effects of the addition of a transition in the social protocol presented in 
Section 2.2 are presented in Figure 3. In the presented example, the original social 
protocol presented in Section 2.2 has been adapted by the whole group via 
negotiations. The result of the negotiation is the group agreement stating that a new 
transition is needed so that an expert may comment a question many times before 
answering it. The modified set of transitions is presented in Table 3. 

Table 3 — Transitions for the example of social protocol and their 
associated desirability values 

Source state 

Sl 

Sz 

S2 

S2 

S2 

S3 

S3 

S3 

Destination state 

S2 

S2 

S3 

S3 

S4 

S2 

S4 

S5 

Role 
Normal 
Expert 
Expert 
Expert 
Manager 
Normal 
Manager 
Manager 

Action 
Ask question 
Comment question 
Answer question 
Suppress question 
Failure ending 
Ask question 
Failure ending 
Successfril ending 

9 
1 
1 
1 

0.5 
1 
1 
1 
1 
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4. DISCUSSION 

As process modeling is concerned, many works have already been conduced in the 
research field of workflow modelling and workflow management systems. Paul 
Buhler and Jose M. Vidal [Buhler 2005] proposed a mechanism allowing for 
enacting workflows in an adaptive way using multi-agent systems (MAS). Robert 
Miiller and al. presented in [Milller 2004] various mechanisms for adaptation of 
workflows to deal with exception occurrences in running workflow instances, with 
an application to medical treatments. However, to our best knowledge, current 
works concerning workflow adaptation focus on interactioiiK among software 
entities. Characteristics of interactions between humans, such as the importance of 
social aspects, are not or insufficiently taken into account by these works. 

Still in the field of workflows, some works [Aalst 2000] have focused on formal 
models and conditions under which a modification of an existing - and potentially 
running- workflow retains workflow validity. However, in the case of human 
interactions, some of these conditions may be relaxed as adaptation of a social 
protocol may lead to a social protocol which is temporally invalid. Such a case 
appears when a new state is introduced. The state exists but transitions leading to it 
have to be defined. The same applies for transitions having the brand-new state as a 
source. 

Some interesting works have been done in the field of electronic negotiations to 
model electronic negotiations with the help of negotiation protocols. 
In [Kersten 2004], it is stated in that, in the field of electronic negotiations, "the 
protocol is a formal model, often represented by a set of rules, which govern 
software processing, decision-making and communication tasks, and imposes 
restrictions on activities through the specification of permissible inputs and actions". 
One may noticed the similarity with the concept of social protocol. The reason for 
this fact is that the model presented in this paper was originally coming from a work 
on protocols for electronic negotiations [Picard 2005c]. However, to our knowledge, 
none of the works concerning negotiation protocols provides mechanisms for 
protocol adaptation. Moreover, these works are by nature limited to the field of 
electronic negotiations which is just a subset of the field of human collaboration. 

5. CONCLUSIONS 

While many works are currently done on modeling collaboration processes in which 
software entities (agents, web services) are involved, modeling collaboration 
processes in which mainly humans are involved is an area that still requires much 
attention from the research community. Some of the main issues to be addressed are 
the social aspects of collaboration and the adaptation capabilities of humans. In this 
paper both issues are addressed. The concept of social protocol aims at being a start 
of answer to the question of computer support for social collaboration. The idea of 
negotiation of social protocol is an attempt to weaken constraints usually limiting 
the interaction between collaborators, so that the adaptation capabilities of humans 
may be integrate in the life of a social protocol. 

The main iimovations presented in this paper are 1) the introduction of the 
desirability function as a way to provide filtering functions to social protocols, 2) the 
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idea of negotiation of social protocols, based either on negotiation of the desirability 
function or on the negotiation of the structure of the protocol. The proposed 
concepts are currently under implementation as extensions to the DynG 
protocol [Huriaux 2005], a social protocol-based platform. The next steps will 
include a refinement of the concept of role, so that relationships between roles, e.g. 
specialization, compositions, may be integrate to the presented model. Automated 
support for social negotiation would be an interesting feature for a social adaptive 
protocol-based framework, but negotiation models supporting contextual and social 
elements are still to be built. 
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This paper presents the socio-technical design of a Icnowledge community 
which is part of a system to support an industrial association based 
collaborative network in the sector of construction industry. There are many 
explanations around the virtual community concept. Here is presented a 
fundamental phase of the Know-Construct project which involved the design of 
the Construction Industry Knowledge (CIK) Community using three analytical 
approaches. The generic architecture of the supporting system (Knowledge 
Community Support - KCS) is described, highlighting information and 
knowledge management, community building facilities and semantic resources 
management 

1. INTRODUCTION 

It is well known that organizations and the environment in which they operate have 
changed considerably in the last few decades. The particular case of the 
organizations in the construction sector is no exception to the rule. They too have to 
renew themselves rapidly in order to adapt to a more competitive and changing 
environment, be much more flexible than in the past and also need more 
sophisticated ways of managing their knowledge assets. Most of knowledge 
management systems have emerged from document-centric approaches and are able 
to efficiently support, although only a fraction, of the whole knowledge cycle 
(classifying, storing, and retrieving knowledge). 

The Know-Construct project intends to improve the effectiveness of the 
Construction Industry (CI) SME's by enhancing and extending the relationship with 
their customers thi-ough an innovative support regarding information and knowledge 
about products, processes and associated issues. This is achieved through 
specifically developed tools, supporting in particular the formation and operation of 
SME's knowledge communities in the context of Industry Association Groups 
(lAG). More concretely these objectives are to: 

• Provide a platform to support the creation and management of a community 
of CI SME's, coordinated by an association, fostering collaboration and 

' COLL-CT-2004-500276 KNOW-CONSTRUCT Internet Platform for Knowledge-based Customer 
Needs Management and Collaboration among SMEs in Construction Industry (2005-2007). Project co-
funded by the European Community under the "Horizontal Research Activities Involving SMEs -
Collective Research" Programme. 

Please use the following formatwhen citing this chapter: 

Simoes. D.. Scares. A. L.. 2006. in IFIP International Federation for Information Processing. Volume 224. Network-Centric Col­
laboration and Supporting Fireworks, eds. Camarinha-Matos, L.,Afsarmanesh, H., Ollus.M., (Boston; Springer), pp. 361-370. 
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knowledge sharing among its members. Knowledge to be sliared includes, 
besides product and services information; companies' experience (e.g. best 
practices). This will lead to a wider and deeper technical and professional 
competence shared by the SME's commimity, fundamental in its ability to 
satisfy customer needs, obtained through closer co-operation and knowledge 
exchange. 

• Provide problem-solving support to the individual lAG member's customers 
regarding the selection of products, their applications and processes, as well 
as addressing other related problems such as legislative issues, safety issues 
etc. This will be materialized as an internet-based platform that will offer the 
possibility to establish a "one to one" communications medium. 
Manufacturers and wholesalers (SME) may interact with their customers, 
advising them on specific topics relying also on knowledge created and 
maintained by a community of SME's mentioned in the previous point. 

KC system was then designed to provide comprehensive services to their users 
regarding a large scope of construction issues, although centred in the SME 
knowledge community. 

This paper describes a fimdamental phase of the project which was the 
characterization of the Construction Industry Knowledge (CIK) Community and the 
generic architecture of the supporting system (Knowledge Community Support -
KCS). 

2. CHARACTERIZATION OF THE CIK COMMUNITY 

There are many explanations around the community concept. After thorough review 
of the literature on this subject, we characterize CIK community according three 
approaches that we agree to be of great importance to the success of creation and 
maintenance of this community. Accordingly the CIK Community is characterized 
based on: type of utility, participant's behavior and typology. 

2.1 CIK Community as Hybrid Community 

The classification of different types of utility (Comejo, 2003) presents a basic 
predictive model of different types of communities, with particularly relevance for 
those that can generate some type of utility for someone. We therefore classify the 
CIK Community as a hybrid of a Practice and Interest Community (see Figure 1). 
On the one hand, company employees as individuals should see a direct utility to 
their particular jobs when participating in the CIK community. On the other hand 
this direct utility also comes into light when an employee (and consequently the 
company) realizes that, when solving a problem for an important customer, the 
information/knowledge used to reach the solution has been contributed by other 
community members. Nevertheless, not all the activities can be tracked to a causal 
benefit to the SME. For example, a chat session between two employees exchanging 
professional experiences or a report on a concern regarding the performance of a 
material in a news or blog item by another employee, are activities that make sense 
in a community but cannot be assigned a concrete and immediate value for the 
organization. 



The socio-technical design of a SME knowledge community 363 

iivL,,..i conuMonay of ^ i ^ ^ ' ' " Community 

To f ic 0^J•3^ua£lo.^ 

Figure 1 - CIK Community on Quadrant of Communities of Comejo (2003) 

2.2 CIK Community as Professional Community 

Looking at professional development as the process of continually developing 
knowledge, skills and attitudes of professionals by means of formal and informal 
learning in the course of practice, the use of on-line knowledge communities for 
this, implies that an on-line knowledge community has to support this process. As a 
KC community member, professionals in the construction sector will have a place 
for continual professional development that gives: individualized, flexible and easy 
access to a coherent and current knowledge domain, a range of opportunities to 
interact with like-minded persons, and a range of opportunities to develop and 
exploit the knowledge domain. An example of this is: applying knowledge, learning 
from it, guiding others, disseminating ideas and results or doing research, embedded 
in a professional network. What do we expect from this use? Given the discussion so 
far, our premise is that the membership of professionals of an on-line knowledge 
community will have positive effects on their continuing development not only 
expressed in competences like knowledge, skills, experiences and attitude, but also, 
the development of organizational knowledge assets expressed in the growth and 
elaboration of the professional knowledge, applicability of knowledge and 
legitimacy of knowledge. 

So, based on work of de Vries et al. (2004), we synthesize the following 
characteristics of CIK Community: 

• The goal is to develop and exploit knowledge about civil construction 
sector. 

• There are continuous interactions between participants in order to meet these 
goals. 

• Information and communication processes are continuously made explicit. 
• It adds value to the participants (professionals within the sector and 

customers alike). 
• The on-line meeting place that is usable. 
• The culture focuses on the needs of the participants as the route to high 

performance; involvement and participation create a sense of responsibility 
and ovmership and, hence, greater commitment to the community. 

• The context is highly complex and constantly evolving and the CIK 
Community will have to continuously comply with the expectations of its 
participants and their contextual of use of the system. 
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2.3 CIK Community as a Organization-Sponsored Community 

Based on the typology of virtual communities proposed by Porter (2004) where the 
communities are classified under two levels: establishment and relationship 
orientation (see Figure 2), we classify the CIK Community as an organization-
sponsored community relatively to type of establishment and as commercial 
community relatively to the relationship orientation. CIK Community will be a 
commercial organization-sponsored community because it will be sponsored by 
commercial organizations (SME's and associations) of the construction sector. This 
community will have key stakeholders and/or beneficiaries (ex. customers) that will 
play an important part in sponsoring the community's mission and goals. Being an 
organization-sponsored community, will foster relationships both among members 
(e.g. professionals belonging to the associations of the project partnership) and 
between individual members (e. g. customers) and the sponsoring organizations 
(associations of the project partnership). 

Figure 2 - Typology of virtual communities (Porter, 2004) 

Based on the classification of the CIK Community under the virtual community 
concept and the attributes commonly suggested in the literature to characterize 
virtual communities (Mueller-Prothmann and Siedentopf, 2003; Blanchard, 2004; 
Burnett, G. and Buerkle, H., 2004), we now specify the key attributes of the CIK 
Community. The key attributes that will allow characterization of the CIK 
Community can be summarized as the Five Ps (Porter, 2004): Purpose (Content of 
Interaction), Place (Extent of Technology Mediation of Interaction), Platform 
(Design of Interaction), Population (Pattern of Interaction) and Profit Model (Return 
on Interaction). 

T;ibk' 1 - ronccpuialization of the CIK Community attributes 
I'lirpwse l\) share professional knowledge aiming to provide a better 

mJjyidual service to company's customers. 
I'latc Virtual place where companies develop and maintain social and 

economic relationships, mostly virtual, but also physical (e.g., 
association meetings, customer contacts, etc.). 

I'latforni Synchronous and asynchronous communication (hybrid). 
Interactivity is multi-modal: co-presence based interaction through 
instant messaging; differed interaction through basic mechanisms 
such as forums or weblogs, and through complex tools such as 
content management tools, fostering coordination mechanisms 
(workflow). 
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Populiifioii 1 he Association is both the context of interaction and an actor in it. 
('t)inpanies and individual professionals are actors. Individual 
piofessionals can assume both an individual role (the professional) 
or organizational role (company's representative). Customers can 
;!s.'̂ ume also the role of actor in the community. The motivation of 
ilic interaction is due to both individual interests and company 
orientated goals. Companies also look for enhanced reputation and 
ini]iroved levels in efficacy and efficiency. Individual professions 
may also seek peer recognition and personal improvement. Such 
cdiupanies, associations and individual professionals are 
Liccigraphically and socially dispersed and focus on the functional 
benefits of the community such as information acquisition or 
problem solving. It is likely that the interaction patterns will be 
cliaracterised by a mix of small group characteristics (where strong 
lies tend to dominate), and network characteristics (where weak ties 
are prominent and stressful ties are likely). Relationships are 
add ressed by user needs, where small group and network attributes 
are blended. 

Pi-(»nt i<e\enue generation of individual companies in the construction 
uiodol .-eeior. Although the CIK community will provide mainly intangible 

benefits, it is expected that by providing a better service to 
eusiomers, individual companies will increase their revenues. 

2.4 CIK Community Concept 

To summarize we define the CIK Community as an aggregation of professionals 
and customers who interact around a specific shared interest of construction sector, 
sharing information and knowledge about products, services, techniques, legal 
aspects, experiences, etc, and where the interaction is totally supported and/or 
mediated by web technology and guided by some agreed protocols or norms. 

3. THE GENERIC ARQUITECTURE OF KCS SYSTEM 

As mentioned before, the KC project has a very specific goal: to enable individual 
SME's to better solve the problems of their customers. Therefore, KCS is focused on 
pursuing this goal in the first place. Although a knowledge community 
encompasses, as stated before, mechanisms that surpass this simple instrumental 
goal, the initial vision of the KCS system was specifically conceived with this in 
mind. This means that the KCS system supports CIK community building in a broad 
sense, though focused fundamentally in generating wide ranging and detailed 
knowledge to be used in managing the SME's customers' relationship, particularly in 
problem solving. The operationalization of the KCS system is made through the use 
of mechanisms (Nabeth et al., 2002; Heam et al., 2002; Sim5es and Scares, 2004) 
that will allow: 

1. For the support the social processes (trust building, group formation and 
coordination), i.e., conditions for tacit knowledge exchange; 

2. For increased levels of interactivity and to stimulate the dynamic exchange 
of knowledge (collaborative content management systems); 
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3. To support the personalization of user interaction (via the selection and 
presentation of content), maximize the impact of distributed knowledge and 
also to facilitate the development of new relationships between the users). 

3.1 The KCS system concept 

Keeping in mind the basic idea that the KCS system should support the CIK 
Community building in a broad sense, but focused fundamentally in generating a 
knowledge base that is as comprehensive and detailed as possible to be used in 
managing the SME's customers' relationship, particularly in problem solving, the 
following general functions (see Figure 3) of this module were specified: 

1. Community building tools: this part of the KCS system supports the 
processes of community building by providing the instruments to foster 
professional interaction and socialization. Forums and weblogs are two such 
instruments and are tailored in KCS to be tightly integrated with the semantic 
structure supporting knowledge management in KC. 

2. Semantic resources management: this is the infrastructure and 
corresponding set of functionalities that support information and knowledge 
acquisition, organization and storage in KCS system. More specifically, they 
enable the (i) management of classifications, thesauri and vocabulary, (ii) the 
acquisition of knowledge from digital content (including forums and weblogs 
entries, web pages, etc.) both internal to the CIK and from external sources, 
(iii) the maintenance of an ontology which is the base of knowledge 
representation, access and storage. 

3. Knowledge resources access: creating, searching and updating knowledge 
resources is a fundamental set of functionalities in KCS. Although much of 
the community's information/knowledge will be created in 
communication/interaction processes (forums, weblogs), there will be also 
the need to create/access knowledge in a more structured way. Digital content 
management and document management are the natural approaches regarding 
this issue. 

3.2 The KCS system layers 

This generic architecture can be decomposed in two layers: KCS Core Services layer 
and Systems/Applications layer. KCS Core Services layer provide a set of services 
centered in the semantic resources management of KC. 

The basic architectural idea of KCS is to have a set of sei"vices to be used by 
specific, adaptable and, eventually, off-the-shelf systems/applications. The rationale 
is to take advantage of as great a number of open source systems/applications as 
possible that already provide the end user functionalities required in a knowledge 
community. For example, we can use a content management system (CMS) such as 
Zope/Plone^ or OpenCMS^ providing off-the-shelf functionalities to organize 
reports, data sheets, legal documents, and to publish web pages related with some 
community topic. The CMS is configured and extended to use content/document 
services, search seiTices and semantic navigation services in order to provide value 
added knowledge management to the community. 

http://plone.org 
http://www.opencms.org 
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Figure 3 - KCS System Functional Architecture 

The KCS core (see Figure 4) services are divided into a Semantic Resource 
Management layer and a set of ftinctionalities that provide the systems/applications 
with access to the semantic resources as described below. 

Ontology manager - this part of the semantic resources management deals first 
with all the aspects of maintaining the CIK community's ontology and allows users 
to: browse the entities, add/remove concepts/relations, create new attributes, 
deprecate a concept, import taxonomies, and configure system settings. It should 
also handle multilingual ontologies. Closely related with the ontology manager, is 
the local classification/thesaurus manager. Classifications, thesaurus, vocabularies 
are important semantic resources in the CI sector. This functionality is fundamental 
in managing the local aspects of the CIK community. 

Indexing and knowledge extraction - a CIK Community is a dynamic social 
organization. It is obvious that the community knowledge will evolve and 
consequently, that the way in which the participants organize their knowledge will 
also change with time. This requires that KCS system be able to cope with these 
dynamics by enabling the CIK ontology to be (to some extent) automatically 
updated from the knowledge sources managed by the community (documents, web 
pages, etc.) and from content generated interactively such as weblogs and forums 
entries. This sub-system provides a set of functionalities that implement the before 
mentioned ontology updates, as well as functionalities to classify the digital content 
used by the community. 

Semantic searching and navigation - this is a set of services provided to the 
upper layer systems/appHcations for searching and navigating the KC content using 
the ontology/thesaurus as the underlying structure. In order to support the KC 
system's sophisticated searching capabilities, this set of functionahties includes the 
capacity to search and reason about metadata. 

Aggregator/integrator - specific external knowledge sources related with the 
CIK Community must be accessed by the KC user. This part of the semantic 
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resources management will aggregate meta-data descriptions in the case these are 
available. If they are not, this manager will support the generation and integration of 
the metadata. 

Business data model wrapper - provide access to relevant content in the KC 
business database through the metadata structure. The relevant content is indexed 
and will be accessed through the semantic navigation and searching services. 

i l 
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Figure 4 - KCS Core Services 

Besides the semantic resources management fimctionalities, the KCS system 
core services will provide a set of functionalities to link the KCS semantic resources 
to the end-user systenB applications. These include: 

• Content/document services - these are the services that provide access to 
indexing, knowledge extraction, semantic navigation and searching for the 
content and document management functionalities. 

• Forums/weblogs/IM services - these are the services that provide access to 
indexing, knowledge extraction, semantic navigation and searching for the 
forums, weblogs or instant messaging functionalities. 

• Semantic navigation and search services - will provide access to semantic 
navigation and searching to upper layer applications that are not part of the 
two previous categories. 

• Community user management services - these services encompass all that 
is necessary to create, maintain and access the profiles of the end-users from 
a community point of view. This includes the support to social relationships 
through sophisticated searching and matching of profiles and content. 

• Semantic resources maintenance services - the maintenance of the CIK 
ontology and the local ontologies is accessed by the upper layer applications 
through these services. 
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3.3 The KCS system design 

Semantic web technologies are a fundamental option if the KCS is to provide 
complex information retrieval, both internally and externally to the CIK community. 
We think that compliance with the semantic web is potentially one of the major 
success factors for Know-Construct. This conciurs with the opinion expressed by the 
CEN Workshop Agreement on European eConstruction Ontology (EeO) (CWA 
15142, 2004) stating that it is possible to rely on a standard "foundation" where 
complementary efforts can be combined in a harmonic and holistic way, especially 
regarding the developments related to the Semantic Web. 

IJV 'A, i l l , I ' *1 ,J 

Figure 5 - KC high-level design and development tools 

A strategic aspect then to be considered is the comphance with the Semantic 
Web in the sense that the European Ontology for the construction sector has to be 
aware of the recommendations and developments promoted, mostly, by the W3C. 
According to this view, a high-level design was developed which organizes KC 
functionalities in four main areas: modelling (ontology development and use), 
tagging, query, and visuaUzation. As infrastructure and development tools, Jena2, 
Protege, and OpenCMS were chosen (see Figure 5). 

4. CONCLUSIONS AND FURTHER WORK 

In this paper was presented the characterization of the Construct Industry 
Knowledge (CIK) Community according to three approaches in the context of the 
Know-Construct project. Summarizing, the CIK Community was conceptualized as 
an aggregation of professionals and customers who interact around a specific 
shared interest of construction sector, sharing information and knowledge about 
products, services, techniques, legal aspects, experiences, etc, and where the 
interaction is totally supported and/or mediated by web technology and guided by 
some agreed protocols or norms. 

To present the generic architecture of the KCS (Knowledge Community 
Support) system that supports the CIK community, it was described the concept, 
layers and high-level design of KCS system. The high-level design organizes KC 
functionalities in four main areas: modelling (ontology development and use), 
tagging, query, and visualization. The future work will involve, obviously, the 
implementation and validation of the system. Further, one of the crucial 
development and validation tasks are related with the ontology implementation and 
the associated functionalities. Although the phase regarding the analysis and 
specification of the CIK ontology (high-level) and local ontologies integration 
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process definition has been comprehensive, and involved the users (Soares et ah, 
2006), it has been necessary to refine the requirements and design options through 
the use of an early prototype. This process is complex as we are dealing with virtual 
communities, thus there was the need of using innovative ways to establish a social 
test environment in order to achieve the goals of prototyping. This will be the 
subject of a forthcoming paper. 
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This paper presents the first step of a research woric which aims at predicting 
the propensity of Professional Virtual Communities (PVC) to create temporary 
alliances of business. This work is starting from the observation that up to now 
these business oriented communities laclc a conceptual frameworic for 
analyzing this issue in a theoretical way. Our approach consists in developing 
such a conceptual framework using Social Capital as a structuring element. 
This paper shows how to improve the formalization of PVC by revisiting and 
using Social Capital concept. 

1. INTRODUCTION 

It is often advanced that professional communities acting in industrial sectors could 
be a way to foster cooperation among firms. The interpersonal relationships 
developed inside the communities could enable SME to have access to competences 
for the life-time of a project, competences that they can not afford on a long-time 
basis. However until now there has been a lack of conceptualization and 
formalization of the professional communities to establish in theoretical ways in 
which context they can effectively create or reinforce temporary alliances of 
business inside clusters of SME called hereafter Virtual Organizations (VO). 

Our first assumption is that Social Capital models are relevant for formalizing 
links between PVC and VO. A lot of similarities in the use of terms actually appear 
when studying Social Capital, PVC and VO. For mstance, professional communities 
are usually addressed using dimensions such as social norms, social values (trust, 
and networks) which appear to be constituents of Social Capital; according to 
Fukuyama [9], "alliances (of business) operate on shared norms and values beyond 
those necessary for ordinary market transactions." Although Social Capital seems 
relevant to analyze the concepts of communities, the review of literature achieved so 
far shows a lack of research investigating professional communities with a Social 
Capital perspective that validates this assumption. 

Please itse the foUmring format when citing this chapter: 
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Our second assumption is that the communities developing efficient and 
productive cooperation have a higher propensity to develop VO. Since the Social 
Capital can be recognized as a stimulating factor for efficient cooperation, this 
question is still open. 

In the long term, our aim is to enhance and use Social Capital theories to predict 
if certain kinds of PVC have more or less propensity to create VO. The objective of 
this paper is to improve the formalization of PVC from these theories. It describes 
the Social Capital conceptual firamework that allows us to address this question in a 
more theoretical way that has been done imtil now. After this introduction of our 
fields of investigation, Section 2 of this paper presents the Social Capital conceptual 
fi'amework that we have designed from a review of Social Capital theories. Section 3 
introduces the Professional Virtual Communities baselines and details some key 
features useful to our perspective. Section 4 presents the summary of the links 
established between PVC and Social Capital and details the next steps of our 
research program. 

2. SOCIAL CAPITAL CONCEPTUAL FRAMEWORK 

When studying Social Capital over the last decades, one can notice a shift from 
developing theories around this concept from a societal perspective (civic 
commitment which is more or less synonymous with active citizenship, leisure, etc.) 
to the extension on professional issues, such as networks of professionals and firms. 
On this topic, social relationships appear to be the main concern of scholars. 
Therefore, it is commonly agreed that the extent to which an actor has access to 
resources through Social Capital will depend on three criteria: the actor's 
connections, the strength of these connections and all the resources available 
through these connections. This relates to the noun connectivity which can be 
defined as the degree to which someone has connections.' 

Social relationships are mainly addressed by Social Capital theories and 
connectivity by social network theories. We use as a starting point for our 
conceptual framework the Nahapiet & Ghoshal model [16] that has constituted a real 
breakthrough over the last decades, since it first defines a structured environment of 
Social Capital with inputs from both Social Capital theories and social network 
theories. Their model is based on constitutive elements distributed in three key 
dimensions: Cognitive, Relational and Structural (i.e. network of connections). Their 
model being focused on the creation of intellectual capital, we will transpose it to 
the PVC context and enhance it when required with additional works. 

The following review of literature on Social Capital enables us to envision our 
conceptual framework where Social Capital refers to elements of social organization 
summing up three interrelated dimensions whereas Nahapiet and Goshal [16] see 
them analytically as distinct dimensions and didn't achieve further developments on 
their interrelationships. Shared Cognitive dimension and Relational dimension relate 
to interpersonal relationships (intrinsic and extrinsic behaviours, specific to the 

' This is different from the definition of connectivity in Information and Communication Technologies 
(ICT) context, where connectivity is seen more on the propensity of being connected and interconnected 
than to the fact that exchanges and interactions have already occurred on this connection. 
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individuals) whereas Structural dimension defines the configuration of the network 
in terms of connectivity (architecture of the network [20]). Both two first 
dimensions are going to impact the network's configuration through interactions and 
collective actions; in return, action feedback will impact them. Cooperation depends 
on action's efficiency partly determined by the Stioictural dimension. These 
interrelations are represented in fig. 1. 

Shared Cognitive 
dimension 

Relntional 
dimension 

Interpersonal relationsliip 

Elements: of social orsanization 

Action 
feedback 

interactions/collective actions 

Stiuctural dimension defined 
by tire network connectivity 

Impacts on efficiency and 
effectivity of the action on 

Cooperation & Coordination 

Figure 1: Interrelations of Social Capital dimensions 

2.1 Inputs from Social Capital theories to Cognitive and Relational dimensions 
Several characteristics can be found in the literature to provide a complete overview 
of Social Capital constituents. First defined by Jane Jacobs [11] as "the result of 
interpersonal relationships developed over time which create the basis for trust, 
cooperation and collective actions among communities'". Social Capital has been 
enhanced by Bourdieu [1] with the subsequent katmss: feelings of gratitude, respect 
and friendship. Cohen [6] adds to these definitions the ideas of active connections 
among individuals, mutual understanding and shared values which tie individuals in 
social networks and communities, then enabling cooperative actions. 

Putnam [18] has for his part taken into account "elements of a social organisation 
such as networks, norms, and values which facilitate coordination and trust for a 
mutual benefif'. Social networks are represented by interconnected groups usually 
having at least one attribute in common. Social norms are informal rules which 
govern behaviours: the keystone element being reciprocity. Social values are 
strongly linked to the issue of trust and can be summed up under the subsequent 
questions: how can one actor be sure that others will act as they have promised or as 
they are supposed to, or how can one be sure that they are trustful? Putnam [19] has 
moreover defined two types of Social Capital: ''bridging Social Capital" as bonds of 
connectedness that are formed across diverse social groups, and ''bonding Social 
Capital" which only cements homogenous groups. This definition is a first step 
toward the introduction of a structural dimension detailed hereafter. 

2.2 Inputs from Social Network theory to the Structural dimension 
As Social Capital is a multi facet concept, inputs from Social Network Theory about 
connectivity are of interest for our research work. Social network theory represents 
networks in terms of nodes (individual actors within the networks) and ties 
(relationships between the actors). Scholars have divergent visions of the required 
network topology to create Social Capital: Coleman [7] establishes as sources of 
Social Capital very dense networks in which each individual is connected and seen 
by others. With this definition, he introduces the notion of a facilitated development 
of trust among these closed networks {network closure). Coleman argues that the 
success of a community is its closure and we can assume that this is certainly due to 
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a strong social proximity. On the contrary, Burt [2, 3] argues that "the structural 
hole argument is that Social Capital is created by a network in which people can 
broker connections between otherwise disconnected segments." His theory 
advocates for an open and extended network generating creativity, closure of the 
network being then seen as reductive in terms of innovation. 

The concept of wea^ ties developed by Granovetter [10] is to a large extent also 
linked to Social Capital development. According to this author, "the argument of 
Strengthening Weak Ties (SWT) implies that only bridging weak ties are of special 
value to individuals; the significance of weak ties is that they are far more likely to 
be bridges than are strong ties. It should follow, then, that the occupational groups 
making the greatest use of weak ties are those whose weak ties do connect to social 
circles different from one's own." Social Network theory reinforces the structural 
dimension as defined by Nahapiet and Goshal [16]. 

3. PVC BASELINES 

This paper considers existing communities in a professional context interacting 
mainly in a virtual way that could develop businesses activities. The IST6 Ecolead 
Integrated Project^ has explored what such communities could be and calls them 
Professional Virtual Communities (PVC). Ecolead PVC is defined "as an 
association of "individuals " explicitly pursuing an economic objective identified by 
a specific knowledge scope. It aims at generating value through members' 
interaction, sharing and collaboration. This interaction is optimized by the synergic 
use of ICT-mediated." Until now, few cases studies have analysed the development 
of business under the form of VO by existing professional communities. The most 
knovm cases are in software developments and especially in the Open Source (OS) 
context. In this section we will characterize the PVC starting from the most 
widespread types of communities in the professional context and summarize the 
elements that define or characterize such a community, next we will capture the 
features that have enabled the development of business oriented activities from 
existing professional communities in OS context. 

3.1 Professional communities' characteristics 
Above all we need to clarify what kind of communities we are considering and 
which one we focus on. We are mainly concerned by communities where the virtual 
and remote coordination is the rule, the geographical regrouping being the 
exception. These communities are not necessarily restricted to a given firm. 
Communities established with a business goal, especially PVC, are still a future 
projection. However, various types of communities can be considered in this 
context: commimities of practice (Cop), epistemic communities, learning 
communities, communities of interest. In professional context, Cops are probably 
the most widespread forms of communities and ovra some features overlapping the 
epistemic communities; the learning communities can be seen as a rather radical 
form of Cops whereas communities of interest are virtual places on the Internet 
where individuals can exchange ideas on a given subject and appear to be fxuther 

2 Additional information on www.ecolead.org 
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from a productive system than Cops and have less legitimacy in a professional 
context. Consequently we vi'ill focus on Cop. 

A Cop can be defined as "a group of people who share a concern, a set of 
problems, or a passion about a topic, and who deepen their knowledge and expertise 
in this area by interacting on ongoing basis" [21]. It is characterized by the fact that 
community members have a common purpose, there is a real member participation, 
the motivation of individual participation is composed of an interest in (individual 
utility function), and an interest for the social (civic) dimension of a given 
community, there is a social proximity (geographical versus institutional in virtual 
Cops) between members, the value of the person is the key element in the system 
organization. Common purpose can be for instance relative to learning objective or 
best practices development. It could be seen as a specific case of joint intention that 
is related to the elaboration of knowledge useful for distributed problems solving. 
The joint intention has been described in an operational way as a persistent shared 
goaf. Participation covers in fact several concepts. On the one hand it refers to the 
effective implication of individuals, i.e. the observation of individual actions in 
collective activities and the evaluation of the cooperativeness and goodwill of the 
individuals; on the other hand it refers to the network centric positioning of 
individuals in a set of collective actions. The degree of participation is used as a 
structural element of the community. Three to four levels of participations linked to 
expertise levels are considered (kernels, experts, beginners, lurkers). The reference 
value in Cops is centered on the individual value. It is difficult to model this value as 
a whole (i.e. not contextual.) Participation and reputation criteria can be used to do 
it partially. In broad lines, the value of an individual can be perceived as a function 
of evaluation which has participation as input and reputation as output. Interest in 
can be seen as the utility function that will determine the interest for a person to 
invest a collaborative activity corresponding to some expectations: leaming, 
recognition, reciprocity. Interest for refers to the need of an individual related to the 
collective identification. Let us recall that the prevalence of the individual process of 
identification to the collective one is rather recent. This identification gives in 
particular to individuals a set of social values and rules of actions which will make 
their possible sphere of activities more deterministic, and make the coordination 
inside the community easier. Social proximity defines a shared space of 
representations, rules of action and model of thought (ethics). The outline of a given 
virtual community is thus delimited by institutional proximity in contrast with 
geographic or organizational proximities. 

3.2 Characteristics that enable Cops to be a system of production 
From an economic point of view, there are two fundamental differences between 
Cops in a professional context and temporary alliances of business (VO): 
• Business alliances are production systems whereas Cops are not -considering 

that classical understanding of production systems do not see the knowledge 
creation as a product-; Cops with their leaming dimension are closer from 
consumption systems. 

For a formalization of several concepts mentioned in this paragraph, in particular collective 
action, cooperativeness evaluation, joint intention, distributed problem solving, the reader 
can refer to research done in the Multi-Agents context [8J. 
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• The business temporary alliances are market based types of coordination 
mechanisms whereas the Cops are not. Let us note that they are not hierarchical 
based types of coordination any more and as a consequence do not lie within the 
scope of the usual economic approaches [5,14]. 

These two points can be considered in order to determine on which conditions Cop 
can form VO. The OS context gives us an example of a community that is also a 
production system that delivers products and that has found a solution (free 
products) to be compatible with a market based type of coordination. We have 
identified in OS communities various conditions under which Cop would be able to 
shift towards a system of production. 
" The products achieved (software sources) have a very high level of 

"standardization", by nature the programming codes are determinist and 
correspond to a very high level of knowledge exchanges formalization. 

• The rules of the community with regard to the commercial spheres are 
formalized by a social contract (open source licenses). 

• The products can be thought and achieved in the distributed modular approach 
and in addition, this distributed envirorunent can be virtual (all exchanges are 
mediated by ICT tools). The software production is more and more based on a 
component approach where each component can be developed separately. The 
negotiation between the various contributors doesn't necessarily need face to 
face meetings because the semantic of exchanged knowledge (code 
programming) doesn't result from a negotiated process. 

4. FINDINGS AND RESEARCH ISSUES 

SDCM CajiiM Coiusptual FrameiTOik 

Shared Coignitive' lUmension 

Figure 2: Links between PVC features and Social Capital conceptual framework 
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4.1 Links between PVC and Social Capital elements 
This subsection sliows the links between PVC features and the Social Capital 
conceptual firamework elements. It underlines how these links can be used to 
achieve a questionnaire for an empirical cases based study of PVC in order to assess 
their Social Capital. 

In fig.2, the links are labelled; they join the key features of PVC to the 
conceptual framework elements. This approach presents the advantages of 
addressing PVC characteristics in a more theoretical way and of enlarging the way 
to study them. For instance, "shared goals" links "common purpose" (PVC) to 
"values" (shared cognitive dimension). Consequently we reuse work developed on 
shared values by Fukuyama [9] who defines Social Capital "as the existence of a 
certain set of informal values or norms shared among members of a group that 
permit cooperation among them." for addressing common purpose issues in Cop and 
expressing relative questions. "Social proximity" is linked by "shared rules" to 
(shared) narratives. We will be able to steer our research towards authors such as Orr 
[17] who explained how shared narratives - soft knowledge that is tacit and difficult 
to codify - become artefacts (e.g., shared rules) since through them experience 
becomes reproducible and reusable. "Identification to community principles" links 
"social proximity" (PVC) and "trust" (Relational dimension) that refers partly to 
expected behaviours. Research works that we are also leading attempt to design a 
trust model will be there capitalized [15]. We can reuse, in PVC context, Lin's work 
[13] for the "recognition. Reputation" label, as his vision of Social Capital 
represents the "Investment in social relations with expected returns in the 
marketplace". 

For the structural dimension, i.e. all issues in touch with the network, 
"participation" is one of the relevant PVC featiures that can be studied wdth the 
structui-al dimension via "Network Centric position" and "Observable individual 
action" links. [4] defines closeness of the two partners as key to the degree of tacit 
knowledge transfer. This analysis is a result based on Knowledge Management 
background. 

4.2 Future works 
We have identified elements which are missing in the Social Capital framework to 
improve and perfect the PVC characteristics modelling. Then, there is a need to add 
a distinction between individual and collective actions and a need to address the 
distributed dimensions. For these two points, Multi-agent formalization will be used 
to complete the conceptual framework [8]. 

With this framework, we explore to what point Social Capital allows us to 
differentiate more or less productive PVC especially in terms of innovative 
creations, efficient coordination and successful cooperation. This propensity to have 
productive cooperation is intrinsic to VO. We are currently addressing cooperation 
and coordination in VO context by combining three main dimensions: Proximity 
(geographical, technological and organisational). Degree of formalization of 
Cooperation or Coordination and frequency of Interactions [12]. The formalization 
of VO will be improved in using and completing, if necessary, the Social Capital 
conceptual framework presented in this paper. Once the set of formalizations is 
ended, we will be able to establish transitivity links between PVC and VO and be 
able to provide assumptions to the propensity of certain kinds of PVC to form a VO. 



378 NETWORK-CENTRIC COLLABORA TION 

We will next validate the assumptions based on this theoretical work via an 
empirical study on different kinds of Professional Communities: intra/inter 
organisation communities such as (virtual) COP and inter firm communities such as 
PVC. Findings of this empirical study on real communities will give us accurate 
inputs on professional communities and their ability to form temporary alliances of 
firms or professionals. In a later step and depending on the results of this empirical 
validation, our research target is to work out a first set of functionalities for an ICT 
tool in the context of PVC creating VO. 
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Outsourcing is a major driver in the growth of Virtual Organisations (VOs) in 
the manufacturing domain. These outsourcing networks can be classified as 
Virtual Organisations (VOs) as they are created from different organisational 
entities for a specific purpose and exist for a specified period of time. The 
electronics industry is in the vanguard with a projected 23% of electronics 
manufacturing forecasted to be outsourced in 2007. The process of 
establishing these VOs is known in tite industry as the Request for X (RFx) 
process. This paper argues that in the creation of VO supply networks, supply 
network design support is required. 

1. INTRODUCTION 

It is estimated that in total 75% of the EU GDP and 70% of employment in Europe 
is related to manufacturing (Flegel, 2004). Outsourcing networks are a defining 
characteristic of modem manufacturing and uptake by companies of this 
manufacturing strategy is predicted for strong growth in the future. For example, in 
2003, about 15% of all electronics manufacturing was outsourced. That percentage 
is predicted to grow steadily into the future with a projected 23% of electronics 
manufacturing outsourced by 2007 (Carbone, 2005). Growth in outsourcing is also 
predicted across several other sectors. For example, in the pharmaceutical industry 
the value of the drug discovery outsourcing market is reportedly set to increase at a 
rate of 15% from a 2005 figure of $4.1 billion to nearly $7.2 billion by 2009 
(Kalorama Information, 2005). Clearly, this structural adjustment of industry will 
require manufacturing enterprises across Europe to adapt. 

OutsoOTcing networks (or virtual networks) typically link highly innovative but 
deverticalized lead firms (OEMs) with sets of highly functional suppliers who 
provide a wide range of production-related services (Sturgeon, 2000). These 
networks are highly flexible systems characterized by fluid relationships with short-
term contracts between participants within the network. The process of establishing 
a contact between two enterprises in a virtual network is known collectively as the 
Request for X (RFx) process, with RFx representing Request for Information (RFI), 
Request for Quotation (RFQ), etc. In this process a customer (i.e.. Original 
Equipment Manufacturer (OEM), Contact Manufacturing (CM) or sub-supplier), 
also denoted as a buyer, will issue a RFQ to suppliers and typically request a 
response to the RFQ within weeks. 

Current literatui^e pertaining to VOs generally examines obstacles to the creation 
and execution of VOs and presents innovative methodologies for tackling these 
issues. For example, Bosch-Sijtsema (1997) studied possible communication 
difficulties faced by VOs and identified five boundaries which both create and 
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inhibit learning and communication. These are time, space, diversity, structure and 
distribution and are all characteristics of a VO. Meanwhile, the CONOISE project 
(Norman et al., 2003) examined methodologies for the initial formation and 
continued management of VOs in dynamic, open and competitive environments. 
Due to the often dispersed nature of VOs they can be heavily reliant on 
communication technology. Consequently, VO related literature maintains a focus 
on nevi' technologies which can support the continued operation of such 
organisations (Kamio et al , 2002). This paper examines the formation of VOs but 
emphasises the importance of streamlining this task into standard business practice 
plus the importance of including operational detail at the design phase. It is argued 
that supply network design support needs to be embedded into the RFx process and 
that this could act as a catalyst to increase VO creation and participation of SMEs in 
VOs. 

The paper is structured as follows. Descriptions of three VO supply networks 
obtained from field work and the operational design issues faced at VO creation 
time are given in Section 2.0. Using one of these VOs, Section 3.0 illustrates how 
operational design can be supported using simulation. Finally, Section 4.0 gives 
requirements of a tool that would encompass operational design support for VO 
supply network creation. 

2.0 EXAMPLE SUPPLY NETWORKS 

Research has been carried out into the use of simulation to support contract costing 
for companies in the electronics outsourcing sector (Byrne et al., 2005; Liston et al., 
2006). As part of this research, field research was conducted in companies 
operating in a variety of supply chain echelons in the electronics sector, more 
specifically: two Original Equipment Manufacturers (OEMs), two first tier Contract 
Manufacturers (CMs), one second tier CM, one Third Party Logistics Provider 
(3PL) and two Fourth Party Logistics Providers (4PLs). In this analysis, three 
instances of VO supply networks were identified and studied. These instances are 
only a sample of the many types of VO supply networks found in practice. 

2.1 Contract Manufacturer 

Bridgefield (2003) gives the following description of a Contract Manufacturer 
(CM); "A third party that performs one or more production operational for a 
manufacturer who will market the final item under their own name. They often 
charge on a per-piece or per-lot basis for the labour required for their services while 
using components or materials supplied and owned by the final item manufacturer." 
Contract manufacturers can be further categorised depending on their positioning 
within a supply chain. The phrases 'First Tier', 'Second Tier', etc. are used to denote 
these positions. When responding to a RFQ a CM will very often be required to 
develop a VO supply network. An example RFQ obtained in a field study was 
where an OEM decided to outsource all of its packaging activities and issued a RFQ 
to this effect. To respond to this RFQ the CM needed to develop and cost a solution 
where it would be responsible for managing all material, procurement, warehousing, 
inventory, IT, logistics and quality activities. This involved developing a VO supply 
network as illustrated in Figure 1. To develop such a solution the CM needed to 
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address in short time frame (6 weeks was given to respond to the RFQ) a range of 
operational design issues typically encoxmtered in developing a supply network. In 
this example qualifying RFQs went on to participate in a reverse auction. 

S - A Supplier 

Figure 1 - CM VO supply network example 

2.2 Supplier Sourcing Company 

This example involves a company focused on sourcing suppliers in response to a 
RFQ. In a number of instances this involves developing a VO supply network in 
order to supply a product or component. One common reason why a VO supply 
network is needed is that a single company with all the technological capabilities 
required may not exist. Another probable reason may be that even if one company is 
capable of completing all tasks, there may be other companies who can complete 
certain tasks either more competently, more economically or both. 
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Figure 2 - Process steps for component supplied by Supplier Sourcing Company 

An example encountered in the field study was a VO supply network designed to 
supply a component as illustrated in Figure 2. Figure 2 presents the process steps 



384 NETWORK-CENTRIC COLLABORATION 

and their sequence for the manufacture of the component. Four different 
manufacturing companies were involved in two countries with significant 
transportation of the component. Note from Figure 2 that the component parts visit 
company 1 three times and company 2 three times. Again, operational design issues 
need to be addressed in the creation of this VO supply network. 

2.3 Virtual Breeding Environment Supply Network 

The third example is an open network of companies in the Shannon region of Ireland 
that was established in January 1999. The network was estabhshed to provide more 
business opportunities for the member companies primarily achieved through joint 
marketing initiatives such as exhibitions, tradeshows, and advertising and greater 
profile awareness. This network is best described as a regional Virtual Breeding 
Environment (VBE) (Afsarmanesh, Camarinha-Matos, 2005) with individual 
members currently creating supply networks, within and outside the network, on a 
global scale. A goal of the network is to increase the capability of the network 
members to collaborate in response to RFQs. 

® 

Network 
8re«dmg 

oeo 

(a;FormVO 

Figure 3 - VBE scenario 

Figure 3 illustrates a "to-be-situation" with the network. A RFQ is received 
either by the network organization or a member of network (see label 1 Figure 3). A 
real example would be a RFQ for the design, manufacture and product life cycle 
management of a family of products. Members of the network will form a VO to 
bid for this work (see label 2 Figure 3). Capabilities in the network would allow a 
member to carry out product design, another member to carry out plastic moulding, 
test, de-bug and repair by another member and a 3PL member could coordinate 
logistics. As shown in label 3, participation of outside companies, who maybe 
located globally, will typically also be required. Past work by the open network 
identified many barriers to reach this "to-be-situation". One of these barriers is the 
lack of supply network design capabilities in developing, costing and selling a VO 
supply network solution to the customer. 
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3.0 OPERATIONAL DESIGN SUPPORT FOR VO CREATION 

This section reports on work carried out to validate the use of simulation to support 
VO supply network development and costing for a Contract Manufacturer (CM) as 
described in sub-section 2.1 (Liston et al., 2006). The CM was selected from the 
three other VOs encountered, as it is widely found in industry. Also, VOs created 
by a CM will have a relatively stable structure compared to the two other VOs 
reviewed in Section 2, reducing the complexity of developing support tools. A 
model (see Figure 4) was built using eM-Plant on the scenario presented in Figure 1. 
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Figure 4 - CM simulation model 

The model contains extensive operational details as indicated by Figure 5. 
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Figure 5 - Model interaction between Manufacturer and OEM 
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The simulation sequence begins with demand being communicated to the OEM 
frame where it is used to generate a continuous thirteen period forecast for the CM. 
Figure 5 shows how this demand is translated back to the CM and how the CM 
responds. The OEM frame also contains the information concerning flexibility 
constraints as stipulated in the RFQ. These flexibility constraints allow a customer 
(OEM) to increase or decrease the order quantity by a limited amount depending on 
the time left to the due date (a more comprehensive discussion on such contract 
terms can be found in the work of Tsay et al. (1999) or Bassok et al. (1997)). 

To illustrate how simulation can assist in VO creation, some sample output from 
the above model is depicted in Figure 6. This graph shows the minimum, maximum 
and average values for unit cost of a component using eleven different VO 
scenarios. The range at each design point in Figure 6 is obtained by running each 
design point under different random number streams (15 in this case). This is done 
to mimic fiiture uncertainties. If the unit cost of a component is set by the CM at the 
price level shown in Figure 6, there is a risk of losing money if VO configurations 6, 
7, 10 and 11 are used. This example briefly illustrates the type of operational design 
issues that need to be addressed when responding to an RFQ. 

The model together with extensive experimentation on the following were 
presented to CMs: (i) Supplier Selection; (ii) The pattern of sales demand; (iii) 
Flexibility constraints specified in the RFQ; (Iv) Capacity and (v) Inventory pohcies. 
Feedback from the companies was positive; however, feedback highlighted the need 
to develop a tool that is better integrated into the RFQ process. 
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Figure 6 - Range of Unit Cost Values for each Experimental Run 

4. TOWARDS SUPPLY NETWORK VO CREATION SUPPORT 
TOOLS 

RFx-based procurement tools, a segment of the Suppher Relationship Management 
software sector, are used for the sourcing, qualification and choosing of suppliers. 
These tools have the features of: sending out a request for information, sending out a 
request for quotation, setting up an on-line auction, and scoring features to choose a 
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supplier(s) for a particular product. These tools are controlled from the buyer side. 
Once the supplier has been chosen, contract management tools can be used to create 
the contract between the supplier and purchaser, and to manage the contract 
thi-oughout its lifecycle until termination. Separate contract management tools can 
be used on both the buyer and seller sides. A sample of RFx-based procurement 
tools are listed in Table 1. Also, listed in Table 1 are the main features of these 
tools. These tools are all web-based facilitating communication with suppliers. 
None of the tools surveyed include operational design support for VO supply 
network creation. It is clear that any operational design support tools developed will 
need to integrate with RFx existing procurement tools or incorporate their 
capabilities to facilitate information gathering and communication with suppliers. 

The requirements, ascertained so far, of a software application that will support 
operational design for VO supply network creation are as follows: 

1. The application should provide the ability to evaluate different VO supply 
chain solutions and in these evaluations capture operational related costs. 

2. The software must integrate with existing RFx procurement tools or 
incorporate their communication and information gathering capabilities. 

3. For decentralised (or VBE) instances of VO creation the application should 
facilitate collaborative design. This feature may not be important in 
centralised instances of VO creation, such as the CM case. 

4. The application would need to facilitate rapid analysis of VO scenarios, as 
the time to respond to a RFQ is typically short. 

5. The application should require a low level of expertise to use. For 
example, resources required to develop the simulation models described in 
Section 3.0 would not be justifiable for a tool used on a continuous basis. 

A prototype tool for the CM instance is being developed and evaluation of this tool 
by companies is planned. 

Table 1: Samp.le RFX-based Procurement Tools: vendors/tools included and 
identified features 

RFX-basod Procurement Tools 
VcndorsiTciols trcludocl in iho Sui ^cy 

1 1 " i I I 

1 

B2emarkets 
Bellwether RFQ module 
Commerce One Source 
ovefKii liaSim i^enSiS 

RFx Creation 
Coilaboration/Communi cation 
Reverse Auction 
SuDDlier Scoring 
Architectural Features 
Monitorinq and Reportinq 
Inteqration 

PurchasePro 
Tradestone 
Upside RFX 

Frictionless 
lasta 
SAP RFQ and Auctions 
Epiq 

Emptoris 
Sllanta Technoloqies 
XTO software 

'...' : ' .•.:....• '^>:l?,«teB«o««ft^tej5.., '> ' \ ' ... . 
Questionnaires, templates, attachment of files, Trackinaof Ammendments. automation fwzards) 
Online Messaqe boards, email, neqotiation vflndow 
MuHiple Attributes, Countdown Clock, Pricing Curves. Savinqs Charts 
Weighted Questions. Optimisation Capabilities, Weiqhtinq of evaiuators, side-bv-side comparisons 
Fully Web-based, Centralised Reoosltorv/Dafabase 
Online aueries/reports. ability to export reports to other software tools • 
Inteqration with other systems inciudinq leqacv systems to Import/export data 

5. CONCLUSIONS 

Outsourcing is a major driver in the creation of VO supply networks. The process 
by which VO creation takes place is the RFx process. Three instances of VO supply 
networks were described in the paper, spanning from a highly centralized mode (i.e.. 
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CM example) of VO creation to a decentralized or network mode of VO creation. 
For all instances operational design support is lacking for VO creation. In relation 
to the CM it was illustrated how simulation can be used to assist VO creation. In 
regard to decentralized or network VO creation many barriers exist in increasing 
collaboration among network members. In relation to VO supply networks this 
paper argues that operational design support tools need to be developed and 
embedded into the RFx process. Current research is being imdertaken in developing 
tools for the CM VO creation case. 
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This paper describes a virtual organization (VO) partner-selection case of 
Virtuelle Fabrik AG, which is an operating virtual organization breeding 
environment (VBE). We approach the partner-selection problem through a 
recently developed optimization framework; therefore we also study the 
applicability of the framework. Tlie results suggest that an optimization 
framework is potentially useful for supporting VO creation. 

1. INTRODUCTION 

Collaborative networks are an increasing trend both in global and regional business. 
As individual companies seek efficiency by focusing on core competences and 
outsourcing other operations, the degree of inter-firm transactions grows. 
Simultaneously, the efficient management of network relations becomes a condition 
of survival. Therefore, models that support the management of network relations are 
called for. (E.g. Gulati et al. 2000, Camarinha-Matos and Afsarmanesh 2005) 

A specific problem of collaborative networks is partner selection. On one hand, 
partner selection is a matching problem between the needs of the customer and the 
competences of partner candidates. On the other hand, it is a portfolio selection 
problem, where the consideration of the whole is relevant. The reason for this is that 
different network interdependencies between partner candidates may well affect the 
efficiency of the whole, which makes it insufficient to select partners one by one 
(e.g. Degraeve et al. 2000). Examples of such interdependencies are collaboration 
history, geographical locations, and ICT infrastructure (Camarinha-Matos and 
Afsarmanesh 2003). Accounting for network interdependencies has been 
empowered through the emergence virtual organization breeding environments 
(VBE, Camarinha-Matos and Afsarmanesh 2003), which consist of member-
organizations that have developed a mutually agreed cooperation structure for the 
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creation of virtual organizations (see also Laix and Wong 2001, Tolle and Bemus 
2003). 

In this paper, we apply our recently developed partner selection framework (see, 
Jarimo and Pulkkinen 2005, Jarimo and Salo 2006) to a real-life case of an existing 
VBE, the Virtuelle Fabrik AG. The partner selection framework uses multi-criteria 
optimisation techniques to identify Pareto-efficient network configurations, which 
the decision-maker (DM) can manually compare. 

The rest of this paper is structured as follows. Section 2 briefly reviews the 
partner selection framework. Section 3 analyses the case and Section 4 concludes. 

2. OPTIMISATION FRAMEWORK FOR VO PARTNER 
SELECTION 

This section briefly reviews the model used in the application this paper presents. 
The model is described in more detail in Jarimo and Pulkkinen (2005) and Jarimo 
and Salo (2006). 

2.1 Purpose of the model 

Our model finds and evaluates feasible VO configurations with respect to user-
defined criteria. The problem is formulated as that of work-allocation, where the 
feasibility of a configuration is defined through its ability to perform a project. The 
project is described by tasks, each of which requires a specific competence. In 
addition, work-loads (e.g. person month) can be attached to the tasks. 

The model accounts for a large variety of selection criteria. First, total costs 
include fixed and variable work costs and transportation costs. Second, stochastic 
risk measures are applied to model risks of failure, delays, or capacity shortfall. 
Third, network interdependencies, such as collaboration history or total number of 
partners can be taken into account. 

Using the model, a decision-maker (DM) can identify a set of Pareto-optimal 
configurations, of which the DM can manually select the preferred one. In other 
words, the model suggests several alternatives that are "good" in respect of different 
preferences over the selection criteria. Hence, the DM does not need to exphcitly 
weight the criteria, but instead can identify configurations that reflect different 
preferences. 

2.2 Approach 

The model formulates the VO partner selection as a work-allocation problem, which 
is approached by multi-objective mixed integer linear programming (MILP). The 
benefit of MILP models is that they can be readily solved using well known 
algorithms. Indeed, computational experiments suggest that our MILP models are 
tractable for problems of reasonable size and consequently potentially useful for VO 
decision making. 

The multi-objectivity is captured by goal-programming techniques (e.g. Taha, 
1997) or additive value fimctions (MAVT, Keeney and Raiffa, 1993). Heuristic 
algorithms are used to find Pareto-efficient solutions. 
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2.3 Inputs and Outputs 

The inputs of the model are as follows. There are n tasks with a work-load (e.g. 
person month) attached to each of them. The tasks also have a relational work 
sequence, and information on possible transportation needs between tasks. For each 
task 7, there are nij partner candidates, the total number of candidates being m = 2/ 
mj. Each candidate has a capacity, and fixed and variable cost for working on the 
tasks to which it is a candidate. This data is easily represented by matrices, where 
the rows and columns represent the candidates and the tasks. A candidate can have a 
probability distribution over its capacities, reflecting the uncertainty on true 
capacity. Moreover, each candidate can have a fixed cost for working on the project, 
a geographical location, collaboration history with other candidates, etc. 

The DM needs to define the selection criteria for partner selection. The problem 
is to select a good VO configuration for the project, subject to the above information 
on the project and candidate partners. This problem is essentially that of allocating 
the task workloads to partners, in recognition of their capacities and the decision 
criteria that are relevant to the evaluation of alternative partner configurations. 

The output of the model is a set of Pareto-efficient work allocations, i.e. VO 
configurations. The constituents of this set depends on how the DM has expressed 
his/her preferences over the selection criteria. If the DM provides with perfect 
information on the relative importance of the selection criteria, a unique Pareto-
efficient configuration is suggested. Again, if the preference information is 
imperfect, possibly multiple configurations are identified. The DM can then 
manually select the most preferred configuration. 

The scores of the identified configurations on the selection criteria are also 
given. Hence, in addition to the partners in Pareto-efficient configurations, the DM 
can compare the expected performance of the configurations. 

3. APPLICATION: MAGNETIC CLUTCH PROTOTYPE FOR 
TRUCKS 

We applied the model to a Virtuelle Fabrik partner selection case, which is described 
in this section. The results suggest that relevant criteria can be taken into account 
and reasonable configurations are identified. 

3.1 Project Description 

The aim of the project was to construct a prototype magnetic clutch to be used in 
trucks. The project was broken down into nine tasks, which were 1) Grinding, 2) 
Gear milling, 3) Metal sheet forming, 4) Milling and turning of bigger parts, 5) 
Welding, 6) Bending of pipes, 7) Engineering, 8) Milling and turning of smaller 
parts, and 9) Project management. For each task, there were two to five partner 
candidates, some of which were candidates for several tasks. 

Thi-ee selection criteria were given with the following priority: 1) minimize delay 
risks, 2) maximize earlier collaboration, and 3) minimize costs. The project had a 
tight schedule, thus minimization of risks was most important. Moreover, it was 
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assumed that a successful collaboration history contributes to finishing the project in 
time. Costs were in this case the least important criterion. 

Each partner candidate was given a probability distribution for finishing the tasks 
in time. Moreover, data on the candidates' collaboration history was readily 
available (see Figure 1), and the candidates' costs were estimated. 

fFornafa 

Figure 1 - Collaboration history of some members of Virtuelle Fabrik (line 
thickness corresponds to intensity) 

3.2 Case Analysis 

In the analysis of this case, fifteen Pareto-efficient configurations were identified 
using the optimization fi'amework. Table 1 presents the performance of these 
configurations on the three selection criteria. The configurations have been sorted 
first by risk, second by collaboration, and third by cost, which was also the relative 
importance of the selection criteria. Moreover, Figure 2 illustrates this data in three 
dimensions. 

The risk-measure used was the Expected Downside Risk (EDR, Eppen et al., 
1989), where a smaller score is preferred to a greater one, zero being the 
theoretically best. The collaboration-score is calculated using a measure that 
accounts for earlier collaboration as well as for the total number of partners in a 
configuration. Also here a smaller score is preferred. Cost is the expected total cost 
in euros. 
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Table 1 - Perfomiance of fifteen Pareto-efficient configurations on three 
selection criteria 

Risk 
'̂ 0,25 
0,25 

^̂ 0,75 
'̂0,75 
0,75 
0,75 
1,00 
1,00 

*>1,25 
1,25 
1,50 
1,75 
1,75 
2,25 
2,75 

Collaboration 
58 
74 
49 
55 
62 
71 
69 
71 
46 
62 
80 
53 
70 
62 
67 

Cost (EUR) 
131312 
130795 
132116 
123215 
122710 
122698 
122131 
122119 
123215 
122057 
121702 
122057 
121640 
121640 
121628 

XlO 
Figure 2 - The fifteen Pareto-efficient configurations in 3D 
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With a closer look at Table 1, one can identify at least four interesting 
configurations, labeled with superscripts 1-4. Configuration 1) has significantly 
better collaboration-score than the other configuration with a low risk, but only a 
sHghtly higher cost. Configurations 2) and 3) have a higher risk than Configuration 
1), but a better collaboration-score, or lower cost, respectively. Configuration 4), in 
turn, has a medium risk, but the overall best collaboration-score and a low cost. 

After identifying the interesting configurations from Table 1, the DM can check 
which partners would be selected in each case. For instance, Table 2 shows the 
partners for each task in Configuration 1) as well as the partners that were actually 
chosen to the Magnetic Clutch Prototype project. Configuration 1) is selected for 
illustration purposes because its performance is in line with the preferences of the 
DM, i.e. risk minimization is most important. The computer-suggested configuration 
differs from the truly selected configuration in two tasks (boldface). The reason for 
this is that in the computer-suggestion the total number of partners is seven, which is 
two partners less than in the true configuration. However, the final decision was 
made manually based on the DM's good experiences with Amsonic and Fornara. 
The DM stressed that these two partners would be very reliable when it comes to 
accuracy. 

Table 2 - Partners selected in Configuration 1) and in reality 
Tasks of Magnetic Clutch Prototype 
Grinding 
Gear milling 
Metal sheet forming 
Milling and turning of bigger parts 
Welding 
Bending of pipes 
Engineering 
Milling and turning of smaller parts 
Project management 

Configuration 1) 
Brunner 
Okey 
Beni Burtscher 
SMA 
Beni Burtscher 
SMA 
Schuler 
Innotool 
VFAG 

Truly selected 
Brunner 
Okey 
Beni Burtscher 
SMA 
Amsonic 
Fornara 
Schuler 
Innotool 
VFAG 

5. CONCLUSIONS 

This paper presents an application of a recently developed optimization framework 
for partner selection. We model partner selection as a centralised decision-making 
problem. This is reasonable if one entity is fully responsible for selecting the 
network partners. However, there are situations where the decision-making is in fact 
decentralised. This is the case if the partner candidates themselves decide with 
whom to collaborate. An example of a decentralised partner selection process is the 
formation inter-organisational research projects. In this case, the formation of the 
final consortium is a multi-party negotiation process between research teams at 
universities, research institutes, and companies. 

Our model is potentially useful in cases where one DM selects network partners. 
Such cases occur in a VBE that repeatedly creates VOs whenever there is potential 
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for value creation through collaboration. Customers often wish that only a single 
partner - the broker - is responsible for the operations of the VO. It is therefore 
natural that the broker has the control over the VO and the partner selection. 

The centralised decision-making may lead to the following paradox. 
Consolidation of organisational competences allows the companies to focus on niche 
core-competences, which enables VOs to construct more complex products and 
services than an individual company could possibly do. However, the growth in the 
complexity of niche competences make also marketing and project management 
processes more complicated, since the broker or the project manager needs to 
manage not only the expertise of one's own company but also the expertise of other 
companies. The training of such multi-professionals is costly, which limits the 
possibilities of collaborative networks. Therefore, networking calls for efficient 
models of inter-organisational knowledge management. 

In partner selection, different option-contracts are a potential topic for further 
studies. A portfolio consisting of option-contracts together with traditional contracts 
could be used to hedge against the risk of capacity shortfall. Here, the theoretical 
foundations can be drawn from portfolio selection methodology and real-options 
theory. Moreover, robust models for identifying poorly-performing partner 
candidates would be useful. The elimination of some candidates reduces the total 
number of potential configurations, which helps the selection. 
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ITALY 

Recently much interest has been devoted to novel distributed approaches which 
lead to the formation of collaborative networked organizations, e.g. virtual 
organizations, specifically oriented to generate an innovative product concept. 
Making use of logical-formal structures based on concepts related to directed 
hypergraphs, we formally represent competitive inter-organization and 
collaborative intra-organization relationships. Tlianks to these structures, 
models for distributed processes which lead to the emergence of both design 
chains and functional architectures of an innovative product are formally 
described and then illustrated through examples from an applicative scenario. 

1. INTRODUCTION 

The main contribution of this paper is aimed to give an answer to new decision 
problems that arise in managing early lifecycle phases of a Virtual Organization 
(VO) which is specifically oriented to generate an innovative product concept. In 
particular, we focalize our attention on conceptual design and VO formation phases 
(fig.l). Referring to the product lifecycle, conceptual design is the creative phase 
which is placed between the product planning and the embodiment design phases 
(Pahl, 1996). Main goals are generation of concepts (ideas) and specification of 
function stmcture (architecture) of a product. Referring to the VO lifecycle, 
formation phase of a VO includes partners and organizational logical structure 
identification. In a collaborative conceptual design, partner companies should be 
able not only to provide information about resources and equipment for their part of 
the business, but also to share appropriate knowledge and technologies for a VO 
formation (Camarinha,1999). 

The study of formation process of a VO oriented to collaborative concept 
generation is relevant for the following reasons: 
• the knowledge of a single design office (or enterprise) is often not sufficient to 

let emerge the conception of an innovative competitive product. 
• in principle, a large number of design offices may exploit a wider range of 

competences and knowledge. 

Please itse the following formatwhen citing this chapter: 
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Centric Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 
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high levels of creativity may be achieved through effective collaboration of 
many distributed DOs. 

