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societies working in information processing, IFIP's aim is two-fold: to support
information processing within its member countries and to encourage technology transfer
to developing nations. As its mission statement clearly states,

IFIP's mission is to be the leading, truly international, apolitical
organization which encourages and assists in the development,
exploitation and application of information technology for the benefit
of all people. :

IFIP is a non-profitmaking organization, run almost solely by 2500 volunteers. It operates
through a number of technical committees, which organize events and publications.
IFIP's events range from an international congress to local seminars, but the most
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¢ The IFIP World Computer Congress, held every second year;
* Open conferences;
» Working conferences.
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rejection rate is high.
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be invited or submitted. Again, submitted papers are stringently refereed.

The working conferences are structured differently. They are usually run by a working
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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, ete.,, 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 Environmenis 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



Xiv

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
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MODELING FRAMEWORKS




A MODELING FRAMEWORK FOR
COLLABORATIVE NETWORKED
ORGANIZATIONS

Luis M. Camarinha-Matos '; Hamideh Afsarmanesh
! New University of Lisbon, PORTUGAL, cam@uninova.pt
2 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
Jramework 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 new 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 following format when citing this chapter:

Camarinha-Matos, L. M., Afsarmanesh, H., 2006, in IFIP Intemational Federation for Information Processing, Volume 224, Net-
work-Centric Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer),
pp. 3-14.



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
modeling 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
background, 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 purposes 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 environment (VBE).
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Figure 1 — Examples of modeiing purposes in VBE .'

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).

VO Management What about my VO?
i Viho are the parners & roles?
MOdallng “What is the I:ldmasganl?’
-Business processes model?
-Compatancies & resaurces?
Constructs Purposes ? ~Caniract & apteements model?

& Tools ? How do | manage my VO?
-

: -Process modela?
~Dacision support machanisms? ©

* Functions
 Processes

Figure 2 — Examples of mbdeling 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 framework for CNO
modeling, four dimensions are proposed as follows:

e 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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e 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 framework:

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. client-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
infrastructures 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 terms of their competencies, profile, potential roles they can
perform, etc.

¢) 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.

¢) Methodologies — typically less formalized than processes, represent the body of
practices, procedures, and rules used mainly by human actors in a CNO. They are
frequently 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 policies, governance values and
associated rules, and enforcement steps. An example can be the internal rules 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 mermbers. 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
modeling 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 | Potential contribution to. deling = -

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

Complexity theories| [FD] Methods for forecasting emergent behavior, trustworthiness, efc.

[BD] Modeling of emergent behavior in advanced networks.

Qualitative (macro) understanding of CNO’s life cycle.

Decision support [FD] Give a basis for developing methods to assist humans in decision making.
Deontic logic [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.

Distributed group | [SD] Facus on inter-group relationships such as power, leadership, etc,

dynamics [BD] Analysis of leadership behavior, hostility, compliancy, etc.
Diversity in work | [SD] Characterization of the diversity of individuals and cultures found in
teams CNOs and analysis of the potential induced by this diversity.

Evolving ontologies| [CD] To capture the evolution of mutual understanding among members of the

network, but still is offering limited results.

Federated systems | [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.

Formal engineering | [SD] [CD] [FD] [BD] Rigorous specifications (mathematical-based) with

methods potential application in verification and synthesis of systems. Very hard to

apply.

Formal theories [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.

Game theory [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.

Graph theory [SD] Representation of the structure of the network — topology, routing, activity,
flow.
[FD] Methods to perform computations on flows and optimization.
Knowledge [CD] Providing visual representations of knowledge which can facilitate
mapping analysis of the CNO and its resources.
Memetics [BD] Help understanding some aspects of the dynamics of evolutionary

processes (cognitive and business) in multi-cultural contexts.
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Metaphors [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.
ML/ Bayesian [FD] Use of probabilistic inference to update and revise belief values.
networks 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).

Multi-agent systems|

[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.