JTech aspects 

Manag. aspects 

business definition 

formation 

operation 

dissolution 

Planning and 
Clarifying the Task 

Conceptual 
Design 

Embodiment 
Design -> Detail 

Design 

• J 1 - -
cA 

Design Process 

Technical output: 
1) collaborative concepts 
2) product architectures 

Managerial output: 
1) set of partners (for each VO) 

„ „ ,., , 2) logical structures of VOs 
VOhfecycle 

Figure 1 - Design Process and VO lifecycle 

Due to interdependencies between managerial and technical problems, classical 
approaches (Frutos, 2004) for partners identification and VO formation are 
inadequate. As matter of fact, partners identification relies on the description of 
concept requirements but this knovi'ledge is available only afterwards partners are 
already identified. Thus, knowledge and technologies cannot be well defined "a-
priori". Moreover, VO partners rarely give away valuable concept design knowledge 
without expecting something in return. The formation process should utilize all and 
only information which is strictly necessary to define a VO architecture (members, 
their interactions and their roles in contributing toward the VO goal which is the 
generation of a new concept), but it could not rely on complete product part 
concepts description in order to not compromise enterprise private knowledge. In a 
previous paper (Volpentesta et al. 2005), we have outlined a combined approach 
where managerial and technical solutions are determined step by step in a circular 
way. In this paper, we introduce logical formal structures aimed to represent 
competitive inter-organization and collaborative intra-organization relationships in a 
Virtual Breeding Environment (VBE, for short) for conceptual design and we 
present formal process models for the formation of such structures. 

2. RELATED WORK 

Since the first appearance of the concept of VO much attention has been 
increasingly devoted to how to manage collaborative design in networked 
enviromnent. Many researchers have tackled different aspects of this problem, fiom 
a technological and organizational point of view. In (Chiu, 2002), the authors 
provides a basic understanding of the role of organization in design collaboration 
and how it affects design communication and collaboration by empirical case 
studies.. An integrated environment for the coordination and management of 
worldwide-distributed multifunctional design teams (marketing analysists. 
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engineering designers, suppliers, etc.) is proposed in (Tseng, 2004). A feature-based 
collaborative design system capable to support a distributed product development 
process in a virtual enterprise is presented in (Huifen, 2003). In (Baia, 2005), the 
authors introduce a Product Layout Feature model to resolve the problem of 
consistently maintaining a product scheme while collaborative activities among 
multi-teams from different disciplines are carried out. An approach to develop a 
knowledge repository as a basis for a domain ontology for conflicts is proposed in 
(Yesilbas, 2004). Specific studies are devoted to collaborative conceptual design. 
Haung and Mak propose a morphological chart analysis method to develop a set of 
Web-based design tools (Haung, 1999). Extended reviews about methodologies and 
supporting technologies can be found in (Wang,2002;Roy,2000). 

In order to study VO specifically oriented to the early stage of collaborative 
concept design, a key challenge is to determine how identify VO partners and 
product structure in a collaborative network enviroimient. In (Haung, 2003) a 
prototype system embedding a Concept Base and a Solution Base is presented. Such 
a system is aimed to support synchronous/asynchronous collaboration in product 
concept definition. However, the authors don't face the problem of how to manage 
distributed knowledge to populate the system Bases. In (Chu, 2002), an integrated 
product design and partner synthesis process model is described. Such a model relies 
on the assumptions that "there is a master company which takes charge of selecting 
and managing its partner factories" and "the product development and production 
are distributed among the master company and all partner factories". This means 
that the product structure is always defined by a master company, so that it is 
impossible to achieve high levels of creativity by effectively taking advantage of 
distributed knowledge among many interacting design peers. Decentrahzed product 
design is considered in (Giamiini, 2002), where "the emphasis is given to the 
product specification, and to the negotiation activity usually carried out to identify 
the right project partner and the final product configuration" in an enterprise 
network. The paper does not deal with the problem of which the network structure 
could be and how it can arise from a broader enterprise networked environment. 

Our paper searches for answers to open issues related to the above-cited works. 
The main contribution consists in the introduction of a formal process model for the 
emergence of VO and product structures in a VBE oriented to collaborative 
conceptual design. 

3. VBE FOR COLLABORATIVE CONCEPT DESIGN 

Recently, the concept of VBE has emerged as the necessary context for effective 
creation of VOs. In (Camarinha-Matos, 2003) a VBE is defined as "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 both their chances and their 
preparedness towards collaboration in potential virtual enterprises". In our approach, 
VBE has the goal of blending collaboration contributions of a set of Design Offices 
(DOs) partners, in order to form a VE which is in principle capable of bringing new 
product concepts to life. In particular, a VBE for collaborative concept design 
consists of: 
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• a set of DOs which supply Requests for Concepts (RFCs), conditioned 
undertakings to respond to an RFC and RFC responses. 

• a VO-planner that identifies a new collaboration opportunity and let it now to 
all DOs in the VBE (by launching an initial RFC). It selects necessary 
conapetencies and capacities for VOs capable in principle to seize the 
opportunity. Such a process may be carried out through managing RFCs, 
conditioned undertakings and RFC responses. 

An RFC defines a set of requirements for a fttnctional concept, by specifying 
characteristic parameters and their value range. These parameters generally refer to 
technical/fonctional requirements of a product element or part. However, they may 
also refer to requirements that a DO must satisfy when responding to the RFC, or to 
assessment criteria that may be used for ranking the concepts received from 
respondents to the RFC. Conditioned undertaking to respond to an RFC is an 
expression of interest to respond conditional on obtaining responses to other related 
RFCs. A response to an RFC consists of a functional concept description including, 
if necessary, other additional useful details. In the approach proposed in 
(Volpentesta et al., 2005), two main distributed processes (coordinated by VO-
planner) take place in the VBE: Conceptual Design Network Formation and 
Concepts Functionality and VOs Identification. The first one defines a network 
consisting of all logical structures of VOs that rely on a collaborative minimal 
organization potentially capable of responding to the initial RFC coming from the 
VO-planner. The second one determines both concepts functionality and formal 
structures of VOs that are realistically able to generate the required product concept. 
In what follows, we give a formal representation of the two main processes 
necessary to identify partners and logical structures of VOs capable in principle to 
generate an innovative product concept in a VBE. 

4. FORMAL STRUCTURES MODELS 

In this section we introduce formal structures which are underneath concept design 
networks and VOs in a VBE. Such structures are based on concepts related to 
hyperpaths, hypernetworks and direct hypergraphs that are defined and studied in 
(Volpentesta, 2005; Nielsen, 2005). 

In our context of reference, a Design Request Network is a triplet 

where; 
1. .Tf = (5v; £) is a directed hypergraph' in which 

• each node « e 5V univocally identifies an RFC and where s.d 6 iV are two 
particular nodes: s is the "dummy" RFC for which no response is required, d is 
the initial RFC (say RFCo) to which at least a response is required. 

• each hyperarc e e E individuates an expression of interest to respond to the 
RFC identified by fi(e), conditional on obtaining responses to RFCs identified 
by nodes in Tfe), 

2. O is a set of DOs in the VBE; 
3. a: (E->0, is a function from £ to O, afEj individuates the DO that has given the 

conditioned undertaking individuated by e. 
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Let J{^=(9^^,'Ea)\)e, a sub-hypergraph of :W"and let a .̂-iE ĵ-̂ Obe the restriction of a 
on T^. It is reasonable to identify a VO architecture with a triplet 'S^=(:H'^,0,aJ 
where ^ is an hyperpath^ from sto (f, and we refer to it with the term Design Chain 
(DC). The fact that if is hypercormected to ^ in :74 guarantees that initial RFC 
associated to cf could receive a response by a means of recursive composition of 
responses to RFCs associated to nodes of Ji^. The fact that 74 is cycle free 
guarantees that stalemate situations in the Concept Functionality Identification 
phase do not happen. A stalemate situation occurs when some DOs are not able to 
respond to RFCs, even though they have expressed to interest to respond to it. A DC 
represents a formal model for a VO which, relying on a collaborative and minimal 
organizational structure in a Design Request Network, is potentially capable of 
responding to RFCQ coming from the VBE, On the one hand it defines a 
decomposition of the RFCo in other less complex ones, on the other hand it identifies 
the DOs and information exchanges requirements necessary to respond to RFCQ. Of 
course, there exists a DC in i^if and only if / i s hyperconnected to i in :?£ In such a 
case, we may consider the hypemetwork Jf^^^^ -(^n«f>'^J °^ ^> i-̂ - ^^^ union of all 
hyperpaths from .5 to / i n Jl, and we refer to the triplet S?j^(5^,^,0,a ^ J with the term 
Conceptual Design Network. This network may be regarded as the union of all DCs 
in the Design Request Network. Within a DC its DOs collaborate to get a 
construction, in terms of functional elements, of the new product concept, required 
by the RFCo, while, within the Conceptual Design Network, its DCs compete in 
order to be included among best VOs in developing a new product concept. 

4.1 An applicative scenario 

Let us consider a scenario in which VO-planner has forwarded an RFCQ (i.e. 
/=RFCo) for an innovative product concept of a jigsaw with lower cost and better 
easy-to-handle than the ones available on the market. The RFCo requires the design 
of an irmovate jigsaw through an original and unusual re-combination of existing 
technologies and components. A Design Request Network may be represented by a 
set of tables and an hypergraph. All RFCs forwarded by DOs are described in table 
1, where: 

• columns are associated to RFCs, 
• rows are associated to parameters considered in RFCs of jigsaw parts, 
• the entry at place (ij) contains the j-th parameter value ranges specified by RFCj. 

For sake of simplicity, we have simply restricted functional features exploration to 
the combination of a very Hmited number of parts, i.e. gear boxes, electric motors 
and crank mechanisms. The symbol x indicates that no specific constraints are 
required. The relation between RFCs and conditioned undertakings is represented by 
table 2, where: 
• columns are associated to conditioned undertakings, denoted by e;, ..., e/f, 
• the entry in the first row at place (I,J) contains the index of the RFC for which ej 

represent a conditioned undertaking to give a response, 
• the entry in the first row at place (2J) contains the indices of RFCs whose 

responses are declared in the conditioned undertaking e,- to be necessary. 
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Table. 1. RFCs for a jigsaw 
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For example, eg represents a conditioned undertaking to respond to RFC4 
(request for a gear box) provided that responses to RFC3 (request for an electric 
motor) and to RFC5 (request for a gearing) are available. Table 3 associates any 
conditioned undertaking to a DO. 

Table.2. Conditioned undertakings/RFCs 
•ei 
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Table.3 Conditioned undertakings /DOs. 
conditioned undertaliings 
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Figure 2 - The hypergraph ?/"of the DRN 

The three tables define a Design Request Network for a jigsaw concept. In 
particular, a graphical representation of the hypergraph fC of such a Design Request 
Network is shown in figure 2. One may easily notice that RFCg is the only node 
which is not i-hyperconnected to .5 in :?£ And that Cjo and eu are the only hyperarcs 
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which do not belong to any hyperpath from i to / i n K Their elimination determines 
the hypemetwork 5/̂  ,j- on 5£ Such hypemetwork consists of the union of four 
hyperpaths corresponding to four DCs. Table 4 indicates the DOs involved in each 
DC. 

Table.4 The Design Chains/DOs correspondance 
Design Chain 

1 
2 
3 
4 

Design Offices 
D0,,D03 

DOz, DOs, DOi 
DOs, DO2, DO3 

DO,, DO2, DO5, DOe 

5. IDENTIFYING VO PARTNERS AND STRUCTURES 

5.1. Conceptual Design Network formation 

A request of a nev/ product concept is represented by RFCQ which is forwarded to 
the DOs in the VBE by the VO-planner. The problem we consider is how to 
individuate all DOs aggregations potentially capable of getting a collaborative 
construction of the product concept required by the RFC. In this section we describe 
a distributed process which leads to the emergence of a Design Request Network 
and, after that, lets the VO-planner determine the Conceptual Design Network. The 
process takes place in an established lapse of time during which each DO is able to: 
• select an RFC, say r, amongst the ones which have been forwarded by the VO-

planner, 
• carry out a preliminary functional feature exploration to decide if it may respond to 

rand, in that case, let the VO-planner know the set 'Tof all RFCs whose responses 
are considered sufficient and necessary to respond to r, 

• send to the VO-planner an expression of interest to respond to r, conditional on 
obtaining responses to the RFCs in T. 

As DOs express their interest to respond to RFCs, a Design Request Network 
emerges. At the VO-planner side, its representation is obtained by adding RFCs and 
instances of both relations between RFCs/conditioned undertakings and conditioned 
undertakings/DOs, trom time to time, until the time deadline is reached. In what 
follows the process, aimed to generate a Design Request Network, is formally 
described. Let: 
£ the initial RFC forwarded by the VO-planner, 
to- the moment in which /has been forwarded to the DOs in the VBE, 
t": the deadline by which the Design Request Network should be generated, 
s: the "dummy" RFC whose response is not required, 
O: the set of DOs in the VBE, 

ti,t2, • • ,tm (with to<ti< .. <tM<t^): the moments in which a DO (say 0,) sends to the 
VO-planner an expression of interest to respond to an RFC (say n,), conditional on 
obtaining responses to RFCs, each of which is represented by a node in the set %. 
The process consists of the following steps : 
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> (inizialization at time to) set 3^={s,d], <E'>=0, a°=0; 
> (iterative updating at time tj) for i=l, .. ,m, 

T^= % W5V*-̂; Ti) represents the set of RFCs forwarded before time u and whose 
responses are necessary to o, to respond to n,; 
1jj= 'Ti-ti'; Tj^ represents the set of new RFCs forwarded at time f, and whose 
responses are necessary to o, to respond to «,; 
^= IN'-VT'fr; 5V* represents the set of all RFCs forwarded in the interval 
[to, t,]; 
ei: the hyperarc defined by setting l'(ei)=Ti, /i(ei)=ni. It represents the conditioned 
undertaking given by o, at time t, 
©= &Xi(ei]; ©represents the set of all conditioned undertakings given by some 
DO in the VBE; 
a'=a'-' on &, w(ei) = a ; it represents the functional relation between 
conditioned undertakings and DOs. 

> (process end at time t') set 'Rr(KO,a), with J{= (%%% 
5V"=5V*', £=£'", a =a»'. 

Once the Design Request Network, denoted by <Rj=(3T,0,a), has been generated, 
the VO-plaimer may verify the hyperconnection of / to ^ in 5^ by means of a 
hypergraph traversal algorithm that runs in polynomial time on the size of ^ff 
(Nielsen, 2005; Volpentesta, 2005). Thus, the VO-planner is able to know if there 
exists at least one VO potentially capable of generating a product concept required 
by the RFCQ. Moreover, imder some reasonable assumptions that reflect the reality 
of collaborative concept design, the hypemetwork J/̂ ,̂ . on H may be found in 
polynomial time on the size of 7/"and all the hyperpaths ^ , %eIl(s,d)msLy be found 
in polynomial time on the cardinality of n(i,(/i (Volpentesta, 2005). Thus, the VO-
planner is able to determine 3i,^(!W^,^,0,/^J and %^=(J{.^,0,aT^X with %S:Tl(s,cf), i.e. 
the Conceptual Design Network and all its DCs, respectively. 

5.2. Concepts functionality and VOs identification 

In what follows, we assume that there exists at least one DC in <Rs=(%0,aX i.e. / i s 
hyperconnected to s m K The process is divided m two phases: a) functional 
description phase; b) functional concept and DC evaluation. 

a) In this phase, a recursive composition of Fimctional Description Tasks 
(FDTs), carried out by DOs along the Conceptual Design Network, takes place. The 
aim is to obtain functionality descriptions of the concept required by the RFCQ. Any 
FDT is associated to an hyperarc e in T^^ i.e. a conditioned undertaking in the 
Conceptual Design Network; the responses to RFCs identified by nodes in T(e) are 
the input of such FDT, while the response (eventually, a "null" response) to the RFC 
identified by fi(e) is the output. The FDT consists of a more or less detailed 
description (functional schemes, CAD models, delivery time, ...) of a new product 
part concept in accordance with requirements established by the RFC. A FDT is 
executed as many times as the number of DCs where the conditioned undertaking 
associated to the FDT occurs. This is due to the fact that FDT could be carried out 
according to some distinctive organizational, economical and technical criteria 
depending on the particular DC. Hence, executions of a FDT may take place only 
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after the Conceptual Design Network has been individuated, since they depend on 
information which are available only after DCs have been individuated. Let 
3?ji=(S'̂ ,̂ ^Q,a^J and 3?j=(%,0,aJ, with n€.Il(s,cl), be, respectively, the Conceptual 
Design Network and all its DCs. Set: 

Il(e)=[!ie'n.(s,d): ee<E^], for any eeE^,^ 
and, for any %&Il(e), denote by ^̂ .̂  the response to the RFC associated with li(e) and 
given by a^fej when participating to the DC represented by !^. Of course, such a 
response may be a "null response" (say qa), i.e. a message attesting no response will 
be given. For any ee. (Ê ,̂  set; 

Q(e)=(q^,e), nell(e) 
and let Qf(Q(e)), e&'E^,, 

This phase is aimed to determine Q ând, in what follows, we will see how it can 
be carried out. Since e&'E^^jand%€.Il(e) if andonly if 7i€n(i,fif}and e62%, wehave 

Q=fe,4 ^ e n ( i , 4 eB%, 
Therefore the phase may be divided into sub-phases <P„, Tieli(s,({), each of which 

leads to the determination of 

As it is shown in (Volpentesta, 2005) we have that V we5\^, with n^s, Ij ee'Ejt 
such that fi(e)=n; hence, by setting q^,n-qn,e(n), where e(n) is the element of 'E^ such that 
li(e)=n, we have 

q,=(q^,„), ne%,-{s] 
This means that a response to any RFC, different from s, in 5V̂ , may be 

determined by recursively composing executions of FDTs along the DC represented 
by %c- As matter of fact, the FDT associated with e(n) in %• may be modelled as a 
computation of a function .̂cfj,; which depends on the RFC individuated by n and on 
the responses f̂n.mAn e Tfcfn)> Thus we have: 

<l%,'>=f%,e(n)(n,(q^,m)me'r(e(„))), V Ke5\^- / i / 

where qn,n=q0, if ?tt,m= qe for some me 'T(e(n)). 
Now, let q^,s be the "dummy" response to the "dummy" RFC associated with s 

and let ^=|E^ |. It follows that | 3^ |=C+-?. (see footnote 2); the values in Qj may be 
computed according to any sequence s=no,ni,...,n^d such that 'T(e(ni)^{no,ni,...,ni-j], 
for i=l,.. ,4 The existence of at least one of these sequences is proved in 
(Volpentesta, 2005), and therefore the sub-process <P„ can be actually carried out. 

b) Once all responses in Q,, Tien(i,rf}have been determined, the pairs (sRjj ,0^), 
nell(s,d), may be ranked according to an evaluation function vf^^jC^Jwhich is based 
on assessment criteria previously established by the VO-planner of the VBE, A 
model of such a function may take into account various organization factors (costs 
and time for the concept generation, relationship trust, coherence and cohesion, ...) 
with respect to a DC, as well as technical aspects (innovation level, consistency, 
feasibility, ...) with respect to concept functionality. Such an evaluation allows the 
VO-planner to identify those DCs that may constitute into VOs. 

6. CONCLUSIONS 

The shifting of the companies' attention from the necessity of "what to design" to 
the idea of "how to design", has led to the rising of new organizational models 
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which can support innovative design paradigms such as co-design and concurrent 
engineering. In keeping with the viewpoint above, we have formahzed an approach 
by which new concept function architectures and VO structures take shape in a 
circular way in a VBE for collaborative concept design. Hypemetworks and 
hyperpaths have been proposed as meaningful tools to represent logical structures 
underlying Conceptual Design Networks and Design Chains, respectively. This has 
allowed us to present a formal model of a process which identifies DO partners and 
their knowledge exchanges in a VO devoted to generate an innovative concept. 
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The paper proposes a model of a source network that can be applied for 
organizations active in different fields and especially in electronic systems 
design. In the second part of the article some implementation details are given 
concerning an IT system module to deal with dynamic virtual enterprise 
initiation. Search and selection of partners needed for collaborative design is 
performed with the use of web services technology. At the end we envisage a 
possible scenario of Virtual Enterprise creation for electronic design. 
Proposed model and methodology jointly with the applied technology make this 
procedure fast, simple and semi-automatic, thus very appropriate for an 
electronic design domain. 

1. INTRODUCTION 

The second half of 20th century was a time of fast growth of electronics. In the late 
60-s Gordon E. Moore, one of the founders of Intel Company, predicted that the 
complexity of silicon integrated circuits (IC) would be regularly doubling about 
every 18 months. His predictions have been valid till nowadays and the trend still 
continues. Complexity of the IC can be measured by the number of single transistors 
located in a chip. Systems being developed within the last decade, like for instance: 
Field Programmable Gate Arrays (FPGA) and Application Specific Integrated 
Circuits (ASIC) include hundreds of millions of transistors. So complex systems are 
called Systems-on-Chip (SoC) as they incorporate on their one silicon structure the 
whole system including one or more microprocessors, large memory, analogue 
modules, input/output interfaces, connection buses, and peripheral elements. 

Producers of electronic equipment are under a constant pressure to shorten the 
time between conceptualization of a new product and the time the product enters the 
market. In addition, producers aim at customization of the product in order to match 
requirements of a particular customer (or a group of customers) and bundle with it a 
set of additional services that span over the product lifecycle. These trends force 
electronic companies to seek for new design methods that improve design 
efficiency. On one hand a partial remedy can be a use of new types of hardware 
description languages, on the other one, a new "IP re-use design" paradigm can 
constitute a solution. Design re-use is based on previously designed electronic 
components, called Intellectual Property (IP) components that are used as 
pre-designed blocks of a newly designed system. This type of design can be 
especially fruitful when employed in collaborative environments of several 
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electronic companies that are IP component owners. Here comes the idea of a source 
network of electronic companies that can share among each other their IP 
components (Witczyhski, 2005). Besides, members of the source network can share 
other resources, like design tools, competencies, etc. Creation of a dynamic virtual 
enterprise (VE) in response to market demands can additionally influence time-to-
market decrease. Thus, collaborative electronic design performed by VE created 
within the source network can be the remedy to increasing requirements but it will 
work only when all cooperative processes both during a VE action but also during a 
source network operation are conducted in an agile and efficient way. 

The rest of this paper is structured as follows. Section 2 shortly presents 
overviews of published relevant research results with stress on model and 
technology aspects. Section 3 describes basic models proposed for the source 
network. Section 4 addresses some issues related to the technology implemented in a 
context of a VE initiation module of an IT system. Section 5 depicts a scenario 
example of an electronic design initiation. Section 6 concludes the work and points 
out the innovations in the author's approach. 

2. EXISTING SOLUTIONS 

Many R&D projects addressed already the issue of computer supported source 
networks. Research based on a cluster of Virtual Organization (VO) related projects 
(Katzy, 2005) summarized VO modeling approaches. According to these studies a 
list of basic management roles in VO has been recognized. It includes: competence 
manager, project manager, auditor, network-coach, manager of in-/outsourcing, and 
broker. Prime actors in source networks named also Virtual Breeding Enviroimients 
(VBE) have been identified in (ECOLEAD, 2005) as well. 

These are: 
• VBE Member - an organization registered at the VBE and ready to participate in 

the VBE activities 
• VBE Administrator - an organization responsible for the VBE operation, 

evolution, and promotion 
• Opportunity Broker - an organization that acquires new collaboration 

opportimities by marketing VBE competencies and negotiating with customers 
• VO Planner (Integrator) - a player that identifies the necessary competencies and 

capacities, selects proper partners, and structures the new VO when a 
collaboration opportunity appears (often Broker and VO Planer can be the same 
organization) 

• VO Coordinator - an organization that coordinates a VO during its life cycle 
• Common model/information/tool Provider 
• VBE Advisor 
• Public Guest. 

Proposed IT solutions in R&D projects were based on various technological 
approaches (Camarinha Matos, 2005). A computer assisted approach was proposed 
in the Prodnet project. VO creation and coordination functionalities were 
implemented in Borland C++ on the PRODNET platform (Camarinha Matos, 1997, 
2001). The PRODNET platform included two main modules for each node-
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enterprise in the network: Internal Module and Cooperation Layer, The Internal 
Module included the complete stmcture of a specific company's information (data 
bases, information systems, etc.). The Cooperation Layer comprised coordination 
functionalities containing negotiation support system for facilitating partners search 
and the contractual processes during the formation of a VE, management of a 
contracts data base, and electronic catalogues (Camarinha Matos, 1997). 

Agent based approaches were employed by different groups with various 
architectui^es. An example of such a solution is the VE Cockpit system described in 
(Rabelo, 2004), where multi agents were implemented with use of C++, Java, 
XML/Corba. The system was composed of local relational databases and a number 
of agents realizing system functionalities through three main tools (i.e. VE 
Configuration tool, VE Design tool, and VE Integration tool). The tools supported 
with different levels of automation following VE creation phases: the specification 
of the type of information exchanged among VE partners, the integration of VE 
partners' legacy systems with VE platform, the identification of VE topology, 
establishing access rights for VE partners. 

A service based approach considers companies that are potential members of VE 
as "service providers". Collaboration among companies is based on sharing the 
services by the companies. There is one entity that keeps a catalog of services 
announced by various VE members. Thi-ee main functions are executed by the 
network members: service publishing, discovering and invoking. Web services (WS) 
are a proper technology for this approach. There is however no direct partners search 
in this case. Searched and selected are services offered by different VE members and 
then they are composed in more complex tasks (Camarinha Matos, 2005, dos 
Santos, 2004). 

Another solution from the technology point of view is a mix of the two later 
mentioned. It includes both technologies: computer agents and web services. 
A proposed solution of this type is XESS (XML based Expert System Shell). The 
system contains three main components: the Business Rules Composer, the Agent 
Administrator, and the Business Rules Engine Agent. All these components together 
give the possibility to integrate data and plan common business processes in VE 
with a special attention to a virtual multi-organizational supply chain (Shields, 2004; 
Camarinha Matos, 2005). 

3. INFRASTRUCTURE MODEL 

This paper concentrates on the concept of a source network incorporating companies 
active in electronic systems design and its efficient operation. In this section its base 
model is depicted. By the base model we mean a management model that describes 
the structure of the network, main roles, and its functionalities. The source network 
is a group of companies that joined their forces and developed a common 
preparedness to quickly respond to specific market needs and customer demands. 
All companies in the network can play certain role according to the network 
architecture and specific situation at the moment. In the case of electronic design 
source network we can see four main characters of member companies. These are: 
Network Manager (NMG) - preferably one company for the whole network, 
Network Broker (NB) - one or few companies in the network. Project Manager 
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(PM) - potentially all members, in a particular moment the company that won the 
competition for the project coordination, Network Member (NMB) - all companies 
in the network - see Figure 1. The architecture and main roles are similar to those 
appUed in the research cited above. Hence, our proposal can be also adopted in other 
disciplines. The difference is that we limited the number of key roles to only four in 
our solution. This results in a simplification of the source network model and 
consequently in a plain IT infrastructure. This could be achieved by fastening 
together VO Planner and VO Coordinator as one Project Manager. It is quite natural, 
especially in electronic design sector. Roles like Opportunity Broker and VO 
Planner should be kept separate in our opinion. 

Figure 1 - Idea of a source network for electronic systems design 

Main tasks related to each source network role are as follows. 
1) Network Manager (NMG): 

• defining service range offered by the network to potential customers 
• maintenance of network knowledge (technical standards, standard network 

procedures related to the services offered) 
• data maintenance about members core competences 
• search for new network members and their registration 
• evaluation of potential network members 
• network members common activities financial control. 

2) Network Broker (NB): 
• search for customers and collecting external RFQ/orders 
• marketing of network services and competences outside the network 
• announcing possible projects inside the network (ad board, sending RFQ) 
• organizing a competition for Project Managers concerning different projects 
• passing details of the task and responsibility to the winning Project Managers 
• participation in the customer - network contract negotiation together with PM. 

3) Project Manager (PM): 
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• preliminary detailed planning of a project (an electronic design task) -
determination of all sub-tasks and processes 

• VE initiation (confirmation of final plan of the project) 
• VE contract negotiation basing on the action plan confirmed during VE initiation 
• VE / design project coordination. 

4) Network Member (NMB): 
• search for customers and collecting external RFQ/orders - passing them to NB 
• data maintenance about its core competences, tools, available IP 
• possibility of search in NB ad board 
• possibility of receiving RFQ and making the offers for NB (applying for the PM 

position) and PM (applying for the project participant position) 
• cooperation with PM and others NMB within VE - project participation. 

Not all tasks and functionalities mentioned above can be accomplished as a part of 
our IT system. Some of them must be supported by a human activity (e.g. a financial 
control or contractual negotiations). To make clearer the view of the network 
another model can be applied. This is a management-oriented process model that 
shows data flow and distribution of activities related to core business processes of 
the network. This model is depicted on Figures 2, 3, and 4. Here we concentrate on 
functionalities to be carried out by the IT system. 

•• eactiori to the \ / ^ ' \ A- \ /'• VE launching 
• •ket opportunity.) r Search for PM ,) (. VE Initiation, ) ( and , . 
stomer demancl/ \_ ' ' y \. ' ' y v ooordination ' , / / 

=;=F-
Source Network Maintenance 

Figure 2 - Main functionalities (business processes) of the network. 

Models illustrated above have a rather descriptive character. When the IT 
infrastructure of a source network is designed we have to apply more sophisticated 
models that cover in detail all small steps, exceptions, data entities, and possible 
scenarios. These models should be created by using a dedicated modeling language 
and tool. The choice of a proper modeling language depends highly on the 
technology provided. In our opinion the web services (WS) technology is the most 
suitable for source network implementation. 
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Figure 3 - Information flow and distribution of activities during PM search phase. 

4. VE CREATION - IMPLEMENTATION ISSUES 

The selection of the WS technology as a base technology for source network 
implementation is due to several factors. This technology provides the possibility for 
secure business processes execution and exposition in the Internet domain outside of 
firewalls. It gives a possibility for business processes pubhshing as services. 
Although the services can use internal data, they are separated from more stable 
company systems because they are located on WWW servers. WS are based on 
universally agreed specifications and standards (HTTP, XML, SOAP, WSDL), 
which do support their interoperability. Since WS are based on XML, they are 
proper for information exchange among heterogeneous systems, so the access to 
them is possible from any platform. 

Management-oriented process modeling is a source for the IT system model 
which should be accomplished with use of a dedicated modeling language. There are 
many enterprise modeling languages (ATHENA, 2005) that could be used for a 
virtual distributed organization. If WS are to be applied, one can consider the 
following: UML (Unified Modeling Language), UEML (Unified Enterprise 
Modeling Language), UML for EAI (UML for Enterprise Application Integration), 
WSCDL (Web Services Choreography Description Language), WSCI (Web Service 
Choreography Interface), BPEL4WS (Business Process Execution Language for 
Web Services) shortly named BPEL. A proper modeling language can give the 
possibility for direct usage of the model during the implementation process. Thus 
the best choice seemed to be UML, WSCI, WSCDL, and BPEL. However the real 
value of the proposed languages can only be assessed during the implementation. It 
seems that our solution requires usage of a couple of them. 
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Figme 4. Information flow and distribution of activities during VE initiation phase. 

2) 
3) 
4) 

5) 

An implementation endeavor has been focused on the VE initiation phase so far. 
This stage consists of the following steps (see Figure 4): 

1) PM searches for partners within data stored on NMG servers (project 
requirements are taken into consideration). 
PM sends RFQ to the several NMBs chosen (potential project participants). 
NMBs answer RFQ sent by PM or answer to NB ad read on the ad board. 
Offer evaluation by PM - building a ranking list of potential project 
participants for each design sub-task in the project (considering core 
competencies, available tools and IP catalogs, as well as trust and own past 
experiences). 
PM creates preliminary plan of the project including all sub-tasks and 
potential partners (preliminary VE contract definition). 

The VE initiation module that helps to complete these steps is a part of the whole 
IT system for the source network drafted above. The system realizes all necessary 
functionalities through flow of proper software applications. A part of these 
applications can be executed due to web services that are placed on WWW servers 
of different network members. Which services are located on the server depends on 
the role the company plays in the source network. In the following a list of 
applications and services needed for the VE initiation module is enumerated: 
• WWW NMG server: 

Access to data about different NMBs - PM fills in a form of required 
competencies / tools / IP data and database search is performed 
Access to data about potential projects / NB ad board 

• WWW PM server: 
VE potential partners list creation based on the service and data from NMG 
Sending RFQ to the potential partners from the list (taking into account 
required competencies, description of the task) 
Receiving and evaluation of the offers given by NMBs- building a ranking 
list of potential project participants for each design sub-task in the project 
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Based on the offers given by NMBs planning the projects (task flow, time 
schedule, responsible partners and their potential substitutes) 

• WWW NMB server: 
Reading NB ad board 
Answering to RFQ from PM and to NB's ad (info about its own 
competencies and resoraces, evaluation of its own preparedness for the 
project participation, etc.). 

As pointed out above, web services composition can be performed with aid of 
different languages. Each one has some advantages and disadvantages. We preferred 
to model the IT system with graphical UML. Then we can migrate to either BPEL or 
WSCI. This action can be already automatically made with proper tools like for 
instance: Emerging Technologies Toolkit version 1.1 (ETTK) released by IBM / 
Alphaworks, which takes process defined in the UML and generates the 
corresponding BPEL and WSDL files to implement that process (Mantell, 2003). 

To model the complete functionality of a system more than one modeling 
language is necessary in order to organize WS execution. BPEL is appropriate for 
WS orchesti-ation and WSCI is suitable for WS choreography (dos Santos, 2004). 
WS orchestration is a description of services behavior with applying workflow 
concepts. This description is interpreted and executed by an orchestration engine 
that is controlled by one of the services. Applying BPEL is useful when we have to 
coordinate complex processes that consist of many executable services. The 
choreography approach is less centralized. Each service only "knows" about its own 
interactions and behavior. There is no process that has a global control of the 
composition. Both discussed languages for WS composition description, depending 
on the functionality performed, should be adopted in the system. Currently the 
detailed IT model of the whole source network is under development. During this 
action the mentioned modeling languages will be investigated for their 
appropriateness for particular cases. 

5. SoC DESIGN INITIATION - A SCENARIO EXAMPLE 

In this section a scenario example of System-on-Chip (SoC) design initiation is 
presented. We assume that the source network received an enquiry concerning SoC 
design. The required system should be composed of a microprocessor part, memory, 
and I/O interfaces. Detailed requirements are included in the specification attached 
to the enquiry sent by a customer. We also assume that PM has been estabhshed and 
that PM prepared a preliminary plan of "IP re-use" design project including design 
sub-tasks: IP component search and selection, design creation, simulation, synthesis, 
verification. The scenario shows a possible project initiation phase (Figure 5). 
The preliminary plan of a design project is an input data for further actions. This 
plan defines the main sub-tasks (the required core competencies related to them), 
required IP components (that should be available - in our example these are: 
microprocessor, memory, I/O interface), and tools (e.g. software to perform certain 
design sub-tasks). The service "Partners search" (1) checks data records stored on 
NMG server about all NMBs and as a result gives addresses of all NMBs that have 
required factors marked as positive (answer: The best partners(2)). Then PM sends 
detailed RFQ to all NMBs indicated (3). An answer to RFQ service is a bid received 
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from each interested NMB. The bids (4) are of similar form to the answer about the 
best partners (2) - these are a kind of forms that include evaluation of all important 
factors mentioned above. The evaluation is more precise this time - not only 
positive or negative but each factor is assessed by a number of points. Since the 
evaluation is made by NMB itself, it is called a subjective evaluation. The form of a 
bid can include additional fields like e.g. availability in a specified time period, price 
for sub-tasks to be completed by the particular NMB. The bids can be filled in 
automatically by the service located on the NMB server or with human assistance. 
The same forms in regards to all offering NMBs are filled in by PM according to its 
previous knowledge and experience with specific NMB. After summing the 
"objective" evaluation made by PM with "subjective" evaluations of NMB, PM 
receives ranking lists of potential partners that gives the possibility to create the final 
plan of the project with potential partners given for each sub-tasks. The next step 
will be the contract negotiation that is assumed to be accomplished without an IT 
system help. 

Project 
Manager 

NMG 
Database 

Network 
Members (1 to n) 

r Project 
Specification / 

Preliminary plan 
of the project 

1) Partners search ^ 

2) The best partners 
t 

3) RFQ sent to the bist potential partners 

4) Bids with subjective Evaluation of the partners 

5) .Otjectlve" PM's evgiuation of the partners Plan of the project 
Including potential partners 

in regards to sub-tasl<s 

Figure 5 - An envisaged scenario of a project initiation 

6. CONCLUSIONS 

A contribution of the paper in relation to already published research results is mainly 
in the proposed model and methodology. Irmovation is also in an application 
domain, namely in electronic systems design. The employed Web Services 
technology, although very popular nowadays, is still not mature enough, so dealing 
with it can bring new findings. Some of them have been envisaged in the paper. 

The proposed model of the source network organizes the work of the whole 
network in such a way that the response to the customer's enquiiy or market demand 
can be really fast. The model includes small number of key roles in the source 
network. The responsibilities are clearly shared. The main responsibility is taken by 
the PM that decides about project participants and a precise project plan. Some 
important activities, like negotiation or contracting need to be completed with a 
human assistance. 
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The methodology includes only two network internal competitions - for PM 
establishment and for a proper design partners selection. The whole VE creation 
procedure is quite simple and many of its steps are accomplished promptly and 
automatically with the use of WS. The value of the presented solution when 
compared to the competing ones is its simplicity. The methodology of partner 
selection could be improved in future by applying a more sophisticated multi-criteria 
mathematical support for building potential partners ranking list. 

We expect that the technologies applied during the current system development 
will lead to an easy communication within the heterogeneous source networks. Due 
to the similarity of both internal competitions some of web services can be likely 
used in both of them exchangeable. 

The proposed source network concept has been influenced strongly by the 
application domain. A VO dedicated for design projects should have centralized 
management, hence the role of PM is so strong. Consequently the fact that PM has 
to plan and coordinate the whole project affects relatively simple model and 
methodology. An idea of conducting electronic systems design by VE created on the 
source network base is also an original one. 
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Business-to-business electronic contracting has gained attention in recent 
years as a way to improve traditional contracting practices as well as a 
paradigm that allows the support of new business models in an enterprise. This 
paper presents the business case of the Dutch news medium Telegraaf for 
contracting of advertising spots in its on-line edition. We discuss replacement 
of current contracting practices with advanced electronic contracting that will 
allow Telegraaf to highly automate its contract establishment, enactment, and 
management processes. This high level of automation presents an opportunity 
to Telegraaf for organizational restructuring and for the support of new 
business models that improve the competitiveness of the company. 

1. INTRODUCTION 

Since the very begiiming of human history, people have been exchanging values. 
Contracts between value-exchanging sides have been adopted to specify the 
exchanged values and the rights and obligations of the participants. Nowadays, 
contracts are an indispensable tool in business exchanges. In business-to-business 
relationships "all economic production and exchange processes are organized 
through contracts. Contracts are the instruments and the means for the organization 
of exchange relations" (Wigand et al, 1997). 

Business-to-business e-contracting uses information technologies for improving 
the efficiency and effectiveness of contracting processes of companies (Griffel et al., 
1998; Koetsier et ah, 2000). One way to implement e-contracting is by simply 
digitizing existing paper contracts and using fast communication channels for 
contract establishment (e.g., e-mail). We call this type of e-contracting "shallow e-
contracting" (Angelov and Grefen, 2004). Shallow e-contracting improves the 
efficiency of the contracting process by reducing the time and costs for 
communication. However, shallow e-contracting requires significant human 
involvement and does not change traditional business and organizational models in a 
company. Shallow e-contracting can be supported by existing and widely accepted 
information technology (e-mail clients, scanners, text editors, etc.). An alternative 
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way to support e-contracting is by implementing a dedicated e-contracting system 
that can fully (or to a great extent) automate the e-contract establishment, enactment, 
and management. We call this type of e-contracting "deep e-contracting" (Angelov 
and Grefen, 2004). Deep e-contracting eliminates human participation in contracting 
processes (or significantly decreases it). The high level of automation of contracting 
processes allows companies to realize new business and organizational models that 
lead to improved market competitiveness. We call these new models the "paradigms 
of e-contracting". In our previous work, we have identified five main paradigms of 
deep e-contracting (Angelov and Grefen, 2004), namely, the micro-contracting 
(ji-contracting), just-in-time-contracting (i-contracting), precision-contracting 
(jt-contracting), enactment-contracting (e-contracting), and management-contracting 
(y-contracting) paradigms. The micro-contracting paradigm represents the 
opportunity contracts to be customized on a mass scale. In the just-in-time-
contracting paradigm, companies can establish contractual relationships in the most 
suitable for them moment, with the preferred contracting party and contracting 
conditions. In the precision-contracting paradigm, companies can automatically 
define and verify e-contracts. In the enactment-contracting paradigm, parties can 
automatically link contract establishment and contract enactment due to the use of 
electronic contracts and can subsequently automatically enact contracts. In the 
management-contracting paradigm, parties can automatically link the contract 
establishment process with the contract management process, and can subsequently 
automatically manage the contracting relations. In contrast to shallow e-contracting, 
deep e-contracting requires from an enterprise the implementation of an advanced 
information system that can support complex contracting processes in diverse 
business contexts. 

Currently, the domain of advertising is based on relatively long lasting 
campaigns that are agreed upon significantly ahead of time (Angelov and Udo, 
2005). Thus, advertising can be seen as a mainly static market. The reason for this 
status quo is the static space that was used until recently for advertising, e.g., 
newspapers, billboards, TV commercials, etc. Traditionally, the agreement between 
an advertiser and an advertising medium for an advertising campaign is stated in a 
written contract. 

With the introduction of the Internet, a new advertising space that provides 
opportunities for dynamic advertising and precise audience targeting has appeared 
(The Economist, 2005). On-line advertisements are intangible products. 
Consequently, the delivery of the advertisement to the advertising medium and its 
publishing can be highly automated. However, traditional paper contracting requires 
many communications (which might require traveling) and legal and business 
expertise during the contract estabhshment and enactment. The slovraess and the 
high costs of traditional, paper-based, written contracts make them unsuitable for the 
protection of the rights of parties in the dynamic, highly automated enviromnent that 
is offered by on-line advertising. The possibihty for dynamic and flexible agreement 
and execution of on-line advertising campaigns (already supported by a number of 
companies, e.g., Google and Yahoo!) and the need for legal protection of the trading 
parties in these highly automated settings (currently, marginally addressed by 
companies) were the incentive to select the domain of on-line advertising as a 
domain in which to discuss the application of deep e-contracting. 
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In this paper, we investigate the current level of automation of the contracting 
process for on-line advertising in the Dutch news medium Telegraaf We describe 
the currently implemented paradigms of e-contracting and the technology used for it 
by Telegraaf. Based on these observations, we discuss the implementation of deep e-
contracting with its full potential, allowing Telegraaf to support all five paradigms 
of deep e-contracting. The consequences from the support of these five paradigms 
for the future of the on-line advertising business are addressed. 

The paper has three main contributions. First, the paper contributes to the 
popularization of deep e-contracting. Currently, the opportunities offered by e-
contracting are underestimated by the industry. The paper provides an elaboration of 
a practical example for the new opportunities revealed by deep e-contracting to 
companies that operate in dynamic and highly automated business environments. 
Second, the paper paints a picture for the foture development of on-line advertising 
and the legal protection of the companies involved in it. Conclusions are based on 
the description of the case of Telegraaf (which involves the usage of explicit 
business contracts but lacks dynamics) and on the dynamic and flexible advertising 
scheme supported by Google (which currently lacks advanced contracting support). 
Last but not least, the application of research results from the domain of e-
contracting on a real business case allows us to validate existing, theoretical, 
research findings. 

This paper is organized as follows. In Section 2, we provide a description of the 
case. The contracting process at Telegraaf and its level of automation are discussed. 
In Section 3, we analyze the case in terms of supported e-contracting paradigms and 
the possibility for their full support. In Section 4, validation of the conclusions from 
Section 3 is presented. The validation is based on the on-line advertising scheme of 
Google. The paper ends with conclusions. 

2. CASE DESCRIPTION 

The Dutch news medium Telegraaf offers advertising space on its network of 
electronic editions to potential clients. Its network includes the main news web site', 
as well as a number of specialized web sites (e.g. "Auto Telegraaf is dedicated to 
trading of cars). 

This section contains a description of the contracting practices for on-line 
advertising at Telegraaf. The usage of a contracting framework for the case 
description facilitates the elaboration of a well-structured discussion that focuses on 
the main contracting issues. That is why, in this section, we use the "4W framework 
for contracting" (Angelov and Grefen, 2003). The 4W framework defines and 
describes the main contracting concepts and the relations between them, and is thus 
a convenient tool for capturing the key elements of the case and for its structured 
presentation. The 4W framework is constructed on the basis of the four 
interrogatives (hence the name 4W), namely, "Who" (describing the actors involved 
in the business relationship), "Where" (describing the contracting contexts), "What" 
(describing the values exchanged and the conditions for their exchange), and "How" 
(describing the means used and processes performed during the contracting 
relationship). Next, using the 4W framework as a guiding tool, we discuss the main 
contracting concepts in the case of Telegraaf (shown in the text in italics). 
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2.1 Who 

Four main parties can be involved in the on-line advertising scenario. Telegraaf 
plays the role of a service provider. The Advertiser (i.e., the service consumer) can 
create and plan its advertising campaign in-house (see Figure 1). If this scenario 
takes place, the Advertiser directly establishes a contract for its campaign with 
Telegraaf. Alternatively, an advertising agency can be used by the Advertiser as a 
mediator for planning and handling its advertising campaign. If an Advertiser makes 
use of an advertising agency, it signs a contract for its campaign with the agency that 
in turn signs a contract with the medium where it will advertise the products/services 
of its client (in this case Telegraaf). Additionally, a graphical media company can be 
used by the Advertiser as an auxiliary implementor for the creation of the 
advertising material. If an Advertiser makes use of a graphical media company, it 
signs a contract with it. In scenarios which involve a graphical media company 
and/or an advertising agency, the Advertiser forms a virtual enterprise (VE) with 
them. From the perspective of Telegraaf, the client may appear to be the Advertiser 
or the advertising agency. The case presented in this paper investigates both, the 
classical scenario of contracting between the Advertiser and Telegraaf, as well as the 
more complex scenario of contracting between the virtual enterprise and Telegraaf 
In the case description, often, the general term "client" is used to denote the counter 
party of Telegraaf, abstracting from the type of the client. When the difference in the 
type of counter party introduces differences to the trading scenario, advertisers and 
advertising agencies are explicitly distinguished. 

Client (VE) 

Advertising >̂̂  
agency ,' 

Contract i 
I 

Telegraaf 

Figure 1 - Actors in the case 

2.2 Where 

A number of business and legal issues define the context in which contracting 
relations between Telegraaf and its clients take place. 
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Telegraaf plays the dominant role in the business relation. It controls the 
contracting process, provides the contract offers, etc. Clients are usually large or 
medium-sized companies that want to advertise their products or services. Clients 
that are recognized by the ROTA organization (Council for Control and Supervision 
of Advertising) are allowed to make their payments on fixed dates (regardless of the 
date of the invoice) and can be given discounts at the discretion of Telegraaf. 
Usually, ROTA recognized clients are advertising agencies. 

A new contract is established for each advertising campaign and no contract 
dependencies exist. Each contract between Telegraaf and a client is bounded to the 
general provisions of Telegraaf. 

2.3 What 

Telegraaf offers the service of publishing digital advertisements in its on-line 
editions. In return, clients must provide a con-esponding financial reward to 
Telegraaf, i.e., an agreed pajnnent. 

Telegraaf offers different advertising plans. An advertisement can be agreed to 
be published on the main news web site of Telegraaf, on one of the sites part of the 
network of Telegraaf, or on a sub-section of the news web site (international news, 
sport, weather, etc.). An advertising plan is assigned a fixed tariff ("BasicTariff). 
For each advertising plan Telegraaf offers several types of advertisements, i.e., 
banners, large rectangles, pop-unders, screen-ads, textlinks. Each of these types of 
advertisements is assigned a factor ("Factor") that shows its "advertising power". 

Telegraaf requires a minimum amount of 1000 euros for an advertising 
campaign. The price for a campaign is based on the number of desired impressions 
(an impression is the delivery of a single advertisement to a single viewer one time). 
The advertising tariff for one thousand impressions (also known as CPM - cost per 
thousand) is calculated through the formula: Adv.Tariff = "BasicTariff x "Factor". 

For advertising in Telegraaf, a number of general provisions apply. These 
provisions are contracting clauses that are valid for any contract of Telegraaf on on­
line advertising and express general rights and obligations of the contracting parties. 
The complete set of general provisions is provided on-line". Examples of such 
provisions are: 

The client has to deliver its advertisement at least two days before the 
begiiming of the campaign. 
Each of the parties can end the contract by means of a registered letter out 
of court, if the other party fails to fulfill its obhgations. 

The conditions that are specific for the business relation are specified in the 
contract in the form of exchange value provisions. A reference to the general 
provisions of Telegraaf is included in the contract. 

2.4 How 

Typically, during a contracting process a client will read the proposed advertising 
plans by Telegraaf and the general provisions imposed by Telegraaf. After 
consultation with representative of Telegraaf, it will inform the sales department of 
on-line advertising at Telegraaf for its decision on the preferred advertising plan and 
campaign. Telegraaf will send a signed contract to the client, which the client will 
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sign and send back. As a last step the client will send the advertisement and after he 
receives an invoice will pay the required amount. Telegraaf will feed the established 
contract into its advertising system. It will check the advertisement for compliance 
with its requirements (optionally, it might make changes on the advertisement) and 
will publish the advertisement as agreed in the advertising plan. Depending on the 
level of trust in the client, Telegraaf will send an invoice to the client and expect 
payment prior to the start of the advertising campaign or after it. 

Humans from both contracting parties are required for the negotiation of the 
advertising campaigns and the contract formation. Negotiations concentrate mainly 
on the duration of an advertising campaign, as well as on the values of advertising-
related parameters (type of advertisement, network in which the campaign will take 
place). The possible sets of values for these parameters are pre-defined by Telegraaf 
Constraints on selection of an advertising plan can be set by Telegraaf due to limited 
availability of spots and inventory. Negotiations for campaigns that include a single 
advertisement can be seen as multi-attribute negotiations. Negotiations for 
campaigns that involve a set of advertisements become of heterogeneous nature. 
However, Telegraaf has no special policies for negotiations on bundles of 
advertisements (negotiation on bundles of goods is an attractive form for exchanging 
values and has received a significant attention (Somefun et al, 2004)). The time for 
contract establishment may vary from minutes to hours (or even days), depending on 
the need for verification of the client and the speed of decision making and contract 
confirmation from the client's side. The contract offer can be sent to the client by 
mail, fax, or e-mail. Telegraaf and its clients make use of popular applications like 
e-mail and text-processing tools, which lead to decreased costs and time for 
communication and contract establishment. In addition, Telegraaf uses two 
information systems for the contract establishment and contract enactment. 

The "contract establishment system" supports the creation of contracts, as well 
as reservation of advertisement spots. For the contract content, predefined templates 
are used. The system provides an interface to human operators for selecting the 
proper template and filling it in. It supports human-readable representation, as well 
as machine-readable representation of contracts. The contract offer is sent to the 
client in a human-readable representation. The "confract establishment system" is 
based on an old legacy system that has recently been tailored by Telegraaf to support 
its needs for higher automation of the contracting process. 

As soon as a contract offer is accepted by a client, a representative of the sales 
department of Telegraaf sends the machine-readable representation of the confract 
(provided by the "confract establishment system") to the "advertising system". The 
"advertising system" interprets confracts and starts the advertising campaigns. It 
automatically publishes the advertisements as agreed in the confract. Thus, the 
"advertising system" supports automation of the confract enactment and its 
management during the advertising stage. By the end of an advertising campaign, 
the system informs the sales department of Telegraaf 
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3. CASE ANALYSIS - STATUS AND PROSPECTS 

Next, we briefly evaluate the level of automation of the contracting process in the 
current business settings at Telegraaf and explain the benefits that full 
implementation of deep e-contracting may introduce to this case. 

3.1 Status 

The usage of information technology during contract estabhshment and contract 
enactment is a step towards deep e-contracting. From the case description, it can be 
concluded that Telegraaf with its contract estabhshment and advertising systems 
supports the enactment-contracting paradigm. The management-contracting 
paradigm is supported only partially in the contract enactment phase. 

However, the involvement of humans required for contract establishment, does 
not allow Telegraaf to support micro-contracting, just-in-time-contracting, and 
precision-contracting. The lack of a dedicated information system for the automation 
of the contract management requires human involvement in the contract 
management during the contract establishment and enactment. 

3.2 Prospects 

In a possible future scenario, Telegraaf could implement deep e-contracting in its 
full potential. Telegraaf could employ all five paradigms of e-contracting, i.e., 
micro-, just-in-time-, precision-, management-, and enactment-contracting 
improving significantly its market competitiveness. 

Micro-contracting will allow Telegraaf to support low-cost campaigns allowing 
small-size companies to use on-line advertising as well. For example, a campaign 
with a budget of 10 EUR will allow the publishing of about 500 advertisements. As 
on-line advertising allows precise targeting of advertisements to the proper 
audience, small campaigns may still bring benefits to an advertiser. 

Just-in-time-contracting will allow Telegraaf to support contract establishment in 
the moment preferred by its clients. For example, clients might prefer to agree on an 
advertising campaign moments (minutes, seconds) before the actual start of the 
campaign. Incentives for clients to establish a contract at this late stage may be 
lower prices of advertising spots, publishing of news that will be of interest to the 
audience targeted by the client, occurrence of an event that will attract a huge 
amount of readers, etc. 

The support of the micro- and just-in-time-contracting paradigms will lead to 
increased market dynamics in advertising. The high market dynamics will create an 
incentive for Telegraaf to support more flexible pricing policies, diverse bonus 
strategies (e.g., contracting of advertising bundles), and other complex business 
rules. For the dynamic establishments of such complex contracts, automatic contract 
verification is a prerequisite. Thus, precision-contracting will be required for the 
dynamic establishment of correct, complex contracts. 

The employment of the contract-management paradigm in its full potential will 
allow Telegraaf automation of the management of contracting of advertising 
campaigns, further minimizing the requirements on human power at the department 
of on-line advertising sales. 
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By employiBg micro-, just-in-time-, and precision-contracting, and combining 
them with the already employed enactment-, and management-contracting 
paradigms, Telegraaf will achieve full automation of the contract establishment, 
enactment, and management processes. Only checking of advertisements for 
compliance with the company policies may still have to be performed manually. 
However, as estimated by Telegraaf, this step requires currently between 15 and 120 
seconds and will not cause substantial delays. Furthermore, in the case of repeated 
campaigns, this step can be omitted. Another manual work that currently cannot be 
automated is the editing of advertising materials that do not comply with the 
requirements of Telegraaf At this point this step requires at minimum 1 day (it can 
require up to 5 days). Thus, just-in-time- and micro-contracting will be applicable 
for clients with repeating campaigns and/or for clients that provide correct 
advertising material. 

Exceptions that will require performance of certain activities by humans (e.g., 
the provision of a non-compliant advertisement will require its manual editing by 
Telegraaf) may occur in all scenarios. The future e-contracting system used by 
Telegraaf should support seamless transition from automated to human execution of 
activities. For the development of its e-contracting system, Telegraaf may use 
existing research results on design of e-contracting architectures (Angelov, 2006). 

4. VALIDATION 

Clearly, the management-, enactment- and precisions-contracting paradigms bring 
benefits to Telegraaf A question that emerges after that discussion is whether 
advertisers and publishing media will be interested in providing higher dynamics in 
the on-line advertising domain by introducing micro- and just-in-time-contracting. 
Will it be beneficial to advertiser and pubUshers if advertisers can perform micro-
advertising campaigns that last only a day or even less? Will companies be 
interested in having the opportunity of deciding on an advertising campaign at any 
moment, i.e., will they be interested in just-in-time-advertising? To answer these 
questions, we did two separate investigations. We presented these ideas to Telegraaf 
(Angelov and Udo, 2005), who found the new models highly intriguing and 
expressed intention for their support in the nearest future. Furthermore, we 
investigated the support for these new business models in one of the most advanced 
advertising schemes that currently exist, i.e., the advertising scheme offered by 
Google "AdWords". Next, we briefly discuss the AdWords advertising scheme. 

4.1 The AdWords scheme 

In the AdWords scheme, a company can pubHsh a textual advertisement in the 
search result of a query submitted by a user (the popular teim for this advertising 
scheme is "sponsored search" and was originally developed by Overture). To get its 
advertisement published, an advertiser participates in a fully-automated, multi-
attribute, second-price auction performed at the time the query is sent. An auction on 
the relevant bids submitted by the advertisers is run every time a user submits a 
query. The duration of a "campaign" is dynamically defined by the client and can 
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last from seconds to months. The registration process takes few minutes and after its 
completion the bid of the client is considered in auctions. 

The AdWords advertising scheme is a significant success for Google (The 
Economist, 2005). Its global reach, precise audience targeting, fast and cheap 
campaign set-up, flexible payment schemes, etc. are attractive to small, medium, and 
large advertising clients (Permock and Asdemir, 2005). The micro-advertising and 
just-in-time-advertising business models are supported in AdWords, allowing 
companies to initiate advertising campaigns in the moment preferred by them with 
either smaller or larger financial resources. The possibility to constantly adjust their 
campaigns gives companies enormous flexibility. 

4.2 Discussion on the AdWords scheme 

The example of the AdWords advertising scheme confirms that the opportunity for 
dynamic advertising offered by modem technologies is appealing to advertisers and 
profitable to publishers. The innovative advertising schemes have been discussed in 
the research community as well. The sponsored search as a special case of on-line 
advertising has been discussed in two workshops (Kamstedt et al., 2004), (Permock 
and Asdemir, 2005). The similarities and differences between the generalized 
second-price auctions supported in AdWords and the classical Vickerey auctions are 
discussed in (Edelman et al., 2005). A formal model of sponsored search auctions is 
proposed in (Kitts et al, 2005). A more general mechanism for dynamic advertising 
through auctions is presented in (Bohte et al, 2004). 

Currently, the rights and obligations of Google and its clients are specified in a 
general set of "Terms and conditions" that are defined unilaterally by Google. 
However, researchers already look into the implementation of more advanced and 
complex contract provisions between Google and its clients that will be personalized 
for each client (Parkes and Sandholm, 2005). This will bring forward the need of 
establishment of personalized contractual relationships that will require deep 
e-contracting support. 

5. CONCLUSIONS 

The domain of on-line advertising provides new opportunities to companies for 
more dynamic and flexible advertising plans. However, to provide legal protection 
to companies in the newly emerging dynamic business models in the domain of on­
line advertising, a high level of automation of the contracting process is required. 
Deep e-contracting delivers the required automated support of the contract 
establishment, enactment, and management by using advanced information 
technologies. 

It can be expected that having the example of sponsored search, Telegraaf and 
other on-line editions will implement a more flexible, dynamic, and highly 
automated advertising schemes, in which deep e-contracting is a necessity. Auction-
based approaches for buymg advertising space in on-line resources currently gain 
significant attention. In the context of advertising in on-line editions, such 
approaches may be appHed as well. Similar to the current practice in sponsored 
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search, media may use auctions for just-in-time-advertising. Combinatorial auctions 
may be used to support simultaneous selling of sets of advertising spots. 
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Nowadays, we can observe the transition of traditional business to electronic 
one, where negotiations still play very important role. In the paper we propose 
a general model of human negotiations and on the basis of which we have 
created a simplified model of quality analysis. The proposed quality model 
allows us to define various negotiation scenarios and to evaluate such 
negotiation metrics as completeness, effectiveness, performance and 
satisfaction. Two kinds of negotiations (flf and chat) have been compared for 
buying/selling scenarios. More than 150 experiments have been carried out 
taking into account negotiation quality. Firstly, analysis has been made to 
examine the impact of negotiator personalities, experiences, roles and 
positions on that quality. Secondly, further studies have shown how negotiation 
quality is influenced by various types of negotiation strategies. 

1. INTRODUCTION 

In the time of transition of traditional to electronic business (e-business) companies 
should redesign their business processes in order to better satisfy customer needs 
(Patric, 2004). For this reason profound knowledge of such processes and market 
requirements should be acquired and deeply analysed (Peterson, 1997). Many 
researches based on specially defined questionnaires make a large-scale study to 
access e-business drivers facilitating achieving high levels of operational 
performance. These studies identify the critical links between e-business drivers, 
financial indicators and operational excellence measures (Bama, 2000). Besides, 
several descriptive theories and models try to describe selling/buying processes and 
improve negotiation procedures involved in such processes (Berenicke, 2003). In 
general, a buying/selling transaction comprises by the following six fundamental 
stages: 

1. Identification of the user needs and recognition of the buyer motivations for 
buying a product. 

2. Product brokering and information retrieval for consideration of different 
buying alternatives. 
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3. Merchant brokering and first choice of the best alternatives using such 
buyer-provided criteria as prices, warranty periods, type of pa)anents, 
delivery options, service availability, producer reputation, product quality. 

4. Direct negotiation of different aspects including the above criteria to make 
selling/buying transaction accepted for both sides. 

5. Contract definition for purchase, delivery and maintenance to finalise the 
negotiated transaction. 

6. Past-purchase product life-phases and evaluation of user acceptation. 
In practice, the above stages can overlap and migrate from one to another and 

can be implemented in different ways (Nguyen, 2004). One implementation 
technique is filtering (steps 1, 2, 3) the attractive products by their features described 
on the Web. Another one is collaborative filtering which tries to recommend 
products based on various user options and ranking of their alternatives. Besides, 
data mining techniques (Adamavicius, 2001) can be used to discover the best 
patterns in customer purchasing and to exploit these patterns to help in taking 
decisions by buyers (steps 4, 5, 6). In many cases agent based technologies can be 
used to support all stages of the buying process. 

As it was shown in the stages given above, most business transactions involve 
negotiation procedures, which make use of different negotiation strategies and 
protocols (Maes, 1999). We distinguish two main kinds of negotiations: face to face 
(f2f) and computer mediated (cm) ones. The former occurs in natural 
communication environment, where people meet and make conversation, the latter 
takes place when different telecommunications means are used. The simplest 
example of cm negotiations is negotiations via e-mail or chat (Picard, 2002). In the 
case of more advanced technologies people can create agents, which seek out 
potential buyers or sellers and negotiate with them on behalf of their owners. In our 
opinion proper implementation of agent to agent (a2a) or cm negotiation strategies 
requires good understanding of fZf negotiations, which enables transforming 
traditional business into e-business more easily. 

The paper focuses on f2f negotiations. The general model is formalised in 
Section 2. In Section 3, quality attributes of negotiations are proposed and the way 
of estimating completeness, effectiveness, efficiency and satisfaction of negotiations 
is discussed. These attributes are strictly related to negotiation outcomes and 
therefore play important role in improving of e-business activities. The main 
experiments are described in Section 4. They focus on the representative 
selling/buying negotiation tasks showing the importance of negotiators' 
personalities, experience, roles, positions and negotiation strategies when referred to 
negotiation quality attributes. In Section 5 general remarks about e-business 
improvements and new open problems are given. 

2. MODEL OF NEGOTIATION 

Negotiation is the process that occurs between at least two corresponding parties 
(negotiators) and involves a certain subject (buying goods/products, taking 
decisions, preparing solutions, executing services). In general, this process can be 
described by a sixth tuple, as follows: 

N = < S, P, G, D, C, E > 
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where: 
S is a subject of negotiation, as it was presented above; 
P is a set of parties participating in negotiations; P = {Pi, P2, •• .P;---, Pi} 

The cardinality of P is at least two i.e. I >2 , and each Pi (i = 1, 2 , . . . , I) includes 
at least one negotiator. The parties first verbalise contradictionary demands and then 
move towards agreement by a search for new alternatives. 

G is a set of goals describing attributes of the subject being under negotiation, 
i.e. G = {gi, g2, ...., gj..., gj}, where gj (j = 1, 2, ..., J) presents one attribute, for 
instance in the case of selling/buying negotiations: product cost, delivery time, 
warranty conditions and etc. can be considered. The concrete value of gj is denoted 
byvj. 

D is a sequence of demands/replays formulated step by step by the parties during 
negotiation as modification of previous demands or presentation of new 
propositions, which should be discussed and modified later. D = ( Di, D2, ...,Dk..., 
DK), where: K means the number of negotiations steps and D^ is a value set of 
attributes: Dk = {vi'', V2̂  ...., Vj ..., Vj }. The set is a proposition of attribute values 
given by parties in k-th step of negotiation. D^ represents a point in J-multiple area 
and sequence D corresponds to the path of transitions from point Di to the point DR. 
Such a graphical representation of negotiation steps in J-multiple area is called 
negotiation dance. For each party all values Vj'' should satisfy the following 
acceptation condition: 

min/ < Vj*" < max/ for all j , j = 1, 2,..., J, k = 1, 2,..., K. 

C denotes the contract for the subject, when all parties make acceptation for the 
demand formulated in K-th step of negotiation. Then DK is called the outcome of 
negotiation (conttact values), i.e.: 

O = DK = {v,^ V2'',...., Vj''..., v,^}= {c„ C2,...., cj..., cj} 

E is an envirormient, where negotiation is being run. In the case of natural 
enviroimient, f2f negotiation takes place. Using communication via Internet we have 
chat negotiation, and using agent technology we organise negotiation in more 
automatic way (i.e. a2a negotiation or e-negotiation). E may play an essential role in 
achieving the required level of negotiation quality and in implementation of e-
business activities. 

Parties can formulate demands in different order and all demands can be 
presented by all parties either at once or sequentially one by one. There are no rules 
in which order demands should be presented. Moreover, parties can remain either 
passive (when they only accept or reject the demands made by others) or active 
(when they can change the current proposals to make them more likely to be 
accepted). Each simple change of demands means a new step of negotiation. If 
current demands are not acceptable for the other parties, these parties can return to 
the previous proposition which seems more promising. Therefore, the track of some 
propositions (D'cD) should be kept and recovery mechanisms should support such 
return operations. Taking into account a way of demand formulation and 
presentation, negotiation strategies can be competitive (the parties focus on the best 
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outcomes for themselves), balanced (the parties are looking for a compromise 
following with the objective conditions) and collaborative (the parties try to 
understand reasoning of other sides). Negotiation strategies used by one party can 
vary over time according to the assiimed tactics and current negotiator satisfactions 
and feelings. A graph of negotiation dance very well suggests types of negotiation 
strategies used for a contract completion. 

3. NEGOTIATION QUALITY ATTRIBUTES 

The assumed negotiation model allows us to define quality attributes of negotiation, 
as it is shown in Fig. la. Quality of negotiation (QoN) can be considered taking into 
account the main aspects: personal, process and technical ones. Correct description 
of subjects (QoS) and negotiation goals (QoG) and their proper understanding by the 
parties, as well as personality characteristics of the parties (QoP) are grouped as 
personal aspects of negotiation quaUty. On the other hand, processes of demands 
formulation (QoD) and contract preparation (QoC) belong to negotiation process 
(process aspects). Places and conditions of negotiations and technical means create 
negotiation environment (QoE), which is the other aspect of negotiation quality. In 
many papers, all these quality aspects are described and analysed separately. 
Moreover, the majority of the papers focus on the technical aspects only, primarily 
of how to improve communication channels for delivering the required information. 
Finally, the negotiation outcome (QoO) strictly depends on all aspects given above 
and directly determines a level of negotiation quality. 

parties 

negotiation 
process: 

QoP 

Q o E ' 

environment QoO 

technical aspects; 

a) 
Figure 1 

b) 
• a) The main attributes of negotiation strategy b) The simplified 

negotiation model 

The paper represents the combined approach which takes into account all the 
presented attributes. However, to avoid huge complexity some simplifications have 
been made. First, we focused on personality attributes, which in a way represent 
other personal aspects. Second, we chose QoO as representative attribute of the 
contract, and the negotiation dance as the base for calculating QoD. Third, we 



Analysis of human negotiations for e-business improvements 433 

limited technical aspects to two communication channels: Gf and chat. As a result 
we obtained the quality model as it is shown in Fig. lb. 

It has been assumed that the quality of negotiations is higher when negotiators 
consider all required goals and obtain satisfactory outcomes in a shorter time. As it 
was shown in Section 1, negotiations are the essential part of e-business and make 
clients more content because of a shorter time of execution of business transactions 
and due to better outcome included in the final contract. 

Table 1 shows the main quality attributes and metrics taken into consideration in 
this paper. To present quantitative metrics we consider selling/buying negotiations 
for 1=2 with one negotiator in each party, and J=5. Let assume that b and s represent 
buyer and seller respectively. 

Table 1 - Main quality attributes and metrics for model shown in Fig. 1 b) 
Quality attributes 

Parties characteristics 

Communication channels 
Negotiation strategies 

Outcomes 

Quality metrics 
personalitv (personal feature of the negotiator 
measured by sociology and psychology tests 
experience flow, medium and hish in business 
activities) 
role of participants (seller, buyer) 
position in negotiation (measured bv distance to 
alternatives) 
f2f, chat 
competitive, competitive/balanced, balanced, 
balanced/collaborative, collaborative 
effectiveness - the percentage of negotiations 
with complete contracts in the considered 
experiment 
performance - distribution of negotiation times 
for complete contract in the considered 
experiment 
completeness - the percentage of goals taken into 
consideration for each negotiation in the 
considered experiment 
satisfaction - the relative difference (in %) 
between the obtain outcome and the expected 
outcomes 

Fig. 2 defines main parameters used for analysing quality of negotiations. 
Symbols of min(x) and max(x) denote boundary values of the considered attribute g 
for negotiator x, where x represents either a buyer (b) or a seller (s). These values 
allow to estimate the most expecting outcome area (dotted rectangular area in Fig. 2) 
and to estimate the mean values of demand g (i.e. mv(x)) for both negotiators, i.e.: 

mv\x) = 0.5[min(x)+ max(;ic)] 
In similar way we can estimate the balance outcome {bv): 

bv = 0.5[min(i')+ max(6)j 
The position of negotiator x before negotiation, denoted by pos(x), can be 

defined as difference in values between two parameters: bv and mv(x). "[h&n. pos(x) 
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can be evaluated in the following way: 

I low if hx> P-bv 

medium if a • 6v < At < /? • 6v 

high if tsx<a-bv 

where Ax = |Z>v-mv(x)(, coefficients a, p describe the boundary levels of position 

and in experiments we assume that a = 0.1 -̂  0.2 and p = 2a. niin(b) 

buyer! 

min(s) max(b) 

•^ 

outcome area 

max(s) 

1 value 
- * > of 

] attribute g 
The contract i j ^ , î̂ _ ^ -^ 

value - cv 1 Ab I As ' 
seller 

The mean value of g 
for buyer - mv(b) 

The mean value of g 
for seller - mv(b) 

The balanced value of g - bv 

Figure 2 - Illustration of one of possible distribution of demands and outcomes for 
attribute g of negotiation 

Completeness of negotiation can be evaluated in the following way: 
completeness [%] = (J * / y) • 100%, 

where J is the number of the subject attributes taken into consideration during 
negotiation. 

Satisfaction of negotiation related to the conti'act value (cv) is evaluated by each 
negotiator x separately. Let denote it by sat^(cv), then in general it can be expressed 
by the following formula: 

satXcv) = 

0% if cv < min(A:) 

w{xyyo if min(x) < cv < max(x) 

100% ifcv>meL\{x) 

where: w(A:)=[cv-min(x)]/[max(x)-min(x)]-100. However the above formula 
should be adjusted according to context of g. 

Let note that in Fig. 2, for g = warranty period 25%) < sati,(cv) < 50%) and 
satsfcv) = 0%, but for g = price 50% < sati,(cv) < 75%, sat/cv) = 0%. 

We can normalise the result by restiiction of satisfaction analysis to the existing 
outcome area, then satbfcv) = 100% - sat/cv). 

All above formulas can be used for analysing different kinds of negotiations 
including f2f and cm ones. If our experiments consist of many tours of negotiations, 
the completeness and satisfaction can be expressed as either distribution of values of 
such metrics or as their mean values. 
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4. EXPERIMENTAL RESULTS 

To analyse negotiation quality 156 selling/buying negotiation experiments have 
been done. Each experiment have been proceeding according to the scheme shown 
in Fig. 3. To implement this scheme, computer-based system GAJA was designed 
and implemented (Piotrowski, 2006). It is functional as it offers the possibilities to: 

• monitor several kinds of negotiations (sell/buy, ranking, enterprise), 
• define many versions (instances) of experiments for each kind of 

negotiations, 
• support activities of different types of users (experts, negotiators, 

administrators), 
• quality analysis of negotiators' behaviour, negotiation processes and 

negotiation outcomes. 
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Figure 3 - Experiment schema for negotiation quality analysis 

Table 2 shows the basic items of experiments. All negotiators were randomly 
divided into two groups: sellers and buyers. Then, their personality was tested, and 
pairs of negotiators (seller and buyer) were randomly assigned to one of two 
environments (f2f and chat). Next, each pair of negotiators received the same 
description of the negotiation task with some particular differences for seller and 
buyer. The same suitable initial conditions, admissible values of considered 
attributes were given for all participants. 

After completion of a contract or after finishing negotiation without contract all 
negotiators made self-evaluation of both the processes and the obtained outcomes. 
Besides, the negotiation process was recorded as chat logs or video logs, which 
enables examining outcomes by experts. All collected data can be sent to 
STATISTICA application and analysed in many different ways. 

Below we present only several experiment results strictly coimected with 
negotiation quality analysis. Fig. 4 shows professional experiences of respondents. 
The biggest group (37%) has been working in business for 1-5 years. The next group 
(25%) has less than 1 year experience, which means that respondents were students 
or last year's graduates of our university. 
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Table 2 - Basic items of experiments 
Items 

Negotiators 

Roles, positions 
Subjects 

Attributes 

Negotiation strategies 
Evaluations 

Descriptions 
156 pairs of negotiators, 50% female 50% male, 1=2 
30% for f2f negotiations, 70% for chat 
given in advance in description of negotiation task 
selling/buying negotiation of medical equipment 
having concrete functionality and quality 
price, warranty period, bank credit dm-ation, delivery 
time, cost of maintenance course, J=5 
not suggested 
Special questionnaires to fulfil by experts or 
negotiators 

Other experimental results are shown in Fig. 5. It is easy to notice that chat 
negotiations take more time in comparison to f2f negotiations. Besides, performance 
depends also on the negotiator experience. Time of negotiation is shorter nearly 
twice for negotiators with 10-years experience in business compared to time of 
negotiation for negotiators with no or little experience. Results show that 
negotiators' personalities are also essential factors in this area. 

6- 10 years 16% > to years 10% 

12% none 

1 year 25% 

t- 5 years 37% 

Figure 4 - Professional experience of respondents 

General effectiveness of negotiations was 97,1%, but for f2f and chat 
negotiations 98,4% and 96,6% respectively, which means that also f2f negotiations 
are a bit more effective, but the difference is not really big. General completeness of 
negotiations was 89,1%, but for f2f and chat negotiations 98,1%, 84,5% 
respectively, which means that there is more opportunity to lose some attributes in 
chat negotiations. The reason for ending cm negotiation before reaching contract is 
the tendency to use the strategy of testing partner motivation and position by 
expressing lack of approval for his demands. In context of a few non-verbal signals 
(that are important for building positive negotiation climate and avoiding 
misunderstandings) it can lead to incompleteness of negotiation. 

Factor analysis shows that personal features are the most important factors for 
chat negotiation effectiveness. The most important personal features are 
conscientiousness and extraversion, high level of them indicates high motivation and 
high negotiation position. It is especially important for women negotiating via 
Internet, because to be effective they need to be more conscientious and much less 
agreeable than in fZf meetings. 
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The most important factor for £2f negotiation is the subjective perception of 
negotiation process. The parties that estimate the negotiation cHmate as friendly are 
much more motivated to reach the compromise. The personal feature important for 
i2f negotiators is neuroticism - the lower level better negotiation results. 

Number of 
respondents 

[ta%l 

Negotiation time 
[in minutes] 

15 25 36 

Figure 5 - Distribution of negotiation time (performance) for f2f and chat channels 

Fig. 6 shows that negotiators working in natural environment gain the biggest 
satisfaction. However, in the case of chat negotiations more respondents get the 
mean satisfaction. 

10 20 30 40 50 60 70 

satisfaction 

90 100 f'" "̂ 3 

Figure 6 - Distribution of satisfaction for fZf and chat negotiations 

Fig. 7 shows that, in general, negotiators communicating by chat use the 
competitive strategy (they use strategies of accusing and frightening interlocutors 
more frequently), inversely than negotiators working in natural environment. The 
latter prefer the co-operative strategy. However, the balanced strategy for both 
environments is the most preferable one. 

5. FINAL CONCLUSIONS 

The paper presents a quantitative model of negotiation. This model enables 
evaluating quality of negotiation in different enviroimients and comparing these 
environments in order to point out the most important drawbacks. Four quality 
attributes are defined and analysed. It was shown that the effectiveness and 
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completeness are strictly related to negotiators' personality and experience. The 
performance and satisfaction depend on personality of negotiators and their 
positions (evidently in chat negotiations). Negotiation strategies also impact on the 
performance and satisfaction. 

I chat 

I f2f 

competitive balanced collaborative 
competitive/ objective objective/ collaborative 

Figure 7 - Used negotiation strategies in f2f and chat channels 

A very important conclusion is that technical aspects are not the main ones but 
they are still very important for chat negotiations. This means that application of 
modem communication technology needs further changes to increase negotiation 
quality. To improve the completeness, effectiveness, performance and satisfaction of 
negotiations more intelligent and flexible tools are required. Such tools should be 
able to check, control and predict behaviour of negotiators and register, analyse and 
predict the negotiation dances. Then we will be able to control an increase of 
negotiation quality and in consequence to improve quality of e-business 
transactions. 
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Nowadays, Virtual Enterprise (VE) is an important paradigm of business 
management in agile manufacturing environment. Clearly, there is a need for a 
mechanism through which these different functions can be integrated together. 
In this paper, we focus on negotiation process in VE formation to clarify its 
effective management. Each enterprise in VE is defined as agent with multi-
utilities, and a framework of multi-agent programming with marketing science 
and N-person game theoretic approach is newly proposed as negotiation 
algorithm amongst the agents. We develop a computer simulation model to 
form VE through multiple negotiations amongst several potential members in 
the negotiation domain, and finally clarify the formation dynamism with the 
negotiation process. 

1. INTRODUCTION 

Nowadays, Virtual Enterprise (VE) is an important paradigm of business 
management in agile manufacturing environment [1]. VE exists in both service and 
manufacturing organizations, although the complexity of the each enterprise may 
vary greatly from industry to industry. Traditionally, marketing, distribution, 
planning, manufacturing, and the purchasing organizations operated independently. 
These organizations have their own objectives and these are often conflicting. The 
result of these factors is that there is not a single, integrated plan for the organization 
- there were as many plans as businesses. Clearly, there is a need for a mechanism 
through which these different functions can be integrated together. 

In this paper, we focus on negotiation process in VE formation to clarify its 
effective management. Each enterprise in VE is defined as agent, and a framework 
of multi-agent programming with marketing science and game theoretic approach is 
newly proposed as negotiation algorithm amongst the agents. Each unit is defined as 
agent in our VE model, and their decision makings are formulated as marketing 
science models [2] and N-person game theoretic methodology [3]. 

We firstly classify business model into three types, such as vertically integrated 
business model, horizontally specialised business model and hybrid business model. 
Then we propose CNP based negotiation protocol amongst enterprises with 
marketing science models, such as lexicographic model and Maximum Likelihood 
Hierarchical (MLH) model, and N-person game theoretic approach. CNP models 

Please use the following format when citing this chapter: 

Kaihara, T., Fuji, S., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric Collaboration 
and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., OUus, M., (Boston; Springer), pp. 439-448. 



440 NETWORK-CENTRIC COLLABORATION 

transfer of control in a distributed system with the metaphor of negotiation among 
autonomous intelligent beings [4], CNP consists of a set of nodes that negotiate with 
one another through a set of message. Nodes generally represent the distributed 
computing resources to be managed, correspond to "enterprises" in this paper. 
Marketing science based negotiation is applied into the vertically integrated business 
model considering a realistic enterprise management strategy. The horizontally 
specialised business model includes N-person game theoretic negotiations to realise 
the coordination amongst enterprises in the same business segment. We develop a 
computer simulation model to form VE through multiple negotiations amongst 
several potential members in the negotiation domain, and finally clarify the 
formation dynamism with the negotiation process. 

2. BUSINESS MODEL IN VE 

2.1 VE Concept 

Virtual enterprises are defined as "agile" enterprises, i.e. as enterprises with 
integration and reconfiguration capability in useful time, integrated from 
independent enterprises, primitive or complex, with the aim of taking profit fi:om a 
specific market opportunity. After the conclusion of that opportunity, the virtual 
enterprise dissolves and a new virtual enterprise is integrated in order to achieve the 
necessary competitiveness to respond to another market opportunity [2]. 

The knowledge and physical resources associated to the development and 
production of most of today's products often exceed what a single firm is able to 
accomplish. The new production enterprise is a network that shares experience, 
knowledge and capabilities - it is critical in this new environment for a 
manufacturing company to be able to efficiently tap these knowledge and 
information networks. 

The organisational challenge of partitioning tasks amongst partners is of main 
concern, and can determine the success or failure of a project in the distributed 
manufacturing environment. They can fit and take advantage of the different 
competencies in VE, and that leads to their coordination and reconfigurability in 
order to keep alignment with the market requirements. 

Faced to the requirements of competitiveness that the current environment is 
demanding, enterprises are expected to present at least the following characteristics: 

- Fast reconfigurability or adaptability: the ability of fast change face to the 
unpredictable changes in the environment / market, implying substitution of 
resources (transition to a new A/V E instantiation) 

- Evolutionary capability: the ability to learn with history. 
Needless to say, it is very important and difficult activity in forming a virtual 

enterprise to select appropriate business partners, i.e. partnering, because each 
enterprise considers not only pursuing its profit but also sharing the risk to join the 
virtual enterprise. The partnering is described as coordination activity amongst the 
enterprises, and some sophisticated coordination mechanism is required to realise 
efficient interactions. 

The development of coordination mechanism in computer science can be found 
in the area of workflow management system, computer supported cooperative work 
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(CSCW), and multi-agent systems. The area of multi-agent systems, especially when 
involving intelligent autonomous agents, has been discussing coordination issues 
and supporting mechanism [5][6][7]. The interaction capability, both amongst 
agents and between agents and their environment, is one of the basic characteristics 
of an agent. In this paper we focus on the contract net protocol (CNP), that is one of 
the mechanism coming from the early works on multi-agent systems [5], as the 
coordination and negotiation mechanism amongst business units in VE. 

Ipvver 
streaffi 

IGustorner 

Figure 1 VE model 

Figure 1 shows the assumed VE model in this paper. We call an enterprise as 
unit, and there exist m layers, which have «„ units in the VE model. The lowest level 
corresponds to consumers who can create original task requests to the VE. As the 
layer number, m, increases, we describe it 'lower' based on the product flow order 
in this paper. 

At first, the customer dispatches new order to all the imits in layer m, and then 
several units, which are satisfied with the order, responds and circulates the order 
toward upper units in the VE model. Finally a VE with single supply chain will be 
established for the order as a consequence of their negotiations through all the 
layers. 

2.2 BusinessModelinVE 

As described in the previous section, there exist many business models in VE 
environment. We classify three types of business models in this study, such as 
vertically integrated business model, horizontally specialised business model and 
hybrid business model. 

Generally we can observe vertical business models in traditional industries. In 
this business model the manufacturing business processes top-down as well as 
bottom-up from the process requirements, resulting in an integrated approach to 
overall business requirements. We will call this business model, which is based on 
end-to-end proprietary solutions that lock a customer to a manufacturer, a "vertically 
integrated business models". Each unit at the same layer in figure 1 never tries to 
cooperate in our vertically integrated business model, because each unit is keen to 
find its appropriate partner just in vertical directions. For example, Unit,j tries to find 
an alliance unit at each neighbouring layer: layer («-l) and (j'+l) in figure 1. 
Consequently only one SC can be formed in this business model. We introduce 
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consumer's behaviour in marketing science into unit behaviour, and that makes our 
VE model more practical. 

On the other hand, enteiprise relationships may represent a forerunning pattern 
of the learning alliance, whereby ongoing close interaction of horizontal alliance 
partners at single level or multiple hierarchical levels can be used to facilitate the 
mutual accumulation of superior organizational capabilities within the alliance 
firms. We will call this business model a "horizontally specialised business model". 
All the units at the same layer try to cooperate to maximise their profit in total in our 
horizontally specialised business model. They behave as if they are under joint 
management, and we can see a kind of this style of management in industrial cluster 
in Japan [8]. We apply N-persons game theory to formulate their behaviour in 
cooperation, because it describes a decision-making process to find their equilibrium 
solution in social manner. 

Finally hybrid business model combines above-mentioned 2 business models. 
There exists a parent-child relationship amongst units in VE, and parent company 
has advantageous in their contract. Units in the child companies try to keep their 
harmony as a group sharing a common destiny in their management. We apply an 
alliance strategy based on cooperative game theory in this model. 

3. AGENT DEFINITIONS 

3.1 Unit Structure 

Each unit (enterprise) is defined as agent in our VE model, and its structure is 
described in figure 2. We adopt CNP as the coordination and negotiation mechanism 
amongst the units. CNP models transfer of control in a distributed system with the 
metaphor of negotiation among autonomous intelligent beings. CNP consists of a set 
of nodes that negotiate with one another through a set of message. Nodes generally 
represent the distributed computing resources to be managed, correspond to "units" 
in this paper. 

Unit 
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^ — Task i ——____^ 

Ĉ  1 Manageri || Contractori \) 
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Figure 2 Unit structure 

An agent (=umt) can act both as a manager and a contractor of a delivery sets. 
When a unit receives new order (= task announcement) i, it creates a contractor / 
manager set (Manager i I Contractor i) for the task inside. Manager i creates a new 
order towards the higher units to secure the contract with the lower layer. 
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3.2 Negotiation Algorithm 

Negotiation steps according to agent roles are described as follows: 
Manager (in layer x) 

Step Ml: Create a new task based on the received bid information. 
Step M2: Task announcement (TA) to the lower units. 
Step M3: After the bidding period expired, check all the acquired bids according to its 

standard. If there exists no bid to select, go to M4. Otherwise go to M5. 
Step M4: Modify the task and go to M2. 
Step M5: Select the task and send reward (Reward) to the corresponding unit. 

Contractor (in layer .y-l) 
Step CI: Evaluate the received TA, and if satisfied, then create an estimated bid. Otherwise 

wait next TA. 
Step C2: Send the bid to the Manager. 
Step C3: If the contractor can get the contract, then request the manager in it to create TA to 

layer (x-2). 
We prepare several parameters to define unit behaviours as follows: 

P^^ :TA price of Unity g*^ : TA quantity of Uniti, 

Li{^ : TA lead time of Unity g^^"^': Bid quantity of Unit p+Dy 

L^lf^^ : Bid lead time of Unity+D^ P^^: Bid price of Unity 

g|^^ : Bid quantity of Unity- Z|/^: Bid lead time of Unity 

P^^-"'^': TA price of Unit y+iy Q^rT^' • TA quantity of Unit (,+i)j 

i'jlj"'̂ "': TA lead time of Unit(,+i)y cos^,..: process cost of Unity per product 

profitj. '• profit rate of Unity processingime,..: process time of Unity per product 

procuretim,..: estimated procure time of Unity per product 

Unit formulation in each business model is described in the following sections. 

3.3 Vertically Integrated VE Model 

CNP is just only the skeleton in the negotiation algorithm, and it is necessarily to 
define how to select the appropriate bid (Step M5) to establish profitable contract. 
Marketing science based negotiation is applied into the managers' decision makings 
to realise sophisticated bid selection based on consumers' behaviours in the 
vertically integrated business model. 

First of all, each attribute of managery in TA producing process (Step Ml) is as 
follows: 

Pl,=costyX(\~profity) (1) 

Ql,=Q^S'' (2) 
^ L = L'-I^D' - Qim' X processingtime, (3) 

Then contractory tries to create its bid (Step CI) against TA from manager in 
layer (z'+l) by the following equations: 

Pi^^=cos;^.x(l + prq/zry/2) (4) 

eL=2«" 'xa + PK) (5) 
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^%D - Q'BID ^ (processingtimey + procuretimCy) (6) 

Marketing science approach is applied in the bid selection mechanism (Step M5) 
in the vertically integrated VE model. We consider 2 types of marketing science 
model, named lexicographic model and MLH model [3]. Bid selection mechanism is 
described in each model as follows: 

Lexicographic model: 
Step LI: Set priorities on all the attributes. 
Step L2: Select a bid with the highest value in the attribute. In case of a tie, move 

to the next attribute and check the highest value. This routine is continued until only 
one bid is selected. 

MLH model: 
Step MLHl: Set priorities on all the attributes. 
Step MLH2: Standardise the highest atttibute with the following equations: 

_ (highest Zy amongst unselected j ) - Zy 

" highest Z.J amongst unselected j 

where z..: evaluation value of task7 on / th attribute 

'z-j: standardised Z-. 

Step MLH3: If z..is within the tolerable amount (i.e. tolerance error: T- %), then 
keep this attributes for the calculation in the next step. 

Step MLH4: After all the attributes are evaluated, then the preference index Vj 
of task j is calculated: 

^j = ( ^ i - ? ' i ; ) x ( 7 2 - ^ 2 , - ) x - - - x ( 7 ; - Z | / ) (8) 
Finally selection probability of tasky is calculated by the following equation: 

Pj=Vj^tK (9) 

3.4 Horizontally Specialised VE Model 

The horizontally speciaHsed business model includes N-person game theoretic 
negotiations to realise the coordination amongst enterprises in the same business 
segment. In this model we consider there is a coordinator to manage the negotiation 
process amongst all the enterprises (i.e. contractors) in each layer. The coordinator 
in layer i manages all the units in the layer. It receives all TAs form lower layer 
(/+1) on behalf of coordinators in the layer i, and replies the manager. N-person 
cooperative game approach is applied to share its profit amongst all the units in the 
layer based on their attributes. So it is regarded as a kind of joint order organisation. 

Firstly, TA producing process (Step Ml) is in common to the vertically 
integrated business model. Then the Bidding process is automatically replied based 
on the received TA, unless it yields no profit in any cooperation of contractor units 
(Step C2). So the attributes in the bid are defined as follows: 

PL=^''' (10) 
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Finally the order sharing process is formulated with axioms called Sharpley 
value. We applied the Shapley value because our VE cooperation model doesn't 
always satisfy super-additivity condition. The Shapley value describes one approach 
to the fair allocation of gains obtained by cooperation among several actors even in 
non super-additivity condition. The setup is as follows: a coalition of actors 
cooperates, and obtains a certain overall gain from that cooperation. Since some 
actors may contribute more to the coalition than others, the question arises how to 
fairly distribute the gains among the actors, in other words, how important is each 
actor to the overall operation, and what payoff can they reasonably expect? The 
Shapley value is one way to distribute the total gains to the actors, assuming that 
they all collaborate. 

At first we define characteristic function (F(5)) as follows: 

ViS) = U^^,^AS)xU,„,,„AS) (13) 

where U^^^j-,, (S) : profit in cooperation 5, f/,̂ ^̂ ,̂.̂^ (S) : Boolean of lead 

time constraint (1: OK, 0: NG) 
Then the task is divided under the cooperation S', which maximises y(S). The 

contribution of unit i in cooperation S is calculated as follows: 

,.- S fclMl^HS, _ . ( , ,„„ (14) 

where Â : a set of all units, v: all the profit in cooperation S, \S\ : the number of 
members in cooperation S, iS\{i}): cooperation without unit / 

Then naturally the following equation is acquired: 

X(^,(v)-v(A^) (15) 
So the profit, which gained in the coordinator, is divided into each unit in the layer 
according to the Sharpley value in (14). 

3.5 Hybrid VE Model 

Hybrid business model combines above-mentioned 2 business models. There exists 
a parent-child relationship amongst units in VE, and parent company has 
advantageous in their contract, such as in automobile or space industries. Units in 
the child companies try to keep their harmony as a group in their management. 

TA producing process (Step Ml) has also no difference in above-mentioned 2 
business models. Then contractor;,- creates its bid (Step CI) against TA fi'om 
manager in layer (i+1) by the following equations: 

PL=^ost.j(l + profit^j) (16) 

eL=er''/A^,- (17) 
•̂ B/fl = QTA X (processing time y + procuretim e,̂ .) (18) 

where N: the number of cooperate units in layer i 
Finally the bid selection process by manager (Step M5) is formulated by the 

cooperative game theory under super-additivity condition. We define characteristic 
function (V{S)) as follows: 
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V(S) = U^„^AS)xU 
leadtime 

iS)xU,,,„,^AS) (19) 

where [/̂ ro/?; C'̂ ) ' manager's profit in cooperation S 
Then the characteristic fiinction values in all the received bids are calculated and 

the manager finally selects the bid with the highest value amongst them. 

4. EXPERIMENTAL MODEL 

We have developed a computer simulation model to analyse VE formation 
dynamism through multiple negotiations amongst several potential members in the 
negotiation domain. Although many experiments have done in this study, only a part 
of our analytic results is explained in this paper due to page limitation. The 
simulation parameters are shown in table 1. 

m 

3 

n 

3,10 

Ti 

0.4 

COStflj 

15-
25 

Table 1 Experimental ] 
COStij 

45-
55 

C0St2j 

85-
95 

profitij 

0.17-
0.23 

oarameters 
pluSij 

0.08-
0.12 

Processing-
timeii 
0.08-
0.12 

Procure-
timeii 
0.10-
0.20 

The performances of finally acquired VE in three business models are compared 
in Table 2 (Model 1: vertically integrated business model). Table 3 (Model 2: 
horizontally specialised business model) and Table 4 (Model 3: hybrid model). We 
tried to analyse the VE robustness of each business model against "due date change" 
and "production volume change" in this experiment, and 500 trials are examined in 
each business model. The default due date and production volume are set to 30 and 
100, respectively, and (0.5, 1.0), for example, means due date is shorten to 1/2 (0.5) 
and production volume is equivalent (1.0) to the default in these tables. Only the 
results of lexicographic model are described in Table 2. 

The following points have been observed in those experiments: 
- Any models don't satisfy lead time (15.00) in (0.5, 1.5), because the 

requirement change is too heavy to handle. 
- Lead time is satisfied at Model 2 and 3 both in (0.5, 1.0) and (1.0, 1.5). These 

relatively slight changes are manageable in those business models except 
Model 1. 

- Total profit is the highest at Model 1, because only the contributed units can 
take direct profit. Additionally stock is the least at this model. 

- Model 3 attains the shortest lead time in most cases. 
These results have been summarised as follows: 
- It is difficult for vertically integrated business model to adapt due date change 

and production volume change, because it doesn't include any unit 
cooperation mechanisms. However, it performs best in profit, and this model 
is efficient in case there are enough margins in lead time (i.e. stable 
situations). 

- Horizontally specialised business model is robust against due date change and 
production volume change, although the profit is less than vertically 
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integrated business model. This business model is suitable to agile 
manufacturing situations with autonomous cooperation alliance. 

Hybrid model takes a middle position between vertically integrated business 
model and horizontally specialised business model. Although it takes 
advantages of both models, it has been observed that the shared profit is 
inclined into lower layer units in SC. 

Table 2 Experimental 

Table 

Profit 
Stock(WIP) 
Lead time 

Profit 
Stock(WIP) 
Lead time 

results of vertically integrated business model (Model 1) 
(1.0, 1.0) 
Ave. 
8076.05 
21.14 
24.10 

Std. Dev. 
947.00 
2.50 
2.82 

(1.0, 1.5) 
Ave. 
12098.30 
31.64 
36.10 

Std. Dev. 
1413.53 
3.79 
4.21 

(0,5, 1.0) 
Ave, 
8076,05 
21,14 
24.10 

Std. Dev. 
947.00 
2.50 
2.82 

(0.5, 1.5) 
Ave. 
12098.30 
31.64 
36.10 

Std. Dev. 
1413.53 
3.79 
4.21 

3 Experimental results of horizontally specialised business model (Model 2) 

Profit 
Stock(WIP) 
Lead time 

Profit 
Stock(WIP) 
Lead time 

(1.0, 1.0) 
Ave. 
6179.73 
21.28 
16.44 

Std. Dev. 
730.06 
2.57 
2.14 

(1.0, 1.5) 
Ave. 
9263.05 
32.12 
25.49 

Std. Dev. 
1084.19 
3,82 
2.99 

(0.5, 1.0) 
Ave. 
5919.06 
21.82 
13.47 

Std. Dev. 
708.20 
2.68 
1.81 

(0.5, 1.5) 
Ave. 
8889.12 
33.04 
20.67 

Std. Dev. 
1047.26 
3.81 
2.59 

Table 4 Experimental results of hybrid model (Model 3) 

Profit 
Stock(WIP) 
Lead time 

Profit 
Stock(WIP) 
Lead time 

(1.0, 1.0) 
Ave. 
7928.55 
22.32 
16.69 

Std. Dev. 
930.86 
2.70 
2.07 

(1.0, 1.5) 
Ave. 
11877.20 
33.49 
24.95 

Std. Dev. 
1390.56 
4.02 
2.99 

(0.5, 1.0) 
Ave. 
7628.55 
22.32 
12.98 

Std. Dev. 
930.86 
2.70 
1.62 

(0.5, 1.5) 
Ave. 
11877.20 
33.49 
19.41 

Std. Dev. 
1390.56 
4.02 
2.31 
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5. CONCLUSIONS 

In this paper, we focused on negotiation process in VE formation to clarify its 
effective management. We firstly classified business model into three types, such as 
vertically integrated business model, horizontally specialised business model and 
hybrid business model. Then we proposed CNP based negotiation protocol amongst 
enterprises with marketing science models, such as lexicographic model and MLH 
model, and N-person game theoretic approach. Marketing science based negotiation 
was applied into the vertically integrated business model considering a realistic 
enterprise management strategy. The horizontally specialised business model 
included N-person game theoretic negotiations to realise the coordination amongst 
enterprises in the same business segment. We developed a computer simulation 
model to form VE through multiple negotiations amongst several potential members 
in the negotiation domain, and finally clarified the formation dynamism with the 
negotiation process. It has been confirmed that the vertically integrated business 
model is profit-oriented and it is the best in relatively stable business situations. On 
the contrary, horizontally specialised business model is robust against the order 
change, and it suits agile manufacturing situations. Hybrid business model is 
moderate characteristic between them, and it seems useful practically as often shown 
in real situations. 

6. REFERENCES 

1. Camarinha-Matos, L. M. et al.. The virtual enterprise concept, Infrastructures for virtual enteiprises, 
Kluwer academic publishers, Boston, pp.3-14,1999. 

2. Katahira H., Marketing science (in Japanese), Tokyo university press, Tokyo, 1987. 
3. Von Neumann, J. et al.. Theory of Games and Economic Behavior, Princeton University Press, 1947. 
4. Smith, R., The contract net protocol, IEEE Transaction on Computers, C-29, pp. 1104-1113, 1980. 
5. Kaihara, T. and S. Fujii, A study on virtual enterprise coalition with multi-agent technology in agile 

manufacturing environment, International Journal of Advanced Manufacturing Systems, Vol.1, 
No.2,pp.l25-139,2002. 

6. Kaihara, T. and S. Fujii, IT based Virtual Enterprise Coalition Strategy for Agile Manufacturing 
Environment, Proc. of the 35th CIRP Int. Seminar on Manufacturing Systems, pp32-37, 2002. 

7. Durfee, E. et al.. Coherent cooperation among communication problem solvers, IEEE Transaction on 
Computers, N 36, pp.1275-1291,1987. 

8. Kansai Bureau of Economy, Trade and Industry, URL: http;//www.kansai.meti.go.jp/3-2sanki/cluster-
beam/english.html. 



PART 1 5 

ICT PLATFORMS FOR COLLABORATION 



THE ECOLEAD ICT INFRASTRUCTURE 
FOR COLLABORATIVE NETWORKED 

ORGANIZATIONS 

Ricardo J. Rabelo', Sergio Gusmeroli^, Cristina Arana^, Thierry Nagellen'' 
' Federal University of Santa Catarina, BRAZIL, rabelo(3),das. ufsc. br 

^ TXT Company,ITALY, sersio.susmeroli(a),txtsrouv.com 
^ Software AG Spain,SPAIN, carana(a),softwareae.es 

"* France Telecom, FRANCE, thierry. nagellen(S)francetelecom. com 

This paper presents a distributed and open ICT infrastructure that is being 
developed in the ECOLEAD 1ST IP project to help members of Collaborative 
Networks in doing businesses and collaborations more efficiently. ICT-I design 
relies on the sewice oriented architecture paradigm, and it is implemented with 
web-services. ICT-I services are to be used on demand and pay-per-use 
models. It is flexible to support an easy entrance of new sei-vices and the 
withdrawn of others. So far the type of organizations envisaged by the 
proposed ICT-I are the ones members of virtual breeding environments, virtual 
organizations and professional virtual communities. This paper details the ICT-
I requirements, its architecture and services. A small description of a first ICT-I 
prototype is given in the end. 

1. INTRODUCTION 

Reinforcing the effectiveness of collaborative netvi'orks and creating the necessary 
conditions for making them an endogenous reality in the industrial landscape, 
mostly based on SMEs, is a key survival factor. Collaborative Networked 
Organizations (CNOs) has been considered the discipline in charge of studying all 
the manifestations of organizations when they work in an inter-linked and organized 
way (Camarinha-Matos et al., 2004a). One of these manifestations is Virtual 
Organization (VO). A VO is a dynamic, temporary and logical aggregation of 
autonomous organizations that cooperate with each other as a strategic answer to 
attend a given business opportunity or to cope with a specific need, and whose 
operation is achieved by a coordinated sharing of skills, resources and information, 
totally enabled by computer networks (Rabelo et al., 2004). 

The implantation of any form of collaborative network depends on the existence 
of an ICT infrastructure/middleware that allows different distributed/heterogeneous 
applications/actors to communicate with other transparently and seamlessly. 

The fast evolution of ICT technologies with reduced life cycles and the need to 
cope with technologies with different life cycles and at different stages of the 
corresponding Ufe cycle have represented a major difficulty for developing 
advanced collaborative tools. Therefore, in order to leverage the potential benefits of 
collaborative networks, more flexible and generic infrastructures need to be 
designed and implemented enabling networked organizations to agilely define and 
set-up relations with other organizations (Camarinha-Matos et al., 2004b). 

Please use the following format when citing this chapter: 

Rabelo, R. J., Gusmeroli, S., Arana, C, Nagellen, T., 2006, in IFIP International Federation for Information Processing, Volume 
224, Network-Centric Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., OUus, M., (Boston: 
Springer), pp. 451-460. 
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This paper presents the ongoing work for developing an ICT infrastructure {ICT-
I) that deals with such requirements. It is being developed within the ECOLEAD 
Project (www.ecolead.org), which aims to create strong foundations and 
mechanisms needed to establish the most advanced collaborative and network-based 
industry society in Europe. 

The paper is organized as follows: Section 2 stresses the requirements of an ICT-
I for CNOs. Section 3 introduces the proposed ICT-I rationale and architecture. 
Section 4 depicts the ICT-I services. Section 5 gives an overview of a first 
implementation. Section 6 provides preliminary conclusions and future steps. 

2. REQUIREMENTS OF AN ICT-I FOR CNO 

When dealing with ICT infrastructures for CNOs it is also important to consider the 
different nature and size of the companies. In Europe, more than 98% of the 
companies are SMEs (Europe-EU, 05). As such, most of them have difficulties to 
have access to the main products of the market as they are very complex, costly and 
requires a high investment on software and hardware (and people to maintain this). 
Actually, available solutions and business frameworks offer some support for 
collaboration. They support quite well traditional business processes transactions 
(purchasing, selling, manufacturing, shipping, etc.) and their integration at the intra-
organizational level. More recently they have been also investing on the support of 
these transactions at inter-organizational level. These transactions represent means 
to support effective collaboration, i.e. they can be seen as collaborative services. 

However, the kind of collaboration required by CNOs is rather different. In the 
envisaged scenario of the ECOLEAD project, primary sources of requirements are 
VBE - Virtual Organizational Breeding Environment (Afsarmanesh et al., 2005), 
VOM - Virtual Organization Management (Karvonen et al., 2005) and PVC -
Professional Virtual Communities (Bifulco et al, 2005) types of CNOs. Roughly, 
this means the need for building an ICT infrastructure that allows well established 
groups of enterprises and of professionals to collaborate between each other as well 
as to manage this collaboration. Each of these areas has different needs, dependent 
on the nature of a CNO and of its actors. For example, both VBEs and PVCs need: 
ways to exchange information between their members in a secure way; services for 
VO creation support (e.g. partners search and selection, negotiation); CSCW tools to 
augment the efficiency of a collaboration as well as to manage involved IPR; means 
to monitor and to assist decisions upon current VOs; information historical should 
be generated and managed; business processes should be modeled and further 
supervised; among many other needs. These requirements cover part of the problem 
and can be seen as "vertical" and specific requirements. 

Other requirements are technological, i.e. more "horizontal", independent on the 
nature of a CNO and of its actors. Some relevant requirements are: open, scalar and 
technology-independent infrastructure; federated information and resources 
management; flexible control mechanisms supporting a large variety of behaviors; 
full e-transaction security; privacy guarantee; and infrastructure reliability. 

There are many B2B frameworks and collaborative platforms developed as 
products and in research projects that could be used to support those collaborative 
requirements. However, they present several relevant restrictions for their fast and 



The ECOLEADICT infrastructure for CNOs 453 

easy adoption by (CNOs of) professionals and SMEs. Most of them, at several and 
variable levels, are not open at all, are not free, requires huge infrastructures, are 
very expensive and complex to deploy and difficult to use, and they don't support at 
all the CNO requirements. That is the niche ECOLEAD ICT-I intends to embrace. 
Actually, it doesn't aim to compete with existing platforms. Instead, some of them 
will be used to support specific issues (e.g. fault tolerance, services persistence), 
some of them will be complemented and/or adapted to ICT-I needs (e.g. CSCW and 
ontology tools) and there are issues for which specific CNO-related solutions will be 
developed. Therefore, ECOLEAD ICT-I will act as a comprehensive, integrated, 
seamless and ttansparent platform to better support CNO needs. 

3. PROPOSED ICT-I 

ECOLEAD ICT-I intends to cover part of this gap based on the vision of a plug & 
play infrastructure. This means that any VBEA^O/PVC member will be provided 
with adequate tools to be easily plugged into the ICT-I / CNO community and to 
play (i.e. to collaborate with other organizations) in secure, on-demand and pay-per­
use way. In resume, ICT-I enables people to collaborate, systems to interoperate, 
knowledge to be shared, and processes to be synchronized. The authors advocate 
that, as such, ICT-I represents a step towards reaching the requirements of the 
service oriented economy of the future and sustainable business networks^. 

In order to cope with this need, ECOLEAD ICT-I has been fully developed 
based on open platform-independent specifications and ICT standards. 

There is a number of conceptual approaches that can be applied to support these 
features. ICT-I applies the SOA {Service-Oriented Architecture) approach. SOA can 
be generally defined as an architectural paradigm for components of a system and 
interactions or patterns between them (Singh et al , 05). In other words, it can be 
seen as an application architecture in which all ftmctions - or sei-vices — are defined 
using a description language and have invocable interfaces that are called to perform 
business processes. A service is seen as a software element that can both call for 
another service and be called by another service or, in other terms, a software system 
designed to support interoperable machine-to-machine interaction over a network 
(www.w3C.org). A service has an interface described in a machine-processable 
format that is usually platform-independent, meaning that a chent from any device 
using any operating system in any language can use the service. 

Web-services (WS) is the core technology that has been used to implement the 
SOA approach in the ECOLEAD ICT-I. 

An important feature for the desired flexibility and scalability is that ICT-I is not 
a monolithic piece of software that follows the traditional notion of middleware as a 
"close world bus" that allows integration of distributed / heterogeneous parts. 
Instead, ICT-I is seen as a "pulverized" open bus composed of many distributed 
services. That is why it has been called ICT infrastructure and not ICT middleware. 

3.1 Services Federation 
A Federation corresponds to groups of devices and software components into a 
single, dynamic distributed system. The resulting federation provides the simplicity 
of access, ease of administration, and support for sharing that are provided by a large 
monolithic system while retaining the flexibility, uniform response, and control 
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provided by a personal computer or workstation. Members of the federation are 
assumed to agree on basic notions of trust, administration, identification, and policy. 
The dynamic nature of a federation of services enables services to be added or 
withdrawn from a federation at any time according to demand, need, or the changing 
requirements of the workgroup using it (Sun, 99). 

Adapting this concept to the envisaged ICT-I environment means to see all the 
involved services as members of a community, the Services Federation. This 
federation comprises the set of distributed services related to; i) the own ICT-I 
lifecycle and to the supporting services for high-level applications; ii) the CNO life 
cycle (cornprising VBE, PVC and VOM vertical services); and iii) legacy / (intra-
organization) systems services. The goal is that all existing services can coexist in a 
virtual logical repository of services and that can be accessed transparently and 
seamlessly according to some rules. From the ICT-I point view, the users and 
applications do not need to know about which services are needed to support a 
collaborative transaction, where they are, how they should be executed, and which 
technologies have been used in their implementations. Services are invoked, 
searched, discovered and properly executed no matter where they are. 

One of the ICT-I underlying goals is to act as a catalyzer of independent 
software providers that can provide their services through the ICT-I. Such 
community can therefore be seen as a "CNO of services providers", which in turn 
has to establish its own policies and rules. 

3.2 ICT-I Scope 
The use of the ICT-I can be illustrated in Figure 1. Each CNO organization/actor 
tends to have its own portal. Each portal represents the access to services that have 
user interfaces. Depending on the configuration done, wider integrated collaborative 
portals can be created. The services themselves are stored in distributed services 
repositories, forming the Services Federation. From a user-centric perspective, CNO 
actors can, under flexible but well defined security and on-demand usage policy 
models, communicate (Q, access data and information repositories (£)), search and 
retrieve distributed bodies of knowledge as well as ontologies {K), and monitor and 
control the execution of business processes among CNOs (P). 

From another side, networked organizations have their legacy systems. They 
perform their business transactions making use of ERP systems / B2B platforms, 
generating information to corporate databases. In general, ICT-I assumes that this 
information can be accessed by enterprise's services that somehow wrap existing 
legacy functions as well as that ICT-I services can also be invoked fi-om enterprises' 
environments. This extends the level of collaboration as all (wrapped) enterprises' 
services can be accessible by other enterprises, according to security configurations. 

As stressed in section 4, ICT-I is composed of Horizontal (C K P D) and Basic 
services. In practice, its services can be invoked in three basic situations: (a) Client-
Server, (b) Intra-Server, and (c) Server-Server. Diverse ICT-I services (see section 
4) can be invoked in each of these three situations. Client-Server case is used when a 
CNO actor (e.g. a VBE member) wants to access services provided by other CNOs 
through a centralized portal server. For instance a VO Planner who wants to know 
the competencies of VBE members or to open collaboration sessions with human 
peers in the CNOs. In this case, ICT-I needs to support the security and messaging, 
for instance. Intra-Server is used whenever a CNO portal is designed under SOA 
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concepts, aggregating several vertical services. Depending on the business rules that 
have driven the services' logic, ICT-I can support, for instance, the orchestration of 
the required services. Server-Server is used to support inter-CNO collaboration. For 
example, when a PVC portal needs to access a VBE for obtaining the list of 
companies that has some profile. In this situation semantic mediation service for 
dealing with the different ontologies can be used. 
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Figure 1 - Example of a scenario for the use of ICT-I 

3.3 Interoperability and Security 
Interoperability and security play an essential role in any infrastructure where CNO 
actors are distributed and heterogeneous. These two issues are covered in this paper 
in a very shallow way as it intends to focus on the ICT-I architecture. Detailed 
information about the ICT-I approach and strategy for interoperability and security 
can be found in (Arana et al., 2005) and (Sowa et al., 2006), respectively. 

Interoperability is not the focus of the ECOLEAD ICT-I. It is seen as an enabler 
for collaboration. In this sense, attention has been put only on the essential aspects 
of interoperation required to support the plarmed collaborative services, also 
benefiting from outcomes of other initiatives in the area. The interoperability scope 
comprises the cases (a), (b) and (c) mentioned in the previous section. 

Security in CNO is fundamental as a way to reinforce trust building. The security 
framework that is being incorporated in the ICT-I supports authentication, 
authorization and accounting along the collaborative transactions that are carried out 
among CNO partners, regarding the different roles and privileges each one has in a 
CNO. This framework is flexible, allowing responsibilities (and eventually 
delegations) to be dynamically assigned to actors and required security mechanisms 
settled accordingly. It means that the access to the services of the federation is 
filtered considering the CNO actors' privileges, as illustrated in figure 2. 
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Services 
Federation 

Figure 2 - Local Service Registries / Services Visibility 

3.4 ASP Model 
Considering the essential natural of CNO members (vv'hich uses to have significant 
financial and human resources restrictions to buy and to maintain sophisticated and 
huge infrastructures), their natural geographic distribution and mobility issues, ASP 
{Application Service Provider) model (Dewire, 2002) seems the most adequate for 
the ICT-I. This means that ICT-I services are accessed remotely, on demand, paid-
per-use, based on a contractual software-based service for hosting, managing and 
providing access to the services federation, no matter where the (distributed) 
repositories of services are. This gives rise to several business models to exploit 
ICT-I, as stressed in (Borst et al., 2005), making possible to offer an affordable and 
"made to fit" ICT-I for companies. 

3.5 ICT-I Reference Architecture 
In order to provide an open and scalar model, ICT-I has a reference architecture 
from which instances-of it can be derived for different CNOs. Figure 3 presents the 
wider view of the ICT-I Reference Architecture. Its basic rationale is given below, 
and its services are generally explained in Section 4. 

VBE, VOM and PVC have some very specific needs for each one. Thus, it can 
be said that they have vertical needs/services. As they have some common needs to 
help in the execution of their services, ICT-I provides horizontal services for them, 
i.e. services independent of any of those three specific application sub domains. 

Horizontal services need in turn lower-level services to support their execution, 
transparently to the application services / CNO actor. These services are then seen as 
basic services. They are domain-independent and are basically used by other 
services. Basic services represent the very core of the ICT-I, comprising the 
discovery, selection and orchestration of services, seciurity, basic interoperability 
services, etc.. They are called Platform Independent Basic Services (FIBS). The 
services intrinsically dependent on the PIBS's implementation are called Platform 
Specific Basic Services (PSBS). 
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Figure 3 - ICT-I Reference Architecture 

There are legacy systems services, which essentially provide information about 
activities inside a given company to satisfy vertical services needs. They use to be 
implemented in heterogeneous platforms and native front-ends. 

Therefore, seen as a whole, vertical, horizontal, basic and legacy services 
compose the Services Federation. 

A special and optional element of this architecture is portals. They act as an 
integrator front-end to the services themselves or even to other portals as a way to 
invoke services directly by the end-user. Portals are not seen as services. 

Per definition, there is not a hierarchy among services. For example, the 
execution of vertical services requires the combination of services of different nature 
(considering security aspects, levels of visibility, context awareness, etc.) no matter 
the services type and layers they are placed. Anyway, the set of services to be 
involved and the sequence of their invocation / execution are configured by means 
of an orchestration / composition service. 

Although not shown in the figure, there is another "class" of services called ICT-
I management services. They are fundamentally used to manage the ICT-I life cycle, 
hence involving services associated to its deployment, plugging, use, maintenance, 
unplugging and undeployment. 

4. ICT-I SERVICES 

Actually the classes of services showed in the figure 3 (stressed below) correspond 
to the instance-of the ICT-I reference architecture that is being derived for the 
ECOLEAD project. New services can be added to and other can be withdrawn from 
the Federation according to a set of rules and policies, transparently to CNOs. 

4.1 Horizontal Services 

• CNO Actors On-Demand Collaboration Services. For supporting human 
collaboration, existing CSCW tools will be used to support the execution of the 
following services: mailing, chat, task list, file storage, notification, calendar, 
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wiki, forum, voice and syndication. 
• CNO Knowledge Search Services. For supporting knowledge sharing, existing 

engines are being empowered to manage distributed and heterogeneous bodies of 
knowledge exposed by CNOs. Proper ontology and reconciliation rules have 
been used for bridging the semantic gaps among knowledge repositories 
allowing seamless retrieval of information. 

• Interactive, user-centered BP Management Services. For supporting business 
process interconnection, on top of an existing open-source BPM environment 
(modeling module and execution engine), ICT-I will provide support to task-
oriented, interactive decisional activities to be performed by CNO actors. The 
forthcoming BPEL4PE0PLE standard intends to be used for that. 

• CNO Data Access Services. For supporting systems interoperability, ICT-I is 
developing an easy-to-use environment for WS-based legacy systems RDBMS 
query. This service provides tools for defining and configuring the database and 
the information that will be shared to a VO, 

4.2 Basic Services 

• ICT-I Security Services. These services aim to support confidentiality, integrity, 
availability and authentication in the communications. This includes the log-in 
and user management service. 

• ICT-I Billing Services. It will allow the implementation of different billing 
models to support the pay-per-use and on-demand service provision. 

• ICT-I Services Composition. This service will provide facilities to define and 
execute composed services according with BPEL standard for services 
composition. 

• ICT-I Reporting Services. For supporting the generation of reports to other 
services (e.g. "detailed billing usage", "services bill summary"), using pre­
defined templates in well known formats (pdf, XML, HTML, etc.). 

• ICT-I Services Registry and Discovery. For supporting the publishing of the web 
services in a UDDI repository as well as the search and browsing of services. 

5. THE FIRST ICT-I PROTOTYPE 

A first prototype has been developed with the aim to not only test some services in 
consonance with the ICT-I reference architecture, but also to act as an initial testbed 
for testing some open source tools, the integration of different containers for web-
services, the deployment of services in distributed sites, the performance of mobile 
access, and the use of portlets to support user interfaces. Orchestration, Billing, 
Logging, Log-In and UDDI Registry and Browsing were the main services so far 
implemented. An ICT-I portal was also implemented, allowing end-users and system 
administrator users to access different services regarding security configxirations. 

Web-ServicesAVSDL/HTTP/SOAPAJDDI have been used as the standard 
technologies to implement ICT-I. AXIS I Jonas and JBoss have been the containers 
used and services were coded in Java. Portlets were implemented in Liferay and 
Stringbeans. Services were deployed both on a Windows XP and Unix platforms, in 
three different countries. 
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In order to test this prototype a fake vertical service for partners search and 
selection was implemented. Via a simple VBE portal, the user makes queries asking 
for potential partners that can provide a given product in a certain amount. ICT-I 
services were deployed in different countries but this was transparent to the callers. 
At the end of the process the results with the list of partners that fit the "business 
opportunity" are presented for user decision-making. This result can be visualized 
both in the web portal and in a mobile phone. More details about this prototype and 
its preliminary assessment can be found in (Rodrigo et al. 2005). 

Concerning deployment, it should be analyzed under two perspectives: server 
and client. From the server point of view, services are built as components so they 
need component containers to deploy them. As servers usually have this kind of 
container, this task is easily made. In the case services are tightly connected to 
legacy systems, this can be complex. ICT-I doesn't provide means to make this type 
of integration but it provides guidelines to assist IT experts for doing this regarding 
the main existing different communication mechanisms. From the client point of 
view, there are two main ways to access ICT-I: through a normal web browser or by 
a vertical service. The former is typically already deployed with operating systems 
so the user doesn't need to mstall any additional software. The latter means that the 
user needs to install the client application itself In order to simplify the deployment 
(although this is to some extent out of scope of ICT-I), client application should be 
self-contained, i.e., all the required components should be bundled with it. 

6, CONCLUSIONS AND NEXT STEPS 

This paper presented an ICT infrastructure (ICT-I) for supporting CNOs in doing 
businesses. It has been conceived based on the service oriented architecture 
paradigm / web-services technology, providing organizations with a transparent 
(mostly), platform-independent, easy deployable and configurable, secure-
embedded, lean, distributed, scalar, on-demand and pay-per-use ICT-I. The 
presented features and approach of ICT-I seems to make it somehow unique. 

It represents the ICT-I being developed in the 1ST IP ECOLEAD project, which 
comprises three main types of actors / "ICT-I clients": Virtual Breeding 
Environments (VBE), Virtual Organizations Management (VOM) and Professional 
Virtual Communities (PVC). 

ECOLEAD ICT-I does not intend to compete with or replace existing / 
commercial B2B frameworks, but rather to complement them with the value-added 
of CNO-related supporting services. 

One of the basic strategies being applied is to use existing open-source software 
as much as possible and then to make the required adaptations for the ICT-I 
purposes. These adaptations are both at "application-oriented" level (e.g. knowledge 
and ontology management systems) and at "infrastructure-oriented" level (e.g. fault 
tolerance and some aspects of security). The selection of these softwares is currently 
under analysis. 

ICT-I is still under development. Although it has already been used in the 
project, a number of conceptual developments and implementations will be made in 
the next future. This includes the implementation of all remaining ICT-I services 
and the integration with vertical services that are also under development, besides a 
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first set of test-cases close to real CNOs. In a posterior phase of the ICT-I 
development, attention will be put on evaluating and using existing frameworks in 
order to provide: i) supporting services for the management of the services 
federation life cycle, and ii) advanced searching mechanisms and semantic-driven 
services selection and composition over large-scale services repositories. 
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AUSTRALIA 

Information Communication Technology (ICT) infrastructures supporting 
complex operations require collaborative effort to integrate a range of 
standalone software products into a coordinated system. However, the 
standalone products are normally developed with specific objectives and do 
not interoperate with each other. In a virtual enterprise environment, this 
imposes major challenges to ICT managers to manage a large variety of 
software products whereby each product only satisfies the unique requirements 
of a small portion of the user community. This paper discusses the 
development of the ICT infrastructure for a tooling virtual enterprise) using the 
open protocol standards as well as a new ICT infrastructure development tool 
known as Dynamic Network System (DNS). DNS models the operating 
characteristics of the ICT environment and generates the integrated internet 
web portal quickly from the system designer's view. It is built on standard JSP 
server capabilities using open source system that has the normal server 
security facilities. 

1. INTRODUCTION 

More than ever, global market conditions are characterised by frequent changes in 
products, services, processes, organisations, markets, supply and distribution 
networks (McNamara, 2003). Organisations need to be highly flexible in 
confronting this business environment (Nemes & Mo, 2004). They may form a 
temporary alliance to deliver a project or product which they dissolve when the job 
is completed. The teams work together as an entity for a goal but the relationships 
among themselves and the individual companies they come from often rely on trust 
and industry practices (Hao et al, 2005). 

With the globalisation of manufacturing activities, it is inevitable that more and 
more companies adopt a new business model for managing the complete product life 
cycle of manufacturing from product design to after sales services (Van den Berg & 
Tolle, 2000). This type of temporary alliance is commonly known as a virtual 
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enterprise (VE). Success for achieving the goal therefore demands well-coordinated 
agility in all internal and external aspects of the virtual enterprise. An effective ICT 
infrastructure can support the day-to-day operations of geographically separated 
partners (Shinonome etal, 1998). 

Experience has shown that companies are willing to invest in improvements to 
their communication networks provided that there are clear benefits in return 
(Barrads & Pinto-Ferreira, 2004). Unfortunately, without proper xmderstanding of 
the fundamentals in a digital virtual enterprise, company alliances seem to be trying 
to solve their problems in an ad hoc fashion. Custom tailored solutions are very 
costly, at the level of several million dollars, not only for the collaborative system, 
but also for resource management, training, team building, document management 
and constant modifications due to the ever-changing business process envirormient 
(Ortiz et al, 1999). The business world needs to have the capability to set up their 
collaborative system supporting the VE in a very short time frame without making 
costly mistakes. 

Information Communication Technology (ICT) infrastructures supporting 
complex operations such as ship building, tool making, automobile manufacturing 
and utilities management require collaborative effort to integrate a range of 
standalone software products into a coordinated system (Jiang & Mo, 2001). 
However, the standalone products are designed with specific objectives and do not 
interoperate with other software products in an open computing environment in 
which many networks are interlinked. The challenge for many ICT managers is to 
manage a large variety of software products that each of them only satisfies the 
unique requirements of a small portion of the user community. 

This paper discusses the development of an ICT infrastructure on which an 
internet based integration platform can be implemented. The platform, known as 
Dynamic Network System (DNS), uses a model driven concept which greatly 
reduces the need to re-program as the VE changes to different phases and entities in 
its life cycle. 

2. COMMUNICATION FRAMEWORK FOR VE 

In Australia, and in many other countries, large manufacturing firms are moving to 
countries with lower labour rates. Small contract manufacturing or tool making 
firms have traditionally been part of a vertically integrated supply chain where they 
were linked with product manufacturers and distributors. As these client companies 
move production offshore, or as they seek to reduce their internal costs by dealing 
with fewer suppliers, linkages with the small companies are broken. 

An initiative called RELINK is investigating how small firms in the tooling and 
automotive industry can draw on innovations that are available to enable them to 
participate as part of a broader global supply chain. It is based on the establishment 
of large-scale virtual organizations of collaborating firms linked by a common 
vision and set of business practices that are supported by ICT tools. 

RELINK is a joint initiative of two industry associations in Australia: FAPM 
(Federation of Automotive Products Manufacturers) and TIFA (Tooling Industry 
Forum of Australia). To understand how the formation of virtual enterprise relates 
to ICT infrastructure, a 5 layer model, RELINK Communication Framework (RCF), 



Development of an ICT infrastructure for internet based integration 463 

is used to describe the functionalities required to carry out the tasks of transmitting 
information from one end to another (Mo et al, 2005). 

RCF is an open ICT infirastructure model that aims to support implementation of 
systems for the virtual enterprise at the appropriate level. The 5 layers are: 
o Application layer: describes the functions that a toolmaker needs to do their 

work, 
o Presentation layer: converts the information to a format suitable to be used by 

the application that the toolmaker wants to run. 
o Interpretation layer: performs the function of diverting information into relevant 

streams, 
o Verification layer: performs the function of ensuring the information transferred 

is actually the data that the sender wants to transmit, 
o Physical layer: represents the transmission media that will be used in the 

communication process. 
By characterising the communication profiles in RCF, it is observed that the ICT 
requirements of a VE change over time at different stages of the virtual enterprise 
development. To understand this phenomenon, the Virtual Enterprise Reference 
Architecture (VERA) (Zwegers et al, 2003) was used to provide a framework for 
analysis. VERA conforms to the Generalised Enterprise Reference Architecture and 
Methodology (GERAM) (IFIP-IFAC Task Force, 1999). It provides a unified 
framework for knowledge integration in distributed enviromnent. The high level 
modelling framework facilitates identification of processes but it does not address 
system implementation issues such as security or quality of service. 

RCF Layer 

Application 

Presentation 

Interpretation 

Verification 

Physical — 

VERA Entities 
Network 

Project 
Product 

1 

%• 

ft 
5i 
B 
o » 

1 
O o 
a n 

1 
S* 
(M JH 

W 
i 
B 
B 

1 
^ 
M 

§' 

s 

1 
D 

o* 
Cu 

Oi 

TO' 

1 
,3 
•a 

S 
a o 
s 

1 
^ 

§ 

1 * 
a 
% 

§ 

VERA Life 
Cycle Phases 

Figure 2 ICT profiles in VERA 

The ability of the companies to quickly align their objectives and information 
systems with the amalgamated business processes can benefit the VE by supporting 
effective decision-making and informed actions. Without the right information at 
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the right time, delays and more seriously costly mistakes can occur. VERA enables 
modelling of the relationship between the changes of ICT requirements to the 
maturity of the virtual enterprise, i.e. the life cycle phases in VERA. 

In Figure 2, the Network entity represents the start of the virtual enterprise. 
There is very little demand for ICT support. Person to person relationships and ti-ust 
are more important aspects towards the building of the entity. Hence, the ICT 
profile for the Network entity remains low until the point where the partners start to 
exchange documentation, which are the detailed design and implementation phases. 
Once the consortium is confirmed, the virtual enterprise changes to a Project entity. 

The ICT profile for the Project entity increases quickly at lower RCF levels from 
the initial conceptual phases to highly sophisticated presentation and application 
levels as the entity progresses to the detailed design, implementation and operation 
phases. In these phases, large amount of data including design, production schedule, 
costing and legal documentations are exchanged. 

The ICT profile remains at the high level as the Product (i.e. the tool) 
information is progressively refined during manufacturing. However, as described 
in the scenario in Figure 2, once production of the tool starts, the need to exchange 
complicated data sets reduces. The ICT levels become lower as the Product entity 
approaches completion. 

3. EXPEMENCE ON APPLICATION SOFTWARE 

There are many criteria for benchmarking ICT capabilities in an organisation (Shen 
et al, 2004). The ever-changing needs of the VE indicate that the criteria for an ICT 
infrastructure supporting complete VERA life cycle operation must be open to 
interoperate with pre-existing software as well as flexible with high adaptability to 
different levels of sophistication (Aerts et al, 2000). As part of the RELINK study, a 
range of relatively simple commercial ICT tools used by the tooling industry are 
evaluated against the criteria for supporting establishment of the VE. 

3.1 Microsoft Project 
It is highly sophisticated software with a large number of fimctions that many people 
have difficulty in understanding it. By way of example, a textbook available to help 
explain the operation of Project 2003 contains about 900 pages. The underlying 
principle of MS Project is PERT (Program Evaluation and Review Technique). The 
integration of different views of the same project information is the most important 
feature that it can offer. However, it is a standalone software and does not have the 
ability to share with partners without total transfer of the project model. There are 
also severe restrictions on the conceptual framework that makes it difficult to be 
used for managing VE activities, for example, the segmentation of tasks over a long 
period with intermittent operating requirement is not sufficiently handled. 
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3.2 Microsoft Project Server 
It is marketed as an internet enabled version of MS Project. However, installation of 
MS Project Server is troublesome. It requires many software components that are 
not normally required in day to day computing. These include: 

o Microsoft Windows Server 2003 
o Microsoft SQL Server 
o Microsoft Sharepoint 
o IIS 

These additional system components add another level of complexity and costs 
in the ICT infrastructure. As each of the above software components are expensive 
by themselves, the initialisation cost is almost 4 times more than MS Project itself. 
It was also noted that management of the infrastructure would require a full time IT 
staff, which many VEs are not prepared for when they are formed. 

3.3 Outlook Express 
It is common software that is available to everyone who has Windows based PCs. 
However, it is not interoperable with other operating systems such as Sim's Solaris, 
which is commonly used for professional CAD/CAM environments. Outlook has 
good network coimectivity and can be used for email if the server it connects to 
supports Post-office protocol (P0P3). In that regard, Outlook can be classified as 
supporting the Verification Level of the RCF. 

3.4 Quickplace 
It is a web-based software running on PC server to support web-based collaborative 
work. The interface is relatively easy to use but the functionality offered is rather 
limited. Significant enhancement in the form of specially written Java software 
modules is required to introduce abilities such as automatic message filing and 
directory changes. 

3.5 KickStart 
It is simple, low cost project management software that uses the MS Project concept 
but does not have all the sophistication. However, its capability is therefore limited 
on a PC based enviroimient. Linkage to Outlook tasks can be enabled. 

3.6 PHP Bulletin Board 
The bulletin board is internet-based discussion software that captures the discussion 
of participants in a structural fashion. It runs on many platforms and can be 
accessed via an internet browser. The bulletin board is best used for idea exchange, 
knowledge search, and problem solving involving expert's interaction on a 
distributed enviroimient. The problem of bulletin board is that although a data 
structure can be established easily, conformant to the data structure is highly 
dependent on the users. 

4. DYNAMIC NETWORK SYSTEM 

The software evaluation result shows that commercial ICT tools used by the 
tooknakers do not interoperate easily. This issue is well recognised and proved to 
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be the bottleneck in fostering collaboration between companies (Kosanke, 2005). 
Solutions that are based on open distributed environment are of particular attraction 
to SMEs, which have hmited ICT support resources to adopt Ml scale inter-
enterprise collaboration systems (Davidsson et al, 2005). An added problem with 
ICT support for the RELINK type organisation is that at different states of the 
virtual enterprise, the requirements for ICT support change in time. Companies 
involved in the virtual enterprise find it difficult to optimise their ICT investments in 
the most cost effective fashion. A flexible approach that facilitates the detailed 
design of ICT systems and their rapid implementation and ongoing development is 
required. Systems that are component based and built on systems engineering 
approaches are more likely to meet the specification for large scale, change-capable 
enterprise systems (Weston, 1999). 