Multi-agent
dependency theory

[FD] [SD] Representation of social interactions among agents — dependency
relations, power relations.

Network analysis

[SD] [FD] Specialized graph theory-based algorithms for application in
network management systems (mostly applied in telecommunication
networks).

Portfolio theory

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

Real options theory

[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.

Scopos theory

[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.

Self-organizing
systems

[BD] Understanding and simulation of self-organizing behavior.
[FD] Help in predicting evolution.

Semiotics

{BD] Model responsibility relationships and commitments.
Prescribe norms and roles — epistemic, deontic and axiologic.

Social network

[SD] Analysis of social and organizational structure of CNOs, including

modal logic

analysis provision of a number of metrics.

Ongoing research may lead to useful results on the inclusion of soft-modeling
aspects.

Soft computing [FD] [BD] Represent and exploit the tolerance for imprecision, uncertainty,
partial truth, and approximation. Particularly important to model human
and social aspects.

Synergetics [BD] Help understanding emerging behavior and emerging values.

Temporal and {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.

Transactions cost

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

theory

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

Web & text mining | [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 modeling 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 [SD] [CD] [FD] [BD] Representation of the main CNO concepts and their
relationships.

Petri nets [FD] Modeling or processes and auxiliary processes.

Workflow [FD] Modeling or processes and auxiliary processes.

UML [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.

~Prasariptive
bahaviar

Figure 3 — An 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 framework 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.

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 mode! 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 fraction of their life time in their setting up
and dissolution. Therefore, earlier research on reference modeling for enterprises did
not need to eclaborate 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.

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 environments, virtual organizations, professional virtual
communities, and virtual learning communities.

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 modern 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
propeities 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.
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224, Network-Centric Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston:
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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).

i_ CH management r

| 1
CH analysis I r CH synthesis ‘
| ]
CH strategical and || CH u;re;‘a};ive CH configuration CH recc
tactical analysis ‘monitoring | | | (static synthesis) iyna

T e T e s e

e

Figure 1. General classification of CN management issues

The most of the CN management issues are multi-disciplinary and cross-linked. 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 environment.
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,
6 | alarge number of uncontrolled internal and external factors,
7 | considerable cross-linking of various CN management models.

DN

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 mode! 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 (Decentralized 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 functioning 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.

General E Cnnceﬁiuél Models Lo d Meta-Mathaﬂuln‘lu
Systems L £ 1 :

Framework : Categories, Definitions, Speciﬂcatiuns; Indicators

integrated

Modeling
Framework

Multi-Agent
Ideclogy

p

- Fuzzy-Logic

. ary
Strategies

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 infegrated 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 control loop in accordance with the oscillations and
deviations appeared (see Figure 3).
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_ | Initial information about B Current information |
ahout the system

L _ CN execttion models
' N

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

Adaptation level What is How can be adopted? Manage-
adopted? ment ho-
rizon
1} Parametric adapta- CN parame- | Capacities reconfigura- Operative
tion ters tion, rush orders, etc.
2| Structural-functional | CN struc- Operations reallocation, Operative-
adaptation tures supplier changing, etc. tactical
3{ Goal adaptation I CN goal Project goal adaptation, Tactical
e.g. delivery delay
4| Model adaptation CN models | Introduction of new pa- Tactical-
rameters, structures, re- strategic
strictions and goals
5| Goal adaptation II CN models | Management goal adapta- | Strategic
and plans tion (mission adaptation)

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

The ways of problems solution in the
DIMA-methodology

Interconnection of static and dynami-
cal models

Categorical-functoral conception
Structural-mathematical approach

Elements' activity and decentralized
management;
Personal (subjective) uncertainty

Multi-agent systems
Evolutionary algorithms

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

Dynamical alternative multi-graph;
Macro-structural macro states;
Multiple-model complexes;

Theory of structure dynamics control;

Cross-linking and interrelations of all
CN life cycle models

Dynamical alternative multi-graph;
Multiple-model complexes

Multi-criteria problems definition

General selection multi-criteria structure

Embedding of the uncertainty factors
into the CN models

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
claborated. Some of the obtained theoretical results 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-
structions development for the CN design and control, and contribution to advancing
of the CN theoretical foundations.
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Nowadays, one of the important subjects of research in the enterprise
modelling domain is the development of a unified language, ofien 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 funguages. We investigate move 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 modelling started in the US in
the years of 70°s (ex. SADT, SSAD, IDEFQ, 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, IEM, ARIS method, IDEFx,...(Petit, 1997),
(Vallespir, 2003), (Vallespir ef al., 2003), (Vernadat, 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 ef al.,
2002), (Doumeingts et al., 1999), (Vallespir, 2003), (Vallespir et al, 2003),
(Vernadat, 2001), (Vernadat, 1999). Moreover, requirements about UEML have
been stated during the UEML project (IST-2001-4229) (Knothe, 2003). The third

Please use the following format when citing this chapter:

Roque, M., Vallespir, B., Doumeingts, G., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-
Centric Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp.
23-30.
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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 allows 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 Figurel, 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 Lauguage B

{.anguage C

Figure 1 — Elementary constructs
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3. CONSTRUCTS COMPARISON

In our approach, we consider the meta-modelling 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
PN.” 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 Ngc elementary constructs (EC;) 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 °C1 N °C, N°Cy=&. 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 — Determination of the elementary constructs

Elementary constructs Correspondances rules
CE,=CinC,nC; |CEs=C,nC,nCy | C;=CE;UCE,uCE;uCE,4
CE,=CinC,N°C; | CE4=°C;nCy,n°Cy | C,=CE; U CE, U CEs U CEg
CE;=C,n°C,nC;y | CE,=°Cin°C,nC; | C3=CE;uUCE;uUCE;u CE,
CE;=C,Nn°C, n°Cy

1 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 [B - (Cy)] noted %(Cy)
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The number of the elementary constructs, in the case of N, constructs, is given by
the equation (1)

Npe =2Ne -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.

Np
> NetLy)

Ny
NEC =|2 -1 _liZZNc(Lx) _1} (2)
=1

Where:
» Ny is the number of the considered languages,
> N(L;) is the number of the constructs of the language L;

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 scems 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 constructs
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 enterprise 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: abstract 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 Contral

Trigger——»E NAME Output input  ——— NAME P—— Output
#

GRAI Activity

Mechanism

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 our 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 simplify, these three constructs can be grouped
into only one elementary constructs which is called Activity.min (3).

Activity.min = {Name, Number, Output} 3
1.* 0.1
1.
1.

ot

s
1.

SADT ACTIVITY 1. GRA! ACTIVITY

.

! &——[RAvE]
[NaviE

1 1

Figure 3 ~ GRAI and SADT simplified meta-models
5.1 Definition of the elementary constructs and the correspondences rules
5.1.1 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
confrol, we can see that this constructs is decomposed in three elementary
constructs®:

ECo=CnMnINTACS

ECo=Cn°Mn°In°TnS

ECi=Cn°MnIATASS

EC, 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 EC, = J. We can apply the same principle of all the constructs
and finally we have also EC; =, EC, =, EC; = J and ECs = O.

N
2. Vel [N
~1(=~

L NL
Npe =|27 D M -1}{2%(&)} (4)
i=1 i=1

3 Support —» S; Trigger —» T ; Control - C; Mechanism — M; Input — I;
Not Triggering Control — NTC
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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.

Input © Support
Mechanism < Support

1. Trigger < Control

2. Trigger m Input

3. Trigger N Mechanism =&
4. Support N Control # &

5.

6.

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 Correspondences rules
EC,=CA‘MNIN“TAS =T S =Tygm W Mugmr, W NTC
ECs=CAn‘MANINT N S=0 I = TyguL
EC;=CAMAN TN TS =My M = Mygmr
EC:="CAMNINTNS=@ C =NTC U Tupm
ECu=CAMA TN T nS=NTC T = TuemL
ECi=CAnMNINTNS=Tum

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).