The development of the Dynamic Network System (DNS) has the objectives of 
being highly flexible for adaptation to the VERA Ufe cycle as well as integrating 
pre-existing ICT capabilities of the members of the VE into the collaborative 
envirormient with minimum cost requirements. DNS achieves these objectives by 
combining two conceptual designs. First, DNS models the operating characteristics 
of the ICT environment and can be used to generate the integrated internet web 
portal quickly from the system designer's view. Second, DNS is built on open 
source Java server pages (JSP) server capabilities and standard TCP/IP RMI 
technologies. The server security and management capabilities are interoperable 
with any other normal web servers. DNS does not provide specific enterprise 
functions by itself, but rather it is a concept capturing platform that incorporates 
third party software tools with those enterprise functions into an integrated 
information system. The underlying computing environment then manages the 
execution of the software tools which produce processed information passed on by 
the DNS model to the next software tool. 

DNS software architecture can be depicted in Figure 3. An Apache server 
provides the web interface of the system to outside world. Enhanced by Tomcat, an 
open source server, development of DNS modules becomes a much easier project as 
most of the internal controls are already built in. Installation of Apache and Tomcat 
is easy and instructions can be found at http://tomcat.apache.org. DNS can be 
divided into two main parts: DNS Modeller and DNS RunTime. 
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DNS performs its fimctions by calling operational components known as agents. 
An agent is a Java class that exhibits certain operational behaviour and so it is also 
known as behavioural class. Basic functionality such as displaying information and 
setting up user selection pages are included as built in agents in the system. 
Additional agents can be incorporated into the system easily by the user with his/her 
own Java classes. In essence, each agent must be "extended" from a class 
au.csiro.dns.behaviour.BehaviourClass, which is included in the DNS distribution 
jar file. When the user's agent is created, the user can call upon this behaviour in 
the DNS model after a simple registration procedure to DNS RunTime. 
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Figure 4 DNS Modeller user interface 

DNS operates according to a defined DNS model, which is created by the DNS 
Modeller. The DNS Modeller is the user interface for modelling the functionality 
and behaviour of the collaborative system. The user interface is shown in Figure 4. 

DNS modelling concept consists of two main components. The agent entity will 
deliver operational characteristics of the system when it is executed. An agent's 
behavioiu- will result in certain state of system known as entity. Hence, a DNS 
model captures the operational details of a remote user interacting with the system to 
achieve his/her goals. Since DNS can incorporate agents developed by any user 
supplied Java class, the system is highly flexible in exhibiting various desirable 
server capabilities through a wide variety of agents registered to it. The outcome of 
ruiming the DNS Modeller is a DNS model that captures the anticipated interactive 
processes of the web-based collaborative system. 
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The DNS RunTime rans in conjunction with Tomcat and translates the DNS 
model into a governing framework. When the DNS model is activated through DNS 
RunTime, the information is translated into web server information and drives the 
Tomcat and Apache system to deliver the functionality to the web user (Figure 5). 
DNS uses standard internet server technologies with functionalities added on 
separately as needed. For example, knowledge is better managed by a structured 
directory that can be browsed by the users. Experience shows that a pre-agreed 
directory structure is necessaiy to gain acceptance by all VE partners. Since the 
agreed structure represents an alignment of the practices of individual companies to 
the VE, users of the system can find the mutually accepted knowledge repository 
easy to adapt. 
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Figure 5 DNS RunTime driven web server 

Another example is the automatic processing of documents in the system. File 
downloading is an integral part of the server capability. Suitable links can be 
inserted easily in the text that can be activated to download files and data. File 
uploading is a separate feature that must be implemented using some server 
programming facilities. The JSP capability can be easily implemented from 
standard function library. Other fiinctionalities such as bulletin board and email can 
also be incorporated in the open ICT infrastructure. 

In addition to standard fiinctionalities, DNS can integrate third party 
collaborative functionality using RMI. Interfacing agents that work with other 
systems such as invoking a third party software can be implemented allowing it to 
manage the interaction with third party processes that may need to be called upon 
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during execution of the collaborative task. For example, information searching 
processes can be linked by DNS via a RMI enabled Java program that manages its 
own Java database connectivity (JDBC) with any SQL database. In DNS Modeller, 
the RMI behavioural class is defined in the same way as a normal agent. 

5. CONCLUSION 

This paper evaluated the usefulness of implementing and using a number of 
common server functionalities for supporting VERA life cycle. These functions are 
supported by capabilities that come as an integral part of the open source server. 
The development of DNS leads to a flexible and open platform for integrating pre­
existing ICT infrastructures in VE partners. 

Since the system requires open source server components and industry standard 
JSP technologies, the cost and development effort required for developing a 
collaborative server is low. Management of the system does not require substantial 
IT skills and is ideal for SMEs. 

Recent developments in internet based technologies on open protocol standards 
such as SOAP have provided an opportunity to develop an integrated internet-based 
system while maintaining the autonomy of individual software products in their 
normal operating enviroimients. Due to the complexity of the appUcation, these 
open standards require highly skilled professionals who are well trained in the 
fundamental working principles of the standards as well as system diagnosis. To 
enable a more general use of the new internet based technologies, a simplified 
process and methodology is required. It is anticipated that by application of the 
latest distributed computing technologies, further development of DNS will be 
directed towards a multi-platform integrated environment. 
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Within the life cycles of Virtual Enterprises, there are usually periods where 
representatives of different organisations collaborate in creative ways to set 
guidelines for the operational stages of the VE. Examples of what has to be 
agreed or negotiated include legal contracts, financial terms, human 
responsibilities. Joint processes to be followed, common terminology, data 
formats and common software. Tliis collaboration may be a mixture of 
synchronous (physical or virtual meetings) and asynchronous activities. This 
position paper assesses the gap between what support is required and what is 
available in currently available tools, and suggests a number of key 
developments to the state of the art. 

1. INTRODUCTION 

This position paper addresses the issue of IT support for those periods within the 
operation of a Virtual Enterprise when groups of people have to develop ideas, 
designs and solutions, which are acceptable to all participants and which further 
both their joint and individual objectives. 

The motivation for the work arises from a range of application needs. Some 
colleagues of this author are focussing on support for groups working in emergency 
situations, often involving the participation of different authorities such as Fire, 
Ambulance, Police and the Military. Others, including this author, are targeting 
requirements engineering, systems design and general administrative cooperative 
work. An additional goal has been to propose ways to overcome the epidemic of 
information overload. 

The paper is organized as follows. First, the place of creative work in Virtual 
Enterprises is introduced. Then, the patterns of creativity in general are discussed. 
Next, the limitations and shortcomings of current facilities for supporting group 
creative activities are highlighted. A possible way forward is offered in two parts: a) 
an overall architecture; and b) specific software developments to support that 
architecture. A brief summary highHghts some of the most critical success factors 
for these developments to become a reality. 

Please use the following format when citing this chapter: 

Tagg, R., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric Collaboration 
and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., OUus, M., (Boston; Springer), pp. 471-480. 
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2. CREATIVITY IN VIRTUAL ENTERPRISES 

2.1 Characteristics of a Virtual Enterprise 

In this paper the term "Virtual Enterprise" (VE) includes a range of forms of 
cooperation that involve the participation of more than one legal entity or individual. 
The common feature of all VEs is that they present a single face to the outside world 
of customers, suppliers, the general public or the environment. They can vary from 
more formal arrangements like joint ventures, through loose confederations of small 
enterprises, to voluntary associations of individuals. In all cases, some level of 
"ground rules" has to be negotiated, as well as discussions of the goal and priorities. 

2.2 Virtual Enterprise Life Cycles 

(Tagg, 2001) proposed 4 stages in the life of a Virtual Enterprise, namely 
Establishment, Business Development, Business Execution and Winding Up. In 
each of these, some activities involve creative work, whereas others can follow 
processes agreed at earlier stages. Some examples are shown in Table 1. 

Life Cycle 
Stage 
Establishment 

Business 
Development 

Business 
Execution 

Winding Up 

Creative activities 

- Identify broad market 
opportunities 

- Develop processes and 
protocols for the VE 

- Joint market research 
- Decide participants' 

responsibilities 
- Develop template business 

processes 
- Negotiate individual B2B 

business processes 

Apportion assets and 
intellectual property 

Other activities 

- Apply joining procedures 

- Bid in competitive 
tenders 

- Evaluate benefits, costs 
and risks 

- Project management 
- Customer Relationship 

Management 
- Accounting 
- Settle legal and financial 

issues 
Table 1 - Examples of Creative and other Activities in 

Virtual Enterprise Life Cycles 

When a VE reaches the Business Execution stage, periods of creativity are less 
dominant. Processes that have been negotiated earlier on will often be followed. 
Indeed, the development of good processes, which participants can be expected to 
follow, is more important in a VE than a single organization, since it has to 
compensate for the fact that individuals primarily report to different managements. 
However as the table shows, creativity, in the form of negotiation of individual 
contracts and protocols, is still present; and it reappears more strongly when a VE is 
wound up. 
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3. PATTERNS OF CREATIVITY 

3.1 The Nature of Creativity 

The nature of creativity, and models to describe creative work, have been discussed 
recently by (Hoffmann, 2005), (Blackburn, 2005), and elsewhere. Creative work has 
been distinguished by its semi-structured or unstructured nature, in contrast to 
following pre-defined procedures. 

Much IT support for creative work has up to now been targeted primarily at face-
to-face or other synchronous meetings of participants, with the intention of 
"brainstorming". (Blackburn, 2005) proposes the monitoring of "cognitive dust" -
the lowest level of recordable events in a high-tech meeting room, in order to 
provide a knowledge base for an electronic facilitator. This can be extended to 
include a number of "different place" - and even "different time" environments. 

However creative work does not all happen within meetings. Much creativity 
takes place between meetings, often by individuals working alone, e.g. preparing 
ideas for discussion. Individuals often develop their ideas when totally off-line, such 
as when walking in the park or lying in bed. 

Meetings are often the forum for debating proposals and individual ideas, rather 
than the place where the new ideas emerge. They also enforce a discipline, including 
convening the meeting (usually with an agenda) before, and recording decisions, 
allocated actions and other outcomes afterwards. This discipline still applies to 
"single meeting" creative work. Much of the information to do with meetings is in 
fact of a procedural nature. 

As opportunities for creativity, meetings - especially face-to-face ones - have 
well-known problems. Regular meetings may become enslaved by their agendas and 
the creep of administrative overheads. All meetings, but especially recurring ones, 
may become bear-pits for egos and political agendas, and contributions of less pushy 
participants may be overlooked. 

3.2 Cycles of Creativity 

Creativity, especially in business, is often cyclic in character. There is almost always 
a goal that is to be achieved, but it may take several cycles to achieve the best result 
- or even an acceptable one. Creative work may also need to be broken dovra into 
smaller tasks and re-combined later. 

The creative cycle often involves putting ideas to the test, or evaluating their 
worth by calculation, simulation or other models. Predicting risk, acceptability and 
ease of use of a proposed solution are more difficult in creative work than in 
operational work, where simple financial models are usually adequate. 

One period of creativity may lead on into a subsequent one; for example 
developing requirements for a system typically leads into designing a technical 
solution. 

In information work today, individuals are typically involved in multiple 
creativity cycles simultaneously. Some of these are related to the same area of 
creativity, while some are totally unrelated. Being involved in too many parallel 
activities is known to contribute to information overload, which in turn threatens 
creativity. Addressing this overload is one of the motivations for this paper. 
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4. CURRENT SUPPORT AND ITS LIMITATIONS 

4.1 Current Support 

Tools to support individual creativity are relatively plentiful in the software market. 
These range from the MS Word "outline view" to a graphical mind-mapping tool 
such as Mind Manager (www.mindjetxom). In specialist fields there are dedicated 
tools, e.g. CAD (Computer Aided Design) and music composition software. 

Commercial Groupware such as Lotus Notes or Microsoft Exchange supports 
creativity, but only in an unstructured (and usually asynchronous) sharing and 
sending of messages and artefacts. Apart from version control, they do not generally 
offer any specific support for creativity. In a VE environment, there are also the 
problems that file formats may not be exchangeable, and there is no shared version 
control or access control, imless provided by one participant on behalf of the group. 

For synchronous meetings, a number of commercial products and research 
prototypes are now available. Typically, several participants can view or manipulate 
an electtonic version of the artefacts being discussed (e.g. text or diagrams). 
However once again, use of this technology in a VE requires all participants to 
support the same software. 

4.2 Problems with Current Support 

Heterogeneity of data formats, semantics and presentation is the first problem with 
any IT support for VEs. Different organizations in a VE may use different vendors' 
products, or different versions from the same vendor. IT tools that are currently used 
are usually the products of a competitive market place. Marketing considerations 
often result in the data formats for a vendor's proprietary software being non­
standard and obscure. The vendor may provide support for importing foreign data 
into their format, but rarely for exporting. A good example of this is the MS Outlook 
.pst format for mailboxes. 

Proliferation of user interfaces (UI) is a somewhat related problem. Whenever 
a user has to adopt a new tool - as someone involved in VE work is very likely to do 
- he or she has to learn yet another UI. Many individuals already suffer from having 
to use too many interfaces, and resent the waste of time when yet another one has to 
be learnt and remembered. This can result in a good tool not getting adopted. 

Intra-enterprise bias is a problem because the cost of most computer 
infrastructure is almost always paid by real organizations (i.e. companies, or large 
public enterprises). Therefore, software that supports group work often favours 
groups that are entirely within that organization, and does not take account of the 
needs of VEs. The common use of the adjective "Enterprise" to describe ftiture 
integrated systems, reveals this bias. 

As discussed earlier, there is also a synchronous meetings bias. Products and 
prototypes have been developed to support synchronous meetings, but not so many 
are designed specifically to support what happens in between meetings. These 
periods are left to be supported by "ad-hoc" use of groupware tools, e.g. email or 
chat with attachments. 
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Another problem in supporting creativity is the difficulty of capturing ideas 
when the human with the idea is not on-line. Technology to support voice 
dictation and handwriting is improving, but to capture ideas expressed in hand-
drawn diagrams is less simple. 

Perhaps the hardest problem is Context Recognition, here defined as 
recognizing what a document or message is about and how it should be categorized 
within the structure of the group's (or individual's) area of concern. So far, even the 
best software has not yet matched the ability of a good secretary or filing clerk. Two 
approaches have been tried. One is statistical text mining, in which the frequency 
of words and phrases is mapped and candidate topic clusters are identified. An 
example of a tool using this approach is Leximancer (Smith, 2005). However this 
approach does not make use of any knowledge about the topic area already held by 
the groups or individuals. Ontologies (Noy, 2001) offer a complementary approach, 
by formalizing the structure of knowledge about a domain of discourse. However 
this also has drawbacks. In creative work, the focus of the knowledge often evolves 
rapidly. Also, significant effort is needed to build and maintain an ontology. In the 
VE environment there is the additional problem that no central ontology may exist 
unless all participants agree to follow the same one. 

5. PROPOSED ARCHITECTURAL MODEL 

5.1 Collaboration Architecture 

Central to the work described in this paper is the observation that an increasing 
amount of collaborative work these days is "many-to-many". One human can 
participate in many groups, while collaborating groups can each involve several 
organizations or legal entities. Figure 1 illustrates this many-to-many concept. 

To other legal antiSes 

To other Individuals 

Figure 1 - Many-to-many Group Participation 

Each group - and each individual - has a characteristic world view, represented 
in the diagram by the various levels of Knowledge Base (KB). There is also a set of 
tools that are used at each level. In a VE, there may be few group-level tools and 
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everything has to be done by using individual tools and passing versions of artefacts. 
No distinction has been made between creative and non-creative work here; as 
discussed earlier, the two are interwoven within the cycles of creativity. 

5.2 Software Architecture 

"My knowledge' Traditional 
Enterprise 
Computing 

Ul 

Legacy/ 
ERP 

Client 
L - i - i 

•• ' 

-_ 

r \ 
Legacy 
/ERP 

Server 
r v y \ '' ^ 

1 ' 1 

Figure 2 - Proposed Architecture for VE Creativity Support 

Figure 2 shows one way in which the combined needs of a many-to-many model 
(Figure 1), a virtual enterprise and support for creative work can be addressed in 
terms of a set of software components. Two specific additions to normal software 
environments should be noted: my knowledge and agents and mappings. 

My knowledge is essentially a single portal to a variety of information that is 
extracted or mapped from its original sources. The information is a combination of 
individual information and information from all the groups in which the individual 
participates. 

Agents and mappings are a set of translators and transformation rules 
respectively, that deliver information in a consistent form. This might involve any 
combination of reformatting, indexing or linking. There may be agents operating for 
groups as well as individuals. The mappings depend on the meta-level definitions of 
the formats of the various source information types. 

The diagram shows different user interfaces for the knowledge portal, traditional 
groupware and enterprise applications. The term PIM (Personal Information 
Management) has been introduced in this context by (Jones, 2005). These latter 
interfaces are typicaly access-restricted for each member organization in the VE. 
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6. PROPOSED DEVELOPMENTS 

The four main new components in the architecture are the Knowledge Extraction 
Agent (KEA), the Ontology Crawler, The Ontology Adjuster and the Common User 
Knowledge Interface. 

6.1 Knowledge Extraction Agent 

Analogous to the work of a filing clerk, this architecture includes an autonomous 
agent known as the Knowledge Extraction Agent (KEA). It would operate in the 
background in a similar fashion to Google Desktop (Sullivan, 2004). The group 
would specify, through a Wizard, the sources of data and knowledge to be 
processed. This could include material reachable through networks as well as that 
stored on a specific computer. 

The goal of a KEA is to make information available in a form that enables it to 
be read consistently by any collaborating participant. The output of KEA is an 
archive of marked up (in XML) records that either contain, or give links to, all 
information that the agent's "principal" (i.e. group or individual) deems relevant for 
further reference. It does not necessarily involve complete duplication - a set of 
keyword tags providing an indexing mechanism may be enough. Links would then 
point to the original content or service, assuming that a translator can be generated 
to at least render the source information readable. 

In the VE scenario, multiple KEAs may operate on behalf of specific groups and 
individuals, each with their own objectives. The group coordinators or individuals 
can then determine who else can access the information by sharing or sending. 

In order to categorize source knowledge, a KEA would need to be aware of the 
group's "knowledge structure", which could include ontologies, hsts of relevant 
entities and rules derived from statistical text mining. For non-text sources such as 
pictures and multimedia, additional categorization rules would be required. 

It is envisaged that the archive produced by a KEA would include standard 
formats for entities that appear frequently in knowledge bases. Examples are events, 
text messages, tasks, activities (i.e. task instances), rules, tables, diagrams, 
audio/video clips, annotations, processes, data structures and persistent business 
objects (e.g. Customers, Products). 

For example, all data representing tasks would be accessible (either physically 
stored or realizable through mappings from data held in the original format) in a 
format such as PMXML (Curran, 2004). This would apply wherever those tasks 
originally come from, e.g. a Project Management System, a Workflow Management 
System that creates task instances from templates, or from a Groupware tool (e.g. 
MS Outlook) that supports tasks or "To Do" lists. 

6.2 Ontology Crawler 

As discussed earlier, ontologies have the disadvantage that they need to be created 
and maintained, especially where the creativity element is high. Without most of this 
work being automated however, the approach proposed in this paper will probably 
fail to gain acceptance. 

At least an approximation to every human user's (or group's) knowledge 
structure can be deduced from an analysis of the files and apphcations he or she has 
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access to. Valuable sources include: 
• directory structures of local or networked data storage drives or places 
• schemas of relational databases and fixed format files 
• IDL (interface definition language) for remotely accessed programs 

(WSDL for web services) 
• address books in an email client 
• folder structures of web browser bookmark files 

as well as registries, imported ontologies and the results of text mining. 
Any automatic categorization also depends on recognizing (e.g. by name) 

instances of key entity types. Examples are persons (e.g. collaborators or 
correspondents), business partners, projects/subprojects, products (e.g. physical 
items and assemblies) and services. These must either be included in an ontology or 
linked as reference tables 

This leads to the observation that any application using an ontology also needs 
access to a "lexicon" whereby strings (e.g. as they appear in documents) can be 
related to concepts in the knowledge structure. However this correspondence is non-
deterministic; the same string could indicate more than one concept. For example, 
"Winter" could be a season or the name of a customer. 

The ontology crawler represents the meta-level counterpart of the KEA. 
However changes to the structure of knowledge are not as frequent as changes to the 
body of knowledge itself The biggest job would be the initial crawl; subsequent 
crawls might only need to take place occasionally (e.g. monthly). 

6.3 Ontology Adjuster 

The Ontology Crawler, however sophisticated, may not produce the knowledge 
structure that reflects the group's (or individual's) natural classification structure. 
There needs to be some means by which users can correct the structures detected. 

(Einig, 2005) describes a prototype, built under the current author's supervision, 
for editing an ontology. This tool is targeted for use by non-specialist human users, 
rather than experts. 

6.4 Common User Knowledge Interface 

The final proposal is for a common interface - "My Knowledge" m Figure 2 (by 
analogy with the traditional "My Documents" of MS Windows). 

To try and overcome the UI proliferation problem, it is desirable to have a 
standard set of logical interface patterns that supports users interacting with the 
standardized knowledge archive described in 5.2 above. 

It is envisaged that this interface will also bridge to existing software and their 
associated file formats. One approach would be to repackage the existing software 
as "services" in the SOA (Service Oriented Architecture) sense. Also, mappings will 
be required that enable translations to be generated to convert the native formats to 
the KEA standard. 

A fiirther hurdle to be overcome here is the variety of user devices, such as 
PDAs, web-enabled mobile phones and wearable computers. (Javahery, 2003) 
proposed a system of patterns which can be modelled at a logical level between the 
server application and the different devices. 

Figure 3 shows the structure of such a user interface architecture. 
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Figure 3 - Structure of a User Interface with a Device Independence Layer 

7. SUMMARY 

7.1 Work Done and Planned 

In research projects supervised by the author, a number of test beds have been built 
and explored. We have built a simple ontology-based pre-processor for categorizing 
incoming email. Incoming email is one of the biggest irritants for many users. We 
searched message sender, subject and body text for strings that we could match with 
ontology concepts, then added keyword-style tags to create XML task records that 
represent the job of dealing the incoming request, enabling the tasks to be grouped 
by topic. We have also built a (hopefully!) end-user friendly tool for editing the 
knowledge structure stored in the RDF format commonly used for ontologies. 
However this prototype needs more serious testing with real users. 

Our cuixent work includes a combination of the above two techniques, 
development of a uniform model for tasks that derive from different applications 
such as workflow, enterprise applications, project management and PIM. 

7.2 Related Work 

The main vendors of groupware, including Microsoft and IBM, all have projects 
addressing some of these problems, but have not yet released much detail - see for 
example (Geyer, 2003) and the press release for IBM Lotus "Hannover" (IBM, 
2005). University research seems more focussed on individual techniques such as 
text mining and categorization; one attempt to combine the statistical and ontology 
approaches is (Dittenbach, 2004). For details of a current project addressing this 
area, see (Ananiadou, 2005). The topic of Model Driven Architecture (Object 
Management Group, 2006) is also relevant, since MDA addresses the generation of 
mappings between different representations of information - something that is 
needed to provide the mappings in the architecture proposed. 
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7.3 Critical Success Factors 

Apart from the immaturity in text categorization techniques, the most critical factor 
affecting whether or not the approach described here could ever be widely adopted is 
probably the user interface. User reaction to "yet another interface" would be 
understandably negative. To accept the proposed "My Knowledge" interface, users 
would need to be able to drop at least one, and preferably several, of their existing 
interfaces. However, history suggests that product timing, as much as technical 
design, determines whether a UI is widely adopted or not. The precedent of Visicalc, 
the first spreadsheet product, is perhaps a good example. 

Although the challenge has been to provide an approach that addresses the need 
of creative work, analysis suggests that from an information point of view, creative 
work is usually closely interleaved with more routine administration. The following 
of processes may not be so important, but there seems no justification for a totally 
separate approach. 

This paper has suggested a line of development that might lift IT support for 
groups, for both creative and other work, to a new level of effectiveness. Realization 
is perhaps a few years off, but research and development is starting to happen. 
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Modern networked enterprises can preserve their competitive edge only by 
adopting a modern architecture for their computing systems, and thus, become 
agile with respect to changes in computing technologies, for pressures for 
modifications in external business processes, and for management of 
simultaneous and changing memberships in various business networks. 
Establishment of virtual enterprises is an essential trend and in progress of 
merging into research results of agent technologies and Sen'ice-orienled 
Computing. This paper describes the meta-information and agents needed for 
verifying interoperability during the breeding process for virtual enterprises. 
Taken together with operational time monitoring, the facilities provide type-
safety across the bindings between members of the community. Behind the 
discussion is a set of prototype implementations of middleware facilities. 

1. INTRODUCTION 

Modem networked enterprises can preserve their competitive edge only by adopting 
a modem architecture for their computing systems, and thus, become agile for 
changes in computing technologies, for pressures for modifications in external 
business processes, and for management of simultaneous and changing memberships 
in various business networks. Establishment of virtual enterprises, i.e., loosely-
coupled communities of autonomic business services is an essential trend and in 
progress of merging into research results of agent technologies and Service-oriented 
Computing. 

The contribution of our research on this large field includes a contract-driven 
architecture (with supporting platform service implementations) where each 
business service is provided an enterprise level agent for a) managing virtual 
enterprise memberships, b) ensuring that interoperability requirements are met, c) 
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detecting and managing breaches, and d) negotiating (refining) the contract with 
other community members. 

The contract is formed by the breeding environment facilities including potential 
member discovery and selection based on interoperability requirements. The 
contract itself is designed to cover a range of aspects from business considerations to 
technical accessibility. The emphasis has been on ensuring continuous 
interoperability while preserving autonomy of business services. In this paper we do 
not address the trustworthiness of the selection process; extensions on trust 
management between enterprise agents and business services are discussed 
separately (Ruohomaa et al., 2006; Kutvonen et al, 2006). 

For us, interoperability means effective capability of mutual communication of 
information, request of processing and results, suggestions, and commitments. It 
covers various aspects: technical interoperability concerns with ability to transport 
messages between computational services; semantic interoperability concerns with 
shared understanding of message contents by the senders and the receivers both in 
terms of information representation and messaging sequences; pragmatic 
interoperability concerns with the willingness of partners for the actions committed 
for the collaboration. The technical and partially the semantic interoperability levels 
have been covered by many solutions; the pragmatic dimensions are still under work 
and of specific interest to us. 

The requirement of using autonomic business services for the communities raises 
a need for global infrastructure that provides facilities for comparing service types 
while matching service offers (Ruokolainen and Kutvonen, 2006). The business 
services (or the computational counterparts) are developed independently, and the 
meta-information describing the collaborations (business network models) and the 
members (service offers) need common ontologies for making the breeding process 
and the operational time monitoring of interoperability possible (Kutvonen et al., 
2005). 

Especially related to the pragmatic interoperability, preservation of the business 
service autonomy raises new challenges. First, the business service must be 
supported by a computational implementation providing capability of performing 
requested services. However, it is often the case that not all of this capability is 
given out into all kinds of business networks. The computational services must be 
guarded by enterprise policies for use. In addition, the business service comes 
partially defined by its role (commitments, responsibilities, rights) in the community 
it participates. This aspect is governed by the contract. The local policies and the 
community wide contract may contradict at operational time, causing breaches that 
need to be managed. The breaches may be caused by the natural mismatch between 
the key issues for the enterprise and the community, and there is no need to try to 
remove this feature. The breaches may also be raised by operational time changes of 
enterprise policies — as part of their autonomy. 

This paper describes the meta-information and agents needed for verifying 
interoperability during the breeding process for virtual enterprises. Taken together 
with operational time monitoring, the facilities provide type-safety across the 
bindings between members of the community. Behind the discussion is a set of 
prototype implementations of middleware facilities. Section 2 introduces our 
framework for automated business network management. Section 3 introduces our 
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concepts and mechanisms for overcoming autonomy-related problems in inter-
enterprise collaboration. 

2. A BUSINESS NETWORK MANAGEMENT FRAMEWORK 

The web-Pilarcos framework proposes a federated model of inter-enterprise 
collaboration networks, or virtual enteiprises, comprised of autonomic business 
services. The inter-enterprise business collaboration networks are called 
eCommunities and they are established dynanrically to serve a certain business 
scenario or opportunity. A business service denotes a set of functionalities provided 
by an enterprise to its clientele and co-operators, and is governed by the enterprise's 
ovm business rules and policies, as well as by business contracts and regulatory 
systems controlling the business area. 

The properties of an eCommunity are described in a Business Network Model 
(BNM). (Kutvonen et al, 2005). The structure of an eCommunity is defined as a set 
of business roles and their inter-connections. Responsibilities for the participants in 
terms of descriptions for expected behaviours are declared on the one hand by the 
behavioural descriptions included in the role descriptions, and on the other hand by 
policies and business rales declared in the BNM. Non-functional properties, which 
declare quality-of-service, communication security, and tmst-related requirements 
for the eCommunity, are also provided by the BNM. 

A business role is described as a set of service types, a set of role composition 
rules, and role assignment rales. A service type (Ruokolainen and Kutvonen, 2006) 
is an abstract definition of service capabilities and behaviour which enables efficient 
interoperability validation for business services. Service type describes the service's 
extemally visible behaviour in terms of an interface protocol (a bilateral process 
description), stractures for the exchanged documents in terms of XML-Schema 
definitions and optionally semantic annotations embedded in document stmctui^es as 
references to common business ontologies. The services types are composed to with 
a set of intra-role coordination rales form business role functionality. The 
coordination rales relate communication actions in distinct service types with causal 
and temporal inter-dependencies. An optional set of role-specific assignment rales, 
that is, additional constraints for service attributes and service providers can also be 
given in the business role definition. 

The eCommunities are established by utilising a breeding environment which 
comprises of service trading and community population services, and multilateral 
negotiations between the participants (Kutvonen et al., 2005). The breeding 
environment services, such as populators and type repositories, are not required 
from all sites, but can be provided as infrastracture services as a business on its own 
right. Negotiations are executed between business network management agents 
(NMA) of each enterprise to refine the contract-templates provided by the breeding 
environment. The NMAs act as representatives for the autonomous business services 
during the breeding process and operation of collaboration networks. The elements 
of the business network management environment are illusfrated in Figure 1. 
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Figure 1 - An overview of the web-Pilarcos architecture. Arrows represent 
communication relationships, solid boxes are active agents and cylinders are 

information repositories. 

The service trading mechanisms is provided by the service offer and type 
repositories which provide functionality similarly to the ODP trading and type 
repository functions (ODP, 1997; ODP, 1999). The type repositories are persistent 
storages of service typing information which are used as the primary means for 
achieving interoperation between business-services (Ruokolainen and Kutvonen, 
2006). The service offer repositories are required to accept offers only from 
identifiable, tractable service providers. During publication of a service offer a 
conformance validation against the corresponding service type is initiated by the 
service offer repository; this is a necessary operation, in addition to runtime 
monitoring, for upholding type safety and interoperation in the system. Although the 
service offer repository itself thus becomes trustworthy, the service offers or service 
providers do not. A separate mechanism is designed for potential partners to collect 
experience information about provided services and pass around reputation 
information (Ruohomaa et al., 2006; Kutvonen et al., 2006) 

The populator represents a breeding process phase where appropriate business 
service providers are selected for eCommunity roles. The populator function takes a 
Business Network Model and utilises service type and service offer repositories for 
fetching compatible business service providers for each eCommunity role. The 
populator selects the business services to an eCommunity on a basis of a constraint 
satisfaction process which considers the compatibility of the business service 
attribute values. When a set of compatible service offers have been found, populator 
returns the description of a populated eCommunity to the initiator of the population 
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process. Population processes are initiated by enterprises willing to establish 
business collaborations. Publicly available Business Network Model repositories are 
used to publish and discover appropriate Business Network Models (Kutvonen et al., 
2005). 

For the negotiation phase, the web-Pilarcos framework provides generic 
negotiation interfaces and meta-level protocols. The negotiations and eCommunity 
management during the operation of the community are handled by the NMAs 
(Kutvonen et al., 2005; Metso and Kutvonen, 2005).The collaboration management 
interfaces of NMAs provide functionality for example for renegotiating part of the 
collaboration contract, to query the status of the contract, and to control transitions 
between eCommunity epochs, that is, distinct phases of the collaboration (Metso and 
Kutvonen, 2005). NMAs utilise local contract and policy repositories which store 
information concerning the electronic contracts, business rules and policies effective 
in the corresponding virtual enterprise. 

3. ADDRESSING AUTONOMY IN VE ENVIRONMENTS 

Autonomy of business network participants manifests itself as degrees of freedom 
given to them during the virtual enterprise life-time. A modem VE support 
environment should allow freedom of: 1) design and implementation of services, 2) 
decisions concerning the operation of services, and 3) willingness to collaborate. 
Nonetheless, interoperability and autonomy are inter-dependent aspects of 
collaboration: autonomy allowed for VE participants must be compensated with 
mechanisms to guarantee interoperation in presence of the corresponding freedom. 
In the following we describe the mechanisms that are used to support autonomy in 
the web-Pilarcos framework during eCommunity breeding, negotiation and 
operation and provide mechanisms for solving interoperability problems induced by 
the corresponding aspects. 

3.1 Autonomy during eCommunity breeding process 

The freedom of implementation of computational services leads to technological 
heterogeneity. Most of the implementation technology-related barriers for inter-
enterprise collaboration can be solved with use of appropriate middleware, such as 
Web Services (W3C-WS, 2006) as a technological unification layer. Provided with 
technical compatibility between the computational services, more challenging 
aspects of autonomy and interoperability between business services can be 
addressed. 

The freedom of design, of both existing legacy systems and newly developed 
services, induces semantic interoperability problems which must be solved during 
the VE breeding process. In the web-Pilarcos framework semantics are considered 
with respect to the meaning of individual messages exchanged between business 
services as well as the behavioural aspects of the business services. Interoperability, 
that is behavioural compatibility and substitutability, of business services is 
vaUdated between service types (Ruokolainen and Kutvonen, 2006; Kutvonen et al., 
2005). Interoperability is propagated to the level of business services via utihsing 
service type checking during service offer publication. Thus service offer and 
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service type repositories provide in concert the required functionality for validating 
semantic interoperability during community breeding. 

Freedom of design and decisions concerning the operation of business services 
inflict both technical and pragmatic interoperability issues during selection and 
configuration of business services. Depending on the visibility and accessibility of 
service offer properties, business service attributes contribute to different phases of 
the breeding process. The information type (syntax and semantics) of an attribute is 
used as part of the service discovery criterion during the population process for 
finding compatible service offers. Values of publicly available service attributes 
affect service selection during the population of an eCommunity. Some business 
service attributes can be announced as private and their values are available only 
after prior commitments, i.e., during or after eCommunity negotiations. Private 
attributes express pragmatic aspects of interoperability related to local policies and 
business rules and provide service providers for context specific evaluation and 
expression of business service properties. 

Table 1 provides a characterisation of the different business service attribute 
kinds that can be attached to service offers. Attributes are classified by visibility 
(public or private), type of the value (static or dynamic), and accessibility (how the 
actual attribute value can be obtained). An example of a typical usage of such 
attribute kind is also given. The "must negotiate"-kind of private attributes are used 
in situations where the service provider does not want to expose the attribute value 
before the client has at least identified himself (we presume that negotiations are 
held between identified partners). The service provider does not reveal a "must 
commif-attribute value before a commitment to join the collaboration has been 
made by the client 

Table 1 - Characterization of business service attribute kinds. 
Visibility 
Public 

Public 

Private 

Private 

Value type 
Static 

Dynamic 

Dynamic 

Dynamic 

Accessibility 
Published in the service offer 

Obtainable dynamically from 
service provider 

Must negotiate with the provider 

Must commit to contract before 
the value is exposed 

Example 
Service provider name 

Simple pricing 
information 

Quality of service 

Discount on the price 
of services 

3.2 Negotiating the aspects of autonomy 

Enterprises may express their willingness to collaborate during the negotiation phase 
of the breeding process. Negotiations are used primarily to come into conclusion 
about shared properties among autonomic agents; however, negotiation is also a 
mechanism to introduce autonomic decision procedures into the breeding process. 
An enterprise can keep its decision procedures and preferences private, since a 
negotiation about joining the collaboration leaves an option to decline the invitation 
to join the community. During the negotiations, partners agree about the private 
attribute values of business services discussed above, as well as granularity and 
permanence of collaboration commitments. 
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The participants of an eCommunity may commit to provide their business 
service functionality using three different time spans: the whole eCommunity life­
time, epochs, and business service sessions. Individual actions or business 
transactions are considered too fine-grained to be used as objects of commitments. 
An epoch is a block of collaboration defined in the BNM where the set of roles and 
services is stable; an epoch change captures a major reorganisation of the 
collaboration structure, membership, and commitments (Kutvonen et al., 2005). 
Service sessions are the smallest behavioural structures that can be committed to in 
the web-Pilarcos framework. The session boundaries are prescribed by the service 
types and they are used to define "natural" modular units of business service 
behaviour. Each of these commitment types can be in turn pre-negotiable or re-
negotiable. A pre-negotiated commitment can not be changed between the 
commitments points, whereas re-negotiable commitments allow enterprises to 
express changes in their willingness to collaborate and decisions concerning 
business service provision during operation of the eCommunity. 

3.3 Addressing autonomy during operation of an eCommunity 

Autonomy of participants during the operation of an eCommunity manifests itself as 
1) local policy conflicts, which usually lead to, 2) conti-act breaches. Local poHcies, 
that is, organizational policies and business rules are declarative rules that allow 
enterprises to control how, when and in which context their business services can be 
used. Local policies modify behaviour of business services by requiring certain 
actions to be taken instead of the others, by prohibiting actions, or influence the way 
an action is taken. 

Local policy conflicts occur typically when an enterprise has previously 
committed to deliver a certain business functionality after which the local policies 
have changed due to changes for example in business strategies, or alliances. If local 
policies are expressed in the corresponding service offers, conflicts between the 
local policies and eCommunity requirements can be identified during the breeding 
process. However, organisational policies and business rules are inherently dynamic 
entities subject to organizations' autonomic intentions and not even necessarily 
pubhshed outside the organisations. Contract breaches occur either due to conscious 
decisions made by participants (e.g. changes in local policies) or due to involuntary 
failures to deliver the required business functionality. Runtime monitoring of 
business service behaviour against local pohcies and eCommunity contract can be 
utilised to identify and deal with both local policy conflicts and conti'act breaches. 

4. CONCLUSION 

The B2B-middleware developed in web-Pilarcos project provides support for 
autonomously administered business services that collaborate in a loosely coupled 
eCommunities. The eCommunity establishment and maintenance does not need 
facilities for distributed enactment of business processes, but instead focuses on 
ensuring semantic and pragmatic interoperability. 

In many projects (see survey for example in (Camarinha-Matos, 2003)), the 
breeding environment provides facilities for negotiating and modelling the 
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collaboration processes; the operational environment controls the enactment of the 
processes. Many of these virtual enterprise support environments use a shared 
abstract model to which all enterprises have to adapt their local services. In addition, 
the negotiations lean on an amount of human intervention for building the required 
trust relationships. In contrast to this, the approach in the web-Pilarcos project is a 
federated one and automation-oriented. Enterprises seek out partners that have 
services with which they are able to interoperate. The federated model provides the 
necessary flexibility and mechanisms to address pragmatic interoperability issues 
and autonomy. The automation is limited to routine decisions: strategic choices are 
left to humans while routine decisions concerning technical and semantic 
interoperability during eCommunity establishment or policy enforcement are 
provided with automated infrastructure facilities. 
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Information retrieval is one of the key processes in the management of 
collaborative networks (CNs). For large and complex networks manual 
processes need to be supported by automated retrieval systems. 
We study the characteristics of information retrieval systems and discuss their 
applicability in distributed, dynamical heterogeneous environments, such as 
CNs. We developed a model of a distributed information retrieval system, and 
implemented a prototype of distributed information services in the domain of 
collaborative organizations. 

1. I N T R O D U C T I O N 

A collaborative network (CN) is a network consisting of autonomous, 
geographically distributed, heterogeneous entities (e.g. organizations and people) 
that collaborate to better achieve common or compatible goals [1]. 

Typical examples of CNs are Virtual Enterprises (VEs), Virtual Organizations 
(VOs), Virtual Labs (VLs) and Professional Virtual Communities (PVCs). 

While today the concepts of CNs are well known [8], aspects around their 
management are still subject to research. Karvonen et. all [5] focus on VOs and 
define VO-management as the organization, allocation and co-ordination of 
resources and their activities as well as their inter-organizational dependencies to 
achieve the objectives of the VO within the required time, cost and quality frame. 
We can broaden this definition applying it to CNs. CN management applies 
knowledge, skills and tools in order to achieve the CN goals. 

One of the key elements of CN management is the acquisition of information 
about the status and operation of the network and its entities. In case the number of 
entities is large, the selection and retrieval of information needs to be supported by 
an information system. Such a system might relieve a CN-manager fi:om the 
uimecessary complexity of specifying, searching and obtaining the information that 
is relevant for getting overviews and taking decisions. 
We emphasize that many companies (amongst others SAP, IBM, HP, Microsoft, 
Tibco, Cisco and Oracle) have developed monitoring and control tools that support 
organizational management. Their solutions have evolved from monolithic systems 
towards centralized, homogenous network systems. However, most of these 
solutions are focused on processes and procedures within single organizational 
boundaries. Applying them in the area of CNs is not a trivial task due to the 
concepts and characteristics of a CN. A significant, generic characteristic of a CN is 
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that its entities are self-contained and work together only for a particular amount of 
time. Other characteristics are geographical spread and local influences. 

As an example we take a collaborative network of organizations (CNO), which is 
a heterogeneous, distributed network of organizations in which each organization 
(member) acts within its own local environment to deliver a product or service to the 
network. Together they achieve a common goal, often in the form of a service to the 
outside world. The members can physically be located around the globe, introducing 
globalization management issues [4]. The issues go further than locality problems 
like date-time, units of measures or language; Culture [10] has significant influences 
on their operation and contributions to the CNO. The location and social habits of 
the country where a member is situated, combined with the fact that each member 
has to deal with particular local rules, laws and legislations has significant 
influences on its operation in the network. Furthermore, each member has its own 
internal procedures and mechanisms in order to produce its results or fulfill its 
services. This has impact on the frequency, amount and kind of infonnation that a 
member is able to provide. Information that touches the member's core-business 
cannot or will not always be shared. The latter has to do with strategic goals and 
aspects of thrust. 

Another characteristic of a CNO is called 'local control'. A CNO operates in a 
so-called shared, collaborative environment. Such an environment is characterized 
by shared processes which are controlled by multiple local domains. For a CNO this 
means that each participating member has the control of its own part of the 
environment, while it shares its services with other members in collaborative 
processes. The aspects of local control and local influences are typical for CNs in 
general; It holds for networks of organizations where business services are shared, 
as well as for networks of technical components such as large, shared computer 
infrastructures (collaborative infrastructures, grids). 

The research in our group focuses on information retrieval in d3mamic collaborative 
environments. We study the mechanisms of data acquisition and architectures for 
information gathering in such environments. We use the concept of Information 
Services, defined as entities that operate in large, distributed networks that provide 
information about that network and its components. As part of ongoing research in 
our group we study the use of information services to support the maintenance of 
grid environments [3]. 
Information services can also be applied to crisis management in the field of 
logistics and transport[6]. This holds preventive measurements such as early 
warning systems in order avoid accidents, as well as support for handling emergency 
situations when a traffic accident has occurred. In [7] we describe the concepts of 
adaptive information services that help mobile ICT teams, called Squads, in doing 
their work. It is here where we are working in the field of hybrid networks, studying 
man-machine interfaces and collaborative multi-agent learning. 

In this paper we focus on the information retrieval in CNOs. We work out a model 
of a distributed information refrieval mechanism and discuss a prototype that 
supports the information retrieval in CNOs by means of Distributed Information 
Services. 
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2. DISTRIBUTED INFORMATION SERVICES 

Distributed Information Services (DIS), are piece of software in a network 
environment that provide information about the state or usage of one or more 
components of that network enviroimient. 

This section gives an overview of the properties that characterize a DIS. We look 
in particular at those properties that are interesting with respect to the environments 
ofCNOs 

Local scope and control 
A DIS is designed to operate in a particular part of the network, known as the local 
domain. In case of a CNO, a local domain is considered to be an enviroimient that 
belongs to a particular member-organization. A DIS retrieves information from such 
a particular member environment. 

Located inside that domain, a DIS has access to local systems and can be 
configured and controlled locally by system operators belonging to the member 
organization. 

A particular member domain may use its own language, or specific technical 
interfaces to particular subsystems or components. Having access, a DIS fetches 
data ixom a particular hardware or software component. A DIS is designed to 
generalizations and translations between the local domain and the rest of the 
network. 

Local scope and control also enables a DIS to react on events that are not 
allowed to be visible outside the borders of a particular organization. An example of 
this is the measurement of intermediate production progress details; although a DIS 
can be configured to inform a local manager about these figures, it may shield the 
details towards the CNO-manager. 

Autonomous behavior 
A DIS is an active component that fulfills measurement and provisioning tasks 
autonomously by means of rules. An example of such a rule is to measure each hour 
production details, and compare this with previous values and report when 
necessary. Rules may also defme actions in case a certain pattern in the measured 
data is found. This enables local problem solving by reacting on events that are only 
visible inside the borders of a particular local environment. The definition and 
configuration of the rules can be given via one of its communication interfaces. 

Communication interfaces 
The communicative properties of a DIS can be divided into three groups: 

Communication with a controller outside the local environment 
Communication with its local environment 
Communication with other DISes. 

The first kind refers to configuration and control by a human or a system that 
consumes the provided information. This can be an individual who configures the 
rules about what and how often a DIS should measm-e. Such an individual might be 
a CNO manager who is interested in information about the operational status of the 
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CNO, or a system operator (squad team) who is interested in the operational status 
of the supporting ICT infrastructure. 

The second kind of communication allows the local environment to interact with 
the DIS and vice versa. A DIS can respond to events broadcasted by components 
inside a local domain. A DIS can retrieve properties of the environment enabling 
operation in heterogeneous, dynamic networks. 

The third kind of communication is the communication with other DISes. The 
possibility to exchange information between multiple DISses enables collaborative 
information provisioning and notifications of events that happen in other domains. 
Another reason for inter-DIS communication is the ability to react immediately to 
local events, without the involvement of central, hierarchical (broker) components. 
Communication between DISes involves the exchange of information over multiple 
local domains, security aspects have to be taken into account. Therefore, 
authentication rules describing what is allowed to communicate must be defined and 
shared between the various DISes. 

For all three kinds of communication, protocols need to be defined. These 
protocols are not specified by the model, because they depend on the 
implementation, goals and purposes of the application area. 

Adaptive behavior 
Combining the two previous characteristics, i.e. having autonomous behavior and 
communication interfaces, a DIS is able to learn and show adaptive behavior. It may 
use its communication facilities in combination with its internal state and rules, to 
change its way of measuring data. 

In general, adapting does mean 'changing behavior'. In case behavior is based on 
a set of rules, defined by means of parameters and metrics, changes can be provoked 
by altering a rule or one of its parameters. In case adaptation leads to improvement 
of results, we call it 'learning'. The ability to learn sti-engthens the autonomous 
capabilities; a DIS may e.g. take the initiative measure pro-actively, without 
intervention of its controller. 

Collaborative goals 
Communication between each other enables DISes to compete or collaborate with 
each other in order to provide better information. Combined with the aspect of 
adaptation, a DIS is designed to adopt mechanisms of collaborative learning. 

Summarizing, our model of a DIS is has a set of properties that enable it to operate 
in djmamic, heterogeneous environments. These characteristics are reflected by a set 
of interacting DIS-components, shown in Figure 1. 
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The model allows an extensible and flexible configuration of these architectural 
parts. Still, the basic functionality is to provide information (output) based on 
configurations given by the controller (input) and autonomous data fetching. 

CONTROLLER 
INPUT 

• 

DIS ^ , Authentication 

Commurtlcator InformatlonRetriever L-—j Actions (Poller) 

HZ~J 

• ^ 
PatternAnaiyser 

-S. 
MEASUREMENT 

ACTIONS 

INFORMATION 
OUTPUT 

• 

DATA INPUT 

Figure 1 - architectural design of a Distributed Information Service 

3. RESULTS 

We apply our model in domain of CNOs. As part of our work in the Ecolead project' 
we work on a set of generic e-services supporting the management of collaborative 
organizations. 

Here, management information is characterized by indicators like 'delivery due 
date', 'product quality' and other quantitative measurements. Also information 
about the collaboration between the partners and the planned activities, are 
indicators that are used to measure the performance of the network. In general, using 
the concept of Service Level Agreements, an indicator can represent any type of 
information that has to be fetched from each member location. 

The prototype is named DÎ  (pronounced dee-triple-eye) which stands for 
Distributed Indicator Information Integrator. The current version supports a basic 
information retrieval mechanism, and basic communication facilities. 

Figure 2 shows the experimental setup of the prototype. DI^ consists of a set of 
collaborating components. At the location of each member-organization, an 
'Information Retriever'-component measures the value of a pre-configured 
information indicator at a certain, pre-defined frequency. 

At each heartbeat, a fetching request is send to an intermediate component, 
called a DataAdapter. This component fetches by means of a query on a local 
member system or, in case a member does not have a system that can be queried, it 

' wvyw. ecolead. org 
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may fetch the value by means of an email or browser screen, requesting a human 
individual to enter the value manually. 

The Information Retriever stores the value returned by the DataAdapter in its 
local memory, and verifies whether it should inform its controller, i.e. the CN-
manager. Such a briefmg will be sent by means of a third component, the Broker 
having merely an intermediate function. 

^m CN manager 

Management 
application 

Member 
environment A 

Information provisioning 

DISf 

DataAdapters 

Figure 2, experimental setup of the prototype 

In the current version (Figure 2) we deal with three different kinds of information: 
• Performance information by means of progress indicators. 

An example is the measurement of the amount of the work that is done. In 
case the measured value is below a certain level, the Information 
Retriever launches an event message. 

• Contract management information, such as 'due date' and 'expected 
production figures'. An event is launched in case it is suddenly changed. 

• Collaboration information. For example a satisfaction indicator. This is 
measured by means of a list with satisfaction-figures filled in weekly by 
the members indicating the level of collaboration with other partners. 
Events may be launched in case of negative marks. 

Currently, we are testing the feasibility of retiieving this kind of information. 
Furthermore, we use the prototype to work on the aspects of collaborative 
information provisioning, by studying implementation of ad-hoc communication 
algorithms in combination with learning algorithms. 

The implementation of the prototype is based on Web-Services, and developed 
in Java. The technology of Web-services is common for implementations on a 
Service Oriented Architecture. It also uses the advantages of platform independency 
and message based communication. 
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5. DISCUSSION AND FUTURE WORK 

The characteristics mentioned in section 2 show similarities with aspects of (at least) 
three other interesting fields of research. Our goal is to adopt results algorithms and 
technology achieved in these fields. Figure 3 shows the overlap of three fields of 
research. The central area reflects the domain of DIS. 

A DIS has characteristics of Peer-2-Peer (P2P) systems [9]. The properties of 
P2P networks enable a high scalability and the ability to deal with heterogeneous 
systems. Information sharing is one of the main design goals of P2P systems. P2P 
communication mechanisms allow individual nodes to share data and work in a 
collaborative way. 

Autonomous behavior is widely used in the field of Agent Technology. 
Communication and autonomous adaptive are used the area of Multi Agent Systems 
(MAS). An overview of learning in multi agent systems is given by Weiss [11]. 
A third field that has a significant influence on our design and model of DIS is 
Machine Learning. This field studies learning algorithms and mechanisms to model 
complex envirormients. 

Figure 3, relationships with three overlapping fields of research 

The implementation of the prototype is based on a modular approach; It is extensible 
and allows for replacements of individual parts our model. 

We want to use the prototype also in other fields, such as emergency rescue 
teams and computer network maintenance. In general, distributed information 
services might be applicable in any kind of heterogeneous distributed networked 
environments, were situations are characterized by unstructured, unpredictable ways 
of information sharing. 

Our prototype is used to study an adaptive fi-equency mechanism. We use the degree 
of deviation from expected values to decide about the need of increased frequency, 
in order to foster closer monitoring when needed. It is plaimed to add and study 
more adaptation capabilities to the information services. We plan to work on 
collaborative learning algorithms in order to improve the information provisioning 
in large, complex, dynamic networks. We want to include aspects of Epidemic 
information dissemination [2] and combine this with machine learning and theories 
of reinforcement learning. 
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6. CONCLUSION 

In this paper we described our research on information retrieval mechanisms in 
collaborative networks. As being one of the applied areas, we discussed the aspects 
collaborative networks of organizations (CNOs) and the necessary management 
support. We described a model of a distributed information retrieval mechanism and 
worked out the characteristics of distributed information services. We also described 
a prototype that is being developed in the domain of CNOs. 
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Economical constraints impose to enterprises to regroup themselves into 
virtual enterprises to be more reactive. This association will create 
interdependencies between virtual enterprise processes, which can be a 
problem in case of a process failure, because such an issue can jeopardize the 
whole activity of the virtual enterprise. Thus, it seems relevant to set 
« survival» mechanisms enabling to improve processes reliability. First, we 
propose a method to determine how the information system resources 
supporting the processes are used. Then, we define the architecture of a system 
in charge of managing process survival. We designed the architecture so that it 
is adapted to a large scale, heterogeneous and dynamic context, which 
characterizes virtual enterprises. We validate our approach with a prototype 
giving its first results. 

1. INTRODUCTION 

In the actual economical context, which is more and more complex and changing, it 
is necessary to form virtual enterprises (VE) to cope quickly and efficiently to the 
market constraints. Despite of the intrinsic interest of collaboration, setting 
collaborative business is not obvious (Bremer et al. 1999; Wildeman et al. 1996). A 
real collaboration is more than just exposing manufacturing processes and services 
to an outside partner. It must integrate also cross-enterprise collaboration so that 
partners integrate their resources for mutual gain. However, the cooperation between 
the different VE entities is also the source of important problems. It is important to 
take into account that federating the different Information Systems (IS) of the 
entities composing the VE causes interoperability issues between the IS 
components, and can deeply impact on the quality of offered services. 

IS Infrastructures availability will completely determine the quality of offered 
services. Thus, infrastructures availability is fundamental because one IS component 
dysfunction can jeopardize the whole VE's activity, which is not acceptable. To 
reach a good quality of the global IS, it is first necessary for the infrastructure to be 
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« available » to support VE's business processes, even if some IS resources are 
corrupted or not operational. Therefore, it is important to set redundancy 
mechanisms inside the IS. Thus, in case of resource corruption, tasks performed on 
the corrupted resource can migrate to a « safe » resource, so that it becomes possible 
not to interrupt the processes, even in case of failure. Because of the growing IS 
complexity, of their instability and constant evolution, it is not possible to secure 
completely an IS to cope vv'ith both internal and external threats. Considering this 
problem, risk management and "survival" capabilities are interesting, because they 
enable to define and to set mechanisms to assure service continuity, even in case of 
attack or failure of some IS resources. The problem of these methods is that they are 
not implemented for now in unstable connectivity, great scale, and heterogeneous 
environments, which are properties characterizing modem IS. We propose in this 
paper a method to establish the sequence of tasks implied in business process 
execution, which enables to establish a chart of the IS resources use. Then, we 
describe the architecture of a survival system based on the mobile agent paradigm. 
We present our first results on a virtual enterprise prototype, whose entities share a 
common research and development process. 

2. CONTEXT 

In a virtual organization, some entities a priori independent form an association to 
perform a common project. This association impacts deeply on the IS of each 
entities because the different IS have to merge, at least partly, to support global 
collaborative processes. This «globalization» imposes constraints in terms of 
management of the services quality, in terms of interoperability, and in terms of 
processes safety. In this paper, we focuse mainly on this last point. During the 
collaboration, one of the collaborating entities can experience some problems and 
dysfunctions. Thus, its information system can be the target of attacks, or some 
services can fall due to technical issues. However, the virtual enterprise still must 
must support its activities, even if one of the entities does not work properly. This 
kind of problem is important in a conventional enterprise, but it is much more 
critical in enterprise networks, because a problem affecting one entity can block the 
activity of the whole organization. In such a context, it is important to settle 
mechanisms improving the reliability of the shared processes during their 
exploitation. This is a crucial issue to solve to improve the reliability of cooperating 
networks. 

The interaction between business processes, tasks and resources can be 
represented as a model organizing sequentially the tasks being performed by 
processes as shown on figure 1. These tasks use some resources of the distributed IS. 
The resources implied by a task performance change in function of the task being 
performed. 
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Figure 1 - Business Processes use different resources of the distributed IS 
system to execute themselves 

To improve Business Processes reliability, vî e can try to settle rescue resources 
that are able to support services that are no more supported by a deficient resource. 
This simple idea arise numerous concerns. It is first necessary to be reactive to 
problems concerning the availability of resources used by the executing Business 
Process. This point is not obvious is a centralised architecture, but it can become 
very complex in a highly distributed architectm-e, such as Information Systems of 
virtual enterprises. Thus, this kind of architecture can be of large scale, of unstable 
coimectivity, and heterogeneous. 

Some workflow and business process management systems based on mobile 
agents have been proposed (Suh et al., 2001; Budimac et al., 1999, Loke and 
Zaslavsky, 2001). These models enable to negotiate tasks constraints (precedence, 
execution conditions...) thanks to mobile agents. This approach is very encouraging 
in a highly distributed environment. In fact, we can consider the distributed IS as a 
set of interconnected nodes which will evolve according to the alliances or 
separations between entities of the VE. In such a case, trying to give survival 
capabilities to the distributed IS can be considered as giving survival capabilities to 
a set of interconnected nodes, this set being dynamic, heterogeneous, and presenting 
unstable connectivity characteristics. In this context, which is highly distributed, it 
seems convenient to adopt a survival system based on an intrinsic distiibuted 
paradigm. Mobile agents enable to work around the limits imposed by centralized 
environments in terms of infrastructure management (Tomarchio and Puliafito, 
2000). The use of mobile agents proved its efficiency to solve key problems bound 
to distributed infrastructure such as packet routing in dynamic network 
infrastructures (Kramer et al , 2000; Caro and Dorigo, 1998), or intrusion detection 
(Fenet, Serge, 2001). Even if the mobile agent use seems adapted to the context, it is 
necessary to structure the way they are exploited. As underlined in (Schulz et al., 
2004), to make the best of the mobile agent paradigm, it is necessary to make them 
evolve in a well-defined frame. In our context, the specific survival services act 
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independently from each other. Thus, it seems relevant for us to use several kinds of 
mobile agents, each one dedicated to the management of one of these specific 
services. These mobile agents perform all the data collection and modification 
related to the survival service they are bound. The servers are intercoimected and 
watch themselves. In case of failure of one server, any other server can be elected to 
replace the corrupted server. Our prototype use the "aglet" platform (SourceForge, 
2006) to implement the survivability management system: it is an operational 
platform, fairly extensive and free, which suits very well to our prototyping 
constraints. 

3. ARCHITECTURE OF THE SURVIVAL MANAGEMENT 
SYSTEM 

3.1 Architecture 

We propose here an approach based on the mobile agent paradigm, to settle survival 
mechanisms inside the collaborative IS, so that it becomes possible to improve 
process reliability, even if some IS resources get corrupted. The fiinctionalities of 
our « survivability » management architecture are implemented by the following 
mobile agents: 

• inventory and planning agents: they are in charge of roaming the network 
to discover the equipments (nodes), their configuration, services and 
applications they are hosting. Besides, they determine the nodes which can 
potentially host applications and services located on other resources, to 
provide redundancy in case of failure. 

• pre-migration agents: these agents are in charge of settle mechanisms to 
make easier the application or service migration working on a corrupted 
resource. 

• detection agents: they are in charge of roaming the network to control that 
strategic configuration files have not been modified unexpectedly and to 
control that the nodes are operating properly, by performing elementary 
verifications, at the system level as well as at the application level. If a 
problem is detected, the central server is warned and will launch 
immediately migration agents enabling the applications and services 
executing on the corrupted node to migrate toward a safe node. 

• migration agents: they are in charge of performing the migration of data 
and applications from a corrupted node to a safe node. 

We developed a prototype implementing this architecture on a small viitual 
enterprise. To give applications the ability to migrate from one IS node to another is 
important, but it is also important to know the application transfer duration, to limit 
the time of service interruption. BCnowing this transfer duration will impact 
significantly the IS services implantation. IS architects will try to implant those 
services to Hmit this time of service interruption. To determine this transfer duration, 
we simulated the corruption of an IS resource, triggering applications and services 
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migration. The obtained results are interesting and show the potential of mobile 
agents to solve « survivability » problems related to IS management. 

3.2 Impact of application transfer times on the IS implantation 

We modelled the following virtual enterprise (figure 2). It is composed of 3 
interconnected entities, (one in the USA, and 2 in France) which are collaborating 
on a common research and development project. The goal of this project is to 
develop an open source enterprise service bus (ObjectWeb, 2006), and some 
connectors specific to open source or proprietaiy ERP. This bus should enable 
clusters of enterprise to place common orders for buying, selling, or transporting 
goods. One of the strategic resource of the research and development project is the 
database containing all the data related to the development of applications (source 
code, documentation, compilation procedures). The difficulty is that this 
development project is an open source one, meaning that there are constantly actors 
coming and going out of the project. The enviroimient is naturally dynamic and 
unstable. One key problem in such a context is to assure the conception project 
survival by assuring the survival of the resources supporting this process. 

An important problem is to decide where to implant the DBMS (on which site, 
and on which node of that site), knowing that in case of problem appearing on this 
resource, or on the site hosting the resource, data must migrate easily towards a 
resource capable of relaying the defective resource, this rescue resource being 
located ideally on an other site. We implemented for this problem inventory agents 
and pre-migration mobile agents. Inventory agents are launched on each site by the 
« process survival server », and they detect the nodes which are able to host the 
database server, in terms of physical capacity (memory, CPU, disk space, 
bandwidth...). On each of those sites, a node is detected. The three potential 
candidates to host the DBMS are alpha, beta and gamma. They are said to be 
eligible to host the DBMS server. The next question is to locate where to implement 
the DBMS server. For this, pre-migration agents will install a « fake » database 
containing around 3Go of data on the eligible nodes. The corruption of the node 
hosting the DBMS is then simulated. The database (configuration + data) will 
migrate towards the closer eligible node. If the migration time is short enough, this 
means that in case of attack or failure the database is able to migrate fast enough, 
then the tested node is retained to host the database permanently. 
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Figure 2 - Virtual enterprise organization for prototype implantation 

In a first place alpha is chosen to host the database, and a problem is simulated 
on alpha. The problem simulation on alpha involves data migration towards beta, 
which is the closest eligible node. Because of the low throughput of the link binding 
the US site to the Paris site, the database migration lasts around 9000 seconds (2 
hours and 30 minutes, figure 3). This important migration duration is not acceptable, 
because during this time, the database can be seriously damaged or completely 
destroyed. 
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Figure 3 - Traffic generated by the database migration from the alpha node to the 

beta node 

Consequently, the alpha node is not chosen to host permanently the database 
server. The same scenario is followed for the beta node. A problem simulation 
performed by the simulation agents causes the database migration towards the 
gamma node. The bandwidth being more important between Paris and Lyon than in 
Seattle and Paris, the duration of the database migration is 8 minutes and 30 seconds 
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(figure 4), which is much more acceptable. Consequently, the beta node is retained 
to host the main database. 

600 

Figure 4 - Traffic generated by the database migration from the beta node to the 
gamma node 

Thus, these first results show that it is possible to use mobile agents to 
implement survival policies to make stronger the shared processes in a virtual 
organization. 

4. CONCLUSION 

We showed in this paper how to improve to reliability of collaborative processes 
during their exploitation. We defined for this a method to sequence tasks performed 
by collaborative processes, and also indirectly the resources that are used by these 
tasks. A mobile-agent based architecture for improving process survival is then 
described. We prototyped this architecture and we tested it on a simple collaborative 
process of information sharing to validate our approach. An interesting project about 
this platform would be to generate automatically the mobile agents depending on the 
needs and on the context, to come closer to a reactive and adaptive management of 
the Information System. In this paper we try to improve process survivability but 
only during their exploitation phase. An interesting perspective would be to try to 
anticipate the needs of survivability. For that purpose, it would be interesting to 
integrate risk management concerns in the mobile agent generation process. The 
risks are different during the steps of execution of the BP, and it would be 
appropriate to generate specific agents (tagging, monitoring...) according to the 
risks. This would enable to refine the agent generation and to better define the 
survival management tasks that have to be done. We could start from the risk 
management methods existing for the Information System such as EBIOS (DCSSI, 
2004) or OCTAVE (Reedy, 2003). We could use these methods from a process 
point of view, which could enable us to identify the critical phases of a process. 
These critical phases would be particularly watched by the survival management 
system. 
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Virtual enterprise networic planning and design lead to complex challenges. 
From a conceptual point of view, business processes have proven to be the 
ideal design items in conjunction with the use of graphical methods and tools. 
Especially for network design and implementation, information modelling 
serves as the fundamental starting point. In the article, the authors depict a 
modelling approach dedicated to a global and a local description of business 
processes and a distributed model management platform, Tlte latter supports 
the collaborative creation and application of models in network environments. 

1. INTRODUCTION 

Virtual enterprise (VE) network planning and design lead to complex challenges. 
Enterprise networks consist of autonomous economic entities, usually with a 
common target definition (Leimeister, Weigle, & Krcmar, 2004). Additionally, due 
to numerous points of contact VEs are characterized by common resources and 
interfaces (Specht & Kallmann, 2000). In a VE, at least two different organizations 
collaborate in order to create a common added-value. To do so efficiently, an 
integration and collaboration of network participants becomes necessary. 