UEML

pa— | H - —
EETNETFH - s |
= PN e

T S ] — I ‘? |
| 1

NOTRIGGERING | | | !
. CONTROL. | |

1 o
' —— @ ACTINITY SADT —
i ofEERRE | e el

RS T 1

[ACTIVITYMIN]

Fiédfe 4 — UEML meta-model and correspondences rules
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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
systermatic 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
Jfunctional 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" with 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 surrounding 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, allowing 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
cleven 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 virtual 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. Fach 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 from 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 "negeniropy" 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 probiem 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 form 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 rules
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 infrastructure,
product design, sales, human resources and so on, each with a set of rules,
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 from 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 infrastructure 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 cannot 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 sitnations, 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
narrative 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 functions associated with
identity, introspection and equivalence. These can be seen as urges themselves and
have identity as functions 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
s0, 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) narrative.

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 transforms 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 engincered 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 exhibits 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
polymers 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 features.
Alas, the process modeling and enterprise integration community has really slipped
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a decade behind in this. There is no serious effort I know to look at process features
outside of the interoperability 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’ plawning 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 interrelations, cross impacts
and collaborations, engaging distributed and concurrent procedures that
continuously and progressively generate “evolutive” solutions, (Bennett & Dekkers,
2005).
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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 planning 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.



A contribution to a production networks (PN) theory 47

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 attributes 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).

Geometry A
possible placements ’
Master plan

Flow intensities

Work plans /

~—u Sirong directed effects
from / to

=~ ~a Light directed effecis
between objects
{here not further considered)

Figure 1 — Planning 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 (Kiihnle,
2005). Each unit may

O 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.

(1D 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 fulfitment. :

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

¥

2.4 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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Controllar Executo

Figure 3 — Information flows for harmonising goal settings of SoAs,
caused by invalid position of the higher u+1 level SoA

Figure 3 illustrates the communication within 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
applied, 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 fully 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 planning 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 rearranged, 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 (Kithnle 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 (Liider 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 & Bussmann, 2000); Sauter & Massotte, 2001). PA is a mobile agent,
carrying all information necessary for processing orders between ERP and units.
Main decision tasks are the assignments 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 SoAs
(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.

. Overall space of actiity.

Figure 4 — Example of the PABADIS architecture implementation, involving
SoAs and Agents

By splitting up the MES level of the so called “automation control pyramid” into
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
(Kiihnle & 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
attributes 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 suwrrounding Kolmogoroff Spaces (in topology terms, Boto von
Querenburg, 1979), which may arbitrarily “forget” or “remember” attached models

(Figure 5).

Production Networks as Hausdorff Space with Tangent Spaces
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Figure 5 — Production Network as Hausdorff Space with attached the Space of
Activity (Tangent Space) model as used above including derived state/function
observable
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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

an orbit 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 outline 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 list 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 fo
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 fo maintain
their competitiveness and high 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

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

Type 1 Type 2
Intra-Inter Company National/Regional
Networking Models Networking Models

Collaboration as part of a spatial
context, innovation for regional/national

specific territory) competitiveness

1. Simultaneous Engineering 7. Industrial Clusters

2. Supply Chain Management 8. Innovative Milieu

3. Extended Enterprise 9. Innovation Systems: National,
4, Value Chain Regional, Metropolitan, Local
5. Virtual Enterprises 10. Triple Helix

6. Breeding Environment

2. 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 innovation.
Partners 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 Communication 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, innovations 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 carried 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 distribution 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 innovation.