From a conceptual point of view, business processes have proven to be ideal 
design items in conjunction with the use of graphical methods and tools (Hammer & 
Champy, 1993). However, with information gaps across the borders of an enteiprise 
business process coordination turns out to be a highly complex task in the network.' 
Thus, adequate instruments have to be designed and supported by Information and 
Communication Technology (ICT). For the planning and design of a VE network, 
infoimation modelling serves as the fundamental starting point. A model depicts 
attributes and parameters necessary for requirement definitions. They comprise 
knowledge about business logic, data interfaces, or organizational responsibilities 
within a network. The structured design and provision of information for business 
and IT specialists is essential for an efficient setting-up of a network. As traditional 

Cf requirements e.g. described in (Zang, Hofer, & Adam, 2004). 
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Business Process Management (BPM) approaches and tools do not provide support 
sufficiently, existing approaches and tools have to be extended. 

The article depicts an approach towards general information modelling and 
model management in networks. The authors distinguish two modelling levels due 
to abstraction and selection of process information and the need for information 
security in cross-organizational collaborations. To support modelling tasks 
efficiently, an integrative platform for modelling and model management in 
distributed envirotmients is described. Due to requirement descriptions have already 
been depicted in e.g. (Adam et al., 2005a) and (Theling et al., 2005) this article 
focuses on the description of solutions disregarding general requirements aheady 
described in former work. The article ends with a conclusion and an outlook on 
future research in the cross-organizational modelling and model management area. 

2. BUSINESS PROCESS MODELLING IN NETWORKS 

The systematic planning and design of business processes in VE networks demands 
a set of integrated methods and tools from the business concept level up to the 
implementation into ICT-systems. Existing BPM methods and phase models have to 
be used as a foundation and have to be adapted to the specifications of VE networks. 
Especially because of its completeness of vision and its proven practicability, both 
in the scientific and the economic context, the "ARIS House" (Scheer, 1994) is 
accepted as a generic framework for BPM. Hence, it serves as a basis for further 
considerations. The ARIS House describes a business process, assigning equal 
importance to the questions of organisation, functionality and the required 
documentation. First, it isolates these views for separate treatment in order to reduce 
the complexity of the description field, but then all the relationships are restored 
using a control view introduced for this purpose. Within the different ARIS views, 
information modelling serves as the main instrument. 

To meet the design and implementation requirements of networks, instruments to 
describe as-is states and to design to-be states are considered in the dimensions of 
the ARIS House. Business analysts and IT specialists have to consider product and 
service descriptions, business process models and organisational structures for 
network planning, design and implementation. The transition between as-is and to-
be in collaborative product development or process engineering is achieved by a 
successive synchronisation of organizations. Planning, design and implementation of 
a network require increased communication efforts between business partners 
involved. Thus, information is exchanged in the form of models which depict e.g. 
partner input/output descriptions, interface requirements, or process information. 

Due to the characteristics of networks, knowledge is a critical resource. It is only 
shared with partners under given circumstances. Thus, based on (Adam, Chikova, 
Hofer, Zang, & Vanderhaeghen, 2005a), knowledge is classified 

• to be managed on a global level and such 
• to be managed on a local level. 

Both description levels form a knowledge classification which is represented in 
the ARIS House by a vertical axis (global knowledge) and a horizontal axis (local 
knowledge) (see Figure 1). 
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Figure 1 - Global and local knowledge in networks 

Global knowledge comprises partner-spanning relevance on the one hand as e.g. 
a change of network stnicture due to partners leaving a network. This implies that 
products or services may be no longer available within the network. Thus, such 
information is globally important. Global models contain general conditions for e.g. 
application of ICT in a network. On the other hand, local knowledge as detailed 
processes or process interfaces is kept within the borders of an enterprise or 
bilaterally exchanged with direct business partners only. Consequently, models are 
required on a global and a local description and application level. While local 
information models are not made public to all business partners, global models 
intend a coordination of all partners. 

To support local and global modelling in networks efficiently, the blueprint of a 
distributed model management platform is described in the following. 

3. DISTRIBUTED MODEL MANAGEMENT PLATFORM 

Networking enterprises implicates a close connection between discrete economic 
entities. However, the general design and implementation of internal business 
processes and ICT are usually managed without external exertion of influence. But 
at the same time internal organizational knowledge is shared selectively within 
enterprise networks in the form of models (Adam, Chikova, Hofer, Zang, & 
Vanderhaeghen, 2005a). The intended coordination of business partners requires 
information processes between decision makers and actors in order to harmonize 
network actions. Thus, we propose an approach towards a distributed model 
management platform. To plan, to design and to implement networked business 
processes, modelling is conducted in a distributed manner between two or more 
organizations. Integration of models becomes a critical task due to heterogeneous 
modelling frameworks and modelling tools being in use in a network (Theling, 
Zwicker, Loos, & Vanderhaeghen, 2005). 

The authors describe a platform which is installed and applied in a VE network 
by every single participant organization. The platform mainly consists of a web-
based front end, a model and model meta-data repository, interfaces to existing BPM 
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tools and converters for the transfer and transformation of information models 
towards different syntactical representations. It is applied by multiple system 
instances which are able to communicate to each other. Main target is the 
management of local and global models due to the approach described in section 2. 
In the following, the authors revert to main challenges of the platform only. External 
integration of tools is not described. 

3.1 User Authorization and User Interface 

In the platform, a web-based user interface is provided to enable easy user access to 
information based on four different user roles (view user, modelling user, enhanced 
modelling user and administrator). Security requirements are met by a session-based 
module to manage login data. On a cross-organisational level, authentication is 
provided to external users by giving access on models which are stored in a single 
platform instance (c.f also section 3.2). Single Sign-On (SSO) facilitates the work 
with different integrated modelling tools. The user interface provides a distinct 
navigation structure with multiple user information sets. Easy and quick access to 
basic functions is ensured by two navigation bars and links depending on the user 
role. Figure 2 illustrates the user interface with its basic functions (white boxes) and 
information sets (grey boxes). 

Figure 2 - Model Management User Interface 
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3.2 Information Access across multiple Platform Instances 

Network participants are allocated in distributed environments. The coordination of 
collaboration partners requires communication efforts. In our approach, this 
communication is realized with a distributed information exchange of models. 
However, in a network the exchange of information requires measures building trust 
between business partners (Ratnasingam, 2003). 

On a communication layer, necessary access authorization for model exchange 
can be designed on a global level (ensuring communication between all partners) 
and a local level (Adam et al., 2005b). On a local level, communication is negotiated 
bilaterally (e.g. for information exchange between exact two partners). Based on 
these two levels of spatial distribution, access authorities are realized in two steps. 

Firstly, unique access information is given to all partners in a network (global 
partner user name and global partner password). Access information is associated to 
one miming project. The project is named unique by every partner. Conciliated 
access information is achieved in combination with a first network exchange of 
global models. Information models depicting the overall organizational network 
structure are transmitted to all partners for network management purposes. Thereby, 
partners get information in two different dimensions; On the one hand global 
information for network plaiming and design is exchanged with organisational 
models. These models also contain knowledge about project partners and mutual 
business process dependencies. Partner addresses (Unified Resource Locators 
(URL) of corresponding platform instances) are added as attributes to global 
organisational models. On the other hand, the global access data is inserted to the 
global model. On a protocol layer information access is encrypted via Internet by 
Secure Hyper Text Transfer Protocol (HTTPS). 

Thereby, every partner gets all necessary information for a bilateral exchange of 
data between direct business partners. With 

• the knowledge -which partner combinations require bilateral 
communication in the network, 

• single partner addresses (URL) known to the network, 
• global and unique access information known to the network and 
• secure communication channels with encryption mechanisms 

the first stage of cross-organisational access framework is achieved. It enables data 
exchange in distributed environments. 

With global knowledge about business partners, detailed information can be 
transferred in a second step. Partners once identify the need for communication 
within a network project by organisational dependency descriptions (cf. step 1). 
Consequently, business processes of business partners have cross-organisational 
interfaces to be aligned. Synchronisation and communication are facilitated by 
models and their bilateral exchange. Models depict necessary information on a 
partner's pubUc processes and interface descriptions. They offer a possibility to 
recognize mutual dependencies and to react by process reengineering or 
customization of application systems. To facilitate the exchange of detailed models 
on a local (bilateral) level, every partner requests individual access information 
(partner's local user name and password) to its direct business partner. Hereby, the 
unique project identification number and globally known username and password 
are transmitted in association to the request. Partners check if a request is valid 
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(correct partner request URL, correct project ID, correct global access information) 
and accept or deny a request. If accepted, a partner creates access information for the 
business partner request. If it is not valid, the request is ignored. Successful access is 
valid for a whole project duration and must not exceed a given time limit. With the 
created local user name and password, business partners get access to the 
information another partner has directly made public to him. This information is 
managed in platform instances in the form of models as public business process 
models, public ICT interface descriptions or product and service trees. 

A cross-organisational and distributed communication between business partners 
is accomplished. 

3.3 Repository Storage and Distributed Information Exchange 

In a network, models might occur in different syntactical representations. This is 
related to the use of heterogeneous modelling languages and supporting tools. 
Control instances might be missing as some forms of collaboration networks only 
imply equal participants being part of a network. Examples are VE networks without 
one or more central, steering management occurrences. Thus, it is not possible to 
enforce a common syntactical representation for models or the use of special 
languages and tools. However, an agreement has to be established either on a local 
level between collaboration partners or on a global level to get a collaboration-wide 
and standardized default. In the latter case, the default needs a partner-wide 
acceptance. In the first case, an agreement between at least two network partners is 
satisfactory. 

Coordination efforts in modelling need to be reduced or even minimized. A 
standardized description of information with one storage format becomes necessary. 
The format needs independency from tool providers as it requires a common 
acceptance among all network partners. The Business Process Modeling Notation 
(BPMN) provides an appropriate modelling language. It helps to describe process 
information on a conceptual level. The BPMN addresses modelling experts as well 
as IT specialists (White, 2004). It is supported by various tool providers. However, a 
standardized BPMN XML description format does not yet exist. Thus, based on the 
BPMN meta-model, a XML-based description and storage format has been designed 
and implemented as well as first JAVA transformation converters based on 
respective meta model - mappings between different methodologies (Theling, 
Zwicker, Loos, & Vanderhaeghen, 2005; Vanderhaeghen, Zang, & Scheer, 2005). 
Hereby, local process models in heterogeneous representations are transformed to 
BPMN-compliant representations and syntactically stored as BPMN XML models in 
a platform repository. With transformation and standardized representations, process 
models become syntactically understandable for all network participants. BPMN 
acts as a common denominator for information description and information storage. 

3.4 Model Synchronisation 

To apply existing models of participants in a VE network, private models from BPM 
or software engineering are selected due to their relevance for network coordination. 
Hereby, a selection of models is copied and stored in the model management 
platform with a unique backtracking to their original model instances. The assumed 
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repository of private process models are hidden to business partners and managed in 
separate tools not accessible to unauthorized, external people. Thereby, critical 
information models which must not be made public are protected. Participants of a 
network are able to manage their collaborative relationships with a pool of selected 
models being necessary for network and partner coordination. 

Figure 3 depicts the proposed synchronization procedure which assures that 
model copies - selected for collaborative apphcation and thus managed in the 
platform - enable retraceability to their local source pendants. A need for model 
ahgnment is identified by working with these copies of models. With new 
collaborative requirements, private models may be changed and updated for their 
collaborative application afterwards. 

models on a 
private, local 
level models on a collaboration level 

Figure 3 - Synchronization Procedure 

4. CONCLUSIONS AND FUTURE WORK 

With a vast variety of influencing factors, VE partner coordination becomes a highly 
complex task. This complexity needs to be reduced by appropriate methods and 
tools. The need for special coordination efforts and the development of enhanced 
methods and tools for modelling in networks has been derived from former research 
results. Information modelling could be identified as a well-established instrument 
for the design and implementation of enterprises and their role in VE networks. 
However, new requirements towards an enterprise-spanning modelling have to be 
considered due to existing approaches do not support modelling in VEs sufficiently. 

The authors have presented an integrative approach towards the management of 
cross-organisational models in networks. Efficient modelling is supported by a 
platform for a distributed model management which has been partly described due to 
VE network requirements in this article. However, the platform approach has to be 
evaluated in future work. Hereby, case studies are currently being developed to be 
carried out in practice. New requirements towards information modelling in VE 
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networks might arise which have to be taken into account for network model 
management. 

The work, described in this paper, has been developed within the research 
project "ArKoS - Architecture for Collaborative Scenarios". The project is funded 
by the German Federal Ministry of Education and Research (BMBF). The authors 
want to thank Mr. Adam, Mrs. Hofer and Mr. Zang as well as Mr. Panfilenko and 
Mr. Woldert-Jokisz for their contribution within the project. 
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Schematic and semantic heterogeneity are two important types of 
heterogeneities that need to be resolved in order to enable interoperability and 
exchange of data among distributed and heterogeneous databases in a 
collaborative network of biodiversity nodes. This paper describes the 
SASMINT system, which performs schema matching and integration among 
databases. SASMINT identifies syntactic/semantic/structural similarities 
between two schemas as automatically as possible, resolving their 
heterogeneity and creating mappings among the pairs of matched components. 
Unlike other systems that are typically limited to specific algorithms, SASMINT 
combines a number of algorithms from the NLP and graph theory domains. 
After obtaining the user-input on validation/enhancement of matching results, 
SASMINT exploits the results of schema matching to automatically generate an 
integrated schema. 

1. INTRODUCTION 

The number of organizations willing and interested to collaborate with others is 
increasing at a high pace. As a result, different types of collaborative networks have 
been formed in the last years, such as the supply chains and virtual organizations 
(Camarinha-Matos and Afsarmanesh, 2005). Although the first examples of 
collaborative networks come from the manufacturing domain, the need for 
collaboration has been recently well understood in most areas of science and 
industry, including the biodiversity domain, which is the main focus of this paper. 

Increasing biodiversity conservation activities bring about a variety of new needs 
for collaborative networks in this domain. For instance, they entail producing more 
accurate results by comparison and/or merging different biodiversity analysis 
activities, and making better predictions about the global distribution of species. 
This, in turn requires the collaboration and data / resource sharing among the 
biodiversity centers, organizations, and individual researchers. Although importance 
of collaboration in biodiversity has become clear to most involved scientists, most 
biodiversity related organizations hesitate to actively cooperate. This is mostly due 
to the sensitivity of some specific data categories, such as endangered species. 
Therefore, new mechanisms and infrastructures are needed, supporting collaboration 
among organizations, while taking these types of criteria into account. With the 
existence of such a mechanism, organizations can more easily decide to collaborate. 
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Because of the growing number of heterogeneous databases, interoperability has 
become one most critical issue that such infrastructures for biodiversity, as well as 
for other domains, need to consider. Organizations typically design and use different 
structures for storage and processing of their data depending on their specific needs. 
Usually, even database schemas for identical concepts in two organizations have 
structural and naming differences. They might even use similar terms with 
completely different meanings. Since data sharing constitutes the main type of 
collaboration, the collaboration infrastructure has to consider such differences for 
providing effective mechanisms to integrate or inter-link and homogeneously access 
heterogeneous databases. 

Semantic and schematic (structural) database schema heterogeneity are two main 
types of interoperability problems, where the former refers to differences in the 
meaning of data, and the latter is related to differences in the modeling and encoding 
of the concepts. In order to deal with these types of heterogeneity, schema matching 
and integration approaches have found considerable interest recently. However, 
most approaches typically require a large amount of manual work. Manual schema 
matching creates a major bottleneck due to the rapidly increasing number of 
heterogeneous data sources. As systems become able to handle more complex 
databases and applications, their schemas become larger, further increasing the 
nimiber of matches needed to be performed. On the other hand, the suggested 
automatic resolution of semantic and schematic schema heterogeneity still remains 
challenging for provision of integrated data access/sharing among autonomous and 
distributed databases. 

In order to address these problems concerning database interoperability in 
biodiversity domain, a Semi-Automatic Schema Matching and INTegration 
(SASMINT) system is proposed in the ENBI project (European Network for 
Biodiversity Information) (ENBI (2005)). The Collaborative Information 
Management System (CIMS) in ENBI aims at dealing with the information 
management related problems in biodiversity domain. Unlike other approaches to 
schema matching and integration, SASMINT requires minimal user input. It 
combines a number of linguistic and structure matching techniques from Natural 
Language Processing (NLP) and graph similarity research domains in a flexible way 
and (semi-) automatically matches the schemas. Then, after user 
validation/enhancement of matching results, SASMINT produces a new extended 
integrated schema. If there is an existing common schema in the collaborative 
network of nodes, it may not be needed to generate an integrated schema and the 
operation of SASMINT can be stopped after the identification of proper matches 
among the schema elements. 

The rest of this paper is organized as follows. Section 2 provides an overview of 
related work. Section 3 describes the steps of the approach of SASMINT, addressing 
its syntactic and semantic similarity matching. Finally, Section 4 summarizes the 
main conclusions of this paper. 
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2. RELATED WORK 

In this section, brief information about a number of related biodiversity projects is 
provided. Furthermore, as for the schema matching, an overvievi' of main related 
work from database research domain is given. 

There have already been a number of projects from the biodiversity domain that 
aim at providing data from distributed and heterogeneous databases through a 
common access system. These projects typically assume that existing biodiversity 
data standards can be used as the common schema, such as Darwin Core (Darwin 
Core (2006)) and ABCD Schema (ABCD Schema (2006)), and data from each 
provider has to comply with this schema when providing it to the outside world. The 
BioCASE (A Biodiversity Collection Access Service for Europe) project aims at 
estabUshing a web-based information service providing researchers with unified 
access to biological collections in Europe (BioCASE (2006)). In this project, users 
are expected to manually map the related fields between their local schema and the 
ABCD Schema, by using a simple user interface. The Global Biodiversity 
Information Facility (GBIF) (GBIF (2006)) is an international initiative that aims at 
providing biodiversity data globally and freely available to all users. Similar to the 
BioCASE, it is again the responsibility of the data provider to provide his data using 
Darwin Core or ABCD Schema by doing required mappings manually. 

It is clear from the examples above that semi-automatic schema matching has not 
yet been considered in biodiversity projects providing access to distributed and 
heterogeneous databases. Furthermore, they usually use existing biodiversity data 
standards as the common schema to represent data from provider nodes. However, 
existing standards are not extensive enough to represent all types of biodiversity data 
and in some cases, it is required to generate an integrated schema from local 
schemas of participatiag nodes. 

In database research domain, the challenge of schema matching to support 
interoperability has already been addressed by a number of projects. Cupid 
(Madhavan, Bernstein et al., 2001) normalizes the element names and then exploits 
a combination of name and structure matcher. However, the normalization step in 
Cupid is not as comprehensive as our pre-processing step. Moreover, name 
matching involves a syntactic matching, which employs only one string similarity 
metric. The COMA system (Do and Rahm, 2002) provides a library of matchers that 
utilize element and structural properties of schemas. However, it does not support 
the pre-processing of elements' names. Similarity Flooding (Melnik, Garcia-Molina 
et al., 2002) converts diverse models into directed labeled graphs and then identifies 
the initial maps between elements of two graphs using only a simple string matcher. 
These initial maps are then used by a structure matcher. However, Similarity 
Flooding has no knowledge of edge and node semantics. Similarly, (Wang, Goguen 
et al., 2004) borrows the string similarity implementation of Similarity Flooding and 
thus suffers from the same limitations. The ONION system (Mitra, Wiederhold et 
al., 2001) uses a number of heuristic matchers, but it does not employ any 
combination of string similarity metrics. Moreover, it is assumed that the 
relationships among concepts are defined using a set of relationships with pre­
defined semantics, requiring a lot of manual effort. GLUE (Doan, Madhavan et al., 
2002) provides a name matcher and several instance-level matchers. It is different 
from our system in that it uses machine- learning techniques. However, in order to 
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train learners, ontologies need to be first mapped manually. Clio (Miller, Haas et al, 
2000) generates alternative mappings as SQL view definitions based on the value 
correspondences defined by the user. For this reason, no linguistic matching 
techniques are used and a large amount manual work is required. 

Although the importance of schema matching has been recognized in database 
interoperability research, previous approaches have some problems. They usually 
require substantial amounts of manual work and are limited in their solutions. 
Furthermore, these efforts mostly do not use hnguistic techniques, which are needed 
to increase the overall accuracy of the schema matching system, when used 
effectively. Another problem is that none of these efforts considers how to use the 
result of schema matching for semi-automatic schema integration. 

3. SEMI-AUTOMATIC SCHEMA MATCHING 

Different organizations define their schemas differently. These definitions are 
fi'equently conflicting and thus making their matching and integration challenging. 
Among different types of heterogeneities, schematic (both syntactic and structural) 
and semantic heterogeneity are the most important obstacles to interoperability 
among databases. 

As addressed in the Related Work section, most approaches in literature for 
resolving schematic and semantic heterogeneity require a large amount of user 
involvement. Furthermore, in related biodiversity projects aiming at interoperability, 
such as the BioCASE (BioCASE (2006)) and GBIF (GBIF (2006)), the idea of semi­
automatic schema matching has not yet been considered and thus mappings between 
schemas remain to be identified manually. One key iimovation of the approach 
suggested in SASMINT is that while it identifies the schematic and semantic 
heterogeneity and fmds the "matches" between different schema elements, as 
automatically as possible, it also proposes to use the result of matching for schema 
integration. The SASMINT, can be used for two different cases of data sharing in a 
collaborative network of biodiversity nodes: 
1. If a common schema such as ABCD Schema or Darwin Core is used in the 

network, SASMINT enables semi-automatic matching of the local schema of 
each node to the common schema. 

2. If there is no common schema, SASMINT enables generation of a common 
integrated schema to represent data from participating biodiversity nodes. It 
helps to integrate local schemas of nodes by exploiting the result of schema 
matching. 

In this section, the approach of the SASMINT system for semi-automatic schema 
matching and integration is described. The main processing steps of the SASMINT 
are shown in Figure 1. The comparison step of the schema matching is detailed, 
addressing its Structural and Linguistic matching that further involves different 
syntactic and semantic similarity matching. At the end of Section 3, it is briefly 
explained how to use the result of schema matching to generate integrated schema. 
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Figure 1- Processing Steps of SASMINT 

3.1 Schema Matching 

The Schema Matching itself consists of three steps: 1) Preparation, 2) Comparison, 
3) Result Generation and Validation. 

3.1.1 Preparation 

In this step, SASMINT translates source schemas represented in different schema 
languages into a common Directed Acyclic Graph (DAG) format, which is 
necessary in order to compare two different types of schemas. The DAG has been 
chosen as the common format as we believe that it provides a balanced format 
among other alternatives supporting the representation of a relational schema, an 
object-oriented schema, etc., as a graph. Furthermore, existing graph theory 
concepts and algorithms can help us when comparing two graphs. 

3.1.2 Comparison 

After representing the schemas as DAGs, SASMINT automatically identifies 
correspondences between two schemas by resolving the structural as well as 
syntactic and semantic heterogeneities, referred to as Comparison. The comparison 
step consists of two kinds of matching: Linguistic and Structure Matching, as 
described below. Result of the Comparison Step is calculated as the weighted sum of 
Linguistic and Structure Matching. Formally, final similarity Simp{a,b) for a pair of 
schema elements a and b is calculated by: 

Simp{a,b) = ls„^*w,^+ss^j,*w,^ 
where W;, is the weight for the linguistic matching, while w„ is the weight for 
structure matching. The sum of these values is equal to 1.0. 

3.1.2.1 Linguistic Matching 
Linguistic Matching involves both syntactic and semantic matching of element 
names from two schemas, which results in a linguistic similarity value (Is) between 
0 and 1 for each possible name pairs. However, before any matching occurs, these 
names need to be pre-processed in order to bring them into a common 



520 NETWORK-CENTRIC COLLABORATION 

representation. The pre-processing involves the following operations: Strings 
containing multiple words (or tokens) are split into a list of tokens, for example 
"First Name" is split into "First" and "Name". Stop words, such as prepositions, 
adjectives, and adverbs, as well as special characters, such as '/' and '-' are 
eliminated. Since the abbreviations are mostly used in the names, they need to be 
expanded, for which SASMINT utilizes a text file containing some well-known 
abbreviations and their extensions. Finally, multiple forms of the same word need to 
be brought into a common base form. By means of lemmatization, verb forms are 
reduced to the infinitive and plural nouns are converted to their singular forms. 
SASMINT exploits WordNet (Fellbaum, 1998), a lexical dictionary, in order to find 
out the lemma's of words. 

After pre-processing element names, a variety of algorithms (metrics) are applied 
to identify syntactic and semantic similarities. Below are the details of these 
similarity algorithms. 

I. Syntactic Similarity 
There has been a lot of past research work in Natural Language Processing (NLP) on 
comparing two character strings syntactically. Unlike other schema matching 
approaches, which depend on only one metric, SASMINT uses a combination of 
several main syntactic similarity metrics. Since each of these metrics is best suited 
for a different type of strings, we find it more appropriate for SASMINT to use 
several of them together, to make SASMINT a more generic tool. The metrics used 
by SASMINT are explained below: 

1. Levenshtein Distance (Edit Distance): Levenshtein Distance(Levenshtein, 1966), 
also known as Edit Distance, is based on the idea of minimum number of 
modifications required to change a string into another. The modification can be of 
type changing, deleting, or inserting a character. The costs of modifications are 
defined as 1 for each operation. 

2. Monge-Elkan Distance: Monge and Elkan (Monge and Elkan, 1996) proposed 
another distance fimction using an affine gap model. Monge-Elkan Distance 
allows for gaps of unmatched characters. Affine gap costs are specified in two 
ways: one with a cost for starting a gap and secondly with a cost for continuation 
of a gap. 

3. Jaro (Jaw, 1995), a metric well known in the record linkage community, is 
intended for short strings and considers insertions, deletions, and transpositions. It 
also takes into account typical spelling deviations. 

4. TF*IDF (Term Frequency*Inverse Document Frequency) (Salton and Yang, 
1973) is a vector-based approach from the information retrieval literature that 
assigns weights to terms. For each of the document to be compared, first a 
weighted term vector is composed. Then, the similarity between the documents is 
computed as the cosine between their weighted term vectors. 

5. Jaccard Similarity (Jaccard, 1912) between two strings A and B consisting of one 
or more words is defined as the ratio of the number of shared words of A and B to 
the number of words owned by A or B. 

6. Longest Common Substring (LCS) is a special case of edit distance. The longest 
common substring of A and B is the longest run of characters that appear in order 
inside both A and B. Both A and B may have other extraneous characters along 
the way. 
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All the metrics described above are implemented within the Linguistic Matching 
component of SASMINT. Considering that schemas usually consist of mixed set of 
element names (strings) with different characteristics and each metric may be 
suitable for different types of strings, we propose to use a weighted sum of the 
metrics as defined below, which yields better final results. 

sim,rr(a,b)=w, *sm, (a,b)+w *sm (a,b) + w. *sm. (a,b)+w. *sm. (a,b) + 
W^ ' Iv Iv^ ' me me- jr jr^ ' jc jc 

where 'Iv' stands for Levenshtein, 'me' for Monge-Elkan, 'jr' for Jaro, 'jc' for 
Jaccard, 'tf for TF-IDF, and 'Ic' for Longest Common Sub-string. 

In addition to using a weighted sum of several metrics, another improvement of 
SASMINT over other schema matching systems is that it also utilizes the following 
new recursive weighted metric, which is a modified version of Monge-Elkan's 
hybrid metric (Monge and Elkan, 1996), to better support the matching of schema 
names when they contain more than one token. Therefore, the user can choose 
between the weighted sum metric and the recursive weighted metric based on his/her 
schema. Given two strings a and b that are tokenized into a = Si,S2,..Si and 
b = ti,t2,.-t„, the recursive weighted metric is as follows: 

I / m J m / 
sim(a,b) = — E max «'m„, ( a . , 6 . ) + — y max«w„, (a.,6 .) 

2 / , .^ jy = l W^ i' j ' 2mjZ^i = \ W^i'j' 

Identifying Weights Using the 'Sampler' Component 
If the characteristics of the schema are known by the user in advance, he can modify 
the weights of metrics accordingly. However, it may not be always easy for the user 
to carry out this task. For this piupose, as another contribution of the system, a 
Sampler component is proposed in SASMINT, to help the user with identifying the 
most suitable weights. The sampler operates as follows: The user is asked to provide 
up to ten known "similar pairs" from his/her schema domain (e.g. "student_name" , 
"name_of_student"). The sampler first runs the six metrics individually over these 
pairs, and determines their calculated similarities (between 0 and 1) for each pair. 
Second, using the F-measure (Rijsbergen, 1979), which is a combination of the 
Precision and the Recall methods from the information retrieval field (Cleverdon 
and Keen, 1966), the sampler calculates the accuracy level (F-measure) for each 
metric, in relation to these pairs provided by the user. Third step of the sampler is 
that based on the F-measures, it calculates the weight for each mettic, higher F-
measure meaning higher weight. Fourth, after all "weights" for metrics are 
determined by the sampler component, they are presented to the user, who can 
accept or modify them. The sampler component can also be used for determining 
weights for semantic similarity metrics, for which the user needs to provide 
semantically similar pairs, such as "employee" and "worker". 

II. Semantic Similarity 
Similar to the syntactical similarity metrics, there are a number of semantic 
similarity algorithms from the NLP domain. The ones used in SASMINT can be 
categorized into two, using the names of groups mentioned in (Pedersen, Banerjee et 
al., 2005): 1) path based measures and 2) gloss-based measures, which are briefly 
explained below. 
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1. Path-Based Measures: These measures are based on the idea of calculating the 
shortest path between the concepts being compared in a IS-A hierarchy, such as 
the WordNet (Fellbaum, 1998). Among different alternatives in this category, we 
use the measure proposed by Wu and Palmer (Wu and Palmer, 1994). In addition 
to two concepts being compared in the IS-A hierarchy, this measure also takes 
into account the lowest common subsume of these concepts. 

2. Gloss-Based Measures: Gloss refers to a brief description of a word. In this 
category of semantic similarity measure, gloss overlaps are used. In SASMINT, 
we convert the algorithm of Leak (Lesk, 1986) to compute the semantic 
similarity of two concepts c, and Cj as follows: for each of the senses of c,, we 
compute the number of common words between its glosses and the glosses of 
each of the senses of Cj. A word can have different senses, depending on the 
context. 

Both the measure of Wu and Pahner and the modified version of the measure of 
Lesk are used in the SASMINT system for determining semantic similarity. These 
measures utilize the WordNet. Similar to the case in the syntactical similarity, 
semantic similarity is also calculated as the weighted sum of the algorithms 
described above. Default value is 0.5 for each of them, but the user can run the 
sampler functionality of the system to determine the weights. 

3.1.2.2 Structure Matching 
Unlike Linguistic matching, which considers only the element names, structure 
matching takes into account the structural aspects of schemas also. Structure 
matching uses the results of Linguistic Matching and applies a number of graph 
similarity algorithms, which are based on the idea that if two elements have been 
found to be similar, their adjacent elements (parent and children nodes) may also 
match. Among different alternatives, following three algorithms were considered to 
be relevant and chosen for the Structure Matching component of the SASMINT. 
1. Graph similarity algorithm proposed in (Blondel, Gajardo et al., 2004) computes 

the similarity of two graphs Gj and Gg with the vertices n^ and rig and edges 
E^ and Eg. For i=\,..,ng and j=\,..,nj the similarity scores are updated 
iteratively using the following equation: 

k=0,l,.... 
\\BZ^A^ +B^Zi^A\\ 

where Z^ is the ng x rij matrix of entries Zy at iteration k, A and B are the 
adjacency matrices of G^ and Gg, and and ^'^and i?^are the transpose of A and 
B. The matrix norm ||.|L used here is known as the Euclidean or Frobenius norm 
and equals to the square root of the sum of all squared entries. The matrix 
subsequences Zj^ and Z24+, converge to Ẑ „̂ „ and Z„̂ ,;. 
Structure matching of Similarity Flooding (Melnik, Garcia-Molina et al., 2002) 
is based on a fix point computation. It does not use node or edge semantics and is 
based on the assumption that whenever any two elements are found to be similar, 
the similarity of their adjacent elements increases. Over a number of iterations, 
the initial similarity of any two nodes propagates through the graphs. The 
algorithm terminates after the similarities of all model elements stabilize. 
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3. Structure Matching in Cupid exploits a TreeMatch algorithm, which is based on 
the following perceptions (Madhavan, Bernstein et al , 2001): 1) Atomic 
elements in the two trees are similar if they are individually similar and if their 
ancestors and siblings are similar. 2) Two non-leaf elements are similar if they 
are linguistically similar and the subtrees rooted at the two elements are similar. 
3) Two non-leaf schema elements are structurally siinilar if their leaf sets are 
highly similar, even if their immediate children are not. 
All the above algorithms form the base for the structure matching component of 

SASMINT. Similar to the method followed in Hnguistic matching, structure 
matching uses the weighted sum of the three structural similarity algorithms 
introduced above resulting in a structural similarity value {ss) between 0 and 1 for 
each possible name pairs. 

3.1.3 Final Result Generation and Validation 

After the correspondences between the graph elements are determined, the resulting 
matches need to be displayed for the user, both because it is not possible to 
determine all possible matches automatically and also because not all the identified 
matches may be correct or desirable. The user can modify the matches and then save 
(or discard) the final results. 

3.2 Schema Integration 

After schema matching, user has the option to generate an integrated schema of the 
two schemas being compared. SASMINT aims to facilitate schema integration, by 
exploiting the validated results of semi-automatic schema matching. 

The schema integration component is now under development and ultimately 
will enable iterative development of a common integrated schema for a collaborative 
network of nodes, two schemas at a time. This can be achieved as follows: First 
schemas 5", and S2 of two nodes are chosen and after the schema matching 
component identifies the mappings and the result is validated by the user, they are 
integrated by the schema integration component into 5'i„„ and the result is saved. 
Then, the user selects ;Sj„„ and the schema of another node ^3 integrating them into 
5'i„(2. This process continues until the schemas of all nodes are integrated, resulting 
in a final integrated schema S^„^. The result of schema integration is stored using a 
derivation language (Afsarmanesh, Wiedijk et al., 1994). 

4. CONCLUSION 

This paper addresses an important challenge to data sharing in collaborative network 
of biodiversity organizations: automatic resolution of sjmtactic/semantic/structural 
schema heterogeneity. In order to deal with this challenge, SASMINT system is 
proposed. SASMINT semi-automatically identifies the mappings between the local 
schemas of nodes and the common schema of the network. It simultaneously uses a 
number of NLP algorithms that together with the structure matching enable 
achievement of a more generic schema matching. Furthermore, a sampler tool is 
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provided for users to influence the weights for these algorithms. If there is no 
common schema available in the collaborative network, SASMINT also supports the 
generation of an integrated schema from the schemas of participating nodes. The 
automatic use of the results produced by schema matching for generation of a new 
extended integrated schema is a part of the contribution of our work presented in this 
paper. 
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In most European countries a structural change from a production dominated 
towards a service oriented society is progressing. Companies increasingly 
consider services as means to gain competitive advantages in a global 
competition. In order to provide holistic, value-adding solutions while 
simultaneously guaranteeing high quality standards, production companies 
increasingly join forces with external services' providers. Models, methods and 
tools for service development are rare and in most cases immature. In the 
context of virtual services' development this leads to a dual set of simultaneous 
challenges: an alignment of systematic services' and product development and 
the coordination of distributed R&D partners. The objective is to provide a 
meta-process that identifies all steps and decision points necessary to 
successfully develop innovative services. It is a result of combined service 
development and virtual enterprises '/networks' research. 

1. CHALLENGES IN COLLABORATIVE SERVICE 
DEVELOPMENT 

On the macro-economic levels, most European countries realized a shift from 
agricultural to production and increasingly services' dominated economies (Ahlert, 
Evanschitzky 2003). On the micro-level individual companies - not only pure 
service providers but also production companies - use services as means to gain 
competitive advantages over a global competition. Innovative services are thus a 
prerequisite for economic success (Schuh et al. 2004; Luczak 2004). 

A simple transfer of production oriented R&D models to the challenges of 
service innovation is not feasible. Holistic and repeatable approaches for developing 
and implementing new services are rare and on a low level (Scheer et al. 2003). 
Obstacles encountered can be deducted from services' characteristics of being 
intangible, of supply and consumption being simultaneously, of customers being 
directly involved in the production process, and of being perishable (Gill 2004; 
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Schvih et al. 2004). Services were and still are developed in unsystematic ways. The 
trigger for development is usually demand-driven. The company re-acts. As a 
consequence, the development results in complex service portfolios that are 
characterised by inefficient production, duplication of service development, cost-
intensity and not meeting customers' demands (Luczak 2004; Scheer et al. 2003). 

In the scope of this article service innovation is defined as results, procedures 
and processes that are of high quality and which are distinguishable from previous. 
The novelty has to be perceivable and marketable. An invention is not satisfactory, 
only sales or objective efficiency gains distinguish real innovations (Hauschild 
1993). Based on this definition, service engineering is perceived as the systematic 
planning and development of technical services, making extensive use of 
engineering methods and tools as well as considering marketing issues at an early 
stage of the development process. A stepwise approach and the use of methods and 
models are the main characteristics, allowing for efficiency and efficacy as well as 
for high quality services (Schuh et al. 2004; Gill 2004). The company acts. 

Hence, the intangible services are considered to be developable objects by using 
systematic methods and models in the creation process. Latest research shows 
several procedure models of varying details and foci (BuUinger, Schreiner 2006). In 
most models three phases are defined: Analysis, Concept, and Implementation. 

An era characterized by re-organization, cost-cutting, shorter product life cycles 
and globalization demands companies for drastic re-orientation and focusing on core 
competencies. Yet, consumers request on one hand full-service solutions and on the 
other hand customization. As a consequence companies tend to set up breeding 
environments (BE) enabling cooperation in virtual enterprises (Afsarmanesh, 
Camarinha-Matos 2005). Thus, service providers and product suppliers joining 
forces in form of virtual enterprises (VE) lead to new ways of collaborative services' 
or extended products' development in order to satisfy customer requirements 
efficiently. This development is supported by the high-speed progress in information 
and communication technologies, allowing collaborative companies for 
specialization on core competencies, division of responsibility, reducing 
complexities but also for control and easy information exchange. 

2. THE META-PROCESS FOR COLLABORATIVE 
SERVICES' DEVELOPMENT 

To solve the dual and simultaneous challenges of developing services while 
maintaining good virtual enterprising, a meta-process has been defined. The process 
is deducted from the models of Jaschinski (1998) and Cooper, Edgett (1999); both 
focusing on service development in a single company. Moreover, findings of 
ongoing cooperative R&D projects on the development of innovative after-sales 
services are used to modify the existing approaches with regards to requirements 
arising fi:om breeding environments in general and virtual enterprises in particular. 

Based on the definition of service iimovation, special emphasize has been put on 
business modelling as well as initiating marketing activities in early development 
stages. Thus, the meta-process shall support in generating not only inventions but 
real innovations by integrating the customer as early as possible in the analysis and 
design phases of new services; merging engineering disciplines with business 
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administration. Thereby, a user-centric approach in virtual development 
environments is guaranteed. 

The meta-process consists of four phases: Activation has been added prior to the 
three phases described above in order to cover the organizational set up. Individual 
activities per phase lead to a decision gate on continuation, repetition of single steps 
or complete termination of R&D activities. While setting up a project work plan, 
these can be considered as milestones. Each single step fiirther consists of individual 
elements that are considered to be interim decision points. In the following, graphics 
visualise the process and further provide the envisaged process result per element on 
the right hand column. The individual elements are numbered as follows: Phase (0, 
I, II, III), Participants (N=Network, C=Company), Gate (0-5), Step (0-8). 

Organisational Set up 
Phase 0 Activation adds setting up a breeding environment to subsequent steps in 
service development. Central elements are decision of a strategy, definition of 
virtual enterprise goals, mutually accepted rules and procedures as well as a 
framework contract (Zahn, Stanik 2006; Afsarmanesh, Camarinha-Matos 2005). 
These could be set by one single company, by a task force initialized by some 
companies or all participants of a breeding enviroimient. The individual 
constellation strongly depends on the general organisational set up. Based on this 
definition the further partner and team selection starts. 

Service Requirement specincation 
The core service development process starts in the individual company with Phase I 
Analysis, where idea generation as well as the initial evaluation takes place and 
leads to the first decision gate. As irmovations in distinction to inventions are sought 
the new service has to comply with the company's/ BE's strategy and shall fit into 
the existing products and services' portfolio (Cooper 2002). In case of generating 
several ideas in parallel, the first step leads to a prioritisation and is the starting point 
for subsequent activities. 

Two scenarios concerning the described steps fi:om idea creation to initial 
resources' plaiming are possible: one company conducts these steps or the BE 
partners perform all necessary steps collaboratively. The decision on an active 
cooperation - a virtual enterprise - is being taken after the initial resources' 
planning, see Figure 1 step I.C.24. By assumption, the subsequent description starts 
with idea generation in one company. Referencing to Figure 1, the process starts in 
the middle column (company) and after the decision on cooperation the fiirther 
process is being described in the left hand column (virtual enterprise). 

If the first and rough description of a service idea is satisfying and passes the 
first decision gate, it is used to conduct preliminary analysis of the target market, 
filtering out the basic user-requirements and leads to a first positioning strategy of 
the new service. Based on the latter, new requirements might emerge and shall be 
incorporated in the evolving concept. A technical feasibility study shall result in a 
rough process definition for the future service supply. This will be subsequently 
used for a preliminary resources estimate, i.e. human, financial resources as well as 
machines. The study might show that the single company will not be able to provide 
the service or an extended product, i.e. a product plus value-adding services, 
efficiently. In initializing a virtual enterprise the chance of opening up promising 
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market oppoitunities by further developing and supplying the services 
collaboratively can be taken. After deciding on joint activities, the resource planning 
has to be further detailed with regards to the networked solution. The results will 
lead to a project work plan, reflecting costs, time, and resource allocation. The 
project work plan shall also be the starting point for a requirement description of 
plaimable modules that are assigned to individual project partners. 

Figure 1: Meta-process of collaborative service development (Part I) 
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Service Concept definition 

Phase II Concept induces the crossing from a breeding environment to a virtual 
enterprise, i.e. an active and goal oriented cooperation. Especially in case of 
extensive multi-player projects standards shall be defined, e.g. standardized status 
reports, work plans or data structures. A more detailed market assessment of the 
initial concept or prototype tests with customers allows for a better basis for further 
planning or refinement by repeating the last steps or could cause the termination. 

Figure 2: Meta-process of collaborative service development (Part II) 
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A system architecture defines all interfaces, i.e. technical, and customer-supplier 
interfaces in case of services, as well as infrastructure plans. The first service 
concept enables the VE to design a detailed project work plan as well as detailed and 
comprehensive requirement specifications, including specific activity allocation on 
partner level. 

Customers generally prefer one face, i.e. one contact person they can address. 
Moreover, if services are being supplied by several partners, customers require 
uniform and stringent solutions that are being accounted for a single step, i.e. as if 
they are dealing with one supplier only. It is thus of utmost importance to define a 
business model that on the one hand reflects and satisfies the customers' 
requirements but also the individual partners' contribution. Process as well as 
documentation standards will further support a consistent service performance 
encompassing partner companies' boarders. 

With a satisfying business model, the third gate leads to the final Phase III 
Implementation. The technical implementation includes the final definition of 
service supply processes between virtual enterprise partners and the customers as 
well as objective quality check criteria. 

Figure 3: Meta-process of collaborative service development (Part III) 
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In test bed demonstrations detailed feedback of customers shall be acquired and 
mirrored with network internal testing procedures. These joint test results shall lead 
to a final and user-centred refinement of the services' concept. 

As the final implementation of the newly developed service is at close hands, 
each partner's contribution during the development as well as - potentially - during 
the implementation is to be evaluated with regards to ability, capability and 
effectiveness. Based on this evaluation and well before actual market entry, it shall 
be decided which partners are part of the supply virtual enterprise and which shall 
move back to or out of the virtual breeding environment. Developing and supplying 
partners are not compulsively the same. A case is considered, in which a company 
jointly develops new services with non-profit research institutes. The service finally 
is only offered by the industrial partner. This is being depicted as metamorphosis of 
the development cooperation (Afsarmanesh, Camarinha-Matos 2005), the final stage 
that leads to sales, distribution, marketing and communiciation as well as training 
concepts. The latter not only evaluate qualification needs but shall also support 
motivation among virtual enterprise partners. The final gate before actual market 
entry shall be positively taken. 

Final tests with specifically selected target customers, shall finally affirm the 
customers' willingness to buy. Based on a pilot service the decisive market entry 
plan will be the basis for the final top management decision on customer oriented 
production of the newly developed service. 

3. CONCLUSION 

A meta-process for the development of services in virtual enterprises has been 
introduced. The goal of this contribution is on the one hand to offer the practitioner 
guidelines for the collaborative development. On the other hand, it is envisaged to 
further contribute to the academically oriented discussions on holistic service 
engineering models and methods. 

The results are based on several collaborative research projects. The validation 
will be conducted in the EC-funded integrated project MYCAREVENT (004202), in 
which 20 partners develop iimovative IT-services and man-made services for the 
automotive after-sales market. Significant feedback from this project lead to further 
modification of the original meta-process and resulted in the described version. Most 
important conclusions with reference to discussions within the service engineering 
community are the more stringent combination of engineering and marketing 
activities. 

Further research will be conducted on identifying the specific methods and tools 
needed to derive each element's results, see also Gill (2004). Moreover, critical 
success factors that allow for a competitive use of the proposed meta-process in 
daily business as well as to fiirther refinements shall be empirically deducted. 
Finally, the success factors are basis for the definition of steering and control 
mechanisms that will be reflected in future versions. 
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The purpose of this paper is to discuss an approach for the automated 
management of Virtual Organizations using Web Service Choreography and 
Software Agents. Web Service Choreography is important for the support and 
management of commonly agreed collaboration scenarios. In order for the 
scenarios to be understood and accepted by members of a VO, the scenarios 
need to be specified in a standard, machine-readable form and mapped to the 
implementation mechanisms of the VO participants. Software agents can then 
serve as the background support mechanism for the automation and 
management of the phases of identification, formation, operation and 
termination of a VO. 

1. INTRODUCTION 

A Virtual Organization (VO) is a temporary or permanent network of geographically 
dispersed entities (individuals, groups, organizational units or entire organizations). 
Virtual Organizations tend to be viewed as a radical approach to management, or a 
strategic approach that leads to dynamically reconfigurable enterprises (Sieber and 
Griese, 1999; Saabeel et al., 2002). The key enabler for Virtual Organizations is 
electronic business, with firms joining together to form short-term partnerships 
and/or long-term strategic alliances. Those partnerships are formed in response to 
more intensive competition, shorter product life-cycles, more specialized markets 
and faster technological change (Davidow and Malone, 1992; Hagel and Armstrong, 
1997; Aldrich, 1999). In Virtual Organizations traditional external boundaries of 
organizations start to blur. However, the enablement of better exchange and sharing 
of information through inter-organizational systems can lead to greater efficiency, 
flexibility, and ability to respond to market requirements (Bovet and Martha, 2000; 
Timmers, 1999). 

Please use the foUowing format, when citing this chapter: 
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Volume 224, Network-Centric Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., 01-

lus,M., (Boston: Springer), pp. 535-542. 



536 NETWORK-CENTRIC COLLABORA TION 

Virtual Organizations can be implemented using Service-Oriented Architecture 
(SOA) solutions, and Web Services in particular. Integration of those services 
requires standardized choreographies, which are definitions of the "conversations" 
between cooperating applications that allow them to work together correctly 
(Vinoski, 2001). Choreography is important to ensure that the sequence of states, 
operations and conditions that manage and control the interactions of the relevant 
services is carried out correctly (Web-Services-Architecture, 2004). In addition, 
enterprises involved in Virtual Organizations may utilize agent technology to 
simplify management and control of their operations, both internal and external. 
Agent technologies use principles of distributed decision-making, parallel and 
distributed computing, component-based software engineering, autonomous 
computing, and advanced methods of interoperability and software integration 
(Marik and McFarlane, 2005). Software agents can aid the formation of business 
alliances, planning short or long-term cooperation deals, and managing (including 
reconfiguration and dissolving) cooperation. This paper will therefore discuss the 
importance of Web Service Choreography and the use Agent technology for the 
operation and management of Virtual Organizations. 

The rest of the paper is structured as follows: Section 2 presents the background 
on Web Service Choreography, and in particular Web-Service Choreography 
Description Language (WS-CDL). Section 3 presents the background on Multi-
Agent Systems (MAS) and discusses interrelationship between the Web Service 
Choreographies and Agent Technologies. Section 4 discusses the importance of 
Web Service Choreographies and Agent Technologies for the management and 
operation of Virtual Organizations, while section 5 presents the conclusions of this 
paper. 

2. WEB SERVICE CHOREOGRAPHY 

Before discussing Web Service Choreography in more detail, it is useful to 
distinguish between choreography and orchestration, as there is sometimes 
confusion between the two. Orchestration specifies the behavior of a participant in 
choreography. This is achieved by defining a set of "active" rules whose execution 
decides what to do next. Once the rule is computed, the corresponding activities are 
then executed. Orchestration assumes the existence of a central point of control, 
which governs the overall workflow of activities, which effectively means the 
composition of a new service from existing services. Choreography, on the other 
hand, is meant to be enacted at runtime by peers in a Virtual Organization, without 
an intermediary. The choreography definition can be used to verify that everything 
is proceeding according to the plan (Ross-Talbot, 2005). Choreographies are defined 
in declarative description format, and are enacted by the collaboration participants at 
run-time. 

Of course, it is important for collaborating parties to use the same language for 
choreography (business protocol) description. One of the service choreography 
description standardisation initiatives is W3C WS Choreography Working Group. It 
coordinates creation of the WS-CDL language (WS-CDL, 2005), which is the means 
to define a technical multi-party contract, primarily in Web Services domain. WS-
CDL specification is aimed at being able to precisely describe collaborations 
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between any types of participants regardless of the supporting platform or 
programming model used by the implementation of the hosting environment, thus 
addressing heterogeneity issues (WS-CDL, 2005). Choreographies must also 
completely hide component-level implementation details. Moreover, the same 
choreography definition (potentially involving any number of parties or processes) 
needs to be usable by different parties operating in different contexts (industry, 
locale, etc) with different software (e.g. application software) (WS-CDL, 2005). 

Choreography definition using WS-CDL allows building of more robust services 
because they can be validated statically and at runtime against a choreography 
description, verification of absence of deadlocks and live-locks, etc. It also helps to 
ensure effective interoperability of services, which is guaranteed because services 
will have to conform to a common behavioural multi-party contract, mentioned 
earlier (Ross-Talbot and Brown, 2005). 

There is a difference, between executable languages such as Java, C#, BPEL on 
one hand, and declarative description languages such as WS-CDL on the other hand. 
The latter capture a global view of messaging activity and are not designed to 
provide information about how participants implement their individual tasks. 
Therefore, there is a need for generating role-specific code skeletons from 
choreography description in order to facilitate faster and more convenient 
implementation of individual functionality. The choreography description language 
uses roles to differentiate between the participants in choreographies; this can be 
used efficiently for end-point code generating. 

There are several ways to implement choreography support functionality, which 
involves both local and global tasks and relies on different types of information to 
perform them. For example, when a choreography description is first published or 
modified, it needs to be distributed to all the participants; the latter will negotiate the 
terms and quality of service, etc - this is global information. On the other hand, 
when analyzing an incoming message, sent by a peer in a choreographed exchange, 
the choreography support service relies on some local information - e.g. business 
rules, mapping definitions etc. The choreography support service, therefore, needs to 
interact intelligently with the corresponding services of the peers and those of the 
supporting and/or managing entities, for example reputation, policy decision, VO 
management services. One of the available implementation options is the Multi-
Agent Systems (MAS) approach, which is discussed in the next section. 

3. MULTI-AGENT SYSTEMS AND RELATIONSHIP WITH 
WEB SERVICE CHOREOGRAPHIES 

Agent technologies are suitable mainly for domains of highly complex problems and 
systems with widely distributed information sources, domains with dynamically 
changing environment and problem specification, and for the integration of a high 
number of heterogeneous software systems (Jermings and Bussmann, 2003). 
Therefore, the agent technologies are suitable for usage in a Virtual Organization, 
where the participants are geographically distributed, usually with heterogeneous 
software systems, and where the environment is dynamically changing in response 
to market needs and requirements. 
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(Software) agents are autonomous, which is very desirable in unknown scenarios 
(which usually tend to appear in the real world), where it is difficult to control 
directly the behaviour of complex business collaborations. Even though it is possible 
to encapsulate some behaviour by specifying "private" methods, agents must decide 
by themselves whether to execute their methods according to their goals (agents 
must be proactive), preferences and beliefs. Agents are also flexible, they have to 
learn from, and adapt to, their environment. This is important, since when designing 
an agent system, it is impossible to foresee all the potential situations that a 
particular agent might encounter, and specify agent behaviour optimally in advance. 
This kind of situation is highly probable in the most of non-trivial VO interactions. 

In a VO setting, a multi-agent system can be employed for supporting internal 
processes (intra-enterprise level) of the enterprise (e.g. planning and control, 
resource allocation, production process simulation - (Pechoucek et al., 2002)), and 
on the other hand, it can support cooperation and negotiation among enterprises 
(extra-enterprise level) across a value chain (e.g. customers, suppliers, material and 
service providers, etc). Both types of agents can coexist in an organization. 

In addition to the external-internal dimension of agents' classification, there is 
another one, which is based on the specific purpose of the agent services. The reason 
for making this distinction explicit is the fact that the business services themselves 
can be considered as agents as they satisfy most of the agents' characteristics. 
(Maximilien and Singh, 2005a) in their work of cataloguing Web services 
interaction styles argue that viewing services as agents enables us to augment the 
interaction styles of Web services as interactions between and among service 
provider agents and service consumer agents. Therefore, it is important to denote the 
areas of responsibility of the business services and the supporting agents. 

As we have explained above, Web services are characterized not only by an 
interface but also by the business protocols (choreographies) they follow. While 
business protocols are application specific, much of the software required to support 
such protocols can be implemented as generic infrastructure components (Alonso et 
al , 2004). For example, the infrastructure can a) maintain the state of the 
conversation between a client and a service, b) associate messages to the appropriate 
conversation, or c) verify that a message exchange occurs in accordance to the rules 
defined by the protocols (for example WS-CDL). Part of the task of the 
infrastructure is also the execution of meta-protocols, which are protocols whose 
purpose is to facilitate and coordinate the execution of business protocols. It is 
convenient to think of the agents as the meta-protocol enablers, paving the way for 
the business services. 

For example, before the actual interaction can begin, clients and services need to 
agree on what protocol should be executed, who is coordinating the protocol 
execution, and how protocol execution identifiers are embedded into messages to 
denote that a certain message exchange is occurring in the context of a protocol. In 
the Web Services domain, WS-Coordination is a specification that tries to 
standardize these meta-protocols and the way WSDL and SOAP should be used for 
conveying information relevant to the execution of a protocol (Alonso et al., 2004). 
In the Multi-Agent System (MAS) domain, there are other protocols for agents' 
interaction, which can be useful for implementing the meta-protocols. 

Having distinguished between the agents and the services, we need to make sure 
that these two types of entities coexist peacefiilly within a single architecture and 
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interoperate properly. (Maximilien and Singh, 2005b) propose a framework that 
augments a typical Service-Oriented Architecture (SOA) with agents. Their 
principal idea is to install software agents between service consumers and each 
service that they consume. These consumer service agents expose the same interface 
as the service. However, they augment the service interface with agent-specific 
methods. The consumer communicates its needs via the augmented agent interface. 
Service method invocations are done via the service agent who, in turn, monitors 
and forwards all calls to the selected service. Both business and meta protocols can 
be modelled, validated and verified using the WS-CDL language and tools. 

A good example of a consistent set of meta-protocols is the VO Management 
domain, where the business collaboration partners (peers) interact by the rules 
agreed by all the VO members and VO managers. These rules are enacted partly by 
direct interaction between the peers, and partly by the peers and the VO 
Management. We discuss Virtual Organization Management in the next section. 

The concept of multiple agents can also be useful in general-purpose Web 
service composition. (Maamar et al., 2005) present an agent-based and context-
oriented approach that supports the composition of Web services. To reduce the 
complexity featuring the composition of Web services two concepts are put forward 
in their work, namely, software agent and context. During the composition process, 
software agents engage in conversations with their peers to agree on the Web 
services that participate in this process. Conversations between agents take into 
account the execution context of the Web services. The secuiity of the computing 
resources on which the Web services are executed constitutes another core 
component of the agent-based and context-oriented approach presented by (Maamar 
et al , 2005). 

4. MANAGEMENT OF VIRTUAL ORGANIZATIONS 

VOs follow a life cycle of four phases: (A) Identification (Opportunity Identification 
and Selection), (B) Formation (Partner Identification and Selection, and Partnership 
Formation), (C) Operation (Design, Marketing, Financial Management, 
Manufacturing, Distribution), and (D) Termination (Operation Termination and 
Asset Dispersal) (Strader et al., 1998). The management of a VO through those 
phases can be described just as a type of business process (or collaboration) that uses 
the same mechanisms as for "operational" business processes (or collaborations). 
The collaboration agreement of a VO then specifies the processes that are related to 
the administi-ation of the VO itself, for example changes to the VO membership 
(Svirskas et al., 2005). 

In some cases the management of a VO may take the form of a process carried 
out by an entity centrally located, so it might resemble an orchestration-type of 
management. This may be typical in vertically organized industries, e.g. aerospace, 
where a large vendor centrally controls a supply chain VO. However, in most cases 
a VO is amongst peers, those being either a VO member, or an enabling service 
(such as management, monitoring, security, etc). The interaction is usually binary, 
however in some cases (e.g. negotiation and need for consensus), the interaction 
may involve more than two parties (Svirskas et al., 2006). In addition, within a VO 
its members may belong to different organizations with different application and 
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workflow implementation technologies, therefore resisting external control of their 
back-end applications (Papazoglou and Dubray, 2004). Also, the number of VO 
management collaborations (e.g. membership management, trust provisioning, 
monitoring) is limited. These considerations suggest that management of a VO 
centrally is not a suitable option, but that VO management interactions should be 
choreographed. The VO management protocol then comprises of the definition of 
the choreographies between the peers in the VO. As such, the previously described 
Web Services Choreography Description Language (WS-CDL) is well suited for this 
task. The VO management protocol exposes the common knowledge which the VO 
members need to share, while at the same time leaving the implementation of the 
protocol to the individual VO members (Svirskas et al., 2006). 

With regards to agent technologies, those can bring various advantages to the 
domain of management of e-collaborations. The technological and integration aspect 
is covered by the Foundation for Intelligent Physical Agents (http://www.fipa.org). 
which tries to maximize interoperability across agent-based applications, services 
and equipment. Within a Virtual Organization, intelligent software multi-agents can 
take some of the load in each of the phases of identification, formation, operation 
and termination of a VO, by automating the relevant processes. Various agent 
technologies can also be used for the agents' private knowledge, maintenance, 
specification of various ontologies, and ensuring service interoperability across the 
value chain. 

Figure 1 -Virtual Organization Management with Choreography and Agents 

Figure 1 above illustrates our proposal for the management of Virtual 
Organizations using Web Service Choreography and Software Agents. The 
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innovation lies in the fact that whereas Web Service Choreography can be used to 
coordinate the interactions between Web Services and their consumers, software 
agents can be inserted in front of those services, and their actions choreographed. 

In Figure 1, the proposed solution is a generic one, in the sense that it does not 
distinguish between the number of agents or their type (e.g. per service, business 
process, or enterprise). It assumes however, that at least one local agent exists per 
each organization that participates in a VO. The interaction between the 
organizations in the VO is carried out with interactions between the respective 
agents. The latter communicate with the Information System (IS) of the organization 
via the appropriate Web Services. Whereas within a single organization those Web 
Services follow orchestration rules, as described in section 2, the whole VO is 
coordinated with choreography rules that are enacted by each of the local agents 
assigned to an organization. In that process, agents communicate and exchange 
information with local agents of other organizations. The use of agents adds 
flexibility to the operations of the VO, whereas at the same time the use of 
choreography rules ensures the efficient management of a VO without the need for a 
centralised service. 

The process of the creation of a Virtual Organization has its counterpart in the 
cooperative team creation or coalition formation processes in the agent technologies 
domain. In this domain, a group of cooperating agents (coalition) is formed to fulfil 
a common goal. The individual agents are self-oriented and they don't share all 
information or their intentions. The agent technologies in this case classify the 
knowledge as public, private and semi-private. This has a high potential for the 
management of Virtual Organizations, where there is not a central point of conti-ol, 
but the e-collaborations are rather peer-to-peer, in which case it is important for each 
peer to have control over the availability of its own information to the other peers in 
the network and restricting access to the confidential data. 

5. CONCLUSIONS 

The purpose of this paper has been to present an approach for the automatic 
management of Virtual Organizations, using Web Service Choreography and 
(software) agents. Virtual Organization management in big conglomerates 
dominated by a large organization (e.g. in aerospace or automotive industries) can 
be implemented with a centralised approach, where the VO participants have to 
follow the mandates from the leading organization. However, most interactions in 
VOs are dynamic and among peers, which would make a centralised approach not 
viable. As such, this paper offers an important dimension in discussing the role of 
Web Sei-vice Choreographies and Multi-Agent systems for the (automatic) operation 
and management of a VO, without the need for a central hub of control. 

Web Service Choreography, and particularly WS-CDL, need to be further 
developed and supported by the industry in order to successfully implement and 
support VO management. As was described in this paper, it is also important to link 
choreography descriptions to agent technologies, and this is an area of research 
worth pursuing in more detail. Some of the authors of this paper are currently 
engaged in designing the proposed architectural framework for an EU-fiinded FP6 
1ST project, entitled "Collaborative Process Automation Support using Service 
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Level Agreements and Intelligent dynamic Agents in SME clusters" (PANDA-
Project, 2006). The results of this project will contribute towards that research. 

6. REFERENCES 

1. Aldrich DF. Mastering The Digital Marketplace, Chichester: John Wiley, 1999. 
2. Alonso G, Casati F, Kuno H, Machiraju V. Web Services Concepts, Architectures and Applications. 

Springer-Verlag, 2004. 
3. Bovet D, Martha J. Value Nets: Breaking the Supply Chain to Unlock Hidden Profits. Chichester: 

John Wiley, 2000. 
4. Davidow WH, Malone SM. The Virtual Corporation - Structuring And RevitaUzing The Corporation 

For The 21 St Century. New York: Harper Collins, 1992. 
5. Hagel J, Armstrong A. Net.Gain: Expanding Markets Through Virtual Communities. Harvard: 

Harvard Business School Press, 1997. 
6. Jennings NR, Bussmann S. Agent-based control systems. IEEE Control Systems Magazine 2003; 23:3, 

61-74. 
7. Maamar Z, Mostefaoui SK, Yahyaoui H. Tovifard an Agent-Based and Context-Oriented Approach for 

Web Services Composition. IEEE Transactions on Knowledge and Data Engineering 2005; 17:5, 
686 - 697. 

8. Marik V, McFarlane D. Industrial Adoption of the Agent-based Technologies. IEEE Intelligent 
Systems 2005; 20:9,27-35. 

9. Maximilien EM, Singh MP, Multiagent System for Dynamic Web Services Selection. 2005a, 
http://vvww.csc.ncsu.edU/facultv/mpsingli/paper.s/mas/aamas-socabe-05.pdi'. 

10. Maximilien EM, Singh MP. "Toward web services interaction styles", hi Proceedings of the 2005 
IEEE International Conference on Services Computing (SCC'05), Orlando, Florida, USA, 11-15 
July, 2005b, pp 147-154. 

11. PANDA-Project, EUIST-027169, .MVlY43andarP.ratect,com. 
12. Papazoglou MP, Dubray JJ, A Survey of Web Service Technologies. Trento, Italy: University of 

Trento; #DIT 04-058; 2004, http://eprints.biMio.umtn.it/archive/00000586/01/mike.pdf 
13. Pechoucek M, Riha A, Vokiinek J, Marik V, Prazma V. ExPlanTech: applying multi-agent systems 

in production planning. International Joumal of Production Research 2002; 40:15, 3681-3692. 
14. Ross-Talbot S. "Orchestration and Choreography: Standards, Tools and Technologies for Distributed 

Workflows", In Proceedings of the NETTAB Workshop - Workflows management: new abilities 
for the biological information overflow, Naples, Italy, 2005, 
htlp://wwvv.bioinformatics.org/NETTAB/2005/docs/NETTAB2005 Ross-TalbotOral.pdf 

15. Ross-Talbot S, Brown G. "Dancing in time with the services: WS-CDL", In Proceedings of the NY 
Java SIG, NYC, USA, 2005, http://www.javasig.com/Archive/lectures/JavaSIG-CDL-SRT.ppt. 

16. Saabeel W, Verduijn TM, Hagdom L, Kumar K. A Model Of Virtual Organization: A Structure And 
Process Perspective. Electronic Joumal Of Organizational Virtualness 2002; 4:1. 

17. Sieber P, Griese J. "Virtual Organizations As Power Asymmetrical Networks", In Proceedings of the 
2nd Internationa! VoNet Workshop: Organizational Virtualness And E-Commerce, Zurich, 1999. 

18. Strader TJ, Lin F, Shaw MJ. Information Structure for Electronic Virtual Organization Management. 
Decision Support Systems 1998; 23,75-94. 

19. Svirskas A, Wilson M, Roberts B. "Role and Applications of Pluggable Business Sei-vice Handlers in 
Web Services Choreography", In Proceedings of the WWW 2006, Edinburgh, UK, May 22-26, 
2006. 

20. Svirskas A, Wilson MD, Arenas AE, Lupu EC, Tuptuk N, Chadwick D, Giambiagi P, Dimitrakos T, 
Roberts B. "Aspects of Trusted and Secure Business-Oriented VO Management in Service 
Oriented Architectures", In Proceedings of the The First IEEE International Workshop on Service 
oriented Solutions for Cooperative Organizations (SoS4CO' 05), July 19,2005. 

21. Timmers P. Electronic Commerce: Sfrategies and Models for B2B Trading. Chichester: John Wiley, 
1999. 

22. Vinoski S. The Truth about Web Services. Web Services and Component Technologies 2001, 
http://www.proinfo.com.en/chinese/menu2/3/102501.ppt. 

23. Web-Services-Architecture, W3C Working Group Note, MtB.;//w.w>v,wXojg/Tjywa;affi^^ 
24. WS-CDL, Web Services Choreography Description Language Version 1.0, W3C Candidate 

Recommendation, http://www.w3.org/TR/2005/CR-ws-edl-10-20051109/. 



CHALLENGES OF LIFECYCLE SERVICE 
BUSINESS FOR VIRTUAL 

ORGANISATIONS 

liro Salkari, Henri Hytonen 
VTT Technical Research Centre of FINLAND 

liro.Salkari&.vtt.fi. Henri.Hvtonen&.vtt.fi 

Many industrial Virtual Organisations (VOs) operate in manufacturing 
industry. Their business focus has been on investment product deliveries to 
industrial customers. Now the needs of their customers are changing. Besides a 
single delivery, their customers are increasingly interested in the lifecycle 
services related to their investments. It seems that in many cases, the ability to 
commit to the lifecycle services is becoming a prerequisite for getting the 
contract for the investment product delivery. This sets challenges for 
companies, who make these deliveries as VOs. A VO is a temporary 
collaboration for a specific task, but lifecycle services require long term 
commitment. This paper discusses and analyses the ongoing business focus 
shift from transaction and delivery centric towards lifecycle business centric in 
the context of industrial manufacturing VOs. The paper identifies challenges 
that this shift in focus set for VOs. It also analyses some prevailing approaches 
for VOs to provide lifecycle semces. Still, many questions remain open, and 
thus this paper can be seen as setting some questions for the future research in 
the area of VOs and industrial lifecycle service business. 

1. INTRODUCTION 

Companies in manufacturing industry are facing hardening competition in their 
traditional line of business because the physical products that they manufacture have 
become commodities. The customers of the commodities are price sensitive and 
commodities can typically be produced effectively by challengers from the lovi? 
labor cost countries. Simultaneously, the customers are starting to look at the 
lifecycle costs of their investments and the cost of a single transaction is in many 
cases becoming less important. In practice, this means that instead of a one-off 
delivery only, the customers are interested also in the services related to the delivery 
and to the operation (and also other lifecycle phases) of the investment [2] [10]. 
Previously, the lifecycle services were managed by the operator, but for the time 
being, operators do not necessarily consider e.g. maintenance as their core 
competence anymore. Especially this applies to capital-intense, long lifetime 
investments, like plants or systems in these plants. The need for lifecycle services 
opens up new business opportunities [5] because services are often knowledge 
intensive and hard to copy. Thus, the lifecycle services may be considered as one 
way to respond to the price competition from low labor cost countries. 

Large investments in industry have typically been one-off projects, which 
however contain several systems and machines that are produced by some 
subcontractor networks repetitively. Virtual Organisations (VOs) are considered as 
one way to organize in this kind of business effectively. The VOs are dynamic (can 
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be re-configured within one order), configured for a specific order, existing for the 
duration of one order only, and adherent to a specific life-cycle [3], The changing 
business environment, with the emerging needs for lifecycle services set, however, 
challenges for the VOs in manufacturing industry. These VOs typically deliver long 
lifetime capital investments (like plants) or large systems to these. How a VO that 
delivers an investment product can offer lifecycle services in a similar way as a large 
company that self takes care of e.g. design, manufacturing and installation tasks, and 
the respective services during the different lifecycle phases of the investment? 
Regarding studies on services, which support products or their use, Mathieu [13] 
points out that the empirical studies on advanced product services are not too 
common and they take the customer rather than suppher viewpoint. 

2. OBJECTIVES AND SCOPE 

The main objective of this paper is to identify and analyze the challenges of business 
focus shift from manufacturing-oriented towards lifecycle service -oriented. The 
focus is on manufacturing industry VOs (supplier viewpoint) that have traditionally 
produced one-off investment products for their customers, but now their customers 
are indicating that they would like to purchase lifecycle services besides the 
investment. This paper also presents some potential ways how to respond to the 
challenge, but mainly it brings questions into discussion and for future research. 

3. BUSINESS FOCUS SHIFT 

3.1 Traditional business focus of manufacturing industry VOs 

On the general level, it is defined that the added value that a VO produces is not 
restricted to physical products. For instance, an often used definition of VOs by 
Kiirtimliioglu et al. [12] is as follows: "VO is a temporary consortium of partners 
from different organizations estabHshed to fulfill a value adding task, for example a 
product or service to a customer." This definition however, implies that the value 
add comes from a single product or service (.." a product or service.."). It must be 
noticed that the definition does not explicitly restrict to a single product or service 
only, but it is just the impression that the reader of the definition easily gets. 
Regarding the existing VOs in manufacturing industry this seems to hold also true in 
practice. As these VOs themselves put it often, they do "joint delivery projects", 
which often are single endeavors to fulfill customer's quite exact need - either a 
physical product or a service. The services may relate to a physical product delivery, 
e.g. process consultation, engineering, installation & startup, training services or 
they may be so called after-sales services, e.g. spare parts, repair, or upgrade 
projects [7]. The point is that the prevaihng modus operandi is to consider these as 
single tasks. After the delivery (of the physical product or service), the VO has come 
to its dissolution, and the companies have moved to subsequent VOs (or to the VBE 
where they wait for the next VO and develop their preparedness). 

Some of the subsequent VOs may have concemed upgrading or reparation of the 
investment (physical product) that they had previously delivered. Still, even in this 
case the starting point among the VOs in manufacturing industry has been that the 
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customer (or the operator of the investment) has separately ordered the upgrade and 
reparation work for which the VO is created agam. This kind of modus operandi 
seems in practice to fit e.g. Verkko A network, which was studied in Ecolead as one 
practical example of the existing VBEs in the manufacturing industry. The left end 
of the figure 1 represents the prevailing modus operandi: parts & machine, and 
maintenance suppliers. 

In the figure, it can be seen that the current VOs concentrate on dealing with the 
customer purchasing process. They have limited understanding of customer's 
operational processes or business. As a consequence fi'om dealing with the 
purchasing, the deal is often price-sensitive: The customer purchasing wants to buy 
the cheapest deal. The deal is often a single (project) transaction of a product or a 
single service, like repair, maintenance task or calibration. After the delivery, the 
business relationship ends. For the next delivery (either a new product delivery or 
delivery of service to the previous product) the VO is created again and in many 
cases the price continues to play a central role when the customer selects who will 
do the work. 
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Figure 1 - Business focus shift from delivery - oriented supplier to lifecycle 
service - oriented partner. (The figure is based on Kalliokoski et al. [7], Parrinello 

[15] and Docters [6]). 

3.2 Lifecycle service -oriented business focus and its drivers 

The trend in industry has been concentrating in core competencies. The same applies 
to many investment owners and operators who want to do less work with 
maintenance because they do not consider it as then core business. The systems 
have also become so complex that even the operators may not have the know-how 
that is required to maintain the systems properly. 

The traditional approach has been buying services as one-off deals, which also 
fits in the above described traditional business focus of manufacturing industry VOs. 
The problem, however, is that the single one-off deliveries do not encourage the 
suppliers to develop solutions that would holistically support the customer. Rather, 
the one-off deals have lead to sub-optimums, where the ordered single service (e.g. 
maintenance task) is carried out efficiently, but as a whole there could be better and 
more efficient ways to plan and carry out the services (e.g. the maintenance as 
whole). The operators and owners are also becoming more and more interested in 
sharing the risks related to e.g. availability and usability of the investment. This 
takes the focus of service from supplied product towards maximising customer's all 
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the different processes, actions and strategies that are associated with the supplier's 
product, as discussed by Mathieu [13]. 

Therefore, the customers have started to demand lifecycle services and related 
partnership, which are illustrated on the right half of the figure 1. Recently, the 
lifecycle costs have become even more important criteria for selecting some supplier 
than the price of the investment product alone. Thus, the investment product 
customers are increasingly demanding an offer for the whole lifecycle services 
already when buying the investment in the first place. 

Offering lifecycle services sets new requirements to supplier competencies, 
content of the exchange, customer relations, supplier commitment and to the 
competitive position of the supplier. The fundamental difference compared to one-
off product deliveries is the length of the commitment; after the delivery of the 
investment product, there are a lot of responsibilities left. All the hfecycle services, 
which need the same competencies as the delivery of the investment product need to 
be taken care of. The benefit for the supplier companies is that there is a secured 
income for the agreement period. After the period, the gained knowledge concerning 
customer's operative processes and business is of great value to the customer. So, it 
is probable that the customer is not willing to change service provider too easily. For 
a company (or a VO) that delivers investment products (like automation systems) 
there may be several customers who wish to buy lifecycle services alongside the 
physical product. Thus, there are several customers, towards which the supplier has 
to commit and with whom one has to develop joint processes. This needs to be taken 
into account when developing service business: the economics of scale do not follow 
the same logic as with products. So, on the other hand the supplier gets committed 
customers, but on the other hand the economics of scale in services may be difficult 
to gain over these customers. 

Shifting the business focus from transaction based investment product deliveries 
towards lifecycle services may also change the entire earning logic of the supplier. 
Whereas the supplier previously earned mainly from the delivery of the investment 
product, in future, a great deal of the income may actually come from the lifecycle 
services related to the delivered investment. Well known examples of this kind of 
shift in earning logic are two Finnish companies, Wartsila and Kone. Wartsila 
produces diesel engines and related power plant and ship engine room solutions. 
Kone produces elevators and electric stairways. For both of these companies 
services play a major role. Wartsila's total sales in 2004 were 2 473 million € of 
which services comprised approximately 38% (936 million €) [16]. The share of 
services for Kone in 2005 was even higher, 60% of the total pro forma sales [11]. 
Mainly these services were lifecycle services (i.e. services that are provided after the 
delivery). 

The transition from an investment product supplier to a lifecycle service partner 
is, however, not easy even for large companies. For instance, Metso corporation 
(paper machines, control systems etc.) tried with a service concept called "Future 
Care", which however needed to be refocused (see: [14]). The original Future Care 
was not fully accepted by the customers in the way it was planned in the beginning. 
After the refocusing, Metso has recently reported good success for its service 
business. 

The transition towards lifecycle service business is even more challenging for 
companies that deliver investment products as VOs, because of the temporally 
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restricted nature of these VOs. How can these companies commit to the long time 
collaboration with a customer who wishes to buy knowledge intensive services from 
the deliverer (a consortium of companies in the case of VO) of the investment 
product? It must be noted that these services are not only large maintenance projects, 
but also smaller tasks. Figure 2 illustrates this change of business focus. "One-off 
deliveries represent the traditional transaction or single delivery -oriented business 
focus. The "Lifecycle service (&commitment)" represent the lifecycle service -
oriented business focus. In the "one-off deliveries each service in the middle-of-life 
-section is a single transaction. In the "lifecycle service (fccommitment)" the 
services during the delivery and the middle-of-life (and even during the end-of-life) 
are lifecycle services, to which it is often necessary to commit aheady during the 
delivery of the physical investment project. 
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Figure 2 - Value to a customer regarding a single solution - from separate value 
adding transactions to lifecycle services. Modified by VTT ftom a summary of 

BestServ Industrial Service Business Forum discussions [1]. 

3.3 Challenges for VOs when business focus shifts towards lifecycle services 

This chapter summarizes the challenges that the described business focus shift 
causes. The focus is on challenges that especially VOs will face due to their nature. 
Our overall focus of this study must also be kept in mind. We concentrate on 
manufacturing industry VOs that produce investment products and whose customers 
are now saying that the ability to provide lifecycle services is one central 
precondition for getting the deal at all. Table 3.1 summarizes the challenges that the 
business focus shift causes for these kind of VOs. The issues to the table 3.1 came 
from the figure 1. 
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Table 3.1 Summary of business focus shift needs and challenges for VOs. 
Issue 

Supplier 
competen­
cies 

Content of 
excliange 

Rela­
tions 
to­
wards 
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_ tomer 
O 
o 
3 
3 
3 
n 
'* Length 

of rela­
tions 

Competi­
tive posi­
tion 

Risk 
sharing 

What is emphasized 
in lifecycle service 
business? 
Supplier needs to 
understand customer 
processes and busi­
ness. 

Understanding of 
customer business 
environment is needed. 

Ability to collaborate 
on daily basis in 
service delivery is 
essential. 

Service bundles and 
tailored services: 
value-shop approach 
for configuring the 
service. 

Intimate, necessitates 
trust and collaborative 
approach (even 
development of joint 
processes). 

Partners locating near 
or at the customer site 
are often needed for 
lifecycle services. 
Long and continuous. 
Necessitates 
commitment (ability to 
commit). 

Knowledge about the 
customer and solu­
tions, which add value 
to the customer are 
important (price may 
be less so) 

Shared risk with 
customer concerning 
the investment. 

Challenge for service supplier (networkA'O) 

Long term customer relationships needed, because understanding 
of customer processes and business is challenging, and expensive 
and time consuming to gain: 
- The organization that coordinates the lifecycle service business 

must not change too often. 
- The companies that deliver the services on site must not change 

too often. 
=* Solely inheritance from previous VOs is not enough to 

enable delivery of subsequent lifecycle services, but it is 
probable that mainly the same companies must participate 
and commit to the service deliveries for a longer time. 

Customer needs to trust on the supplier and that the supplier is not 
going to enter customer's core business, and thus is not a threat -> 
strategic (management) level collaboration between supplier 
(coordinator) and customer is needed besides the operative level. 
There is a need to manage several areas of expertise -> there is a 
need to involve specialists from different companies (like during 
the delivery of an investment) -^ one company can not deliver all 
the lifecycle services alone or take the responsibility of them 
alone. Already when the lifecycle service is sold to the customer, 
there must be an agreement among the required companies that 
they will commit to the delivering of the services. 
Companies that deliver the service may not change too often 
because seamless collaboration necessitates joint development 
work though which the trust evolves. Tliis restricts, which 
companies can be involved in service deliveries. 

Coordination need towards the customer and between the 
companies that participate lifecycle service business increase. 

Readiness to commit to a long time business relationship. This 
requires models and solutions for pricing, delivery practices, and 
the risks related to the length of the relationship. The total 
lifecycle service can not be delivered as several subsequent VOs 
with no connection between them and with (partly) different 
companies every time. 
Long term income if knowledge of customer and customer needs 
and solutions are kept on higher level than the competitors are 
able to do. The competitors are clearly in more week position, 
because their relations to the customer are more distant and 
therefore they may not be able to develop the same knowledge. 

Knowledge intensiveness may even change the earning logic: 
instead of single one-off deliveries, the income comes from 
lifecycle service agreements and the income is knovm quite a long 
time in advance. This is because it is easy to find a new supplier to 
a commodity, but more difficult to find a new supplier to a task, 
which requires in depth and wide knowledge of customer 
operations and business. 
Sharing risk among the companies that offer the total lifecycle 
service. Long term risk sharing between companies. 
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4. POTENTIAL WAYS FOR RISING TO THE CHALLENGE 
AND QUESTIONS FOR FUTURE RESEARCH 

The problem related to service business around capital goods is already addressed by 
some studies, but the viewpoint has much been from customer viewpoint [13]. The 
supplier viewpoint seems to be less paid attention to, though some examples exist 
even in the field of VOs. For instance, in Karvonen et al. [9] there is a chapter 
dedicated to sales and services issues. However, in the VO context the challenge 
related to service business is often addressed from technological solution viewpoint 
or from the viewpoint that there is a problem that needs to be solved fast and a VO is 
created for that problem. These all are still very relevant, but they consider that the 
single (sei-vice) delivery - oriented VOs are solutions to this: the business and 
solution still comes from a single delivery. For instance, this can be seen in Kauer et 
al. [10], were the starting point for a VO creation is a complete problem description 
and a task list, and the VO ends on documented customer order (service report and 
invoice). 

However, our approach concentrates more on taking the responsibility of some 
operations that the customer does not perceive as their core business. I.e. in our 
understanding the challenge related to the lifecycle service business is not the 
efficient creation of VOs to solve some well defined single problems. Rather the 
challenge is the long term commitment to whatever the customer finds valuable: the 
maintenance as a whole, the performance of the investment, or the availability of the 
investment. Further, in the business that we described as lifecycle service centric, 
also the earning logic changes. Whereas previously the income was transaction 
based, in the lifecycle service business it is based on long term agreements. Single 
transactions are not that valuable to the customer as the entities (lifecycle services) 
that are provided. Simultaneously, in the lifecycle service focused business the 
organizations that provide the services must commit to the long term collaboration 
with the customer - they can not be "freely" selected VO per VO (see table 3,1). 

To achieve the commitment, the hfecycle service business necessitates creation 
of a specific Service Network or Breeding Environment. Its rules and practices may 
be somewhat different from those of Manufacturing Networks. On the other hand, in 
many cases the Service network and the Manufacturing network are overlapping: 
they have partly the same partners. [8] Also, the different hfecycle service tasks 
require different preparedness from the Breeding Environment: Preventive 
maintenance tasks may be foreseen and planned beforehand, but repair tasks come 
unexpectedly and require fast reaction time. In both cases one alternative is to view 
them as Service Virtual Organizations which are not dissolved after the task but only 
switch to a stand-by state, from where they can again be evoked when needed - the 
commitment differs in this modus operandi from the prevailing one. 

One way to accumulate experiences over single VOs (and thus create long span 
view to business) is so called inheritance. Inheritance is considered to be 
systematically collected information of VO operational phase. This information is 
gathered during the VO lifecycle and it is used to facilitate the utilization of 
experiences and knowledge related to the object of the collaboration and to the 
collaboration practices, processes and partner combinations. The inheritance 
management is a way to record and learn systematically from experiences. Proper 
inheritance management includes e.g. following: Saving the VO experiences in 
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utilizable format; sharing the experiences among partners; taking care that the 
experiences are utihzable in the next VO initiahzation, planning and execution; 
communicating the experiences towards the VBE in utilizable format in order to 
enable the use of experiences in the next VO. [4] 

The previous research with its solutions together with a proper inheritance 
management seems to clearly support the lifecycle service-oriented business of 
collaborative organizations. Still many challenges, which relate to the different 
nature of the lifecycle service business, remain unsolved: 

How to be able to commit and offer the lifecycle services, which require risk 
sharing, already when preparing an offer for an investment product delivery? 
This commitment means in practice commitment to future service VOs with 
pre-agreed price and other principles. This involves the coordinating company 
(or organization) as well as the companies that actually deliver the services. 
What kind of organizing the hfecycle service business necessitates from the 
networked organizations: 

" What kind of role and responsibility can the VBE bear? 
• What kind of responsibilities and roles require that there is a single 

company (a single legal entity) that bears the responsibility? 
• What this coordinating company (or other form of organization) must 

require from those companies that commit to the actual future service 
deliveries? 

• How to define the responsibilities between the VBE and the customer 
and how to integrate to the customer processes? 

• How to serve different customers which potentially have different 
service needs? How to make one VBE able to take care of different 
customers? 

Modus operandi and business issues: 
• How the modus operandi of the lifecycle service -oriented VOs truly 

differs from the modus operandi of the delivery -oriented VOs? 
• What are the consequences to the VO business concept if the earnings 

come from long term commitment rather than from timely limited 
deliveries? 

5. CONCLUSIONS 

5.1 The lifecycle service business sets challenges for manufacturing industry 
VOs 

The customer needs of manufacturing VOs are changing. Customers are 
increasingly interested in solutions, i.e. delivery of an investment product and the 
related services both during the delivery and during the operation of the investment. 
The deliverer of the investment (e.g. a VO) must already during the delivery be able 
to offer also Hfecycle services and commit to them too. This sets challenges for the 
companies that collaborate as VOs when they focus their business on lifecycle 
services. 

These companies need to develop their own competencies so that they match the 
customer processes and business environment. They also need to be able support the 
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customer, and to do this, collaborate with other supplier companies, also in cases 
that are not expKcitly specified in the service contract. All these activities and 
competencies necessitate readiness for long term commitment towards the customer 
and towards the other service suppliers, because developing these skills is costly and 
time spending. Risk sharing towards the customer is often related to the lifecycle 
services. Therefore, also the supplier companies need to have some capabilities to 
bear and share long term risks related to the lifecycle services that are not as 
rigorously defined as the work these companies are used to deal with - the one-off 
deliveries. 

The lifecycle service business also opens up new opportunities. It often provides 
an opportunity for a longer term cash flow, which is also more predictable in 
advance. In lifecycle services also the competition is often knowledge centric and 
the price does not play that an important role. Gaining knowledge concerning the 
customer, customer's processes and solutions gives a competitive edge to the 
prevailing service provider(s). This competitive edge is hard to break. 

The existing research has already addressed the challenge related to Virtual 
Organisations in service business. However, it seems that still more research work is 
needed. This is because the existing research has mainly concentrated on IT 
solutions and single services that need to be delivered. The lifecycle service -
oriented business, however, necessitates longer term commitment and related long 
term risk sharing. As such, the VBE-VO concept seems to fit for the hfecycle 
service business too, because it enables combining knowledge of different 
companies in order to produce complex lifecycle services, which none of the 
companies could produce alone. Large enterprises in manufacturing industry can 
already show some success stories related to the hfecycle service business, but the 
VOs will still have to improve in order to be able to say that the lifecycle service 
business is good business for them. 
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The vision of the Grid is to support the dynamic establishment and subsequent 
management of virtual organizations (VO). To achieve this presents many 
challenges for the Grid community with perhaps the greatest one being 
security. Whilst Public Key Infrastructures (PKI) provide a form of single sign-
on through recognition of trusted certification authorities, they have numerous 
limitations. The Internet2 Shibboleth architecture and protocols provide an 
enabling technology overcoming some of the issues with PKIs however 
Shibboleth too suffers from various limitations that make its application for 
dynamic VO establishment and management difficult. In this paper we explore 
the limitations of PKIs and Shibboleth and present an infrastructure that 
incorporates single sign-on with advanced authorization of federated security 
infrastructures and yet is seamless and targeted to the needs of end users. We 
explore this infrastructure through an educational case study at the National e-
Science Centre (NeSC) at the University of Glasgow and Edinburgh. 

1. INTRODUCTION 
The vision of the Grid [7] is to support the dynamic establishment and subsequent 
management of virtual organizations (VOs). The term dynamic is italicized here as it 
could be argued that this is what distinguishes Grid infrastructures from other large 
scale distributed systems. With no prior detailed agreements in place, it should be 
possible to create a VO which will allow collections of individuals and/or 
institutions to securely share resources whether these resources are data sets, data 
archives, computational resources, services or more specialized equipment. A key 
element of this vision is the notion of single sign-on where a single set of user 
security credentials are sufficient to allow access to a multitude of federated 
resources across the VO. 

Perhaps the greatest challenge in realizing this dynamic model is security. Sites 
wishing to potentially form a VO need to be aware of the consequences of 
establishing such collaborations. It is the case in computer security that the weakest 
link rale applies; this fact is magnified by Grid infrastmctures due to their openness. 
Highly secure multi-million pound compute facilities can be compromised by 
inadequately secured remote laptops. Rigorous security procedures at one site can be 
made redundant through inadequate procedures at another collaborating site. This 
problem is exacerbated by the predominant Public Key Infrastmcture (PKI) [11] 
authentication-only based security models prevalent across most high performance 
computing related Grid infrastructures today, where establishment of user identity is 
the primary security focus (and not on restricting what the user is allowed to do on 
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the given resource). With the move of the Grid community to more security focused 
areas such as the health domain, this authentication-only security model is 
unrealistic and does not lend itself to the adoption of Grid technology. Considerable 
progress has been made in developing advanced security infrastructures that are well 
integrated into Grid middleware [8,20]. However the challenge remains how to 
establish a VO in a dynandc manner where sets of fine grained distributed security 
authorization policies defining what end users are allowed to access/use on local 
institutional resources can be supported across multiple independent institutions. 

One common approach to solve this is through the establishment of federations 
which can be considered as groups of organizations which agree to adopt common 
poUcies and technical standards to provide a common infrastructure for managing 
access to resources and services in a uniform way. The Intemet2 Shibboleth 
architecture and protocols [18,19] have been developed to support the establishment 
of federations where devolved authentication and security attribute release across 
multiple independent institutions is supported. Through Shibboleth, authentication at 
a home institution Identity Provider (IdP) by a user can in principle support single 
sign-on across a federated VO where security attributes and assertions are released 
which can subsequently be used by service providers (SP) to make authorization 
decisions. This model of single sign-on lends itself to advanced authorization in 
more security focused VOs, but requires detailed negotiation of security attributes to 
be defined a priori. This pre-agreed and potentially detailed negotiation and 
agreements goes somewhat against the true vision of the Grid where dynamic VOs 
can be established and managed "on-the-fly", and where new agreements and 
policies can be added as new institutions, new resources and users are brought 
together for potentially short time periods. 

In this paper we outline a novel solution prototyped within the UK JISC 
Dynamic Virtual Organizations for e-Science Education (DyVOSE) project [5] that, 
using a basic institutional trust relationship between sites supports single-sign 
combined with advanced authorization of federated security infrastructures based 
upon delegation of authority. We explore this infrastructure in an educational setting 
through a programming assigmnent set as part of the Grid Computing module part 
of the advanced MSc at the University of Glasgow. 

2. EXISTING GRID SECURITY LIMITATIONS 
Grid security is still predominantly based around PKIs to support authentication, i.e. 
the validation of the identity of a given user requesting access to a given resource. 
The simplest PKI involves a single Certification Authority (CA) which is trusted by 
all users and resource providers. With this model, users only accept certificates 
(signed by the CA which associate the users private key with their pubhc key) and 
certificate revocation lists issued by this CA. This model makes certificate path 
analysis easy since there is a single step from a certificate to the CA who issued it. 

Other more complex PKI architectures also exist. For example, users may keep a 
host of trusted CAs. However, issues such as how to tell trustworthy one from 
untrustworthy one arise. Hierarchical PKIs where there are chains of trust between 
the CA, sub-ordinate CAs and users may also exist. This model allows limiting the 
damage caused by compromised subordinate CAs. Thus if a subordinate CA is 
compromised then only the certificates issued by them (or their subordinate CAs) 
need to be revoked. Other more complex architectures exist again, such as meshes of 
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PKIs where trast relationships (webs of trust) are established on a peer-peer basis. 
This model often requires bridging solutions [12,15] between CAs and results in 
certificate paths that are harder to establish - potentially containing loops. 

The main benefit and reason for the widespread acceptance of PKJs within the 
Grid community is their support for single sign-on. Since all Grid sites in the UK 
trust the central CA at Rutherford Appleton Laboratories (RAL) [23], a user in 
possession of an X.509 certificate issued by this CA can send jobs to all sites, or 
rather to all sites where a user has requested and been granted access. Typically with 
Globus based solutions gatekeepers are used to ensure that signed Grid requests are 
valid, i.e. from known collaborators. This is manifest through the Distinguished 
Name (DN) of the requestor being in a locally managed access control list (ACL) 
grid mapfile which typically maps DNs to local user accounts. These ACLs are 
typically manually updated and managed based upon individual user requests. The 
dynamicity of this manual approach is not conducive to the Grid-idea for 
dynamically establishing new, potentially short term VOs. Instead users have to 
statically have their DNs registered at collaborating sites which have previously 
made available/allocated local accounts. Once the Grid scales to the wider research 
and academic communities (as opposed to the current focus on the "Grid" 
community) where many millions of users' exist this centralized model of 
certification is likely to have scalability issues. 

The process of acquiring an X509 certificate itself is off-putting for many of the 
less-IT focused research community since it requires them to convert the certificate 
to appropriate formats understandable by Grid middleware, e.g. through running 
cryptic (in the confusing sense!) openssl commands [13]. This problem is further 
exacerbated since openssl is not commonly available on platforms such as Windows 
and requires separate software to be installed. Once in the appropriate Grid format, 
users are then obliged to remember necessarily strong 16-character passwords for 
their certificates with the recommendation to use upper and lower case alphanumeric 
characters. The temptation to write down such passwords is apparent and an 
immediate and obvious potential security weakness. 

The fundamental issue with PKIs for Grid security however, is trust. Sites trust 
their users, the CA and other sites. If the trust between any of these is broken, then 
the impact can be severe, especially since users are currently free to compile and run 
arbitrary code. With the now global PKI and associated recognition of international 
CAs through efforts such as the International Global Trust Federation 
(www, gridpma.com). this basic trust model is naive. For this reason. Grids have 
been seen as at best something to be considered separately from existing compute 
infrastructures or at worst as a potential threat to those infrastructures. 

3. SINGLE SIGN ON AND ADVANCED GRID SECURITY FOR 
STATIC YOs 

Numerous technological solutions have been put forward looking towards providing 
various enhanced Grid security models and solutions such as CAS [14], GSI [9], 
PERMIS [2] and VOMS [1]. Examples of how these compare to one another is 

There are currently over 3 million Athens accounts across UK academia from over 2,000 
organizations. To put this into context there are approximately 3500 UK e-Science certificates 
issued by the UK e-Science CA that are currently valid across the UK. 
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described in [21]. Recent developments in Grid standardization [8] and associated 
implementations [3] have shovra, however, how finer grained models of security can 
be achieved supporting authorization closely integrated with Grid solutions. 

Role Based Access Control (RBAC) based solutions represent one of the more 
scalable solutions for advanced authorization infrastructures [permis]. Such systems 
allow for definition of roles which are typically associated with given privileges on a 
system and as such, are less susceptible to change than individual user identities. 
The roles themselves are assigned to subjects (users) by issuing them with an X.509 
attribute certificate (AC) [2]. These roles and ACs can in turn be used to form the 
security policies for a given site. Systems such as PERMIS allow for the expression 
of digitally signed (and hence tamper proof) security policies based upon triplets 
comprised of <Role, Target, Action>. A local authority - the Source of Authority 
(SoA) will specify pohcies based upon institutional roles, institutional resources 
(targets) and actions that can be performed on those resources. Once defined, these 
policies can be used to ensure that only users with appropriate roles (privileges) can 
access certain services or data resources and perform certain actions. It has been 
shown [22] how such infrastructures can be defined and used as the basis for 
limiting access to Grid resources and data sets. Such systems predominantly work at 
the local authorization level, i.e. the policies apply to the local site only. With Grid 
based inter-institutional VOs this model of security is not the norm and collective 
understanding of inter-institutional security infrastructures is needed. 

Supporting multiple attribute authorities is something that the Intemet2 
community has focused on explicitly in the Shibboleth architecture and protocols 
[18,19]. The UK academic community is currently in the process of deploying 
Shibboleth technologies (http://shibboleth.intemet2.edu/) to support local (existing) 
methods of authentication for remote login to resources. Through this model, sites 
are expected to trust remote security infrastructures for example in establishing the 
identity of users (authentication) and their associated privileges (authorization). To 
support this, the Shibboleth architecture and associated protocols identify several 
key components that should be supported including federations, Identity Providers 
(aka origins), Service Providers (aka targets) and optionally Where Are You From 
(WAYF) services. Through these components, end users will have single usemames 
and passwords from their home institutions which will provide for seamless access 
to a range of resources at collaborating institutions and service providers. Local 
security policies at service provider sites can then be used to restrict (authorize) 
what resources authenticated users are allowed access to. 

To understand the impact of Shibboleth technologies on Grid security it is first 
necessary to have an appreciation of the interactions that typically arise with 
Shibboleth. When a user attempts to access a Shibboleth protected service or Service 
Provider (SP) more generally, they are typically redirected to a WAYF server that 
asks the user to pick their home Identity Provider (IdP) from a list of known and 
trusted sites. The service provider site has a pre-established trust relationship with 
each home site, and trusts the home site to authenticate its users properly. 

After the user has picked their home site, their browser is redirected to their 
site's authentication server, e.g. an LDAP repository, and the user is invited to log 
in. After successftil authentication, the home site redirects the user back to the SP 
and the message carries a digitally signed SAML [17] authentication assertion 
message from the home site, asserting that the user has been successftilly 
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authenticated (or not!) by a particular means. The actual authentication mechanism 
used is specific to the MP. If the digital signature on the SAML authentication 
assertion is verified and the user has successfully authenticated themselves at their 
home site, then the SP has a trusted message providing it with a temporary 
pseudonym for the user (the handle), the location of the attribute authority at the IdP 
site and the service provider URL that the user was previously trying to access. The 
resource site then returns the handle to the MP's attribute authority in a SAML 
attribute query message and is returned a signed SAML attribute assertion message. 
The Shibboleth trust model is that the target site trusts the MP to manage each user's 
attributes correctly, in whatever way it wishes. So the returned SAML attribute 
assertion message, digitally signed by the origin, provides proof to the target that the 
authenticated user does have these attributes. We note that later versions of the 
Shibboleth specification have introduced a performance improvement over the 
earlier versions, by allowing the initial digitally signed SAML message to contain 
the user's attributes as well as the authentication assertion. Thus the two stages of 
authentication and attribute retrieval can be combined. 

This security model offers several direct benefits over PKIs for dynamic 
establishment of VOs in that users are no longer trusted to manage their X509 
certificates and remember complex passwords. Instead institutions within a 
federation have a degree of trust with one another. Sites/MPs and SPs are still 
autonomous and are able to decide for themselves whether the provided attributes 
are sufficient for access to the resources and which attributes they are prepared to 
release to which SP. Another key benefit of Shibboleth for VO establishment and 
management is that users are only required to remember their own usemames and 
passwords at then home institutions. 

Provided a common understanding of the roles and security atteibutes across the 
sites comprising the federation exists, single sign on can be achieved. Thus if a SP 
ttTJSts a given site for authenticating a user requesting access to its own resource, and 
also an agreement on the attributes which are to be exchanged between the sites 
exists, then the SP can authorize/restrict access to its resources from those sites that 
are within the correct federation and that provide the necessary attributes and their 
values needed to give access to the resource. Within the UK a single federation is 
being proposed (www.sdss.ac.uk) and a small set of security attributes based upon a 
subset of the eduPerson specification is being adopted [16]. These attributes include 
eduPersonScopedAffiliation which indicates the user's relationship (e.g., staff, 
student, etc.) within their home institution; eduPersonTargetedID which is needed 
when an SP is presented with an anonymous assertion onJy as provided by 
eduPersonScopedAffiliation; eduPersonTargetedID attribute which provides a 
persistent user pseudonym; eduPersonPrincipalName which is used where a 
persistent user identifier, consistent across different services is needed, and 
eduPersouEntitlement which enables an institution to assert that a user satisfies an 
additional set of specific conditions that apply for access to a particular resource. A 
user may possess different values of the eduPersouEntitlement attribute relevant to 
different resources. 

One key aspect of the UK federation which helps to support single sign-on 
across numerous resources is the facility to maintain session information. Thus in 
accessing their IdP, the user is able to specify whether the WAYF should remember 
them for the duration of the session, for a week or not at all. In accessing subsequent 
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Shibboleth protected services, the WAYF will automatically recognize which IdP 
the users are from and redirect them accordingly. 

Proof of concept systems demonstrating how Shibboleth based access to Grid 
resources has been achieved is described in [25]. However Shibboleth by its very 
nature is much more static than the true vision of the Grid, where VOs can be 
dynamically established linking disparate computational and data resources at run 
time. Instead Shibboleth requires agreed sets of attributes that have been negotiated 
between sites. What is needed instead is a more dynamic way in which security 
attributes associated with a VO can be established and accepted across a given 
federation. 

4. SINGLE SIGN-ON AND ADVANCED GRID SECURITY FOR 
DYNAMIC YO% 

The definition of detailed policies for access to and usage of multiple site resources 
will face scalability issues for large scale Grid infrastructures where many different 
users, services and resources exist. This is further compounded when new users join, 
leave, new resources are added and removed etc. Having a single SoA to manage a 
security infrastructure at a given site is not realistic for large scale, evolving Grid 
infrastructures. Ideally, it should be possible to delegate the privilege for others 
including potentially those at other trusted sites to issue ACs which will be 
recognized locally. This is especially the case when complex or short lived dynamic 
VOs are to be established and managed. To address this, the DyVOSE project has 
prototyped a delegation issuing service (DIS) [3] as shown in Figure 1. 
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Figure 1; DyVOSE Delegation Issuing Service 

The DIS is a web service that can issue ACs on behalf of a SoA. In a traditional PMI 
model a SoA that issues roles or privileges to users must have a PKI key pair. This 
restriction implies that the SoA is responsible for all privilege allocations v^ithin at 
its own site. Ideally a SoA, e.g. a systems-administrator, would like to be able to 
delegate the privilege to issue new roles to other trusted entities/people, e.g. to a 
local researcher wishing to establish a particular VO, or potentially to a remote but 
trusted entity. The DIS service itself does not require that delegated/trusted entities 
are required to hold a PKI key pair in order to issue ACs to their subordinates 
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however the SoA will by definition restrict the roles that its subordinate authority 
will be able to issue. The DIS service also allows delegated entities to also delegate 
privileges to others. To minimize the potential security risks that might arise through 
this, subordinate authorities will always have lower privilege than their superiors. 

Through the delegation of authority capabilities offered by the DIS service, sites 
wishing to establish VOs dynamically are able to create attribute certificates 
associated with the particular demands of the give VO. Once defined, users wishing 
to access resources across multiple institutions are able to use the single sign-on 
capabilities of Shibboleth to authenticate themselves at their home site, and have 
these attributes (which have been dynamically created) to be used by SPs to make 
subsequent authorization decisions. Through this, dynamic VOs can be estabhshed 
where fine grained authorization policies are created based upon attributes specific 
to the security of the VO and created by privileged members of the VO. Subsequent 
access to Grid resources across the VO can, through Shibboleth, be based upon the 
appropriate attributes being defined and subsequently delivered for authorization 
decisions to be made to VO resources. 

To explore the capabilities of the DIS service for dynamic attribute creation and 
their usage for subsequent single sign-on through Shibboleth to access and use 
dynamically established VO resources, we have explored this technology within the 
advanced MSc Grid Computing module at the University of Glasgow. 

4.1 Case Study 
The Grid Computing module at the University of Glasgow required the advanced 
MSc students to undertake a large scale programming assignment. This assignment 
was focused on exploring latest developments in Grid middleware such as Globus 
and Condor [4], and exploring fine grained security infrastructures. Specifically, the 
students were required to implement a Globus-based bioinformatics application 
(BLAST) which was to run across a Condor pool. The application required them, in 
the first instance to develop a client to access a remote Grid service {BlastData) in 
Edinburgh University which was protected by the PERMIS authorization 
infi-astructure and return the appropriate sequence data. This service and the 
associated security policy was developed and deployed in advance for the students. 
The students were split into two groups; groupA and groupB. These groupings 
(roles) were then used by the BlastData service and its security infrastructure to 
enforce/restrict access to the data accessible. The data itself was nucleotide or 
protein sequence data sets depending on the role (group) the students were in. 

Once the data was returned the students were expected to use this as input to 
their own Globus based BLAST service which would run across the Condor pool. 
This service was also PERMIS protected with the policy such that only members of 
their team could invoke the service, i.e. people with their role. Diagrammatically the 
assignment and associated infrastructure is given in Figure 2. 

In the infrastructure the Glasgow SoA used the Edinburgh DIS service to issue 
attributes within the Edinburgh PMI for roles needed across the VO, i.e. they were 
delegated the privilege by the Edinburgh SoA to create roles within the Edinburgh 
role hierarchy. Through creation of a VO specific role, e.g. extemalStudent within 
the Edinburgh policy via DIS and mapping of the DNs of Glasgow students to this 
role, Glasgow students have subsequently been able to access and return the 
appropriate sequence data sets for input to the BLAST service. Through the 
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hierarchy of the XML role pohcy at Edinburgh, any privileges that the external role 
holds will be inherited by the appropriate roles as deemed suitable by the local 
Edinburgh SoA, e.g. an externalStudent may have less privilege than an 
EdinburghStudent role which already exists within the Edinburgh PMI. This 
hierarchical management of roles allows distinct levels of trust to be implemented 
based on a user's function and location within the VO without surrendering local 
policy integrity. Thus for example, Glasgow students are able to access Edinburgh 
Grid compute resources but not allowed to print on local printers. 
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Figure 2: Grid Computing Assignment Utilizing Dynamic AC Creation and Authorization 

4.2 Related Work 
The Community Authorization Service (CAS) [14] implements a Role Based Access 
Control system using an authorization server. The central idea behind CAS is that 
while resource providers can specify a coarse-grained policy, the fine-grained policy 
decisions can be delegated to the administrator of the community that is served by 
CAS. Resource providers grant privileges to the community and establish a trust 
relationship with the representative of that community. That representative then uses 
CAS to manage the distribution of privileges within the community. When a user 
wants to access resources served by CAS, the user issues a request to the CAS server 
(using their own X509 certificate). If the CAS server decides that the user associated 
with this certificate has sufficient privileges, then it will issue a proxy credential 
with an embedded policy giving the user the right to perform the requested actions 
(assuming that the user has sufficient privilege). The user then uses these CAS 
credentials to access the resource. The local resource than applies its own local 
policy to determine the amount of access granted. Currently the only resource that 
can be accessed through CAS credentials is gridFTP. It is non-trivial to set up and 
use CAS (see www.nesc.ac.uk/'hub/projects/etf). The centralized model of an 
authorization server is also likely to have scalability issues when dynamic VOs are 
to be established or very large VOs. 
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Virtual Organization Menabership Service (VOMS) [1] is a system for managing 
authorization data within VOs. VOMS has been developed as part of the European 
DataGrid project and provides a database of user roles and capabilities and a set of 
tools for accessing and manipulating the database and using the database contents to 
generate Grid credentials for users when needed. The VOMS database contains 
authorisation data that defines specific capabilities and general roles for specific 
users. A suite of administrative tools allow administtators to assign roles to users 
and manipulate capability information. A command-line tool allows users to 
generate a local proxy credential based on the contents of the VOMS database. This 
credential includes the basic authentication information that standard Grid proxy 
credentials contain, as well as role and capability information from the VOMS 
server. One of the benefits of VOMS is that Grid applications can use the credential 
without using the VOMS data. Alternatively, VOMS-aware applications can use the 
VOMS data to make both authentication and authorization decisions regarding user 
requests. 

VOMS represents the most common authorization mechanism on the Grid 
however it does not provide the dynamic establishment of VOs. Instead a VOMS 
server is statically identified and populated. The approach given here overcomes 
these limitations. We would also argue that the end user experience of advanced 
authorization infrastructures is improved through our system. For example, when 
submitting a Grid job in a VOMS-aware environment, the end user typically is 
required to include the VO that they are involved in at the command line. With the 
approach given here, this is implicit through the attributes that are dynamically 
defined and used with appropriate attribute request and attribute release policies. 

5. CONCLUSIONS 
The dynamic establishment and subsequent management of VOs represents a 
significant security challenge to the Grid community (if it is done correctly!), but a 
challenge that needs to be overcome in order for Grid technology to be taken up by 
the more security focused commimities such as the medical domain, or industry 
more generally. The dynamic delegation of authority infrastructure supported within 
the DyVOSE project offers one possibility through which advanced authorization 
infrastructures can be linked dynamically. Through delegated creation of VO 
specific roles and attributes, VOs can be established in a dynamic manner without 
compromising the overall security. At the time of writing the students at Glasgow 
are in the final phases of their implementation work with the successful return of 
sequence data already completed based upon dynamically created security attributes 
- thus proving the proof of concept in using DIS for dynamic VO estabhshment and 
fine grained authorization. 

To simplify the overall process in access to and usage of VO Grid resources, the 
Shibboleth technology offers direct benefits for single sign-on, but currently requires 
a more static view of the security attributes that are available. Through the DIS 
service, an SP may, subject to its having the appropriate privilege at IdPs be allowed 
to create attributes for those IdPs which will subsequently be needed for access to 
the resource. This model significantly changes the dynamics through which future 
VOs may be composed. Truly dynamic security oriented VOs where service 
providers not only offer services but the attributes needed for access to these 
services has hitherto not been addressed by the Grid community. This work is being 
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explored in a variety of security oriented projects at the National e-Science Centre 
especially in the e-Health domain. 
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11. R. Housley, T. Polk, Planning for PKI: Best Practices Guide for Deploying Public Key 

Infrastructures, Wiley Computer Publishing, 2001. 
12. J. Jokl, J. Basney and M. Humphrey, Experiences using Bridge CAs for Grids, Proceedings of UK 

Workshop on Grid Security Practice - Oxford, July 2004. 
13. OpenSSL, www.openssl.org 
14. L Peariman, et al., A Community Authorisation Service for Gi'oup Collaboration, in Proceedings of 

the IEEE 3rd International Workshop on Policies for Distributed Systems and Networks. 2002. 
15. W. T. Polk and N. E. Hastings, Bridge Certification Authorities: Connecting B2B Public Key 

Infrastructures, http://csrc.nist.gov/pld/documents/B2B-artic1e.doc 
16. A. Robiette, T. Morrow, Blueprint for a JISC Production Federation, JISC Development Group, 

Version 1.1: issued 27 May 2005, http://www.jisc.ac.uk/index.cfm7narne-middleware__documents 
17. OASIS, Assertions and Protocol for the OASIS Security Assertion Markup Language (SAML) vl . l , 2 

September 2003, http://www.oasis-open.org/committees/security/ 
18. Shibboleth Architecture Technical Ovemew, llttp.://shibbokthjntMiiet2..edu/^^^^ 

•shibboleth-tech-overview-latest.pdf 
19. Shibboleth Architecture Protocols and Profiles, http://shibboleth.intemet2.edu/docs/draft-mace-

shibboleth-arch-protocols-latest.pdf 
20. R.O. Sinnott, D.W. Chadwick, Experiences of Using the GGF SAML AuthZ Interface, Proceedings 

of UK e-Science All Hands Meeting, September 2004, Nottingham, England. 
21. A.J. Stell, R.O. Sinnott, J. Watt, Comparison of Advanced Authorisation Infrastructures for Grid 

Computing, Proceedings of International Conference on High Performance Computing Systems and 
Applications, May 2005, Guelph, Canada. 

22. A.J. Stell, Grid Security: An Evaluation of Authorisation Infrastructures for Grid Computing, MSo 
Dissertation, University of Glasgow, 2004. 

23. UK e-Science Certification Authority, .w.ww.gritsupBM,a,c.u.k/c.a 
24. J. Watt, R.O. Sinnott, A.J. Stell, Dynamic Privilege Management Infrastructures Utilising Secure 

Attribute Exchange, Proceedings of UK e-Science All Hands Meeting, Sept. 2005, Nott, England. 
25. J. Watt, R.O. Sinnott, O. Ajayi, J. Jiang, J. Koetsier, A Shibboleth-Protected Privilege Management 

Infrastructure for e-Science Education, Proceedings of 6th IEEE International Symposium on Cluster 
Computing and the Grid, CCGrid2006, May 2006, Singapore. 

26. ITU-T Recommendation X.509 (2001) | ISO/IEC 9594-8: 2001, Information technology - Open 
Systems Interconnection - Public-Key and Attribute Certificate Frameworks. 



PRODUCT CENTRIC INTEGRATION: 
EXPLORING THE IMPACT OF RFID AND 

AGENT TECHNOLOGY ON SUPPLY CHAIN 
MANAGEMENT 

Jan Holmstrom* and Kary Framling 
Industrial Engineering and Management 

Helsinki University of Technology 
FOB 5500, FI-02015 HUT, FINLAND 

^Corresponding author: Jan. holmstrom@hut.fi 

The paper describes innovation action research on discovering RFID and 
agent applications tliat enable a move to simpler integrating mechanisms in the 
supply chain. The potential solution designs uncovered in the study simplify the 
information chain and reduce the need for management interventions in the 
organization and operation of customized delivery of products and services. 
The paper also illustrates how the adoption of novel technological tools does 
not automatically translate to performance improvements but requires step­
wise exploration to develop and introduce the novel technologies in practice. 

1. INTRODUCTION 

Recently, automatic identification (such as RFID) and Internet applications have 
started to change the premises that undeipin how inventory is managed in business 
firms. Real-time tracking over the Internet can be used to keep track of inventory in 
locations managed by other firms (KarkkSinen et al., 2005). In a specific location the 
control and the ownership of materials may be in the hands of a number of different 
firms, each rurming their own inventory management solutions. The most obvious 
example is Vendor Managed Inventory where several suppliers may share the 
responsibility for inventory control in the warehouse of a distributor (see e.g. 
Holmstrom, 1998). 

The implication on supply chain management (SCM) theory of real-time 
tracking and distributed responsibility is the need to revise the view that managing 
flows is the core of SCM. Currently SCM is widely defined as the management of 
material and information flows between actors linked to locations (Lummus and 
Vokurka, 1999; Mentzer et al, 2001). Real-time tracking is the basis for developing 
innovative supply chain solutions that are different from the flow oriented solutions 
that we have become used to, and even take for granted. Instead of monitoring and 
controlling material movements and the flows of material and information between 
predefined locations, supply chain management may also be conceived as 
customizing the movement of product and control information, individual 
shipments, end-products, and composite parts in a network of service providers ( see 
e.g. Karkkainen et al , 2003; Framling et al , 2005). 

This paper reports on an innovation action research study (Kaplan, 1998) that 
explores the consequences of RFID and real-time tracking on supply chain 
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management practice and theory and which resulted in the above re-
conceptualization of supply chain management. The research contributes to the 
theoretical understanding of supply chain management, inter-organizational 
information systems, and extended enterprises, all of which are topics that Handfield 
and Melnyk (1998) considered to be in the early theory building stage, and in need 
of explorative and descriptive research. The research also attempts to relate a mature 
theory, inventory theory (Silver et al., 1998), to supply chain management and inter-
organizational information systems in a novel way. 

2. METHODOLOGY OF INNOVATION ACTION RESEARCH 

This paper explores the significance of tracking and RFID on SCM theory. The 
concepts and solution designs underpinning the theoretical analysis have been 
actively developed since the begiiming of the year 2000. The goal of the research 
was in the begiiming to evaluate and understand the theoretical impact of RFID on 
SCM, and was later refocused on tracking. 

The research reported in this paper uses the innovation action approach (Kaplan, 
1998). In an iimovation action study the emergent relationship between phenomena, 
models, and theory has to be described. This is necessary because we are dealing 
with emergent phenomena. First there may be nothing, then there is just an idea, and 
in the end there are a multitude of phenomena, models, and explaining theory. The 
entities are treated as independent artefacts, that each can be improved and 
developed based on observed problems and improvements in the other entities. 

The emergent nature of iimovation action research is described in figure 1. The 
first idea of a novel solution leads through implementation of the design to the 
creation of new artificial phenomena. These phenomena are both intended and 
unintended consequences of the design (Popper, 1963, p. 461). 

a) b) c) 
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; Theory 

Design 

i \ i 
Phenomena 

Theory 

Design 

Phenomena 

Conjecture Intended and Theoretical 
unintended understanding of 

consequences problem discovery 
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Figure 1 - Innovation action research studies phenomena that may not yet exist 

The intended consequences are fiilfiUed design goals while the unintended often are 
new problems that need to be resolved. The last step is a theoretical understanding 
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of the emergent phenomena, how they were created, and how to proceed in theory 
building as well as practical problem solving. This epistemology is consistent with 
McKelvey's semantic conception (2002), Popper's objective knowledge (1972), and 
Newell's knowledge levels (1981). It is also consistent with Handfield and Melnyk's 
(1998) description of theory building in operations management progressing from 
description and discovery to relationship building and theory refinement. 

The first step in an innovation action study is difficult to describe and report. In 
order to make the base case development more transparent technical norms 
(Niiniluoto, 1993) are used in this paper. The technical norm is a statement 
describing what should or should not be done in a situation to achieve some specific 
goal, i.e. "If you want A, and you believe that you are in a situation B, then you 
ought to do X.". Account based inventory management that was discussed in the 
introduction can also be described as a technical norm. For example, it is the 
solution that should used to improve the accountability of material movements in 
situations where the material is kept in locations that can be clearly defined in 
advance and where responsibilities can be assigned per location. 

3. THE CASE EXAMPLE: EXPLORING PRODUCT 
TRACKING WITH RFID AND SOFTWARE AGENTS 

The case concerns the use of RFID and agent technology in logistics. The case is 
described by using a structure of three main-levels of analysis, with their respective 
sub-levels, these are: 

- RFID and agent technology in logistics management (i.e. phenomena-level in 
figure 1) 

- Problem discovery and solution design (i.e. design-level in figure 1) 
- Evaluation and theoretical research (i.e. theory-level in figure 1) 

3.1 RFID and agent technology in logistics management 

RFID, or radio frequency identification, is a technology that makes it possible to 
identify physical objects by radio signal. There are two basic types of RFID tags, 
depending on how the tags transmit the identification information. In passive RFID 
a reading device activates by induction a radio circuit on the tag that is attached to 
the object. The activated tag then sends out a signal containing information about the 
object. In active RFID a transmitter that is attached to the object sends out the 
identification signal. The advantage with passive RFID is that the tag does not need 
to have an internal source of energy. 

The identification of individual shipments and products is the major challenge 
that the application of RFID addresses in logistics. Any manual work involved in the 
identification and customized handling of shipments and individual products leads to 
a direct trade-off between efficiency and flexibility. In these situations reducing the 
manual work involved with identification and handling of individual products and 
parcels directly influences the performance frontier. In the parcel delivery industry 
companies such as UPS, DHL, and FedEx invest heavily in systems to identify and 
frack parcels. Improvements in identification can be translated into improved 
handling efficiency and faster and better service. Partially due to better tracking and 
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integrated information systems various expert couriers are able to deliver parcels 
within 24 hours in any place of the civilized world. 

A software agent is an autonomous application in a distributed software 
architectui-e. Individual agent appUcations interact directly without centralized co­
ordination. Such applications for logistics management have become feasible in 
practice with the arrival of the Internet. In logistics management software agents 
organized in peer-to-peer networks can potentially be used to establish secure, 
flexible and efficient communication of handling instructions and tracking 
information over the Internet. 

Distributing handling and control information across a network of logistics 
service providers is the major challenge that agent technology addresses. In 
complex operational situations, such as production and project management, 
improvements in identification and peer-to-peer technology make it possible to 
develop iimovative agent applications that reduce the need for management 
intervention. The performance frontier (Schmenner and Swink, 1998) is directly 
affected when these applications distribute control information more efficiently, 
reduce the need for manual integration, and make it easier to customize products and 
shipments. 

3.2 Problem discovery and solution design 

When starting the research the focus was on the application of RFID. Agent 
technology was not yet in the scope of interest. A focused review of industrial trials 
using RFID found that the potential impact on supply chain management, in addition 
to more efficient handling, and better integration of customization processes, is that 
it provides a new mechanism for information sharing and communication 
(KSrkkainen and Holmstrom, 2002). This last point developed into a novel idea that 
would guide further research efforts by the research team. Product identification in 
combination with order information linked to the physical product was 
conceptualized as a tool for communicating important logistics and supply chain 
management information between companies. The term adopted to describe the idea 
was product centric supply chain management. 

This conceptualization of product centric integration was on its own not a 
sufficient base case for starting work with industry. To find industrial partners 
interested to develop the concept a specific and relevant base case was needed. An 
interesting problem domain where product individuals already were controlled and 
monitored manually was foimd in the delivery of expensive equipment to project 
sites, for example the construction of new industrial plants. 

In formulating the new base case the need to track the product individuals across 
many organisations surfaced and this prompted the researchers' interest in software 
agents and peer-to-peer systems. Identification and attaching instructions to the 
product individual was not sufficient in a project delivery environment. The location 
and movements of the product also needed to be recorded and monitored by project 
managers. To address this requirement the idea of linking a software agent to the 
individual product was introduced. It was proposed that the network of actors 
involved in the product delivery should access and update tracking and control 
information by referring to the product specific agent. This way a project manager. 
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or other interested party, could follow the progress of a shipment at anytime over the 
Internet. 

In the delivery of a project the project can be represented as an assembly of 
different services needed by a product individual. This product centric view of 
project delivery became the basis for formulating a concise base case in the form of 
a technical norm. Instead of looking at project delivery as a supply chain 
management problem, the goal for solution design was; "How can automated 
product identification and product specific software agents be used to improve the 
handling, customisation and other services needed by product individuals?" The 
answer is a technical norm (Niiniluoto, 1993) describing how a distributed 
information system (solution X) can be used to provide the logistics information 
management services (goal A) needed in project delivery and similar temporary 
supply networks (situation B). 

A paper describing the base case (Karkkainen et al, 2003) was completed at the 
same time as a consortium of industrial companies in the project delivery business 
was searching for ways to implement material visibility and control in project 
networks. The product centric concept was this way introduced to the research plan 
of the industrial consortium. A simple product centric track and trace system was 
implemented and field tested for large project deliveries. After the first test was 
finished an open source community was established for the further development of 
the solution, and to facilitate the adoption of the approach in other application areas 
(http://dialog.hut.fi). The Dialog Open Source is currently developed further in an 
EU funded research project within the 6th framework. The objective of the TraSer 
project is to bring product centric integration within the scope of progressive small 
and medium sized companies. 

The approach was then tested in a company managing a large number of 
projects. The challenge for the second pilot company was managing expensive 
inventory in a large number of temporary storage locations. The original simple 
tracking and tracing fimctionality was enhanced in the pilot application with better 
data collection and monitoring features. The researchers could in the pilot see first­
hand how product centric tracking could provide inventory monitoring functionality 
and creating inventory visibility in a changing network of companies. 

The base case for product centric integration in project delivery was simplified 
and generaUsed based on the pilots and a number of feasibility studies with other 
industrial partners. The result was a mid-range theory on how to achieve inventory 
and material visibility in changing logistics networks. The mid-range theory 
describes a material and inventory visibility solution that focuses on the product 
individual or shipment. The advantage of this solution is that it is forwarder, or 
handler independent. This Forwarder Independent Tracking (FIT) approach and 
descriptions of feasibility analyses and successful pilots in short-term multi-
company networks are described in Karkkainen et al. (2004). 

3.3 Evaluation and theoretical research 

Product centric integration across a changing network of participants has so far only 
been implemented in pilots. Despite the ability to more efficiently collect and 
distribute logistics management information finding interested industrial partners 
has been difficult. Even though the basic advantage is becoming clear, i.e. material 
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visibility and improved integration of operations in changing environments, which 
together provide a basis for innovative and performance enhancing supply chain 
practices, companies have found it difficult to introduce product centric integration 
in their operations. 

The pilot implementations imply that existing systems and the existing 
architecture of enterprise systems limit the adoption of product centric integration. 
The problem is that product centric integration, instead of hnking locations and 
focusing on accountability and transactions between locations, focuses integration 
efforts on value added operations that individual products in the value-adding 
network require. Figure 2 is an attempt to illustrate the difference between a 
conventional transaction driven chain and a product centric supply chain. A 
conventional chain is based on a a systems design that is focused on location 
specific material accounts and transactions between locations. This design underpins 
the familiar supply chain representation that emphasizes the integration of locations 
and the integrated control of transaction processes. A solution design that tracks and 
controls individual products independently of the location and the ownership of the 
product individual underpins product centric integration. This fimdamental 
difference in how the systems are designed and how integration is represented 
makes it challenging to combine product centric systems with current enterprise 
systems. 
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Figure 2 - centric and conventional supply chain management are underpinned 
by fundamentally different systems designs 

The difference between material account and product individual focus requires 
further elaboration. The conventional supply chain is effective when well-defined 
standard goods are produced and can be delivered based on simple order and 
delivery transactions. For ordering and delivering more complex products advanced 
integrating mechanisms such as projects are needed. However, shifting to product 
centric integration makes explicit the role of the product as the co-ordinating entity 
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in the delivery of customized products and many value added services (Gallon et al, 
2002). In a network of actors the recognition of the product as an integrating 
mechanism opens up opportunities to reduce the need for project management and a 
priori agreed handling and processing rules. In a product centric operation the 
service provider can refer to definitions linked to the product individual in many 
situations that before would have required human intervention and prior agreement. 
This way it is possible to move towards simpler integrating mechanisms and ad hoc 
integration (Galbraith, 1972). 

Thus, the problem discovery and solution design described in the case can be 
understood as a finding a novel "virtual integration" mechanism and taking steps 
that potentially move the performance frontier for logistics operations in a changing 
environment. 

4. DISCUSSION 

Product centric integration across a changing network of participants has been 
implemented in two pilots. Despite a proven ability to more efficiently collect and 
distribute logistics management information finding industrial partners willing to 
invest in developing the pilots further is difficult. Even though the basic advantage is 
becoming clear, i.e. material visibility and improved integration of operations in 
changing enviroimients, which together provide a basis for innovative and 
performance enhancing supply chain practices, companies iind it difficult to 
introduce product centric integration in their operations. 

The pilot implementations imply that existing systems and the existing 
architecture of enterprise systems limit the adoption of product centric integration. 
The problem is that product centric integration, instead of linking locations and 
focusing on accountability and transactions between locations, focuses integration 
efforts on the value added operations that individual products in the value-adding 
network require. A conventional chain is based on a systems design that is focused 
on location specific material accounts and transactions between locations. This 
design underpins the familiar supply chain representation that emphasizes the 
integration of locations and the integrated control of transaction processes. A 
solution design that tracks and controls individual products independently of the 
location and the ownership of the product individual underpins product centric 
integration. This fundamental difference in how the systems are designed and how 
integration is represented makes it challenging to combine product centric systems 
with current enterprise systems. 

A fundamental theoretical benefit of the discovered alternative is that it is more 
loosely coupled (Gamma et al., 1995) to locations. Shifting to product centric 
solutions makes explicit the role of the product as the co-ordinating entity in a 
network of actors, and reduces the need for mutually agreed definitions of product 
states. It is a new alternative integrating mechanism that can be added to the hst of 
already commonly used devices from the theory of organization design (Galbraith, 
1972), and which links supply chain management to the economic theory of 
qualities (Gallon et al , 2002). 

Product centiric integration should be considered in situations where the objective 
of the supply chain is project delivery, the value of items is high and have a complex 
lifecycle, or in general in situations where products and items require differentiated 
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coordination. The implication of the research presented in this paper is that both 
operations managers and operations management scholars need to be aware of the 
product centric alternative, especially in demanding environments. 
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Many governments worldwide are establishing one-stop portals to provide 
access to various public services based on the needs of citizens or businesses 
and not the internal structure of the government. A critical support for such 
one-stop portals is a workflow infrastructure, supporting the matching of the 
needs against provided services and coordination of the implementing 
processes, often spanning several government agencies. This paper describes a 
generic workflow infrastructure for one-stop government - GovWF. GovWF 
supports the operations of a Virtual Government Organization - a hierarchy of 
agencies providing collectively a set of public services, while offering a uniform 
one-agency view to its customers. Conceptual and formal models are provided 
to rigorously describe the operations of GovWF. We describe how GovWF is 
implemented and also present a case study for illustration. 

1. INTRODUCTION 

e-Government is one of defining features of modem public administration (PA). 
Traditionally, e-Govemment efforts are targeted at improving internal efficiency in 
the delivery of public services, with back-office integration as the holy-grail. Lately, 
there has been significant shift in focus from the supply-side of public service 
delivery to the demand-side. This is largely due to the poor take-up of online public 
services. Addressing this problem requires an organizational model which simplifies 
the highly fragmented view of the public sector consisting of delineated agencies 
and possibly some private organizations providing public services (Kubicek, 2000). 

Government customers, like their private sector counterparts, are demanding 
better services. In response, governments are adopting new practices, policies and 
technologies. One-stop government is one of the dominant practices for integrating 
public services across agencies from stakeholders' viewpoint (Wimmer 2001). A 
one-stop government portal organizes public services into life events or business 
episodes targeted at specific customers at particular times in their life. 
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We consider a one-stop government providing seamless sei-vices as a virtual 
government organization (VGO). Each instance of request by a customer leads to a 
dynamic selection of VGO members forming an alliance to collectively satisfy the 
business process associated with the request. Dynamic service composition is the 
enabling technology for service invocation and execution within the VGO. 

This paper describes a workflow infrastructure (GovWF) which coordinates 
service provisioning within a VGO. It dynamically binds concrete services provided 
by agencies to business process schemas based on user requests and other 
constraints, e.g. government policies. GovWF also executes business processes and 
propagates service outcomes to the relevant agencies to ensure internal consistency. 

The rest of the paper is as follows. The notion of a VGO is defined in Section 2. 
Section 3 presents the workflow infrastructure for VGOs - GovWF, from concepts 
(Section 3.1), to formalization (Section 3.2), to implementation (Section 3.3). A case 
study illustrating the working of GovWF - requesting a license to open a restaurant 
business is presented in Section 4. The final Section 5 presents some conclusions. 

2. VIRTUAL GOVERNMENT ORGANISATION 

A Virtual Organization (VO) is a network of independent organizations which 
collaborate based on some common goal and share some resources on the basis of 
some poHcies to accomplish their goal (Witczynski et 2000). Virtual organizations 
are goal-oriented and dynamic in nature. The key concept underpinning VOs is the 
separation of functional goals and the means of satisfying them. A VO is 
characterized by (Mowshowitz, 1997): (1) formulation of abstract requirements, (2) 
analysis of concrete satisfiers and (3) assignment of satisfiers to requirements. 

While a number of successful models of VOs exist in the private sector, there are 
only a few such examples in the public sector. The notion of VO in the public sector 
or VGO (and same as Virtual Government) undeipins seamless or integrated public 
service delivery (Zhiyuan Fang 2002). A VGO typically consists of a group of 
government agencies and possibly some private enterprises, cooperatively providing 
public services on behalf of the government. These agencies may themselves consist 
of several departments or units that could be seen as agencies on their own. 

We assume that only service specifications and process handles are published by 
the agencies in the VGO. Service implementation details are always hidden. To 
request for a service fiom a VGO, a customer describes its need through a service 
specification, if a service to fulfill the need is unknown, or through a process handle, 
if known. In the former case, an intermediation infrastructure is required to match 
the specified needs against the services provided by the agencies (Legal 2002). In 
the latter case, the requested process is initiated within respective agencies. In both 
cases, coordination of the implementing processes is necessary. A workflow 
infrastructure is typically used for such coordination. 