The Extended Enterprise (EE) regards a new kind of enterprise which is
represented by all those organisations or parts of organisations, customers, suppliers
and subcontractors 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 clients 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 innovative 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, partners 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 innovation
(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
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e Industrial
SE ;:L?.Z::ew e New product development lead time reduction Higlizeting
collaboration | ® Integration of the different functions inside the firm ¢ Mechanical
among its enhancing information sharing Engineering
departments i
and also with | WEAKNESSES : Manuf?ctunng
its suppliers « Discsii? : . Engicering
ai eratenas sn’t consider the creation of new knowledge » Bugd
for the new + Doesn’t study the knowledge transfer process among 5 USINess .
product entities, spec!ally e.xtemal S anageimen
development . Col_lal?oratlon‘ wnh‘ l_ucai institutions SllCl;l as
(NPD) associations, universitics and government is not
process considered
1.2 e The firm STRENGTHS * Business
SCM :?:;T;:;ﬁ:m * Reduction of operational costs and lead times Management
and customers | ® Integration of the different functions inside and outside | e Industrial
to improve its the firm enhancing information sharing Engineering
operational * Collaboration increases with the usage of new
processes Information and Communication Technologies (ICT), * Computer
specially Enterprise Resource Planning systems that focus | S¢ience/
on sharing operational information Engineering
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
1.3 EE |  Mainly an STRENGTHS * [ndustrial
(EJ;Lgi;n;]cnt ¢ The collaboration of partners maximises the combined Frgmeming
Manufacturer compe!.cncies of partners to achicv? each partner's e Mechanical
(OEM) which strategic goals and to provide solutions to meet customers | Engineering
tends to needs .
develop ¢ Collaboration increases with the usage of new by M_anufficturmg
closer Information and Communication Technologies (ICT), Engineering
relationships | specially Enterprise Resource Planning softwares (ERPs) | | Computer
with clients WEAKNESSES Engineering
;r;?hc;l(}s::rl;c[r)s ¢ Usually the OEM orchestrates the New Product .
it fidiice Dege?opmcnt (NPD) process, SME's have very little ;AB“S““?SS
ot decisional power o anagement
¢ Collaboration with local institutions such as
associations, universities and government is not
considered
1.4 * Mainly STRENGTHS * Business
ye ggnms?(e;:;;sg . Thq idga of seeing a manufacturing (or service) xzn;g:ggt
suppliers and | Organisation as a system, made up of subsystems each
customers in with inputs, transformation processes and outputs. e Development
the networks | ® Divides internal business as primary and secondary to Studies
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
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into the market linkages with suppliers, distributors and
clients 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.
1.5 * Mainly STRENGTHS » Computer
VE :;o;r}x) ii?;?s ¢ Partners of the VE should be} able to share their core- Engineering
attention to competences (technology, busme_ss process or resources) | ¢ Manufacturing
develop and to develop a new product or service with non- Engineering
integrate core reproducible characteristics in the market. .
competences | * The network has a short life, because it usually satisfies | * Mechanical
of Small and | 3 specific need, usually an specific project is realised, and Engineering
Medium Size | then the Vlftual Enterpnse dxss'olves o Industrial
companies in | * Partners in a Virtual Enterprise model can be Engineering
the temporal geographically distributed and the mode! provides a way
alliance for SME’s to collaborate in global networks. e Business
(SME’s) Management
WEAKNESSES
e Law Schools
» 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.
o National and/or regional policies that enable or reduce
the innovation capabilities of companies are not
considered in the analysis
1.6 e Companies | STRENGTHS ¢ Industrial
BE ?;Ztg:im ¢ The approach proposes a network of organisations that Enginecring
supporting are “prepared” to collaborate, Once a new business ® Mechanical
institutions opportunity is identified a new Virtual Enterprise will be | Engineering
(such as formed. e Manufacturi
iations) anufacturing
assocta WEAKNESSES Engineering
¢ The breeding environment (BE) will need a strong . Co.mpuﬁer
leadership and a common objective to hold together the Engineering
members which will be ready to collaborate. If these o Business
elements don’t exist, the BE will hardly show results.
Management

¢ As members of the BE are not all located in the same
territory/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.

o 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.