3. WORKFLOW INFRASTRUCTURE FOR VGOs 

We describe here a workflow infrastructure for orchestratuig and coordinating 
services across agency boundaries - GovWF. The concepts, model and 
implementation of this infrastructure is described. 
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3.1 Concepts 

The one-stop-govemment is synonymous with our concept of a VQO. A government 
portal organizes services by different agencies in a user-oriented way, according to 
the life events or business episodes. Each service includes a specification describing 
what it has to offer and a sequence of execution steps - sub-services or sub-process. 
Both can refer to the agency's own services/processes or to the services/processes 
offered by other agencies. Given a service request, the selected agency's catalogue is 
searched for the process which matches the specification of the requested sub-
service. In general, an agency may consist of several sub-agencies and be part of a 
super-agency. It may invoke functions of both sub- and super-agencies; see Figure 1. 
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Figure 1: Workflow Infrastructure for VGOs - Conceptual Model 

The workflow component GovWF connects the users and providers of services. It 
receives service/process requests, invokes processes at the agencies and coordinates 
cross-agency executions. Figure 2 depicts the sequence of interactions between a 
user, GovWF and agencies, taking place between requesting and receiving a service. 
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Figure 2: Workflow Infrastructure for VGOs - Usage Scenario 
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3.2 Formal Model 

The aim of this section is to present a fragment of the formal model for GovWF, 
divided into Services, Agencies and Service Execution sub-sections. 

3.2.1 Services 

First, we introduce the abstract type to represent names in the model. 

type 
Name 

value 
this, super, default: Name 

In order to describe both service requests formulated by agency users and the 
services offered by individual agencies, and allow matching of the requested and 
offered services, we introduce the abstract type Service, function s a t to compare 
services (reflexive, anti-symmetric and transitive) and the weakest service for s a t . 

type 
Service 

value 
weakest: 
Service 

value 
sat: Service >< Service -> Bool 

axiom all s, s', s'' : Service :-
(sat(s, s)) /\ 
(sat(s, s') /\ sat(s', s) => s = s' 
(sat(s, s') /\ sat{s', s'') => sati 

/\ 
. s' )) 

A process is defined through the type P r o c e s s and two functions: s p e c returning 
the service delivered by the process and impl returning the steps executed by the 
process. There are two kinds of steps: invocation of another process by name and 
invocation of a service by executing any process satisfying the service according to 
spec . In both cases, a provider is specified and can be: t h i s - the current agency, 
s u p e r - the supervising agency, or sub - one of sub-agencies given by name. 

type 
Process 

value 
spec: Process -> Service, 
impl: Process -> Steps 

type 
Steps = Step-list, 
Step == 
process(Provider, Name) | 
service(Provider, Service), 

Provider == 
this I super | sub(Name) 

For any process, we can calculate the execution context, which is the map from 
agency names to sets of process names executed within these agencies. 

type 
Context = 
Name -m-> Name-set 

value 
name: Provider -> Name 
name(p) is 

case p of 
this -> this. 
super -> super. 
sub(n) -> n 

end 

value 
context: Step -> Context 
context(sp) is 
case sp of 
process(p,n) -> [name(p)+>{n}] 
service(p,s) -> [name(p)+>{}] 

end. 
context: Steps -> Context, 
context; Agency -> Context 
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3.2.2 Agencies 

Two more types introduced are Agency to represent the behavior and structure of 
agencies, and S t a t e to represent the agencies' internal state. For a given agency 
we can obtain its: state (fiinction s t a t e ) , set of currently executing process 
instances ( load) , set of all offered processes with unique names ( c a t a l o g u e ) , 
state transitions for all atomic processes ( o p e r a t i o n s ) , and all sub-agencies of 
the agency with unique names assigned to each of them. 

type value 
State, state: Agency -> State, 
Agency load: Agency -> (Name -m-> Steps-list), 

catalogue: Agency -> (Name -m-> Process), 
operations: Agency -> (Name -m-> State -> State), 
structure: Agency -> (Name -m-> Agency) 

Several axioms are defined to constrain this definition. Among them are: 

1) Every internal process invoked by an agency is defined in its catalogue. 

axiom[internal_processes_exist] all a: Agency :-
this isin dom context(a) => 
context(a)(this) <<= dom catalogue(a), 

2) Every process in the catalogue with empty implementation represents the 
agency's internal operation and has the associated state transition. 

axiom[operations_have_transitions] all a:Agency, n:Name :-
(n isin dom operations(a)) is 
(n isin dom catalogue(a) /\ impl(catalogue(a)(n)) = <..>) 

3) Every sub-agency of an agency whose processes or services are invoked through 
its processes is recorded in the agency's internal structure. 

axiom[agencie3_invoked_exist] all a: Agency :-
dom context(a) \ {this, super} <<= dom structure(a) 

4) Every sub-agency process invoked directly through an agency process exists in 
the catalogue of this sub-agency. 

axiom[sub_processes_exist] all a: Agency, n: Name :-
n isin dom context(a) /\ n -isin {this, super} => 
context(a)(n) <<= dom catalogue(structure(a)(n)) 

5) Every super-agency process invoked directly through a sub-agency process 
exists in the catalogue of the agency. 

axiom[sup_processes_exist] a l l a: Agency, n: Name :-
n i s i n dom s t r u c t u r e ( a ) / \ 
super i s i n dom c o n t e x t ( s t r u c t u r e ( a ) ( n ) ) => 
c o n t e x t ( s t r u c t u r e ( a ) ( n ) ) ( s u p e r ) <<= dom ca ta logue(a ) 
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3.2.3. Service Execution 

After defining agencies, we turn to operations. Invoking an agency process means to 
insert the instance of the process into the agency's load, provided the process exists. 

va lue 
invokeProcess; Name >< Agency > Agency 
invokeProcess(n, a) as a' post 
load{a')(n) = load (a) (n) '' <. impl (catalogue (a) (n) ). > ... 
pre n isin dom catalogue(a) 

Invoking a service means: (i) selecting any process in the agency's catalogue 
satisfying the specification of this service using s a t and (ii) invoking this process. 

value 
selectProcess: Service >< Agency -> Name 
selectProcess(s, a) as n post 
n isin dom catalogue (a) /\ sat (spec (catalogue (a) (n) ) , s) ... 

invokeService: Service >< Agency -> Agency 
invokeService(s, a) is 
let n = selectProcess(s, a) in invokeProcess(n, a) end 

After the process is loaded, its execution is carried out. For internal operations, the 
corresponding state transition is invoked and the process is removed from the load. 

va lue 
execOperation: Name >< Nat >< Agency > Agency 
execOperation(n, i, a) as a' post 
state(a') = operations(a)(n)(state(a)) /\ 
load(a') = load(a) !! [ n +> remove (load(a) (n) , i) ] ... 
pre ... load(a) (n) (i) = <. .> 

For the remaining steps, the nature of the first step of the process is examined. If the 
step is provided by the current agency, the process/service is invoked as described 
above. Otherwise, the invocation is carried out within a given sub-agency. 

value 
execStep: Name >< Nat >< Agency > Agency 
execStep(n, i, a) is 
let a = hd load(a)(n)(i), a' = removeStep(n, i, a) in 
case s of 
process(=this, m) -> invokeProcess(m, a'), 
process(=sub(n), m) -> execSubProcess(n, m, a'), 
service(=this, s) -> invokeService(s, a') 
service(=sub(m), s) -> execSubService(m, s, a') 

end 
end pre ... load (a) (n) (i) ~= <..> 
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3.3 Implementation 

The implementation of GovWF consists of five major components as follows: 

1) Client - receives requests from the portal and hands them over to the Filter 
component for processing. Client also delivers responses back to the portal. 

2) Filter - this component is responsible for message transformation and security. It 
performs specific functions such as validation, logging, encryption, decryption, 
authentication and others, upon receiving service requests. 

3) Processor - identifies required processes and generates process steps required for 
coordination. It also forwards requests to the corresponding service providers 
through so-called Service Agents, and synthesizes the final outcome. It also 
triggers the delivery of the final outcome and propagates the necessary side 
effects to the relevant agencies to ensure internal consistency of the VGO. 

4) Global Service Repository - provides online data related to service offerings by 
government to its stakeholders and describes how the services will be invoked. 

5) Local Service Repository - located at individual agencies, it comprises online 
data describing the services provided by each agency or service provider. 

Service descriptions and data exchange from the portal through GovWF to the 
various agencies participating in the VGO will be implemented using XML. This is 
to enable interoperability among govenmient agencies which may store information 
in proprietary data formats and systems. Governmental Markup Language (GovML) 
is a potential framework for implementing this functionality (Kavadias, 2003). 

4. CASE STUDY 

We demonstrate how GovWF supports the operations of a VGO providing services 
relevant to establishing a restaurant business (see Figure 3). The VGO comprises 
four agencies: Legal Affairs (Al), Municipal Services (A2), Public Works (A3) and 
Health (A4). Each agency provides one or two services and the VGO itself offers 
five services. Each service includes an identifier (e.g. PI), specification (e.g. 
r e g i s t e r ) and implementation (e.g. r e g i s t e r [Al]). An implementation is a 
sequence of steps carried out to produce the service. For instance, P2 P3 invokes 
sequentially the processes P2 and P3, r e g i s t e r [Al] invokes any process to 
satisfy the r e g i s t e r service within Al, and i n t e r n a l is done internally. 

Suppose the VGO receives a request to open a restaurant business. The request is 
received as a business episode PI , implemented by a sequence of two processes: P2 
(register business) and P3 (issue restaurant license). P2 is implemented by calling 
the r e g i s t e r service of the agency Al, matching exactly the r e g i s t e r service 
of Al. Al implements this service internally. Process P3 of the VGO requests the 
r e s t a u r a n t service within the agency A2, which is matching the more general 
c a t e r i n g service of this agency. This service is implemented by requesting two 
sequential services i n s p e c t and P5 from the VGO itself, identified by ". .". The 
former matches exactly the i n s p e c t service, which in turn requests the i n s p e c t 
service firom the agency A3, while the latter is the s a n i t a t i o n service, which in 
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turn requests the check service from the agency A4. Both A3 and A4 perform the 
requested services internally. GovWF supports all interactions in this scenario. 
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Figure 3: VGO Case Study - Opening a Restaurant Business 

5. CONCLUSIONS 

We described the concept of a Virtual Government Organization as a network of 
public agencies and private organizations involved in the delivery of government 
services. A VGO separates service specifications and implementations. To facilitate 
the dynamic matching of user needs against available services and the execution and 
coordination of cross-agency processes, we presented a workflow infrastructure to 
underpin VGOs - GovWF. The concepts and operations of GovWF were described 
informally and formally. A possible implementation was presented with a case study 
showing how a cross-agency request is handled within the GovWF-enabled VGO. 

Following this work, we plan to detail the properties of GovWF and describe the 
protocols for coordination and monitoring. We are also working on building an 
implementation of GovWF within the context of an ongoing e-govemment project. 
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Aeronautic industry in tlie Andalusian region (Soutliern Spain) is a highly 
developed and mature industrial sector. The cluster has established cooperation 
activities since its origin, evolving to the current Extended Enterprise structure. 
Activities are coordinated under stable long-term collaboration agreements in the 
supply chain, mainly under a subcontracting form. The business challenge is to 
exploit the key skills of the auxiliary companies by promoting Joint offers to the 
main contractors to take on advanced engineering workpackages in the production 
chain which involve more risks in a more reliable environment. 

This paper is focused on ongoing initiatives to drive the evolution of the cluster 
towards the advanced collaborative paradigm, and consolidate the Spanish 
aerospace sector on the European market of military transport aircraft. 

1 INTRODUCTION 

Aerospace production in Andalusia dates back to the 1930s and nowadays the cluster is 
composed of a few major factories (EADS-CASA, AIRBUS and GAMESA), together 
with 43 SMEs. Most of them are located in the provinces of Seville and Cadiz. It is 
being promoted by the Regional Government as a competitive instrament towards the 
consolidation of the aerospace Spanish sector on the European market of military 
transport aircraft. 

The regional aeronautic industry boasts a splendorous situation with projects that 
stiengthen the importance of Andalusia as one of the country's main aerospace 
production regions: design and production of 10% of the structural components of the 
A3 80 program, final assembly of the Eurofighter, Tiger helicopters assembly, 
production of the Boeing "737 Dreamliner" radder, together with proprietary aircrafts 
production. The cluster is focused on the production of components and engineering 
processes involved in the all-new A400M military aircraft. It wall have its fu-st flight 
from Seville's San Pablo Airport, after being assembled at EADS CASA's factory, the 
third largest Airbus production plant in the world with an investment of 340M€. Besides 
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the assembly line, the excellence centre in sheet metal production and composites are the 
key services provided to the aeronautic industry with outstanding potential impact in the 
global market. 

The cluster coordinates their activities under stable long-term collaboration 
agreements, mainly under a subcontracting form, covering all the processes in the supply 
chain: engineering, planning, purchases, production, sales, and stock management. They 
currently operate under an Extended Enterprise model, with common supporting ICT 
iniiastructure, together with methodologies, services, and tools for facilitating the 
cooperation. The market trends drive the dynamization of the local cluster, by providing 
attractive business opportunities. In this scenario, the business challenge is to exploit the 
key skills of the auxiliary companies by promoting joint activities and thus enable them 
to take on advanced engineering phases in the production chain which involve more 
risks in a more reliable environment. 

This is a key strategy of the Regional Development Agency, which is the local motor 
of the cluster organisation and infrastmcture, providing RTD instruments and funding 
resources to reinforce the cooperation initiative. This research provides an overview of 
ongoing projects and planned strategy within the cluster, in order to evolve towards the 
advanced collaborative paradigm, and thus to improve the competitiveness in the global 
aeronautic business market. 

2 EXISTING THEORIES AND WORK 

The factors which drive industry cluster development and growth are a subject of debate 
in the literature. Competition [Porter 1990] is a driving force behind cluster 
development, as happened in Silicon Valley. Clustering is a dynamic process, and as 
one competitive firm grows, it generates demand for other related industries. This, in 
tum, leads to new business spin-offs, stimulates R&D, and forces the introduction of 
new skills and services. 

Face-to-face interaction is also cited in several of the sources as a critical factor in 
cluster development [Doeringer, Terkla 1995, Rosenfeld 1997]. Local proximity to 
firms in all aspects of the production process, such as the suppliers, machine builders, 
assemblers, distributors, and final customers allows the cooperating firms to adopt new 
technology and innovations rapidly, therefore increasing the overall efficiency of the 
production process. 

The EC fifth and sixth framework programmes encourage cross-border co-operation. 
The AeroSME project, a joint activity of ASD (AeroSpace and Defence Industiies 
Association of Europe) and the European Commission, was launched to support the 
participation of SMEs in the FP5th. It was also designed to facilitate co-operation among 
SMEs, between SMEs and large companies, and with other aeronautics related bodies in 
order to improve SMEs position in the supply chain and networking opportunities. 

The development of collaborative working models and approaches is emerging as a 
strategic objective promoted by research prograrmnes at national and European level. 
Some previous outstanding initiatives supported by the 5th and 6th EC Framework 
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Program are VOSTER, ALIVE, VIVE, CE-NET. Furthermore, ECOLEAD foresees 
that in ten years time most enterprises, specially SMEs, will be part of one or more 
sustainable collaborative networks and is aimed at developing technologies for such 
collaborative organisations. 

In the specific domain of the aeronautical sector, VIVACE project defines methods 
and deliver processes, tools and systems recommendations which support the integrated 
operations in the Aeronautical supply chain. This project has produced VIBES 
(VIVACE Interactive Business Environment Simulator), a tool for investigating the 
future scenarios concepts that are most relevant to the key players in the industry. 
VIVACE has defined a Hub vision, specifying how a number of "services" provide 
collaborative and shared data fimctionality to a set of partners working together [Farr, 
2005]. 

2,1 Previous cooperation experiences 

The first cooperation initiative took place in 1990, when the main Andalusian 
subcontractors jomt together in the "ATESAER" association with marketing purposes. 

In the period 1994-2000, "ANDALUCIA AEROESPACIAL SA" was constituted 
as a Virtual Enterprise bringing together public bodies and subcontractors, with the aim 
of sharing competences and resouixes in order to access to higher market opportunities 
in the aeronautical sector otherwise unavailable own due to their limited technical and 
financial capabilities. The contracts achieved by the built Virtual Organisations with 
Boeing and Domier became the rate of 40% of the workload in the sector. 

After the disclosure of the previous initiative, in 2002 HELICE FOUNDATION 
and HELICE.NET were launched by the Regional Development Agency in Andalusia, 
with the aim of fostering collaboration activities and improve their competitiveness in 
the European aeronautic market. 

AEROPOLIS is a strategic project fi-om the Regional Government, providing 
physical infrastructures in 580.000 m^ to allocate the cluster members in the surrounding 
area of EADS-CASA in Sevilla. 

The Andalusian Aeronautical Forum (promoted by the Aeronautic Engineering 
Association, Engineering University of Seville), brings together these professionals in a 
heterogeneous community sharing knowledge, experiences, and promoting discussions 
about the Aeronautic industry in the region. 
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Figure 1. Cooperation history and experiences 

2.2 Helice Foundation. Virtual Enterprise in the Andalusian aeronautical sector 

The Virtual Breeding Environment (ECOLEAD project) in the Andalusian aeronautic 
cluster is built on the Helice Foundation legal form, a Non Making Profit Corporation 
owned by 39 entities, linking aeronautic companies (EADS-CASA and subcontractors), 
supporting entities (Universities, Research Centres and Regional Government) and 
strategic partners with the aim to increase process efficiency and business opportunities 
while fostering iimovation in a sustainable structure within the cluster. The motor and 
infrastructure for Helice Foundation stem from the Regional Development Agency in its 
initiative to reinforce the collaborative paradigm. 

Main conimctor 

Modular 
Integrator 

Component 
subcontractor 

Figure 2: Helice Foundation Stracture and challenges 

The aim is to organize all the entities related to the aeronautic sector and conduct the 
activities in the Extended Enterprise under the guidance of the Foundation, providing 
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methodologies, services, and tools for facilitating the cooperation. This structure is 
aimed at enabling the reduction of times and costs thi'ough the integration and 
synchronization of the processes by providing: 

Common exploitation of complementary resources and capacities. 

Systematic relationships with auxihary conqjanies 

Creation of a Knowledge Transfer Network 

2.3 Helice.net: ICT collaboration infrastructure 

HELICE.NET is the ICT infrastructure supporting the collaboration within the cluster 
and the delivery of supphed parts. The initiative has been launched Helice Foundation 
and promoted by the Regional Government and EADS-CASA. The solution is built by 
two main constituent blocks: 

• SAPORTAL provides e-services for implementation and monitoring the 
collaborative operations in the network, from the order to the client delivery. 

• SAPECMA is a resource planner enabling companies to integrate and 
synchronize intemal and collaborative process management. 

3 RESEARCH APPROACH 

The design and implementation of the advanced cooperation scenario is being carried 
out with the support of European Initiatives (ECOLEAD) and national programs 
('Programme for Innovation and Modernisation of Andalusia" (PIMA 2005-2010)0'. 
The plan is conceived in different conceptual phases, in order to introduce innovative 
processes and ICT platforms, with the goal of fostering the intemationalisation of the 
regional industry 

• Feasibility study and dimensioning in order to evaluate specific 
requirements collected at regional level for the consolidation of the cluster, 

• Cooperation readiness and effectiveness assessment methodologies an 
intemal pro-active assessment that a company can put itself through, in 
order to make its capabilities available for companies looking for suitable 
collaboration partners. 

• Design and implementation of the collaborative framework in the 
aeronautical cluster, covering: 

- Legal & Govemance Framework: defiinition of mutual responsibilities 
models between the different actors, to allocate relevant liabilities and to 
manage the various aspects of the collaborative actions. 
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- Cooperation management: best practices, methodologies and ICT tools to 
foster the interoperability within the network. 

- Strategy, Business Architecture and Finance: Analysis of collaborative 
business opportunities and construction of specific models for the Virtual 
Enterprise. The aim is to enable the internationalization through connection 
and interoperability with analogue aeronautic clusters around Europe 

• IT & Technical Architecture: ICT infrastructure enhancement: integration of 
complementary e-services in the existing platform to provide more integrated 
Supply Organisation, Product/Services and Processes to the customer (OEM) 
by improving the efficiency and effectiveness of coordinating the supply 
network. 

• Pilot case conduction aimed at implementing the collaborative approach in 
an industrial context within the cluster, in order to validate the approach, 
evaluate the effectiveness and benefits of the collaborative paradigm. 
Feedback and best practice definition for further development and extension 
to other sectors. 

Extension of the results at regional level, by adapting the reference models, 
ICT solutions and best practices to the identified strategic industrial sectors. 

4 FINDINGS 

The exploitation strategy aims at overcoming the current demand oligopoly of the main 
contractors in the region, by promoting the connection and interoperability with 
analogue European clusters by building a fiill cooperative pai-adigm and thus assuming 
workload in the international market. The majority of auxiliary subcontractors run 
specific manufacturing activities, but has no organisational, technical and economic 
structure to assume further phases in the production phase. 

The subcontracting strategy is driving towards the horizontal integration of auxiliary 
SMEs in collaborative networks to carry out process/product innovation to be 
competitive. Acting in this way, the corrgjanies reduce costs duplicity, and take advance 
of scale economies, in order to gain the needed capacity to face new excellence 
requirements and the previously identified business goals. 
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Figure 3. Horizontal SMEs integration 

The evolution of existing associations towards a Virtual Enterprise, considered as a 
single business entity, compounded by companies that share capitals and competences, 
with dynamic and agile relationships is foreseen as a suitable form of linking companies 
to enhance the customer's value proposition and timely exploit the European market, 
otherwise not possible for the individual companies in a profitable manner. 

The existing collaboration model and ICT infrastructure, which is akeady in use, 
were developed to fulfil the need of the main contractor EADS-CASA, and thus support 
cooperative processes in the upstream supply chain. At regional level, the adoption of 
ICT tools, complementary to the existing ERP derived ones, will support the 
collaboration among the SMEs in the cluster. 

On the other hand, the advanced international collaborative scenario that is a reality 
in the global aerospace industry demands an evolution of this "Extended Enterprise" 
business case, where the main contractor demands technology and process compHance 
of the supply chain. When a consortium of distributed international partners (OEMs, 
integrators, SMEs) work together to produce a product, it will span the multiple 
participating extended enterprises. It is unlikely that all the paitners use the same tools, 
even if that is the case these tools will be configured differently. The collaborative 
framework will therefore have to use a flexible collaboration platform to support 
collaborative practices with disparate tools and technologies. 

5 CONCLUSIONS 

An advanced collaborative network, providing the preparedness, methodological and 
ICT framework to foster the horizontal integration of SMEs is considered an effective 
instrument to consolidate the local industry in the global aerospace market. 
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Ongoing initiatives are focused on enhancing the cluster infrastructure, with 
preparedness/measures/enhancement oriented methodological and ICT solutions to 
support the dynamic management of Virtual Organisations to carry out joint projects at 
national and European level. This environment should support flexible collaboration 
between heterogeneous partners and suppliers (and different clusters), over compatible 
IT infrastructure and processes. The goal of SMEs is to gain the needed capacity to 
complement their skills and assume joint workload in the intemational aeronautic 
market. 

The adoption of this cooperative paradigm will have an enormous impact on the 
regional economy, not only for the aeronautical cluster stakeholders, but also for 
different strategic industrial sectors. The multiplying effect will promote the adoption of 
the resulting "Best Practices" to set up clusters of companies, leveraging complementary 
technologies and capacities of their associates, considering the aeronautic sector as a 
starting reference. 
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The automotive industry is facing new challenges from increasing product 
diversification and complexity, decreasing product live cycle times and the 
permanent need for cost reduction. Car Manufacturers are assigning more and 
more development tasks and manufacturing orders to suppliers. Suppliers need 
to create temporary alliances of organizations to share skills, competences and 
resources. These dynamic automotive networks are facing similar challenges 
like Dynamic Virtual Organizations (DVO) do. 
The ramp-up as linking phase between development phase and manufacturing 
phase has a crucial role for the success of the network. The whole system has 
to switch from a development network to a supply chain. The performance of a 
ramp-up depends on the maturity of the product and the manufacturing 
process. Knowledge management is an extraordinary driver for both. 
Making the relevant knowledge of all enterprises accessible to the members of 
the network requires more than existing methods and tools in single enterprises 
could provide. The new approach considers methods and technologies to 
weave knowledge nets for entire dynamic automotive networks. 

1. INTRODUCTION 

The current situation in the automotive industry is characterized by increasing 
requirements from the customer side on quality and individualization of products 
and upcoming pressure on product prices at the same time. Car manufacturers create 
new product segments and enrich existing segments with more possibilities for 
individualization. The product diversification is combined with ongoing reduction of 
product life cycle times and an acceleration of innovation (Kuhn, Wiendahl, 
Eversheim, Schuh, 2002). 

At the same time the competition between suppliers is turning increasingly to a 
competition among suppher networks. These networks consist of several 
independent enterprises, co-operating flexible with a common goal. Each member of 
this network concentrates on its core competencies in order to develop, manufacture 
and sell jointly products. They pursue the strategy of extensive outsourcing and act 
based on a common business comprehensive (Camarinha-Matos, Afsarmanesh, 
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2004), The described dynamic automotive networks have several characteristics of 
dynamic virtual organizations (DVO), however there is no unified definition for 
these kinds of organizations. 

The dynamic automotive networks are facing new challenges from the increasing 
number of product launches. Especially the ramp-up is one of the most critical 
phases of the entire product hfe cycle in the automotive industry. Generally the 
product life cycle in the automotive industry comprises the development phase and 
the serial production phase. The development phase consists of several steps 
belonging to the main processes of product development and development of the 
manufacturing process (Wangenheim, 1998). The ramp-up is the linking process 
between development phase and the subsequent serial production phase. It is a 
transition phase for each enterprise and even for the entire dynamic automotive 
network. Before serial production starts only few products e.g. samples and 
prototypes exist. The ramp-up is characterized by the demand for an increasing 
production output from the customer side. The whole system has to change from a 
development network to a supply chain. 

Therefore the ramp-up has a crucial role for the financial success of the entire 
project. Problems in the network could cause extraordinary additional efforts for 
trouble shooting. Delays in the network could lead to lost sales. 

Several research activities pay attention to the importance of the ramp-up for 
financial success. German research institutes (Kuhn, Wiendahl, Eversheim, Schuh, 
2002) identified five levers: 
1. Planning, controlling and organization of ramp-up's 
2. Robust manufacturing systems 
3. Change management during ramp-up phase 
4. Models for co-operation and reference 
5. Knowledge management and training 

Research activities in recent years covered the first four topics widely. 
Sophisticated project-management tools, reporting systems including escalation 
paths and early warning indicators provide solutions for planning, controlling, 
organization and change management. A lot of enterprises developed production 
systems similar to the Toyota Production System (TPS) with standardization 
guidelines to achieve robust manufacturing systems. Collaborative Engineering, 
Supply Chain Management (SCM) and Supplier Relationship Management (SRM) 
are examples for solutions to issue four. Nevertheless, needs for research concerning 
knowledge management and training still exist. 

In this paper, the concept for knowledge management in a dynamic automotive 
network is described, in order to provide solutions for the improvement of ramp-up 
performance. 

2. STATE OF THE ART 

In order to support and improve the exchange of data and information among 
enterprises, several technologies and standards are available. 
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2.1 Data and Information Exchange among Enterprises 
For the exchange of geometrical data (e.g. CAD) enterprises use tools based on the 
interface standards STEP (Standard for the Exchange of Product model data) or 
IGES (Initial Graphics Exchange Specification). The exchanged data comprises 3D 
models (soUd models, surface models, wire frame models and combination models), 
drawings and assemblies. The exchange process includes the correction of 
conversion errors. (PROSTEP, 2006) 

For the exchange of data concerning business processes among enterprises (e.g. 
customer and supplier), EDI (Electronic Data Interchange) or Web-IDE is 
established. The classical EDI uses protocol standards OFTP (Odette File Transfer 
Protocol) and EDIFACT (Electronic Data Interchange for Administration, 
Commerce and Transport) as message type. Typical cases for the use of Web-EDI 
are internet market places (e.g. SupplyOn). 

Concerning quality data the new interface QDX (Quality Data eXchange) is 
available. QDX bases on XML (extensible Markup Language) and provides a 
neutral standard for data exchange among CAQ-Systems (Computer Aided 
Quality). QDX supports both preventive activities during product development and 
corrective activities during serial production (VDA-QMC, 2006). 

2.2 Web-based Supplier Relationship Management (SRM) 
Nowadays several enterprises of the automotive industry operate communication 
platforms. They use standards mentioned before for data and information exchange 
with their partners in the network. In most of the cases the enterprises on the 
customer site operate communication platforms and define the standards and rules of 
communication for their suppliers. Most of the communication platforms support 
one or more of the following processes: Project management, development and 
assurance, change management, prototype management and purchasing (Gottwald, 
2005). 

Some of these functions are also offered by neutral service providers such as the 
operator of internet market places mentioned. 

2.3 Failure Mode and Effect Analysis (FMEA) as Knowledge Base 
The Failure Mode and Effect Analysis (FMEA) belongs to the standard methods in 
the automotive sector. It has a certain role for gathering and sharing knowledge 
especially experience. The FMEA was originally developed for risk analysis but 
became more and more a knowledge base. In the automotive industry FMEA's 
usually refer to the guidelines of the German VDA4.2 (Verband der 
Automobilindustrie, volume 4 part 2, 1996), the QS-9000 (Quality Systems 
Requirements) of the AIAG (Automotive Industry Action Group, 1998) or the 
ISO/TS 16949 (International Organization for Standardization, 2002). 

The FMEA is a so-called living document, which goes along with the product 
and the manufacturing process from the first draft till the end of the product life 
cycle. All information about problems e.g. diuring ramp-up or serial production, 
complaints and revisions are added to the FMEA documents. The development of 
new product and manufacturing processes uses the FMEA documents of previous 
similar projects as basis. Suppliers normally provide an insight into the FMEA 
document for customers. 
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In practice many companies use special software tools to create and revise these 
documents. Different tools with different standards make data exchange difficult. 
The MSR (Manufacturer Supplier Relationship Consortium, 2005), a work group 
founded by leading German car manufacturers and suppHers, provides an attempt to 
solve the problem of data exchange. They are developing a Document Type 
Description (DTD) using the Standard Generalized Mark up Language (SGML) to 
simplify data exchange. 

All concepts are characterized by customer-client-relations from one node of the 
network to another. There are several highly specialized standards available for the 
exchange of specific kinds of data and information. Regarding the challenges of 
distributed information and knowledge in dynamic automotive networks, there is no 
sufficient solution available. Dynamic automotive networks have to act like a single 
enterprise, using all the knowledge and experience of its members. Therefore a new 
approach covering the entire net of enterprises is needed. 

3. SCIENTIFIC BASELINE 

The theory concerning the cycle of organizational learning (Nonaka, Takeuchi, 
1995) distinguishes two kinds of knowledge: Explicit knowledge is knowledge that 
easily can be formalized and visualized. It is easy to transfer that knowledge (e.g. 
specific "if-then-rules"). On the other hand tacit knowledge comprises all abilities 
and skills that are hardly or not at all describable by the knowledgeable person 
(Schulze, 2004). According to the theory there is an ongoing conversion from 
explicit to tacit and from tacit back to explicit knowledge in organizations running 
through four phases: socialization, extemalization, combination and internalization 
(SECI). 

During the first phase named socialization the employees start sharing their 
experiences, attitudes and perspectives. Based on common experiences from the past 
they begin to trust each other. In the second phase called extemalization the 
employees begin to exchange their thoughts and ideas. Hidden tacit knowledge from 
their minds becomes explicit knowledge by dialogue. Ideas and thoughts are 
transformed into drafts and models. During phase three called combination 
employees combine the new explicit knowledge with existing explicit knowledge. 
The combination leads to so-called systemic knowledge, which has to be recorded in 
documentation e.g. drawings, specifications and procedures. The documentation 
supports the distribution of new knowledge through the entire organization. In the 
phase of internalization the new exphcit knowledge is transformed into tacit 
knowledge. The new knowledge becomes part of the daily work and the employees 
embed the new knowledge into their routines. 

The existence of the model is confirmed by long-term empirical investigation at 
a small car manufacturing enterprise (Dyck et al., 2005). Research on management 
of organizational knowledge creation in new product development process (Schulze, 
2004) also reaffirms the existence of the cycle of organizational learning. The 
research model comprised a generic product development process and revealed 
several important interrelations between phases of the cycle and the results of 
product development. 
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The socialization has a positive influence on the efficiency of technical 
development. It contributes to finish the development within planned time and 
budget. The combination during the phase of technical development has positive 
influence on quality of development. Combination also has a positive impact on the 
quality of product launches, including ramp-up phase (Schulze, 2004). 

According to further research, the performance of a ramp-up is positively 
influenced by the maturity of the product and of the manufacturing process at the 
end of the development phase (Weber, 1999). Both depend on the output of the two 
key processes of development phase in the automotive industry: product 
development and development of the manufacturing process. To achieve this high 
maturity the use of knowledge and experience during development phase is a crucial 
factor. It comprises a wide knowledge field covering technologies e.g. material 
science, physics, chemistry, electronics and software as well as methods for 
estimating feasibility and rehability, planning and project management. Even from 
that perspective, knowledge management has an extraordinary leverage for the 
improvement of ramp-up performance. 

4. PREPARATION OF THEORY SET-UP 

Information Technology (IT) embedded in an organizational frame could be 
regarded as enabler for knowledge management. In case of dynamic automotive 
networks an adequate organizational frame or model as meta-structure is needed. 

The automotive pyramid is a well-known model which describes the basic 
structure of supplier-customer relations in the automotive industry. Enterprises 
typically can be categorized by their products. The car manufacturers or original 
equipment manufacturers (OEM) are at the top of the supply p3framid. The pyramid 
consists of three further levels: 
- Supplier of modules and systems (1 ̂ ' Tier) 
- SuppUer of sub-assembhes (2°'* Tier) 
- Supplier of components (3'̂ '' Tier) 

Examples for products of I'" tier suppliers are front-end module, braking-system, 
transmission-system and for the 2"** tier supplier shock-absorbers and electric 
motors. Development competences, manufacturing capabilities, knowledge and 
experience in particular refer to the basic structure of the automotive pyramid. 

Regarding IT as enabler for knowledge management of dynamic automotive 
networks, two leverages on the described cycle of organizational learning could be 
identified: IT can simplify the identification of people with specific knowledge and 
connect them with communication functions. Both support socialization. IT can 
offer easy accesses to information and provide tools for efficient handling and 
effective distribution of information. These functions support the combination-phase 
of the cycle of organizational learning. 

A model description comprising the meta-structure of dynamic automotive 
networks and the identified access points to leverage of improvement for ramp-up 
performance at the same time, offers ontology-based information sharing. Because 
of the differences in granularity of data belonging to enterprises of dynamic 
automotive networks, a hybrid model consisting of global and additional local 
ontologies would be the best choice in general (Stuckenschmidt, Harmelen, 2005). 
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The solution described in this paper focuses on global structures and do not pay 
attention to additional local ontologies which might be necessary in specific cases. 

5. SOLUTION 

In order to support the access to knowledge and experience for all members of the 
dynamic automotive network, a net of objects and relations is designed based on 
ontologies. The net consists of typical objects of the automotive business such as 
customers, materials or products, suppliers, employees, and production lines. These 
set of objects is hnked with specific relations like "belongs to", "has part" and "is 
part of. 

The ontology net or knowledge net covers all enterprises the dynamic 
automotive net consists of Therefore the range of this net is limited by the module, 
system, sub-assembly or component the dynamic automotive net develops and 
manufactures. For example in case of a braking system, the net would cover the 
developer and producer of the whole system and its suppliers for components and 
electronic devices. The net could be operated by one of the enterprises, for example 
by the enterprise with the highest position in the automotive pyramid. Because trust 
among enterprises is limited, in some cases a neutral service provider could be 
involved. 
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Figure 1 - Dynamic Automotive Network and Knowledge Net 

The net itself offers basic objects and basic relations (see Figure 1). To weave a 
knowledge net master data ftom each enterprise involved in the dynamic automotive 
network is necessary. The master data is easily available fi-om enterprise resource 
programs (ERP) and product data management (PDM) systems by export functions 
in usual data formats like CSV (Colon Separated Values). It is not intended to export 
large amounts of data from these databases. Only master data such as supplier name 
and ID, material name and ID, customer name and ID, production line etc. and their 
relations are necessary. To weave an extended net overlapping fi-ontiers of the 
member enterprises, it is necessary to get match code data. These match code data 
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links between different names and ID's used for one material, supplier or customer 
in different systems of the involved enterprises. In case of materials usual ERP-
Systems store both ID"s the customer specific and the internal ID of the material. 
The net is completed by data concerning employees with relevant experiences 
conceming customer and supplier complaints, problems and faults on the shop-floor 
and similar topics. 

After the initial creation and configuration of the net, relevant sources and 
contents have to be identified and selected. There are two possibilities to utilize this 
process: Employees of each enteiprise could manually select certain pieces of 
information and link them to objects and relations of the net. The manually 
processing is very time-consuming but leads to high quality results. The second 
possibility is to use search engines well-known from the internet. These applications 
could search for all objects and relations of the created net in the databases of the 
enterprises. The automatically processing is very fast but includes the risk of 
unintended selecting of sensitive data. In both cases the result is a mapping from a 
common knowledge net to the distributed sources of the member enterprises (see 
Figure 2; dotted lines symbolize the mapping). 

Natural language documents like reports, analysis and minutes of meetings have 
a particular meaning. They comprise a lot of important experiences, because people 
tend to gather and share experiences in these special kinds of learning histories 
(Kleiner, Roth, 1998). 
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Figure 2 - Knowledge Net and distributed information sources 

Authorization plays a crucial role conceming access to the entire or parts of the 
knowledge net. The degree of trust among enterprises is limited. In dynamic virtual 
organizations, enterprises have common goals and therefore may tend to have higher 
degrees of trust than usual customers and suppliers have. For the authorization rules 
several scenarios could be imagined. A conservative scenario would contain a 
limited insight for each enterprise to the information's linked to the net-area 
covering its direct suppliers. This would be similar to the information exchange 
between suppliers and customers nowadays. An advanced scenario would allow 
access to the entire net for all members of the dynamic automotive network. This 
scenario would provide a maximum of access possibilities to knowledge and 
experience but requires even a maximum of trust between the involved enterprises. 
Probably the most realistic scenarios lay between those extremes. 
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The new approach enables enterprises in dynamic automotive networks to share 
their knowledge flexibly and effectively. It overcomes the limited exchange of 
knowledge in usual supplier-customer-relations. The solution enables to improve 
ramp-up performance for entire networks based on extensive knowledge 
management. 

6. OUTLOOK 

The described solution will be implemented step-by-step in cooperation with 
enterprises of the automotive industry. The effectiveness of the concept to the 
performance of ramp-ups will be part of future research studies. Especially the fields 
of rapid ontology creation for temporary and flexible organizations need further 
research. 
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The effective creation of Virtual Enterprises emerges of a previous woric and 
environment called recently as Virtual Organisations Breeding Environment. 
The framework here proposed is one of the results of five years research 
project in the field of Collaborative Network Organisations. This paper 
describes a framework to create and support the Virtual Enterprises life cycle 
in the mould and die sector. The framework called AmbianCE was validated in 
a Brazilian Virtual Organisation Breeding Environment. 

1. INTRODUCTION 

The Virtual Enterprises (VEs) paradigm has been moved from the research domain 
to the business appHcation, supported by the recent developments in the Information 
and Communication Technologies (ICT) and the new approaches in the management 
field. Dynamic collaborative networks provide intuitive approaches to face the 
challenges of turbulent markets, A key question is however how to guarantee the 
basic requirements to enable such collaboration. Afsarmanesh and Camarinha-Matos 
(2005) affirmed that the formation of any collaborative coalition depends on its 
members sharing some common goals, possessing some level of mutual trust, 
having established common (interoperable) infi-astructures, and having agreed on 
some common (business) practices and values. 

In order to support the VEs Ufe cycle it is necessary that potential partners will 
be prepared to participate in such collaboration. It means that these enterprises need 
a common interoperable infrastructure, common operating rules and cooperation 
agreements, and principally 'trust' among other aspects. Therefore, the concept of 
breeding environment has emerged as the necessary context for the effective 
creation of VEs. Shortly, Virtual organisation Breeding Environment (VBE) is 
an association of organisations 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 both their chances 
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and their preparedness towards collaboration in potential Virtual Organisations 
(Afsarmanesh & Camarinha-Matos, 2005). 

This paper describes a framework to support the VE life cycle relying on a VBE. 
The framework proposed here has been validated in a Brazilian VBE called 
Virfebras. A peculiar characteristic of Virfebras is that the members are competitors 
operating in the mould and die sector. One important element in this framework was 
the application of the theory of Knowledge Management (KM) in order to maximise 
the capitalisation and dissemination of the knowledge created during a VE hfe cycle. 
In the mould and die sector, relevant knowledge is created, especially tacit 
knowledge. The idea is to transform it into explicit knowledge and store it in 
different but strongly related layers, which have to be managed properly. 

2. THE VIRFEBRAS VBE 

Virfebras is a VBE that resulted from the partnership involving the following 
organisations: (i) the University of Caxias do Sul (UCS); (ii) nine mould and die 
makers; (iii) the Brazilian agency supporting SMEs (SEBRAE-RS); and (iv) the 
government of the State of Rio Grande do Sul. These enterprises, which have 
common market interests, decided to take part in a research project coordinated by 
UCS aiming to learn how to build a cooperative environment supported by ICT. 

Virfebras is located in the city of Caxias do Sul, south of Brazil. Whenever an 
order is submitted to the group, a VE is created. Companies belonging to this VE 
play two kinds of roles: coordinator (VE-C) and members (VE-M). The VE-C takes 
responsibility on both technical and legal aspects of the order. When the mould(s) 
and/or die(s) are delivered to the customer, and there are no more issues to be 
handled, the VE is dissolved (Vallejos, 2005), 

It was necessary five years to create the Virfebras VBE. Only after having 
structured the VBE was possible to create VEs. Nowadays, within the VBE, several 
VEs may exist at the same time. It is worth noticing that every company keeps its 
identity, meaning its own capacity of make business individually. 

The Virfebras VBE creation passed through several phases, which will be 
described in the next sections. 

3. FRAMEWORK TO CREATE A VBE IN THE MOULD AND 
DIE SECTOR 

Companies aiming at working collaboratively to create VEs should previously 
develop some competencies and create a favourable enviroiunent. For example, it is 
necessary to develop/deploy a common ICT-based infrastructure to allow the 
integration/interoperation of the companies among themselves and to develop some 
additional abilities to adapt the traditional culture of work of both entrepreneurs and 
employees towards the use of VEA'̂ BE concepts. 

The AmbianCE {Ambiente de Criagao de Empresas Virtuais) is a framework to 
support the creation of a VBE tailored to the mould and die sector. It was also 
developed to face difficulties and barriers that appear when enterprises decided to 
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create VEs. AmbianCE provides an environment where trust, competence, and the 
use oflCT are fundamental in order to support collaborative work. 

The lack of trust is one of the problems found when creating VEs. It is overcome 
with the estabhshment of long-term relationships amongst mould and die makers. 
However, the creation of trust is a process built slowly along the time and is solely 
based on actions and results. The AmbianCE framework makes possible the VBE 
establishment that permits a long-term relationship among entrepreneurs and 
employees and creates opportunities for improvement. 

The AmbianCE framework (figure 1) is composed of three steps, namely 
Prepare AmbianCE, Structure AmbianCE, and Act. In addition to that, its 
deployment is guided by the so-named AmbianCE Strategy, which is based on a KM 
Program and a Benchmarking Methodology. Such strategy also uses a 'vertical' 
element called AmbianCE Evolution Vector coimecting steps two and three, creating 
a cyclical process that allows the constant improvement of the framework. 

Figure 1 - General ovei-view of the AmbianCE framework 

3.1 Step 1 - Prepare AmbianCE 

This step prepares the necessary envirormient to create a VBE. It is subdivided in 
three phases, namely Identify Enterprises, Align Objectives, and Develop a New 
Work Culture. 

3.1.1 Phase 1.1- Identify Enterprises 

It aims at identifying the organisations that intend to work in a collaborative form 
creating VEs. Those organisations could belong to the same industrial districts, 
clusters, or can be geographically dispersed. If there is no initiative to work 
collaboratively, it will be necessary to look for industrial districts and clusters 
(already formed or on the way) where the candidate organisations are operating. 

After detecting the organisations with the required potential to create a VBE, it is 
recommended to conduct interviews with the managers of those organizations, in 
order to understand their histories, culture of work, partnerships, the existing 
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collaboration forms, as well as the willingness to work collaboratively through VEs. 
It is necessary to organise workshops about VEs and VBEs involving the 
participation of industrials, universities, technological centres, governmental 
agencies, and other organisations that support the referred sector. 

It is recommended that neutral entities (e.g. universities, research institutes, 
associations, government, etc.) may coordinate the VBE creation. The authors argue 
that a VBE formed with competitors could be a good alternative to face the actual 
turbulent market. At first glance this seems to be a contradiction since a VE is 
formed with complementary enterprises. However, if well coordinated and created, a 
VE formed with competitors, with complementary competencies, can have more 
advantages than disadvantages. The organisations that work in the mould and die 
sector have similar types of products, same market interests, same problems to 
access new technologies, difficulties to fmd prepared employees, and sometimes 
even if they have similar processes they did not have the same resources 
(infrastructure, machining machines, CAD/CAE/CAM systems, etc.), etc.. 

Actually, a lot of products need a set of moulds and/or dies to be manufactured. 
Generally, one single enterprise caimot manufacture all these tools because of its 
work capacity. For that reason it is interesting to work in a collaborative way 
involving more enterprises, even if they are competitors. If the objectives of the 
collaborative work are well defined, the combination of similarities and differences 
create more opportunities for the organisations to find solutions and to work as VEs. 

3.1.2 Phase 1.2-Align Objectives 

In this phase, all organisations that decided to work together should define common 
objectives to guide their future activities. They must define, at least, one common 
objective that is fundamental for the success of structuring and operating the VBE. 
A way to find those objectives is to offer bigger challenges to the members of the 
VBE, such as the existence of a more reachable market. 

It is recommended to organise workshops, seminars and training courses, 
prepared by experts, in order to identify opportunities and strategies to attend the 
market. It is vital to emphasize that the union of enterprises will allow to: (i) access 
new and larger business opportunities; (ii) attend new customers and new markets; 
and (iii) access new technology and researches. It is suggested to organise visits to 
potentials customers and to organise trips (or business missions) to analyse new 
markets. In those trips it will also be possible to work behavioural aspects among 
entrepreneurs, mainly the aspect of 'trust'. 

3.1.3 Phase 1.3 — Develop a New Work Culture 

It aims to build a new culture of work amongst the entrepreneurs that have the 
intention to create VEs. The approach used for the construction of that new work 
culture considers three aspects, namely: Culture of Trust, Competence Culture, and 
ICT Culture. 

The Culture of Trust is considered the most important for the success of VEs. 
The creation of a VBE is necessary to built trust among the entrepreneurs. In a VBE 
it is possible to organise courses and activities on organisational behavioural 
development. Another important and effective activity is to organise visits to each 
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VBE's member. Initially the entrepreneur to be visited may fear receiving 
competitors, but during the visit, he will likely notice that the information exchanged 
with other entrepreneurs can be very rich. Finally, it is important to organise 
business travels in order to visit national and international fairs and to visit research 
centres. In these trips, besides the establishment of contacts with potentials 
customers, the access to new technologies and the investigation of future markets, 
the entrepreneurs have the opportunity to develop trust knowing better each other. 

The Competence Culture deals with the development, the investment and the 
consolidation of the organisation competencies. If one enterprise has the intention to 
participate in a VE, it is mandatory to have at least one competence that 
differentiates from the others. In a VBE is possible to identify, to develop and to 
evidence core competencies of each mould and die makers. Knowing the core 
competencies of the VBE enterprises, it is possible to create efficient VEs and to 
detect the absence of other core competencies necessary for the VBE. 

The ICT Culture targets the correct use of ICT tools/technologies for 
communication and management of the information exchanged between enterprises. 
Some mould and die entrepreneurs have personal barriers to use ICT tools. For those 
entrepreneurs it is necessary to show the benefits and the need of using ICT to 
participate in VEs. It is necessary to estabUsh patterns for the ICT among enterprises 
considering several application levels. 

3.2 Step 2 - Structure AmbianCE 

After the preparation of the AmbianCE it is necessary to structui'e the VBE 
promoting the establishment of a long-term relationship among mould and die 
makers. The step Structure AmbianCE is divided in three phases called: Organise 
AmbianCE, Qualify People sa6. Implement AmbianCE. 

3.2.1 Phase 2.1 - Organise AmbianCE 

It aims to create an organisational and functional structure of the VBE. A 
hierarchical management structure will guarantee the good operation of the VBE. At 
least, it is necessary to have a President and a Broker to instantiate the VBE 
operation. Other actors and functions can appear according to the entrepreneurs' 
expectations and needs. The President has the responsibility to coordinate the 
creation of the statute, the ethics code, operational procedures, etc.. The Broker has 
the responsibility to detect business opportunities, to establish contacts with 
potential customers, to identify needs of core competencies, etc.. 

The VBE statute, the ethics code and the operational procedxires should be 
created. The statute should cover, for instance, the admittance of new enterprises, 
the partners' responsibihties, etc.. The ethics code rules behavioural aspects, the 
entrepreneurs' bonuses, the entrepreneurs' punishments, etc.. The operational 
procedures rule the dynamics of the VEs life cycle. It is necessary be define clearly 
the functions and responsibilities of the VE Coordinator (VE-C) and VE Members 
(VE-Ms). For example, the VE-C should guarantee the execution of the Distributed 
Business Process (DBP) and to assume the technical and administrative 
responsibility of the order being executed. In a VBE, several VEs may exist 
simultaneously, and each organisation can play both roles in different EVs, at the 
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same time. The operational procedures should consider the criteria to define who is 
who (i.e., who is the VE-C and who are the VE-Ms). 
3.2.2 Phase 2.2 - Qualify People 

In this phase the entrepreneurs that understood the importance to work 
collaboratively through VEs, have the challenge to involve their employees in that 
kind of collaborative work. 

Some actions that the entrepreneurs should organise in their own enterprises are 
workshops and meetings with their employees to understand the benefits and the 
challenges of working creating VEs. It is recommended to form work groups to 
analyze and optimize different Business Processes (BPs). Those work groups should 
establish metrics to accomplish their performance along the time. It is recommended 
to organise meetings with the participation of several work groups of different 
enterprises. In those meetings each work group could present the improvements 
obtained. It is possible to organise visits of the work groups in different mould and 
die enterprises to show practically the improvements in that BPs. These actions are 
fundamental to develop a new work culture in employees involved in a VBE. The 
employees should feel that the new collaborative work brings benefits and 
opportunities, besides improving their work conditions. 

3.2.3 Phase 2.3 - Implement AmbianCE 

To implement AmbianCE is necessary to know all the core competencies of each 
enterprise and to identify the fundamental BPs to create and operate efficient VEs in 
mould and die sector. It is important to establish metrics for each fundamental BP. 

To identify fundamental BPs and to accomplish their performance along the time 
it is suggested the application of a Benchmarking methodology. In the present work 
a Benchmarking methodology for mould and die enterprises was developed. The 
Benchmarking methodology is to be applied in a cyclical way and is being 
considered as a fundamental element to implement AmbianCE. 

Other element that is fundamental to structure the VBE successfully is the KM 
application. This work proposes the implementation of a KM Program as a strategy 
of the AmbianCE framework aiming to reuse and disseminate knowledge. The 
implementation of a KM Program should be one of the primary actions of the VBE 
in formation. The effectiveness and the efficiency of future VEs depend on the good 
management of the knowledge created within the VBE. 

In order to validate the operational procedures (ruling the VBE) to create, 
operate and dissolve VEs, it is suggested to look for 'pilot' business opportunities. It 
is necessary to evaluate these procedures, agreements, contracts, infrastructure and 
results. It is necessary to involve all VBE members to discuss these aspects. After 
having performed the 'pilot' experiences and solved (likely) technical, operational 
and behavioural problems the VBE is considered ready to attend new business 
opportunities. 

3.3 Step3-Act 

The Step 3 of the AmbianCE framework treats about the VEs life cycle and it is 
divided into three phases, namely Create VE, Operate VE, and Dissolve VE. 
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3.3.1 Phase 3.1-Create VE 

This phase targets the creation of the most efficient and competitive VE to attend a 
given business opportunity. When a business opportunity appears the VBE 
procedures to create a VE should be followed in order to select VE-C and VE-Ms. It 
should be defined precisely the DBP, considering their BPs delivered time. 
Important is to discuss the responsibilities and to establish clearly the profits and the 
risks that each company will assume. 

Another issue to be discussed during the VE creation is the management of 
information (of the different enterprises) to be shared along the BPs. The efficiency 
of a VE depends on information sharing, including those considered as 'private' for 
a certain enterprise. How to treat this 'confidential' information and knowledge 
during the VE life cycle? 

Once discussed the issues above mentioned, it is necessary to sign agreements 
and contracts between the enterprises that form the VE. Mould and die makers 
should create the habit of formalise their collaboration agreements in order to protect 
themselves fi"om any problems that may occur in the future. After documenting 
these agreements and contracts the VE is considered created. 

3.3.2 Phase 3.2-Operate VE 

In this phase the VE executes the customer order, performing the different BPs 
efficiently. It is important to monitor and to record the BPs, which could be done 
through 3 performance evaluation during the execution of BPs. 

The information exchange is intensive, not only inside of each enterprise, but 
also among the VE partners. The information should be treated in several levels and 
should be separated in two groups: 'private' and 'public'. 

Unexpected problems can appear along the BPs execution, which should be 
solved following the VBE norms and procedures. In extreme cases the VE can be 
reconfigured, to be treated in the AmbianCE Evolution Vector. 

3.3.3 Phase 3.3 - Dissolve VE 

Once concluded the DBP and having given the product to the customer, the VE 
should be dissolved. It is suggest to develop questionnaires to evaluate the customer, 
the VE-C and the VE-Ms satisfaction. 

It should be capitalized the new information acquired along the BPs. The 
information to be reused should be stored and disseminated for the right people in 
the VBE. It should be evaluated if the VE will be created again in the future or not, 
the execution of the agreements and the contracts, as well as the VBE norms and the 
procedures. 

3.4 AmbianCE Strategy 

The base of the AmbianCE Strategy is the application of a KM Program supported 
by a Benchmarking Methodology. The AmbianCE Strategy has an integration vector 
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called AmbianCE Evolution Vector and is supported by the AmbianCE 
computational system and a Mould and die Ontology. 
3.4.1 KM Program 

The implementation of a KM program should be one of the priority actions of the 
VBE. The effectiveness of a VE is risked when the information along the DBP is not 
managed appropriately. In addition to the information, knowledge is created and 
appHed constantly during the VE Ufe cycle. This knowledge should be stored and 
disseminated aiming to be reused in future BPs and in the future VEs creation. The 
effectiveness of future VEs depends on a good knowledge management. 

This work adopted and adapted the KM model proposed by Nissen et al. (2000), 
which is composed by six phases, namely Create, Organise, Formalize, Distribute, 
Apply, and Evolve. 

Create is the phase in which is necessary to invest to grow up (within the VBE) 
the conditions required to allow people to create new knowledge. In this phase the 
Nonaka and Takeuchi (1997) KM model and the Hutchins (2000) approach of 
Distributed Cognition are considered. 

Organise deals with the knowledge organisation. The capture of knowledge can 
happen searching and finding existing knowledge or can start from the creation of 
new knowledge. To seek existing knowledge it can be used, for instance, 
'knowledge map systems', 'semantic networks', 'knowledge-based systems', etc.. 
Once captured the desired knowledge it must be organised following some rules, 
previously defined to facilitate its classification, storage, dissemination and future 
capitalisation. The knowledge organisation can be appropriately driven with a 
specific ontology. 

Formalise is the phase the knowledge should be validated monitoring its use 
from other experts. It should also guarantee that knowledge is rightly updated, 
through the creation of new knowledge and the exclusion of obsolete knowledge. 

Distribute means to disseminate the knowledge for the right people considering 
previous criterion in an automatic way, which means that work groups should be 
created with common interests. 

Apply is the phase in which the knowledge is capitalised meaning that it is 
applied in real situations into the DBP producing concrete benefits. To evaluate the 
results after the knowledge use it is suggested the establishment of metrics. 

The AmbianCE Evolution Vector integrates the KM model with the AmbianCE 
Strategy in order to create a continuous Hfe cycle. 

3.4.2 Benchmarking Methodology 

It was developed a Benchmarking methodology to implement the KM program in a 
mould and die VBE that was presented in (Vallejos & Gomes, 2004). Benchmarking 
is a continuous and systematic process used to evaluate enterprises' BPs in order to 
establish referential patterns. In addition, with the appHcation of the Benchmarking 
methodology, a behavioural change occurs in the employees when they recognise 
the differences of BPs in other companies. 

3.4.3 AmbianCE Evolution Vector 
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The AmbianCE Evolution Vector integrates Steps 2 and 3, Structure AmbianCE and 
Act (VEs life cycle) with the Benchmarking methodology and consequently with the 
KM program. The objective of this vector is to create a cyclical and continuous 
dynamics in the AmbianCE framework. In this phase it is possible to reconfigure a 
VE in process and to optimize the creation of future VEs using the KM approach. It 
can also identify the need of new enterprises with specific core competencies, or to 
decide for the VBE qualification contracting consultancies and research projects. 

3.4.4 AmbianCE Computational System 

The use of a KM computational system to support the AmbianCE Strategy is 
necessary. In the present work it was adopted the e-COGNOS project approach to 
support the KM in the Building and Construction industry (http//:www.e-
cognos.org). The e-COGNOS approach is based on the development of the e-
COGNOS Knowledge Management Infrastructure (e-CKMI). The AmbianCE 
Computational System used the e-CKMI methodology for their development. This 
system can be described differentiating its architecture, functionality and technical 
characteristics. 

Architecture characteristics: Web-centred enviroimient, ontology-based, push 
mechanisms, autonomous processes, and knowledge layer interdependence 

Functional characteristics: human-centred, easy to use, appealing, adaptive, 
configurable, based on experiences and open. 

Technical characteristics: interoperability, integration, flexibility, scalability, 
sustainability, heterogeneous inter-related knowledge sources, and large knowledge 
sources. 

More details of the AmbianCE Computational System were pubUshed in (Lima 
& Vallejos, 2002). 

3.4.5 Mould and Die Ontology 

To support the AmbianCE Computational System was necessary to develop a mould 
and die ontology. According to Lima et al. (2002) the ontology allows the semantics 
process and communication of different sources of information between different 
people and computational systems. Ontology guarantees the no existence of 
semantic ambiguity on knowledge shared in a certain work domain. In the present 
work it was not intended to provide the ultimate and definitive ontology for the 
mould and die sector, but it can serve as a base for fiiture developments. 

4. CONCLUSION 

This paper presented AmbianCE, a fi-amework to create a VBE in the mould and die 
sector. The proposal is to develop a VBE before the VEs creation aiming to prepare 
mould and die makers for this kind of collaborative work. The VBE allows them to 
develop a new culture of work and to prepare an appropriate infrastructure for their 
operation. 
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The AmbianCE framework is constituted of three steps {Prepare AmbianCE, 
Structure AmbianCE, Act) and has a Strategy which is based on a KM Program and 
a Benchmarking Methodology for his implementation. 

The verification of the appUcabiUty of the present framework was realized in a 
VBE called Virfebras. The construction of the VBE was possible in five years of 
work, creating a basic infrastructure, an organizational structure, norms and 
operational procedures and, mainly, a new work culture. AmbianCE facilitates the 
development of a new work culture for the organizations considering aspects of 
trust, core competencies and the use of ICT. 

As result it was possible to create a favorable environment to launch the VEs life 
cycle. It should be pointed out that even the Virfebras members are competitors; 
they create efficient and competitive VEs aiming at new customers and markets. In 
the beginning of the work it was common to observe that entrepreneurs and 
employees used to hide information from the partners. However, they realised that 
this behaviour should be replaced by a new one more suitable for a collaborative 
enviroimient. They started sharing information and learned that they usually have 
very similar problems. If they started sharing solutions, every enterprise could 
benefit from this exchange process. The Virfebras enterprises have grew in 
infrastructure, confract more employees, developed new customers and suppliers 
and, mainly, adopted a new collaborative form of work. 

Due the obtained results, the proposed framework shows to be efficient turning 
future VEs more competitive. If well implemented, the KM Program could be 
considered as a important facilitator factor for the VBE formation, motivating other 
enterprises to adopt that kind of collaboration work. 
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In general, the aim of setting up collaborative networks is the reduction of 
uncertainty and the increase of competitiveness. One of the main goats is the 
exploitation of this collaboration networks guaranteeing the legal 
independence of partners on the basis of common and aligned strategic aims. 
Nevertheless, its practical implementation is not straightforward because of all 
the several dimensions it involves. This paper addresses some relevant issues 
in the domain of collaborative networks, in the scope of a research project 
based on a case study centered on a large industrial pole in Brazil and mainly 
established by SME. 

1. INTRODUCTION 

Nowadays, more and more enterprises become part of strategic enterprise networks 
in order to produce marketable products. In that context, companies generally 
recognize that tight interaction and coordination among all the participants of their 
business chain are a key requirement for their continued competitiveness. Therefore, 
the companies are in constant transforming, searching different alternatives to 
improve the critical business processes, in a way that these companies can meet the 
increasing demand, having more flexibility, greater delivery precision and lesser 
production times (Azevedo et ah, 2005). 

The objective of this paper is to show the mainly advantages of cooperation, 
evidencing the difficulties, risks and opportunities of this strategy. We also 
underline the necessity to consider several critical aspects that have to be fulfilled 
for network success. 

The reminder of the paper is organized as follows. After this introduction, the 
next section presents the main problems and difficulties for business networks 
success. The third section presents some successful experiences in the domain of 
collaborative networks of SME, showing that it is possible to get advantages from 
the cooperation and to conquer space in the market. The next section addresses the 
case study related to network cooperation in small textile enterprises of Nova 
Friburgo - Brazil. The last section contains the conclusions of this paper. 

Please use the following format when citing this chapter: 

Faria, L., Azevedo. A., 2006. in IFIP International Federation for Information Processing, Volume 224. Network-Centric Collabora­
tion and Supporting Fireworks, eds. Camarinha-Matos, L.,Afsarmanesh, H., Ollus, M., (Boston; Springer), pp. 609-616. 
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2. T H E C O O P E R A T I O N S T R A T E G Y 

2.1 Networking Advantages 

In general, the aim of setting up strategic networks is the reduction of uncertainty 
and the increase of competitiveness. Today's leading edge companies try to focus 
and develop their core competencies in order to guarantee a sustainable competitive 
level in the market. However, the concentration on core competencies requires the 
establishment of business links with other companies that ensxiire the non core 
competencies involved. Therefore, we will establish a close relationship with 
partners that can deliver valuable contribution to the company's core competencies. 

Inter-enterprise cooperation is important, not only in terms of the availability of 
resources, but also in terms of enterprise flexibility. Cooperative inter-enterprise 
relations help enterprises to be more flexible in terms of amount of production since 
firms may outsource more work when there is increased demand, and less when 
there is a decrease (capacity driven cooperation). Cooperation among enterprises 
also helps each entity to be more flexible in terms of type of production in that 
products can be made to order by grouping different contractors together according 
to the specialties required (technological driven cooperation). 

Any of inter-enterprise cooperation requires coordination. In this context, the 
integration of their business processes, covering product development, the 
operations plaiming, the production, the distribution and the after sales services, 
should be carefiil managed. One of the main goals is the exploitation of this 
collaboration networks guaranteeing the legal independence of partners on the basis 
of common and aligned strategic aims. Alignment gives stakeholders at every level 
of business level the ability to rapidly deploy a coherent business strategy as well as 
to be totally market focused and, at the same time, continuously improve business 
processes. 

In general, the topology and organization of strategy networks are technology or 
capacity driven. In particular, for technology driven strategic networks, the idea is 
that each member focuses on its core competencies, maximizing the value added 
contribution, while the whole network comprises the competencies necessary to 
produce a certain product. 

In short, successful network enterprise can bring the following advantages: 
allows the definition of joint strategies; preserves the individuality and protects the 
information of the companies; values brands and enables shared marketing 
strategies; reduces production costs and investment risks; intensifies the 
communication and the access to the information; extends the productive scale and 
the market dimensions; facilitates the credit access to the management qualification. 

2.2 Requirements for the networking success 

Despite the fact that Business Networking and strategic cooperation networks are 
emerging as a valuable organizational instrument that can create considerable 
competitive advantage for small firms, unfortunately, its practical implementation is 
very complicated. Even if rational facts like the increase of market share, new 
business or cost reductions are key factors in evaluating the interest of a 
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collaboration, "soft" factors like the exchange of experience and knowledge, human 
factor and sharing of common activities should not be underestimated (Pouly et al., 
2005). 

Very often, networking is considered a spontaneous phenomenon that is self-
developed under certain environmental conditions. However, the complexity of 
Business Networking paradigm implies the use of a structured and professional 
management approach in all life cycle network phases: set-up, operation, evolution 
and dissolution. Some studies estimate that up to 60% of the alliances fail to meet 
their initial objectives (Ellis, 1996), in a clear indication that there is still a lot of 
work to be done regarding the creation and management of these networks 
(Caldeira, 2004). 

From a strategic, business and organisational point of view, several critical 
success factors have to be fulfilled for network success, namely, the participants and 
their roles need a business model to describe their relationships and interaction as 
well as, how value is created and shared. 