* 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 applied 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 policies 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 mode! 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 Milien (IM). It is based
on the hypothesis (Aydalot, 1986) that "Local environments play a determinant 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 Européen 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 innovative 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):

e Firms are part of a network of public and private sector institutions whose
activities and interactions initiate, import, modify and diffuse new technologies

o AnIS consists of linkages (both formal and informal} between institutions

e An IS includes flows of intellectual resources between institutions

e 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-
Government 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 services by transferring technology to local companies enabling a
sustainable economic development of their regions.
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pe 2 Networking Approaches
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2.1 * Companies STRENGTHS * Business
IC Es(;;?:};;izdr:;izn o Proximity facilitates the transfer of knowledge an o Et;?;ﬁf; :
o Strong mfmmfttlon N ) . * Sociologists
emphasis on o A skilled pool of workers facilitates innovation e Political
SME’s o Universities such as Stanford in Silicon Valley and v S
Cambridge in Cambridge have played a key role by
transferring knowledge and by increasing the innovate
capabilities generating hi-tech clusters
WEAKNESSES
e 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
e There is not a unique strategy to develop clusters and
make them successful as each country and region relies on
different cultures and policies.
22 | e Enterprises, |STRENGTHS s Regional
M r;%}zg:iloiﬂ;m ¢ Proximity facilitates the transfer of knowledge an Economists
associations, information
local and « Focuses on the collective learning process to enable
regional innovation
authorities, WEAKNESSES
:’a';g:;fé;'izss and | o Tyis approach doesn’t study the learning process at the
Gt d! company level but in a “macro” regional perspective which
f; dic\'g du:?s is not easy to measure and replicate
: « It doesn’t take into consideration the possible technologies
that can facilitate the collective learning process
23 |e Companies STRENGTHS ¢ Business
IS * ﬁzst?tirt?; ¢ Takes into consideration the policies that can enable or . g::ﬁ?niz:fsm
& i hh:ll“jhcr ]c(:alialzln;:dration at ?ational and regional Ieve]sf‘ ; o Sociologists
. £ Know Be transter process among co Arnies an
% " lovethiheot universities is analysed : B oo * ‘Ig):e‘:iopment
* Considers different units of analysis: national, regional, " P(:ic]ys
metropolitan and local. Studics
* The 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
24 |e Companies |STRENGTHS ¢ Policy
e Research y e . Studies
TH Institutes . Thc entrepreneurial university takes a proactive stance | | ¢ ociologists
o TUhniversities in putting kn(_}wledge to use and in broadening the input | | Eeotiontists
e Government into the creation of academic knowledge.
WEAKNESSES
*  Non-successful case studies of new products developed
under this approach are rarely described
e The collaboration between Universities and Local
industries is rarely studied in detail by researchers
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4. APROPOSED 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

TYPES OF NETWORKING MODELS

TAXONOMY Type 1 ~ Type2

ELEMENTS Intra-Inter Company National/Regional

1 Geography ® Intra-Inter Company e  National or Regional Territorial
Networks net linked to a Networks

territory, partners are
geographically distributed

2 e Departments’ functional Network of local/national:
Collaborating collaboration inside the ° Compamies
Entities company ) . Companies and Associations
e Network of Companies e Companies and Universities
(usually in distributed e  Companies, Universities and
locations) Government
3 Scope ° Operational Costs and . New Product Development and
Transaction Costs Reduction Innovation for regional/national
¢ New Product Development competitiveness
and Innovation e  Collective Learning

° Knowledge Transfer

e  Sustainable National/Regional
Economic Development

e New national/regional policies

definition

4 ¢ Information and e Proximity
Collaboration Communication Technologies | ¢  Development and sharing of
Enabling IcTm) . Human Capital

e  Reduction of costs and lead ¢  New Knowledge Creation
Factors times as a main goal e  National/Regional culture for

° Common goal to develop new Innovation and Collaboration

product(s) o  Governmental Policies

o  Trust s  Trust
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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.

6. REFERENCES

1. Afsarmanesh H, Camarinha-Matos L., A Framework for Management of VO Breeding
Environments, In Collaborative Networks and Their Breeding Environments Eds. Camarinha-Matos,
Luis M.; Afsarmanesh, Hamideh; Ortiz, Angel, Springer 2005.