Other fundamental condition for network profitable survival is trust, identified 
by many authors as one of the main causes of networks failure (Casarotto Filho and 
Pires, 2001). Trust is so important because networks members have to share and 
make pubhc confident information related to strategy, business processes, 
competencies that are often the source of competitive advantages. 

From an operative point of view, beyond the suitable technological 
infrastructure support, the main difficulty that has to be faced for networks 
efficiency is the design of network business processes that cover the needs of 
specific business purposes on one side, and that reasonably fit with single business 
processes of network members. 

The last crucial aspect to point out as a possible barrier for network consistency 
is the definition of the most appropriate legal structure that formally identifies 
responsibilities and liabilities of network members regarding stakeholders (Copani 
et al., 2006). 

3. SOME SUCCESSFUL EXPERIENCES IN THE WORLD 

There are diverse knovm cases of network cooperation; however, each one has its 
particular characteristics that determine its success 

To support the case study research project considered, some known networks 
experiences have been studied, here briefly reported: Italy's experience as pioneer 
country in the formation of network cooperation between companies, and 
Denmark's experience mainly due to its peculiarity by the fact that the cooperation 
between companies has been "imposed", as a consequence of the great need to 
increase the companies' competitiveness in the country when faced with the threat 
of an increment in the external competition. 

The Italian and Denmark case studies have demonstrated that are many type of 
SME clusters, organized in different ways, namely, in small production networks, 
capacity or technological driven. Although, their characteristics vary in important 
ways, there are some common denominators that should be emphasized in the 
design and set-up phase of dynamic business network environment established 
mainly by SME. Moreover, in districts, there is often a strong presence of some 
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form of intermediate governance structure (institutional organization of economic 
activity). The study of several case studies demonstrate that such intermediate 
governance structures play a key role in facilitating cooperative activities among 
firms and between firms and institutions. 

3.1 Italy's Experience 

In Italy, the cooperation is characterized by the relations between micro and small 
companies, having been the result of the existence of a sufficiently favourable scene 
for its development: a great number of companies who had accepted the culture of 
cooperation very easily. For the Italian economy, the formation of the enterprise 
networks, also involving unions and the local government, keeps contributing to the 
increase of the competitiveness and the flexibility of the companies. 

In the known region of the Emilia-Romagna there are hundreds of networks that 
are constituted by about 25 thousand small companies and offer a great deal of 
services, such as the creation and the development of services centres where market 
research of technology benefits all constituent companies of the networks. This is 
one of the main characteristics of the region, which refers to the creation of the 
"consortia" between companies, and the most common refers to the financial 
provision and marketing seiTices (Best, 1990). 

One of the generating factors of success for the Italian nets was the fact that the 
companies provide chances for the executives to meet and to gain mutual 
confidence, which expedited the collaboration and allowed the companies to take 
advantage of the chances of the market together. 

3.2 Denmark's Experience 

In the late eighties, Denmark faced a period of an increasing commercial deficit, 
high taxes of unemployment and low capitation of investments. It was pointed that 
the generator of the problem was the fact that the Danish companies were very 
inefficient and small, while the changes in the business-oriented panorama favoured 
the wide scale operations of the multinationals companies. 

For the fast development of the economy, the adopted solution was the 
prevalence of the small companies, but with flexible productive units. Therefore, 
these companies were joined in flexible nets, for which promoters were now needed. 

The Commerce and Industry Ministry of Deimiark established a general plan 
with the purpose of constructing a great number of companies' nets. For such, it 
started to promote the idea of cooperation by publishing information on the main 
concepts of cooperation and forming "brokers" for the enterprise network (private 
consulters who see in the cooperation networks a way of organizing the small 
companies in big groups), having in the mind the promotion of cooperative projects. 
This program was called "Strategy 92". Between 1989 and 1990, 3,000 of about the 
7,300 Denmark's industrial companies had constituted network cooperation (Costa, 
2001). 

Therefore, the development of the Danish nets followed a different way than that 
of the Italian industrial districts. In Italy, the development of the flexible nets was 
the result of an evolution, with the support of the local governments. In Denmark's 
case, they developed a previous model just to create the cooperation. 
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4. CASE STUDY 

The case study presented here is the result of a preliminary research study about the 
advantages and disadvantages of collaborative business netvî orks for the increase of 
export levels in textile industry located in Nova Friburgo, state of Rio de Janeiro — 
Brazil. 

Before making any study related with cooperation, it is important to perceive that 
the Brazilian culture is not come back toward the cooperation. Probably the main 
factors that make the cooperation so difficult are the great individualism of the 
entrepreneurs and the competition culture that diminishes the confidence. So, the 
companies see each other as "enemies". 

The capital focus will be the identification of main characteristics, organizational 
structure, main tendencies, and future strategies. Furthermore, in the scope of the 
research work, we plan to quantify the main advantages the cooperation brought for 
the companies, as well as for the region where it is located. 

4.1 Antecedents of the "Network" Development 

With the increase of the international competition, the textile industry of Nova 
Friburgo entered a period of inevitable decline. The man power that was fired owned 
the know-how and so, it started to invest in machines and equipment opening its 
own business. For several identifiable reasons, the most viable alternative for these 
small companies was the confection of lingerie. 

In 1998, the SEBRAE/RJ (Service for the Support to the Micron and Small 
Companies in Rio de Janeiro), together with the FIRJAN (Federation of the 
Industries of Rio de Janeiro), conducted a study that pointed the strong presence in 
the region of hundreds of small companies, very concentrated, and specialized in the 
sector of lingerie confection. The study recognized that most companies were rather 
disorganized concerning operational processes and most of them do not even have 
any formal organizational structure. As a result, the efficiency and effectiveness 
levels of these companies were very low. Thus, a regional project, encompassing all 
local companies, was initiated aiming to create the adequate conditions to foster 
export trade levels through production networks and with the mission to transform 
the region of Nova Friburgo into a recognized international pole specialized in 
lingerie domain. Therefore, the appearance of this specialized production network 
was not a natural development, having been induced, organized and fomented for 
diverse support institutions, with the prominence for the SEBRAE. 

4.2 A Brief Analysis of the Confection Market 

To analyze the Confection network in Nova Friburgo, it is important to know some 
economic characteristics of the international confection market. 

The textile sector is one of segments that have bigger tradition of the industrial 
segment, with a position of prominence in the economy of more developed countries 
and of many countries called emergent. In Brazil, it has the same degree of 
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importance, having played a role of great relevance in the development process of 
the country. 

It can be verified that the global textile market is having a significant expansion, 
including even the sums produced and the commerce between the great producing 
and consuming countiies. This growth was possible because of the expansion of the 
number of consumers in the whole world, for the income increase in the more 
developed countries and for the opening of the markets to the international trade. 
From 2004, with the ending of the quotas system and barriers for textile exportation, 
it is probable that the world-wide commerce can expand still more. Other important 
factors in this growth also must be considered, as the productive raw material use 
new and processes. 

In accordance with Hammond (2001), an important obstacle for the Brazilian 
companies is the development of the Supply Chain Management in the more 
developed countries, being one strong trend in the textile productive chain. Brazil is 
still behind in terms of adoption of these techniques, basically because of its culture 
of low cooperation and low access to the technology. 

4.3 Characterization of tlie Productive System 

Currently, the industrial district of Nova Friburgo comprehends more than 4 
thousands gaiment companies, and only about 600 are formally registered, 
corresponding to 25% of the Brazilian production of the segment, generating about 
20 thousands ranks of work, with 8 thousands direct jobs and 12 thousands indirect 
ones. Most of the companies (68,5%) are very small (1 to 9 workers). In 2004, the 
turn-over of the pole was around 300 million USD (IntimaFriburgo , 2006). 

Although the region hosts a significant concentration of very actively companies 
in same business domain, the existing pole cannot be characterized as a cluster yet, 
mainly due to the low degree of cooperation between the companies, as much in the 
production as in the constitution of national and international commercialization 
channels or even in the technological cooperation. One of the causes of the relatively 
low level of organization and cooperation is the lack of qualification and the low 
level of education of the entrepreneurs. The majority of the entrepreneurs is outdated 
and not interested in the quahfication programs promoted by the operating entities in 
the pole. 

An important factor that makes the relevant participation of the pole's companies 
in the market more difficult, is related to the fact that, for textile sector, in general, 
there is a lack of barriers concerning the entrance of new competitors and mainly 
because the available brands are identified with low price and insufficient quality. 

The confection sector of Nova Friburgo is intensive in man power, with lack of 
qualified staff, rendering the work directed toward the operation very difficult, 
creating barriers to the entrance of new technologies. 

Despite the small representation, the external market is the main focus of the 
development projects of the pole. The objective is to increase the exportation for the 
countries which are already experts in the region's potential, and also to expand to 
other markets. According to Prochnik (2002), the trusts are fimdamental for the 
promotion of the exportations. The future strategy is that the consisting trusts launch 
a proper brand and a quality stamp to facilitate the products acceptance in the 
international market. 
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In accordance with the author, in 2002, there was little presence of business or 
services rendering between the companies. The ideal would be that, in the pole in 
question, there was the integration of the productive chain between producers and 
suppliers, inter-sector integration between the industrial and commercial areas, 
services and, still, solidarity and cooperation bonds between the companies. 
According to the study, in 2002, only 40% of the interviewed companies carried out 
some type of business. 

The project implemented in the pole of Nova Friburgo is made of diverse 
programs that are part of the strategic development plan: the Strategic Program of 
Communication and Marketing; the Program for the Modernization of the 
Productive and Management Processes; the Program for Quality Increment and 
Design Improvement; incentives for better access to the markets; and simplified 
access to the credit. 

4.3 Risks and Opportunities 

The research study, developed so far, allows us to identify several main risks and 
difficulties for the Nova Friburgo's production network, namely: lack of information 
about the distribution chaimels and the final consumer, lack of politics of the product 
differentiation, technological difficulties of the small companies in improving its 
production and exporting, and the scarce participation of the entrepreneurs, workers 
and of the population in general in the project. 

On the other hand, concerning the identified opportunities, we should underline 
the following ones: congruity and sharing of sti^ategies and policy efforts for the 
institutions that support the network development, ample access to financial 
resources and great acceptance and future perspectives in the international market. 

4.4 The Effects of the Pole for Nova Friburgo's Economy 

It is important to point out that the proximity of lingerie's pole can represent 
important development opportunities for the other sectors of the region, as is the 
case of the metal-mechanic sector. However, Ferreira (Ferreira, 2002) evidenced that 
the interaction degree between the textile-confections sectors and the metal-
mechanic one is still much reduced: only a very small number of the interviewed 
companies produces complementary accessories for the Lingerie's Pole. The 
enterprise leaderships considered this lack of complementation between the local 
activities to be one of the main problems for the development of the metal-mechanic 
sector. In special, the production of machines and components for the confection 
sector represents a great business chance for the local economy that must be 
explored. 

In accordance with the author, one of the attitudes that are being taken to 
mcrease the generation of jobs is to look for new ways of diversifying the pole, 
creating new economic activities that can counterbalance the common cyclical 
variations of the region, as it is excessively specialized. 
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5. CONCLUSIONS 

Although the research study is still running, the results achieved so far allow us to 
conclude that, despite the great expectations related to the development of the Nova 
Friburgo's Pole, it is essential for the project success that the sector entrepreneurs 
start to interact more between themselves and between the support institutions, so 
that the project can become self-sustainable. It is important to create the cooperation 
culture to allow the companies to obtain all the possible advantages of the Pole. If 
this happens, all regions will benefit from cooperation, mainly the ones that can be 
suppliers of the textile network. 

An active participation of the institutions can be observed, mainly of the 
SEBRAE and the FIRJAN, in the implementation and coordination of the Pole. 
These institutions acted as mediators and brokers of the local development, inducing 
the most direct joint between the entrepreneurs, in benefit of the companies' 
modernization on the sector. But it cannot be like this forever. The companies have 
to learn how to walk alone and develop all the possibilities. 

Finally, in spite of its initial development phase, this production network 
propitiates a development, not only for the companies of the confection sector, but 
also for the Nova Friburgo city as a whole. However, for this project to perpetuate 
and generate all its expected results, the companies must compulsorily change its 
individualistic culture and start to act in coordination with all members, or, with the 
predictable and planned retirement of the support institutions, it will not have any 
more "all" and it will be the end of the network. 
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An Ambient Intelligent environment is aware of the presence of a person, 
perceives her needs and responds intelligently. Ambient intelligence can be 
used to guide a tourist through the city in such a way that is mutually 
beneficial for both the tourist and the city. Tlie composite set of services 
delivered to a tourist can be personalized. This adaptive behaviour is best 
supported by Virtual Enterprises that are formed dynamically, at runtime. This 
paper considers an Ambient Intelligent scenario from the service providers' 
perspective and discusses how such scenarios can be realized through Virtual 
Enterprises. 

1. INTRODUCTION 

What might hving with Ambient Intelligence (Ami) be like for ordinary people in 
2010? The 1ST Advisory Group (1STAG) has described a set of futuristic scenarios 
to address this question, (Ducatel et al. 2001). These scenarios outline the European 
vision of high-tech development in the field of Ami. One of these scenarios, 
"Maria", describes a busy business person travelling from Europe to an Asian 
country that has an Ami infrastructure. Maria's computer and personal 
communication device is her P-Com, which she wears on her wrist. She leaves the 
airport, checks in to her hotel and is able to go smoothly through her high-pressure 
world and concentrate on her work without negotiating each step of the way. The 
services that are required by Maria are available to her and she can make 
adjustments and selections as she desires. We are interested in the service providers' 
perspective of the scenario, in particular, how such scenarios can be realized easily 
and efficiently, and can be of mutual benefit for the individual as well as the 
community or the society. 

Ami provides the seamless and intuitive support that Maria needs to obtain her 
services. Her personal communication device and the devices placed in her hotel 
room infer her needs at any point in time. We have considered the services that were 
available to her in order to analyse and understand how the scenario can be realized. 
For example, she has a rental car waiting for her at the airport. To have this service 
available at the time of her arrival requires the collaboration and coordination among 
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several parties such as Maria or her personal agent, her travel agent, rental car 
company and credit card company. She is guided through the traffic which requires 
collaboration among the rental car company, traffic guidance authority and the credit 
card company. Similarly, the hotel booking requires a number of parties working 
together. All of these services are provided by a number of different parties, with 
different interests and business goals. They must collaborate, coordinate, exchange 
information and possibly negotiate to reach an agreement. The possibility of such 
collaboration is facilitated by the appropriate technical infrastructure and 
accessibility to the appropriate technologies. 

In this paper, we consider a similar scenario where a tourist has a short stopover 
in the Norwegian city of Trondheim, a city with wireless coverage, and how the 
experiences of the tourist can be enhanced while supporting the business community 
and the city of Trondheim. The "Wireless Trondheim" initiative is a collaboration 
between the local council and the university. We see this as an opportunity for the 
ordinary person in the city and visitors to the city to enhance their experiences. 
Similarly, it is also an opportunity for the small and large businesses that are already 
in the city to enhance their services and increase their customer base. 

We have chosen a scenario with tourists as they are likely to be one of the user 
groups where Ami is initially to be realized in the near future. Also a person 
travelling for any purpose may be a tourist and tourists are more likely to be open to 
new suggestions and explorations of what a city may have to offer. We consider the 
needs of the tourist along with the mutual needs of the city. 

Virtual Enterprises (VE) are a promising business model for providing services 
as envisaged in the 1ST AG scenario. We discuss the role and significance of VEs in 
this context and why VEs are a suitable means of realising Ami. The rest of the 
paper is organized as follows: Section 2 defines Ami, Section 3 describes our 
scenario. Section 4 analyses the scenario, Section 5 discusses the service providers 
in an Ami scenario as VEs and Section 6 proposes a functional system architecture 
for realising our scenario. 

2. AMBIENT INTELLIGENCE 

The concept of Ami has been described as human beings surroimded by intelligent 
interfaces supported by computing and networking technology that is embedded in 
everyday objects such as furniture, clothes and the environment (ISTAG 2005). The 
environment should be aware of the presence of a person (the user) and perceive the 
needs of the person and respond intelligently to these needs. It should be able to 
adapt to the needs of the user in a relaxed and unobtrusive manner. 

The above description of Ami suggests some requirements for the success of it. 
There must be some technology that is accessible to the user or serves the user in a 
proactive yet unobtrusive manner (Weiser and Brown 1997), becomes aware of the 
user and her needs and responds intelligently to the context and needs of the user. 
We see Ami as an overlap of a number of paradigms; Ubiquitous Computing 
(Weiser 1991), Pervasive Computing (Satyanarayanan 2001) and Artificial 
Intelligence (Russel and Norvig 2002). The Ubiquitous Computing aspect addresses 
the notion of accessibility of the technology, where the technology and connectivity 
is available through everyday objects that are in the user's environment. Artificial 
Intelligence techniques provide the context awareness to establish the user's needs 
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and the appropriate response and the Pervasive Computing aspect supports the 
architectural aspects to realize the situation. 

Ami is often discussed from the perspective of the user, where the user is a 
human being. Obtaining the relevant information about the user's needs and 
establishing this constitutes a major part of this. Responding accordingly and the 
delivery of the appropriate services to meet the user's needs is a challenge that is 
gaining interest, e.g. (Myrhaug and G6ker 2003). This requires an analysis of the 
user's needs from a service providers' perspective and addressing how two or more 
service providers can collaborate to do this. 

3. TOURIST IN TRONDHEIM 

Consider the scenario where a tourist arrives in Trondheim on a cruise ship. The 
cruise ship stops over in the Trondheim harbour for one day and the passengers have 
the opportunity to visit Trondheim, see some of the sights and museums and buy 
some souvenirs. Before leaving the craise ship, the tourist signs on to the 
"Trondheim Experience", which provides her a mobile device such as a PDA or a 
smartphone. The harbour is 1 km from the city centre. The tourist leaves the cruise 
ship and walks towards the city centre. She is faced with some street signs, e.g. 
"sentrum", "pirbadet", and "solsiden". She accesses the glossary service using her 
device to get an explanation of these signs. She follows the signs that say sentrum to 
the city centre. 

She passes Nidarosdomen, the cathedral in the city. She is presented a brief 
introduction to the landmark and is informed that there is a guided tour of the 
cathedral starting in 10 minutes. The cost of an entrance ticket and the directions for 
obtaining a ticket are provided. As she joins the guided tour of the cathedral, the 
Trondheim Experience service de-activates itself She chooses to utilize a location-
dependent guide installed in the cathedral, (Wang et al. 2005). As she leaves the 
cathedral, the Trondheim Experience service re-activates and she is informed that 
there is a concert in the cathedral at 16:00hrs, the ticket prices and how to obtain a 
ticket. She is prompted with two package offers; (i) to see the concert at the 
cathedral, visit the museum at the Archbishop's residence a few mefres from the 
cathedral, a teaditional Norwegian meal at a restaurant and ttansport back to her 
cruise ship after the concert, (ii) to walk to Skyssstasjon, which is a restaurant in one 
of the city's oldest buildings, a walk along Bakklandet, a frip to the island outside 
Trondheim, Munkholmen, and transport back to her cruise ship. She wonders if 
some of her fellow passengers who are also visiting the city would like these offers 
and forwards the offer to the other passengers that signed on for the Trondheim 
Experience service. 

In order to utilize the limited time she has in Trondheim and enjoy the city rather 
than finding out what's on offer, she accepts the fu-st offer and plans the rest of her 
day. She visits the museum at the Archbishop's residence and continues walking 
around the city centre until the time to go to the restaurant. As she passes various 
buildings and shops, she is informed about the architecture and history of the 
building and about sales and offers in the shops, depending on her interests. Also, 
she is able to find out who will be joining her for the concert and the traditional 
Norwegian meal. 
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4. ANALYSIS 

The scenario described in the previous section estabhshes a tourist's needs and 
proposes some services. The tourist can ask for a specific service, for examples, the 
glossary service for explanations of street signs. Hovî ever, the Ami component is 
mainly aimed at establishing the tourist's needs based on information available from 
the tourist, patterns of needs by previous users as well as what can be detected 
automatically, such as location and time (e.g. date, time of the day and season). The 
tourist is provided a set of services based on this. In addition to providing 
information that is directly relevant there and then, the tourist is also prompted with 
other potential services, e.g. the package including a museum and a meal. The 
tourist is also able to communicate with other tourists that use the same service. The 
services provided respond to a possible need as well as try to stimulate the user for 
possible needs in the near future. 

Consider the user's perspective, in this case the tourist. The tourist would like to 
see and learn as much about the city as possible within the time that is available, i.e. 
one day. As the tourist walks around the city, she may wish to know about the 
architecture of the buildings, where to find specific items and souvenirs, listen to 
some local music and taste traditional food. Finding out these things is time 
consuming and joining a guided toxu: of the city can be constraining. The tourist who 
likes to walk around the city and see the sights and learn about the city would like a 
combination of the guided tour and a free walk, i.e. a personalized guided tour. 

Consider the service provider's perspective, in this case the local businesses 
and the city of Trondheim. The city of Trondheim would like the tourist to have a 
good time, form a positive impression of the city and attract the tourist for a visit in 
the future. At the same time, it would like the tourist to visit the historical sights of 
the city, contribute to the maintenance of these by purchasing entrance tickets and 
souvenirs. The local businesses would like the tourist to visit their shops or 
restaurants and use their services, thus increasing their customer base and the 
volume of business they conduct. Rather than leaving the tourist to accidentally 
stumble upon what the city has to offer, the city could collectively be proactive in 
guiding the tourist through the parts of the city that suits the tourist's preferences. 
The number of parties that are interested in meeting the needs of the tourist and 
stimulate more needs from the tourist while enhancing their own business prospects 
is huge and varied. To achieve optimal benefit from this situation, the service 
providers need to collaborate and form alliances or VEs to provide a set of services 
to the tourist. 

Ami establishes a user's needs while a VE can be used to meet the needs of the 
user. Ami focuses on the user's perspective of the situation while a VE is seen from 
a service provider's perspective. 

5. SERVICES PROVIDERS AS VIRTUAL ENTERPRISES 

We consider a VE as a set of entities, such as organizations, human beings or 
software agents that collaborate to achieve a specific goal (Petersen and Gruninger 
2000). A VE can be characterised as a partnership of enterprises that collaborate as a 
temporary network, (Jagdev and Browne 1998), by sharing their skills, costs and 
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risks. This network may consist of pre-existing enterprises that collaborate by means 
of specific Information Technology components (Garita and Afsarmanesh 2001). 
They align their goals and commit to achieving these goals through a process of 
negotiation. VEs are usually formed to exploit a market opportunity (Fischer et al. 
1996), and their dynamic and flexible nature facilitates the quick and easy formation 
as well as adaptation to the market situation. 

To provide the services in an Ami environment, a number of entities must 
collaborate behind the scenes. We believe that VEs are necessary for providing 
services that are seamless and cohesive ui an Ami environment. The dynamic and 
flexible nature of VEs facilitates the adaptation to the user's needs. The relationship 
between Ami and VE is illustrated in Figure 1. 
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Figure 1: Relationship between Ambient Intelligence and Virtual Enterprises 

A tourist's situation and desires, established by Ami, can be modelled as a set of 
goals that need to be fulfilled. Using ideas from Enterprise Modelling, goals can be 
achieved by performing a set of activities (Petersen and Gruninger 2000). The 
identification or the selection of the set of appropriate activities that best fulfils the 
goals can be done by reasoning. 

Service providers in the city who are interested in serving the tourists are 
transmitting information about themselves as service offers. Some of these service 
providers, e.g. PI, P2, P3 and Pn as shown in Figure 1, could perform the set of 
activities that fulfil the goals. Thus, the response to the tourist's needs as a set of 
activities can be proposed by a group of partners that collaborate, i.e. a VE, to 
deliver a set of services. For example, the museum at the Archbishop's residence, 
the concert organizer, the restaurant and the taxi company form a VE to propose the 
first offer to the tourist. The tourist can pay for this package offer as a single product 
without negotiating with each service provider individually. Once this is accepted by 
the tourist, the VE needs to deliver the services and the mobile device guides her 
through the city to reach the goals that have been set, while continuing to 
dynamically assess possible changes in her needs. 
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In order for such VEs to form, each service provider must provide information 
about their offers, their interests, who they wish to collaborate with and other 
relevant information. This information can be used first to match against the 
requirements for performing the activities and second, to form an appropriate team 
of partners that constitute the VE. An example of such a VE formation model and 
supporting infrastructure are described in (Petersen et al. 2003). 

6. SYSTEM DESIGN 
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Figure 2: Functional System Architecture 

To realize the tourist scenario, we envisage a system that takes into account the 
runtime context information for the tourist's needs, such as location, availability of 
services, as well as utilize information about past experiences and tourist's 
preferences. Reasoning capabilities can be used to establish the needs as well as to 
determine the services to offer. Based on the experiences from the AmbieSense 
project, (AmbieSense 2005) and (Kofod-Petersen and Mikalsen 2005(a)), a 
functional systems architecture for reaUsing our scenario is shown in Figure 2. The 
tourist has a device that detects location. A net-based information service contains 
previous experiences and reasoning capabilities. Service providers submit their 
information to the information services using information beacons, e.g. (Kofod-
Petersen and Mikalsen 2005(b)). The communication via the different entities can be 
wireless. 

Establishing the tourist's needs/perception: the first step is to understand 
something about the tourist's interests. When she signs up for the Trondheim 
Experience service, she is asked to select some keywords that indicate her interests, 
e.g. medieval Trondheim, Norwegian food, shopping. In order to personalize the 
services offered to the tourist, a profile of the tourist must be established. A good 
candidate for constructing user models is through stereotypes as reported in 
(Jayaputera et al. 2003). This requires some form of reasoning. Why was the tourist 
prompted about the guided tour of the cathedral? One reason could be that she is 
currently in that location. Why was she offered the two specific packages for 
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experiencing Trondheim? The selective offers can be based on what is known about 
the tourist, e.g. her interest in medieval Trondheim and Norwegian food and what 
tourists that have used the Trondheim Experience service in the past with similar 
interests have desired. Reasoning capabilities facilitate the personalization of the 
information and services offered to the tourist. 

The net-based information services determine the information that should be 
presented to the tourist based on her needs. Since the tourist has signed on for the 
Trondheim Experience, we assume that she is interested in receiving some 
information and service offers. She can choose to receive personalized information 
or all information that is available (e.g. which may include some advertising 
information) and she can selectively turn the service on an off. 

Service offers/personalized response: The services that are available for any 
context can be provided by a predefined model of the city. A more dynamic way of 
doing this is the use of information beacons in the city that provide runtime 
information to the system about the services that are currently available in and 
around any location, see Figure 2. Thus, the service providers transmit information 
about themselves using the information beacons. The use of information beacons by 
the service providers allow them to control the information that they publish about 
themselves and be selective about their audience. This allows the service providers 
the opportunity to submit their information and offers, if and when they desire, and 
to selected groups of users based on the user profile. For example, a shop selling 
scuba diving equipment may not desire to send information to a tourist that is 
interested in medieval Trondheim. Based on this information, reasoning capabilities 
in the system can be used to provide a response that is appropriate for the current 
situation, i.e. a personalized response. 

Information services/reasoning: the information services that both the mobile 
device and the information beacons are connected to are capable of reasoning to 
establish the user's needs based on available information. The system establishes a 
profile of the tourist and determines the type of user she is. Then it will answer 
questions such as which offers shall we propose to the tourist? Once the tourist 
accepts a package, the goal of the system is to lead the tourist through the city to 
utilize the services that have been purchased. While traversing through this path, the 
system finds opportunities to propose other services to the tourist such as 
information about the architecture of a building and sales offers. Again, the tourist 
can choose to receive this information. 

7. SUMMARY 

VEs provide a promising business model for realising Ami scenarios. This paper 
describes the scenario of a tourist in a wireless city, who can be provided a 
personalized city guide via Ami. The tourist's needs are established using Ami and 
the needs are met by a group of service providers that collaborate as a VE. We have 
discussed the relevance of VEs for reaUsing Ami scenarios and proposed the design 
of a system that facilitates such scenarios. 

The ideas presented in this paper describe an innovative use of VEs to provide 
rich and personalized user experiences. Its main contribution is to propose means of 
realizing Ami where the business and societal perspectives are considered. As 
discussed, Ami is realized by the collaboration of several entities or service 
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providers and VEs are a promising means of providing seamless and cohesive 
services in an Ami environment. 
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This paper describes the evolution of organizational structures and 
collaborative behaviors of forty different software producing companies, in the 
state of Baden-Wilrttemberg, with a common aim of developing component 
based business software. The case shows that the role and cultural experience 
of network facilitators has a major input on further organizational evolution. 
To analyze the forces for diverse structural evolution and the exploration of 
suitable implementation processes for regional catalyst are the central 
intentions of the paper. 

1 INTRODUCTION 

In July 2004 forty software companies in the state of Baden-Wilrttemberg started a 
common initiative with the aim of producing standardized high quality component 
based business software and offering it to regional software-consuming SMEs, in 
different sectors under a common brand and certified trade mark. The initiative was 
coordinated by a state agency acting as the regional catalyst with the tasks of project 
and community management whilst controlling the success. 

The idea to launch such an initiative came out of a final report considering the 
future of the IT industry that has been carried out by a work group of IT experts, 
leading entrepreneurs, government representatives and prime universities from 
Baden-Wilrttemberg along with the first results of the just started Integrated EU 
Project Digital Business Ecosystem (DBE). Baden-Wilrttemberg is known for its 
dense population of software producing and consuming SME, especially in the 
automotive and machine tool manufacturer sectors. Since their organizational 
"supply chain" was successful, a major aim of the project was to test the 
opportunities and boundaries of this approach by adapting it to software production. 
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A major force in restructuring this scenario of the IT sector was forecast by Scheer 
(Scheer 2005) and Roland Berger. From their point of view future software and IT 
service production were based on the following further developments: 

1. The coding of software to be developed into a commodity of the future, that 
could be outsourced to offshore regions like India or Eastern Europe 
A continuous increase in the development of the value chain of selling 
hardware and software, towards selling IS solutions, or the execution of 
whole business processes (see fig. 1). The IS solutions to be customized by 
the orchestration of existing quality proofed software components 
The business success of Baden-Wtirttemberg, and of Germany, to be built 
on the knowledge of business processes, located in smart and medium sized 
automotive or machine tool companies 

Business processes 
BP Outsourcing 

Solution Provider 

Domain Consulting 

Softwareproduction 

Hardwareproduction 

(i!S»«-/>«•**!» 

Figure 1 - future of the IT-Industry 

These are the reasons why enterprises in Baden-Wtirttemberg should be able to 
model and steer the value production in software supply chains, these consisting of: 
business process outsourcing, IS solution providers and software component 
suppliers at different levels. This paper shows how the experiences of the project 
TASK, along with the lessons learned for local governmental units in Europe 

COLLABORATIVE FORMS IN COMPONENT BASED 
SOFTWARE PRODUCTION - AN OVERVIEW 

Traditional software production is operated by one company with an internal 
development team with structured software processes, based on models like the 
Waterfall (Royce, 1970) or Rapid Prototyping (Pomberger, Blaschek 96). The 
advantage of this production process is the high level of internal quality control and 
knowledge keeping. The disadvantage is the high number of highly qualified human 
resources required, for the structured coding of new software releases or versions. 
To obtain such excellent resources is difficult in a dynamic market. To program 
software in a stronger object oriented process will help to save human resources. In 
sum software quality will be gained by the reuse of tested code fragments from the 
past. 



How to implement component based software supply chains 629 

2.1 Open Source (OS) Communities and component orientation 
Starting with the disadvantages of traditional programming and the spirit to produce 
software in a slightly different way, there was a new production paradigm evolving 
in the late 80's - the open source development often linked with component 
orientation. The distributed production processes like requirements engineering, 
coding, versioning and testing were coordinated by the members of the OS 
community itself, supported by a shared development platform. 

An interesting outcome of this production paradigm was the quality of the 
resulting software being considered as better and with the processes being faster 
than traditional software production. In the early period of OS, there hadn't been a 
business model behind the communities. They were often constituted by the 
engagement of their members and the code of the emerging solution being pubHc, so 
participants could profit from the working results. With the saturation of good 
available OS components at the free market like: web-server, security or authorizing 
components; a new type of small system integration companies appeared. They took 
OS components as a base for their development of more complex systems like e.g. 
CRM or ERP. According to the GPL license they didn't charge the software to the 
end customer but services. 

2.2 Component based Software supply chains 
In comparison to these loose relationships of idealistic OS-programmers and 
communities, the supply chain paradigm has a strong division of labor and 
predefmed roles, derived from the future development of the IT sector. The forecast 
industrial structure soon became reality and was supported by the component 
strategies introduced by players like IBM (Websphere) or SAP (Netweaver). The 
degree of flexibility and integration is optimized by implementing cross company 
business processes using predefined component frameworks. Therefore, software 
components are produced, integrated and consumed in a vertical supply chain, 
consisting of infrastructure, middleware and application component suppliers, 
system integrators and customers. (Vithrana, 2004, see fig. 2). 
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Figure 2 - collaboration model in software supply and demand chains 

The system integrator delivers an individual IS derived from the customers' 
requirements and a fitting IS architecture. The architecture consists of high quality 
standardized components, offered by suppliers of different tiers (application, 
middleware and infrastructure) and tested by an independent expert of a quality 
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assurance instance. A shared component development platform delivers helpflil tools 
for orchestration, production, versioning and testing tasks. 

2.3 Digital business Ecosystem (DBE) 

A digital business ecosystem could be described as a systemic approach including 
parts of the OS-community and software-supply-chain approach. In difference to 
them the software and service component platform contains/includes an embedded 
intelligence, which supports the whole regional network with new business models 
and tools for self-organization. A DBE consists of: 
- Research and education organizations and innovation centres 
- Small and large enterprises with their associations 
- Local government and public administration can be characterised ''by intelligent 
software components and services, knowledge transfer, interactive training 
frameworks and integration of business processes and egovernance models. The 
latter step in the adoption of Internet-based technologies for business, where the 
business services and the software components are supported by a pervasive 
software environment, which shows an evolutionary and self-organising behaviour, 
will be named digital business ecosystems ". (Nachira et al. 2002) 

3 TASK-CASE: IMPLEMENTATION METHOD OF SUPPLY 
CHAINS IN BADEN-WURTTEMBERG 

In 2004, when Baden-Wurttemberg started TASK to establish regional software 
supply chains, the initiative was embedded in several innovation and research 
projects, which were quite unique and risky. There was no experience in the transfer 
of the supply-chain-paradigm to the software sector available. The implementation 
strategy, chosen by the regional catalyst, was divided in 4 major steps (see fig 3): 
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Figure 3 - planned implementation strategy 

1. Establishing a powerful community of software producing companies 
2. Foundation of three different task forces on an infrastructure/middleware 
and business application level, coordinated by three paid facilitators 
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3. Running small software-supply-chain pilot projects introduced by the 
facilitators, while developing a fitting project collaboration and information 
portal 
4. Development of a common business model for all project partners 
including a common brand, a collaboration structure and a cost-/benefit 
model. 

The establishment of a powerful community of interested software component and 
service providers was shown that 40 companies joined the TASK community. The 
strategy of grouping them into three different task forces, to produce component 
based information systems in a supply chain, was based on the assumption of their 
capabilities. To instigate the objective, the regional catalyst hired IT experts for each 
task force, to initiate and support the methodology of the supply chain pilot projects 
and to implement their management knowledge. In choosing well knovm moderators 
- two with long term open source development experience, and one with IT 
consultancy background - was based on the assumption that they could motivate 
further companies to participate and donate component solutions at different levels. 
Furthermore, local events with the topics of collaboration in software supply chains 
and communities were organized by the catalyst. The overall aim was to gain a 
critical mass of different reusable software components and the delivery of quality 
proved systems and services to a potential end customer. 

4 RESULTS 

Although there was a lot of strategic planning behind TASK, a real project success 
was the creation of a sustainable software production network; however this wasn't 
directly visible till the project's end. There was no implementation of a software 
supply chain in two of three of the pilot projects, because the moderators with an 
open source background couldn't see the sense behind fixing a collaboration 
structure as an added value on its own. They succeeded to produce their project 
results in an OS-community manner. In their opinion the project complexity was so 
low and the partners so equal to each other in size and power, that a hierarchical 
supply chain structure would have been a real overhead in comparison to the aimed 
IS solution. 

This was different in the third pilot project that was moderated by an IT-
consultant with a business background. He builds up a complete supply chain with a 
potent system integrator and IT-service provider, as well as different smaller 
component vendors, into the pilot project. The service providers were especially 
inspired by the idea of a component supply chain, and the opportunity to market a 
state own brand to regional medium sized enteiprise customers. They forced the 
whole supply chain to instantiate the customer service solution out of existing 
software components and defined and developed an interface standard suitable for 
their project. When the moderator of this task force tried to get a commitment fi'om 
component suppliers of other task forces and to define a common interface and data 
exchange standard, he failed. A main reason was that the standardization of a project 
would have created increased efforts by participants without them seeing the added 
benefits, by either the potential customer or by the state. This was due to a missing 
costs/benefit calculation, based on an estimated number of sold software licenses 
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along with the supporting services required. Additionally there hadn't been a clear 
defined and communicated marketing concept, showing the benefits of supply chain 
produced component software to end customers and suppHers. Towards the project 
end, there was a lack of a serious future business model and marketing strategy or 
commitment to existing models e.g. to the economy of component reusability (Gill 
2003). 

At this moment the regional catalyst gave us the opportunity to do an 
independent review on the project to benefit from the lessons learned. 

5 LESSONS LEARNED 

One lesson learned firom this case was the difficulty in implementing regional 
software supply chains, digital business ecosystem or the type of collaboration 
networks, without having a clear idea and concept of the future business model. 

Traditionally, a business model consists of three elements (Timmers, 98): 
USP/market position, value chain design and cost^enefit structure. To cement the 
value chain design right at the start without knowing the product USP for the 
customer or the costs and benefits for the participants, is a questionable approach. 

It would make sense to define the USP of a component based information system 
by doing a SWOT-analysis first. There would be strengths for the customer like high 
adaptability and flexibility of the product, as well as benefits for the system 
integrator, to reach these features by the recombination of existing components 
cheaply. A weakness of component based information systems is that they don't 
perform well when fast tracking is required. From this point of view it will be much 
easier to identify areas where component based information systems have a good 
USP, like the customer service domain. The next step would be to define the 
component architecture, with its fitting to the possible customer requirements. In 
this phase it is mandatory to defme a common component interface and data 
exchange standard for all the participating component suppliers. Without standards, 
the benefits of reusability and easy integration couldn't be realized. The 
standardization and architecture definition at the beginning of the project would 
narrow the necessary variety of success critical components and ensure calculable 
adaptation efforts later on. 

Apparently, if all components were compatible with each other, it would be a 
question of collaboration culture to establish a suitable organization of the value 
chain. In supply chains, component suppliers need a higher commitment and should 
be willing to pay a certain amount of money for services like quality assurance or 
marketing. Active OS communities are able to deliver continuous work instead of 
funds. So the question of choosing a supply chain or a community could be depends 
on the size and investment opportunities of the software companies. Furthermore the 
power of system integrators is quite immense in supply chains, because they are able 
to choose only one component supplier the whole time, so that other suppliers have 
costs for standardizing their components and paying for network services without 
getting a benefit. The cost and benefit questions are the last major step in 
successfully implementing virtual enterprise, that should be addressed after defining 
the value chain design. A component supplier should know how often his 
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component must be sold, e.g. in CRM projects, to get a payback of their investments 
in the operation of the virtual enterprise. 

Confronting the TASK participants with costs and benefits of the successful 
introduced supply-chain model, a few component suppliers mentioned that they 
don't need a cost/benefit structure, while others showed interest. It does make sense 
to structure the project implementation process and strategy differently (see fig. 3). 
Doing so, the collaboration structure appears as a system variable that will emerge in 
a self-organizing process similar to the DBE-approach. 
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Figure 3 - target implementation reference process after review of the project 

This work should be carried out by all component suppliers, rather than different 
task forces facilitated by an excellent IT consultant and software architect. The 
regional catalyst can support these works by increasing the size of the community, 
along with miming marketing activities for a common brand, as well as 
compensating parts of the standardization efforts the suppliers have to get an easy 
lock-in (Shapiro, Varian, 1999). The value chain for system production should be 
co-developed and open to different collaboration scenarios, depending on the 
customers, integrators and suppliers' economic and cultural structure and their will 
to take risks or responsibility. Once an appointment made between system 
integrator/vendor and customer, the integrator can cooperate with his supplier 
contract or trust based - dependent on his knowledge about the quality of the 
components and the supplier performance. Acquiring new suppliers consequentially 
means discussing the issue of potential costs and benefits. Further, a higher number 
of system integrators in the community will hinder individual system integrators 
getting too dominant within the community. 

6 FORECAST 

The TASK case showed the difficulty in establishing a totally new structured virtual 
enterprise in the software sector. Major lessons learned were the questions of USP 
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and branding, the component architecture, the value chain design, along with the 
cost and benefit structure, being closely linked to each other in reference to being 
addressed in the early phase of the project. To develop solely in software supply 
chains makes no sense if the resulting product, the customer, the authority of system 
integrators and suppliers are still insufficiently transparent. It was the aim of this 
case to show a capable method for a regional catalyst of implementing component 
based software and service production networks. But this was a single scenario. In 
the future more research needs to be done on business models for virtual enterprises, 
in the area of value chain design and cost/benefit analysis. There is plenty of 
practicable literature available about the necessity of trust and social skills (Picot et. 
Al. 2003) to participate in virtual enterprises or structural factors (Wagner et al., 
2004), while less works show benefits and costs of collaborative scenarios in the IT 
industry. Nevertheless the first results from the DBE project showed (Dini, 
Rathbone, 2005, p.9), that there were similar experiences made. They identified the 
following success factors for implementation: 

- Global solutions with a local input and sector approach (use of European wide 
solutions to adapt to regional conditions) 
- No single point of failure and control in the virtual enterprise (no 
predetermination of a centralized organizational structure) 
- Commitment to Open Source and Open Standards 
- Long-term credibility and attractive brand (work on a consistent brand as the 
USP) 
- Utilisation of proven technologies (reusable component technologies) 
- Proven business cases and benefits for service providers and service users. 

Bringing these experiences together in developing reference models and best 
practices, for the implementation of virtual enterprises around Eraope, will be both 
an important and fruitful future issue. 
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This paper discusses a collaborative framework for the legal certification of 
toll enforcement on motorways operated by Brisa Auto-Estradas de Portugal, 
based on the Advanced License Plate Recognition (ALPR) system/service. The 
developed ALPR service produces a composite JPEG picture documenting an 
irregular situation. An enforcement transaction is generated at Brisa's toll 
infrastructure and later delivered to the toll clearing company Via Verde 
Portugal (VVP). This company processes the generated composite picture, 
matching it with the client data base and, if necessary, pursuing legal action. 
The enforcement picture might also be delivered to other organizations, such 
as the official entity for car registration management, in Portugal the General 
Direction of Traffic (DGV). Certification is based on Public Key Infrastructure 
(PKl) and legal digital certificates. Its purpose is to guarantee the validation of 
an ALPR generated picture as genuine, at a court of law; any change will be 
detected by a validation service. The paper discusses the adopted strategy, 
considering not only technical but also organizational issues, since the trust 
required for the management of enforcement pictures along the involved 
networked organizations requires a set of procedures to be followed in order to 
ensure the required legal confidence (trust). 

1. INTRODUCTION 

Enforcement is an essential component of an automated toll system, and presents 

organizational as well as technological challenges. The success of an enforcement 

solution depends not only on its effectiveness but also on the trust that networked 

participants and actors involved in the enforcement process place in the solution. A 

key step in cementing such trust consists in the preemption of falsification claims 

regarding the evidence documenting any irregularity. This need is particularly acute 

when such evidence exists in electronic form and might have to be presented at a 

court of law. Furthermore, the number of involved networked organizations and 
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clients of the toll infrastructure configure a trusted collaborative network 
(Camarinha-Matos, 2004), where enforcement information is exchanged following 
the established legal framework. 

This paper describes both a certification strategy and a collaborative model for 
the involved organizations, designed to address the above issue in the specific case 
of motorway toll enforcement for the Via Verde Portugal (VVP) toll clearing 
company, at motorways operated by Brisa Auto-Estradas de Portugal. 

In regular conditions, electronic toll collection in the Via Verde is performed 
through Dedicated Short Range Communication (DSRC) at microwave frequencies 
(5.8 GHz) between an anteima in the toll plaza and an identifier device, also called 
an On-Board Unit (OBU), inside the vehicle. The identifier contains information 
about the owner's identity and the vehicle class, the latter being confirmed by the 
Automatic Vehicle Detection and Classification (AVDC) system. 

Enforcement is based on the Advanced License Plate Recognition (ALPR) 
system/service, developed by Brisa and integrated in the ITSIbus architecture 
(Gomes, 2003), (Osdrio, 2004). In an irregular situation, such as a vehicle without 
an OBU, or when any other problem prevents the toll infrastructure from registering 
a vahd fransaction, the ALPR system generates a composite picture in Joint 
Photographic Experts Group (JPEG) format, showing a rear view of the vehicle, as 
well as sub-images of the front and rear license plates obtained from two separate IR 
cameras. Additionally, meta-information is appended so that other services may 
subsequently extract the license plate. 

The certification technology is based on Public Key Infrastructure (PKI) 
(Schneier, 1996) and legal digital certificates. However, it is necessary to certify 
other processes beyond the service/system that appends the digital signature to the 
original picture. As an example, management of the private key, used to generate the 
digital signature associated with a certificate generated by a certification authority, 
needs to be maintained under rigorous collaborative guidelines. The overall 
certification strategy has been designed to comply with requirements expressed in 
national legislation for electronic documents to be used as evidence, while ensuring 
protection of the motorway users' privacy. The structure of this paper is the 
following: the logical and physical architecture of the enforcement data collection 
and transmission system, including the ALPR, integrated in the context of the 
overall toll management system, are described; next, the proposed security, 
collaborative framework and related organizational as well as legal issues are 
discussed, followed by concluding remarks. 

2. ARCHITECTURE OF THE ENFORCEMENT SYSTEM 

There are four levels in toll management, as illustrated in Figure 1, ranging from 
individual Via Verde lanes to the toll plaza and finally up to the central Toll 
Coordination System (TCS). 
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Legend: 
LMS - Lane Management System; AUPR - Advanced License Plate Recognition 
TPMS - Toll Plaza Management System; DSRC - Dedicated Short Range Communication; 
TCS - Toll Coordination System AVDC - Automatic Vehicle Detection and Classification 

Figixre 1 - Toll management levels. 

Communication takes place between each level and the ones adjacent to it, using a 
service-based communication bus, the ITSIbus. The ITSIbus defines a set of basic 
services, such as security, configuration and administration, as well as "plug-and-
play" mechanisms. Besides the basic services, an additional set of services is defined 
as standard for each class of systems, to be implemented by all developers. 

The lane management level, implemented by LMS systems, controls the passage 
of vehicles and the generation of transactions according to each specific situation. 
Among the possible scenarios to be handled by an LMS, emphasis is given to the 
following: passage of a vehicle without an OBU; OBU with a low battery; mismatch 
between the automatically detected vehicle class and the class associated with the 
OBU. 

In case such an uregularity occurs, the ALPR generates a proof of passage of the 
vehicle involved, at the request of the LMS. This proof of passage consists of a 
composite picture of the vehicle. The picture is forwarded by the LMS to the 
corresponding TPMS, where it is stored for later transmission to the TCS. Thus, 
pictures are generated by the ALPR system in response to events originating in lane-
level equipment and systems like the DSRC and AVDC, resulting in a flow of 
information across the private and secure network infrastructure of the motorway 
operator, from the lane to the central TCS. The internal ITSIbus collaborative 
service infrastructure has no direct access from outside the organization, which 
removes the vulnerability from Internet-based attacks. 

Under an enforcement scenario, should the authenticity of the picture need to be 
verified in court, a validation application (itself certified) can perform the necessary 
check, by confronting the digital signature in the JPEG header with the remaining 
data. A collaborative process models and manages the necessary information 
exchange, in this case between the motorway operator and the road authority and if 
necessary a court. The overall flow of information is illusfrated in Figure 2. 
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Figure 2 - Flow of an ALPR-generated picture across all involved systems. 

The legal value of the ALPR-generated picture depends on other factors beyond 
the ALPR itself In fact, the collaborative processes and procedures regarding 
physical equipment accessibility, as well as other involved systems, contribute 
towards maintaining the required information integrity and trust among the involved 
partners. 

3. DESCRIPTION OF THE ALPR 

The ALPR is one of the roadside systems on a Via Verde lane. Its purpose is to 
provide an electronic document (picture plus meta-information) allowing the 
identification of the vehicle, the place and date/time of passage, whenever the LMS, 
in response to a vehicle passage event, requires such a document. An example 
picture is depicted in Figure 3. 

47 12 XT 47 12 XT -^f 
<oth«r data> • 

Figure 3 - Example of an ALPR picture. 
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The primary requirements of the ALPR are as follows: 
• Acquisition of a panoramic rear view of the vehicle, allowing visual 

inspection 
• Automatic recognition of the front and rear license plates 
• Generation of a JPEG composite picture, with the cropped front and 

rear plate sub-images overlaid on the rear panoramic view 
• Independence of the image quality on weather conditions, time of day, 

condition of the plate and other variables 
• Regarding acquisition of the front image, only the license plate must be 

extracted and appended to the composite picture, while the remainder of 
the image must never even be written to disk 

Figure 4 illusfrates the logical architecture of the ALPR, including the optional 
certification module, which generates a digital signature included in the meta-
information appended to the enforcement picture. The remaining meta-information 
includes a timestamp and also the vehicle class, as detected by the AVDC. 

S 1 ' - . , A V D C *• 

! 
• I ^ „ ' . . , • , : 

ALPR „ ;v 
'••̂ ' • * LPR - J „ - - - p. 
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•-' l i * . •• * LMS 

k or 
*• Picture 

Figure 4 - Logical architecture of the ALPR system, including the optional 
certification module (Cert). 

The ALPR was developed using artificial vision and Optical Character 
Recognition (OCR) technology (Rahman, 2003), (Due Duan, 2005). The license 
plate recognition process has been decoupled from the visual inspection process by 
using different images, in different wavelengths: infra-red (IR) images for license 
plate recognition; visible images, in color, for human inspection. 

One of the reasons for this decoupling is the fact that the recognition process 
benefits from high confrast images where the license plate is highlighted, unlike the 
visual inspection image, which should clearly show the vehicle and its surroundings. 
Also, the use of IR images for recognition is a common procedure for making the 
recognition process as independent from lighting conditions as possible. 

The physical architecture of the ALPR can be seen in Figure 5. The system 
consists of two modules, one in front and another in the rear of a passing vehicle. 
The front module contains an IR camera and an IR illuminator, and it is connected to 
the rear module, which contains another IR camera and illuminator, together with a 
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visible spectrum color camera and a computer equipped with a multi-channel frame 
grabber. The computer is connected to the LMS and the motorway operator's 
network. 

illuminator camera 
Color 
camera 

Figure 5 

IR Computer 
Illuminator with frame 

grabber 

- Physical architecture of the ALPR system. Above: the front and rear 
modules. Below: detail of the rear module. 

4. SECURITY OF THE COLLABORATIVE FRAMEWORK 

Whenever a document is to be used as evidence, the possibility of falsification or 
forgery must be taken into account, whether or not the document exists in electronic 
format. The developed security collaborative framework takes into account the fact 
that several types of attack are possible (Coulouris, 2001), (Macgregor, 1996), 
namely: 

• Replacement of a legitimate ALPR unit with a duplicate, built by a third 
party with knowledge of the technology 

• Introduction of a "Trojan horse" into an ALPR unit, either during 
scheduled maintenance or by unauthorized access through the private 
network 

• Eavesdropping into the messages exchanged through the private network, 
during transactions 

• Tampering with the picture, for example editing the image to change 
license plate characters 

Protection against these types of attack requires organizational as well as 
technological measures. Physical access to the units must be restricted, vahdated 
using, for instance, PINs or codes and smart-cards, and recorded for future 
traceability. Network security is also a concern. Sensitive information, such as PINs 
or passwords, should never be sent in clear text. 
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Encryption and digital signature are a key technological component of the 
security system, and so are the monitoring capabilities of the ITSIbus. For example, 
if an ALPR unit is removed, even temporarily, an exception is generated by the 
ITSIbus, either through sensors connected to the physical system or by detecting a 
loss of communication. Pictures from that particular unit will no longer be trusted 
until the source of the exception is investigated. 

As for ensuring the integrity of the JPEG pictures, a digital signature scheme is 
used, as illustrated in Figure 6. The system uses the public key infrastnicture (PKI), 
and the picture is digitally signed. This process may take place directly in the ALPR 
using the optional Certification module, as in Figure 4, or it may take place at a later 
point instead. Which option is used depends on whether or not the communication 
link with the central services is considered secure enough. 

JPEG file 

[license plate, tlmeslamp,...] 

Jh " Digest Private key Headers 

Figure 6 - Integrity control model. 

The signature process is based on the concept of asymmetric cryptography 
(Schneier, 1996), where a private key encodes the message and a corresponding 
public key decodes it. The private key must be kept confidential within the 
organization that is responsible for the digital signature, while the public key may be 
issued to message readers. Both the private and the public key are associated with a 
certificate issued by a legally authorized entity. Access and use of the certificate is 
done securely. 

For computational performance reasons, a Message Authentication Code (MAC) 
is signed instead of the entire message (in this case is a picture, which may have 
considerable size). A MAC is the output of a digest function which, given two 
distinct inputs, produces significantly smaller outputs that are almost certainly 
distinct as well (the probability of having the same output for different inputs is 
vanishingly small). Thus, the MAC is digitally signed and the resulting signature is 
placed in the JPEG file header, together with additional information such as the 
vehicle class, the recognized license plate number and a timestamp. If the picture is 
altered in any way, the change can be detected by recomputing the MAC and 
confronting it with the one present in the file header, after decoding the later with 
the public key. This operation can be performed by a validation application. 

This security collaborative framework is compatible with the requirements 
expressed in Portuguese and European law, respectively Decreto-Lei 62/2003 and 
Directive 1999/93/CE, for electronic signatures. Certifying organizations are also 
members of the established collaborative network and are regulated by the 
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Portuguese Instituto das Tecnologias de Informafao na Justifa, according to 
Decreto-Lei 234/2000. 

5. CONCLUSIONS 

The establishment of a collaborative network based on certification of electronic 
documents is still in a preliminary stage, the relevant legislation having been 
produced in 2003. Within this legal collaborative framework, a certification system 
has been developed for enforcement in motorway electronic toll collection, based on 
the ALPR system and a digital signature scheme. 

Organizational as well as technical issues have been taken into account when 
developing the overall security collaborative framework. This certification is 
intended to contribute to the success of the toll enforcement system, by establishing 
trust between the partners involved in this collaborative network. Although complete 
invulnerability to attack can never be guaranteed, the presently afforded degree of 
protection is considered adequate in face of the types of attack that are foreseeable in 
the near fiiture. 

A direction for further development is the establishment of procedures for 
managing the issuing, validation and revoking of certificates, which should be 
agreed upon between the network members. 
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The imbalance between demand and available resources, based on the forecast 
doubling of over 65s to about 40% of the populations of many nations will 
force radical changes in health and social care service delivery in the coming 
decades. 
The creation of "Virtual Care Service Utilities" to coordinate and optimize use 
of scarce resources coupled with the extensive use of assistive technology 
systems is examined. The potential benefits are reviewed and weighed against 
the inherent loss of privacy involved, together with the trust building and 
change management implications of such a major rationalisation process. 

1. I N T R O D U C T I O N - T H E D E M O G R A P H I C I M P E R A T I V E 

Governments across much of the developed world are faced with having to respond 
to growing impacts of an ageing population as forecasts all show a steep rise in the 
percentage of the population who are older than 65 years doubling to close to 40% 
by the middle of the century. 

Even from these crude estimates it is evident that current models of care are 
wholly unsustainable on human resource grounds alone, since lowering birthrates 
will tend to reduce the available numbers of professionals, whilst demand for their 
services soar. Moreover expectations of evermore sophisticated, live-span extending 
treatments have taken hold and will undoubtedly increase this pressure for political 
action from the swelling numbers of voters concerned. 

Whilst the most obvious response will of necessity be to try to get more out of 
the available system, there is an increased recognition that the traditional model 
based on multiple service providers operating mainly in informal collaboration with 
each other is hardly efficient. As a result the quality of care is far from optimal and 
all too easily results in repetitive and often unnecessary returns back into the care 
cycle, further increasing demand. 

2. L O C U S O F C A R E 

This issue exemplifies the interlocking nature of effective care delivery, outlined in 
Figure 1, which the traditional 'silo' organisational approach to service provision 
misses. Over the past few years this interlinking dependency between medical and 
social care has begun to be recognised and responded to. 
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Figure. 1 - Components in the Locus of Care 

However the further dependencies on adequacy of housing in terms of cost, 
warmth, hygiene and security, together with that of personal logistics needed to 
obtain food and other basics necessities of life remain largely ignored and 
disconnected. 

Similarly personal finance can be added to this Ust of disconnects, especially for 
the elderly who are frequently capital rich - through home ownership, yet revenue 
poor for many reasons, including lack of understanding of available benefits. 

Finally whilst access to useful information across this spectrum of need is 
increasing, and its content of considerable potential use, its quality and coverage can 
be highly variable. Although Information and Communications Technology [ICT] 
has provided the enabling mechanism for all this, its ubiquitous nature has also 
logically expanded its boundaries to incorporate a wide range of diversified sensor 
based systems that are steadily becoming an unnoticed element in daily life. 

Now recognized as Pervasive Computing, this plays a key role in the 
development of evermore sophisticated Assistive Technology designed to support 
the elderly at home. 

3. OPTIONS FOR CHANGE 

Whilst some further improvement can undoubtedly be wrung out of the existing 
multi-agency approach, the very scale of the problem indicates that a more radical 
solution will be required. In the circumstances the only really available option will 
be to restructure services by removing these boundaries and barriers and optimizing 
complete end-to-end care delivery processes within a 'virtual service utility'. 

Although this has the potential to deliver considerable operational improvement, 
it is unlikely that this alone will stem the effect of spiraling demand and a 
diminishing resource pool. The best option to combat this will be to compensate for 
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excessive workload imbalances by substituting Assistive Technology [AT] wherever 
practical and appropriate, as shown in Figure 2. 

Aged care _, , 
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Target 
Outcomes 

Figure 2 - Enabling Care Process Optimisation 

Much of this can come from the deployment of systems to provide powerful pro­
active lifestyle support, as well as monitoring clinical conditions and behavioural 
patterns to identify and respond to any serious abnormal circumstances. These will 
preclude many an unnecessary home visit, whilst safeguarding and reassuring the 
individuals concerned that they have continuous cover with care readily at hand 
when needed. 

This approach takes forward the concepts of the "Virtual Hospital" and combines 
them with a similar approach to providing more effective "Care in the Community". 
By providing a combination of medical and personal welfare monitoring through a 
"Care Watch" service, the level of care support will be similar to that available in a 
hospital high dependency unit. The obvious difference is that the response will need 
to be provided by existing paramedic services, extended to include additional "para-
welfare" capabilities. 

Its overall aim is to enable those suffering from increasing levels of impairment 
to continue to maintain an independent and participative lifestyle in the community 
for as long as possible. 

4. OPTIONS FOR CHANGE 

Whilst many ways to restructure and rationalize services will undoubtedly emerge to 
form an integrated service, the more likely model is that of a 'virtual service utility' 
rather than that of a monolithic entity. For optimum effectiveness it is likely to need 
to focus on fairly localized service provision to support communities rather than 
purely administrative convenience. However in the interests of good governance this 
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will need to be set within an appropriate legislative and regulatory framework set to 
enstire maintenance of high quality services and standards, shown in Figure 3. 
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Figure 3 - Care Service Utility Elements 

In essence the 'virtual service utility' will bring together the main strands 
identified within the locus of care and extend them out into the many individual 
units and specialist providers that deliver services across the complete spectrum of 
need. This will allow reconfiguration of local teams to maximum effect whilst still 
maintaining flexibility and relative autonomy. 

The key to this will be the preparedness for all concerned to coordinate their 
efforts through one or more 'care watch' centers, which will be responsible for 
initiating appropriate responses to need of all types within the communities they 
serve. 

5. e-CARE AND ASSISTED LIFESTYLES 

The role of e-Care within the 'virtual service utility' is to combine coordination of 
human resources with those of semi or fully autonomous Assistive Technology [AT] 
systems to enable users to maintain their independence. As these AT systems can 
include physiological and behavioural monitoring they can be set to detect abnormal 
patterns and initiate appropriate care service responses. 

All care cycles commence with a formal Assessment of Need. This is used to set 
up a Care Plan for planned and emergency professional support interventions. In this 
scenario this would also include Support System plaiming for the deployment of AT, 
as shown in Figure 4. 
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Figure 4 - Integrated e-Care Model Paradigm 

Whilst professional care practice would broadly remain the same, the aim would 
be to use shared Integrated Care Pathway planning to eliminate the current wasteful 
tendency not to recognise key interdependencies between disciplines and/or 
agencies' procedures. 

Service coordination and operational back-up would be provided via a shared 
Care Watch centre, which would be able to initiate action in response to any 
abnormal event/condition indications. 

6. e-CARE WATCH COORDINATION 

Although Care Watch coordination is essentially a back office function it can easily 
be combined with current "one-stop-shop" Resource Center practice as a smgle 
entity, since there is a considerable overlap in both functionality and skill 
requirements. Whilst the Resource Center approach is generally designed to cover 
matters across the complete locus of care service provision either through 'face-to-
face' contact or by phone/e-mail. Care Watch extends the call centre component to 
include a monitoring and response function. 

Rationalisation of multi-disciplinary multi-agency services into a "virtual utility 
service" operation does not require massive corporate restructuring, but does entail 
the merging of information resources within a mutually trusting enviroimient. It also 
enables the pooling of administrative and management resources; the recognition of 
interdependencies between processes in the service supply chain and its resultant 
shortening; and more effective and appropriate deployment of resources, as shown 
in Figure 5. 
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Figure 5 - An Integrated Care Service Model 

Secure e-business information services within these 'hubs' would comprise shared: 
• Multi-agency electronic client/patient records 
• Multi-disciplinary Care Pathway Option maps 
• Multi-agency, multi-disciplinary Resource Commitment schedules 
• A library of knowledge databases spaiming each of the elements of the 

overall the locus of care. 
• A dedicated 24/7 marmed Care Watch monitoring and response 

coordination unit 
As currency and accuracy of information from all sources will be vital to 

ensuring that correct action is taken or right advice and guidance is given, the 
underlying information systems will need to be maintained and validated in real­
time. 

7. ASSISTIVE TECHNOLOGY 

Assistive Technology has been evolving for several decades under a number of 
guises that have tended to be reserved for rehabilitation and disability. Indeed 
impairment and disability have long been somewhat of a clinical backwater and 
even an area that is almost alien to the rest of medicine. Disability thus sits 
uncomfortably between health and social care, impinging on both but set apart from 
each of them. 
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This apparent disadvantage has instead been turned to good effect through 
unfettered relationships across the whole range of professions involved with 
providing goods and services to the public. Considerable advances have been made 
in the development of the Smart Home and Smart Community concepts using 
sophisticated wired and wireless communications and computing systems' in 
conjunction with innovative ergonomic product and built-environmental design 

The Smart systems approach is based on an internet infrastructure 
communicating via an appropriate gateway either ftom individual devices or a local 
area network set within individual homes. These devices range in sophistication 
from alarms triggered by a range of safety and security condition monitoring sensors 
through to clinical vital signs monitoring arrays embedded with wearable vests. 

With funding support from the European Commission COST 219 set of 
programmes, the Scandanavian and Benelux countries have led the way in proving 
these principles through a number of practical pilot projects spaiming whole 
communities. These are not necessarily confined to features for the disabled but 
include improved ergonomic support for activities of daily living though a variety of 
interactive systems. 

8. PRIVACY 

Whilst there are undoubted benefits to be gained in terms of the independent, safe 
and secure lifestyle that Assistive Technology can help deliver, it carries with it 
disturbing overtones of unwarranted 'Big Brother' invasion of privacy. However 
despite these obvious and reasonable concerns, both a solution and a precedent 
already exist in medicine in terms of the Consent for Clinical Intervention 
procedures. These control the conditions and permissions under which medical staff 
are allowed to 'invade' their patients body to carry out investigative and therapeutic 
procedures. 

In essence the same form control process could be applied to regulate invasion of 
the personal space and privacy of any individual. 

As with all care decisions privacy rights like all others have to be weighed 
against the benefits that are likely to accrue, whilst protected against abuse by 
appropriate legal constraints. The ongoing concern of all parties engaged with the 
development and application of pervasive computing must be to build-in protection 
at all levels against unreasonable and unlawful misuse of unpredictable and largely 
invisible systems and their evolution. 

9. CONCLUSIONS 

The undoubted problems that the demographic challenge of the predicted growth in 
the numbers of elderly will present nations and their govenmients are aheady 
begmning to surface. However, whilst it has been argued here that technology has 
the potential to provide the means to deliver a solution, it is far from being the 
solution in itself 

Indeed this trap has been fallen into with monotonous regularity, particularly 
where Information Technology has been concerned. Sadly there have been 
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innumerable, well documented failures, where high hopes and expectations have 
been dashed on the rocks of massive delays, cost overruns and fundamental failures 
to deliver systems that actually function effectively in the real world. 

Unfortunately real tools, however well crafted, have to be used in an imperfect 
and ever changing human envirormient that has an infuriating tendency to reject 
what "ought" to be good or at least useful to, or for it. This is especially true where 
professions and professional judgement are central to service delivery and is 
particularly so in medicine. 

In these circumstances it is vital to understand the nuances of the professional 
working cultures and work within them to help develop practical, pragmatic 
solutions to problems that regularly beset them and they would dearly hke to have 
the time to solve. Framework models that map the gist of these problems in ways 
that these professionals can identify with and then help them find a solution that they 
own from the outset have proved far more likely to succeed, than force-feeding them 
a technically evaluated prescription for a complaint that they do not have. 
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