2. Aydalot P., "Milieux innovateurs en Burope", Paris, GREM], C3E, 1986

3. Barney, J., “Strategic factor markets: expectations, luck, and business strategy”, Management
Science, 1986, Vol. 32, No. 10, 1231-1241.

4. Barney, J., “Firm Resources and Sustained Competitive Advantage”, Journal of Management, 1991,
Vol. 17, No. 1, 99-120.

5. Browne J., I. Hunt and J.Zhang, The Extended Enterprise, Handbook of Life Cycle Engineering:
Concepts, Models and Technologies, edited by Molina, Sanchez & Kusiak, Kluwer, 1998,

6. Camagni R, Innovation Networks, The GREMI Approach, British Library Cataloguing in Publication
Data, 1991

7. Camarinha-Matos L. and Afsarmanesh H., Collaborative Networked Organizations, A research
agenda for emerging business models, 2004

8. EBtzkowitz H. Leydesdorff L. The dynamics of innovation: from National Systems and ““Mode 2 to
a Triple Helix of university—industry—government relations, Research Policy 29, 2000 109~123.

9. Fagerberg 1., Innovation: A Guide to the Literature, Paper presented at the Workshop “The Many
Guises of Innovation: What we have learnt and where we are heading”, Ottawa, October 23-24.2003,
organized by Statistics Canada.

10. Freeman, C., Technology Policy and Economic Performance: Lessons from Japan. Pinter, London.

11. Goldman, Nagel and Preiss, 1995, Agile Competitors and Virtual Organisations-Strategies for
enriching the customer, Van Nostrand Reinhold, 1987.

12. Katzy B., and Schuh, The Virtual Enterprise, Handbook of Life Cycle Engineering: Concepts,
Models and Technologies, edited by Molina, Sanchez & Kisiak, 1998.

13. Lundvall B.A., Natinal Systems of Innovation, Towards a Theory of Innovation and Interactive
Learning, 1992

14. Observatory of FEuropean SMEs, Regional clusters in Europe, European Community,
http://europa.eu.int/comm/enterprise, (2002)

15. Porter, M. Competitive advantage: Creating and sustaining superior performance. New York: The
Free Press, 1985

16. Porter M., The Competitive Advantage of Nations. Free Press, New York, 1990,

17. Ribbens J., Simultaneous Engineering for New Product Development: Manufacturing Applications,
Wiley, 2000

18. SCOR, Suppy Chain Operations Reference Model, www.supply-chain.org 1995

19. Wolf D.A. Clusters from the Inside and Ouf: Lessons from the Canadian Study of Cluster
Development, Paper to be presented at the DRUID Summer Conference 2003 on Creating, Sharing
and Transferring Knowledge, the role of Geography, Institutions and Organizations, 2003.



PART 3

NETWORKING AND INNOVATION




7 TOWARDS A CULTURE OF SHARING
AND EXCHANGE: INVESTING IN THE
INTANGIBLE ASSETS AND INTELLECTUAL
CAPITAL FOR THE LEVERAGING OF
COLLABORATIVE NETWORKS

Bob Roberts
School of Computing & Information Systems, Kingston University, UK
R.Roberis@kingston.ac.uk

Adamantios Koumpis
Research Programmes Division ALTEC S.A., GREECE

akou@altec.ar

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 Furope. 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 environments 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:

s Overdoses of formalisms and structurally rigorous platforms that only partially
work and provide useful solutions to existing problems
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Roberts, B., Koumpis, A., 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. 69-76.
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e Lack of investment in the human aspects both from the side of the CN provider
and the user,

e Focusing only on short-term (and therefore short-sighted) results and
deliverables

e  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 infrastructure 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,
innovations cannot be copied or lent by other networks - in the same way that the
future 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 (IAs) 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 validated with
certain hypotheses. From our side, the evaluation criteria related to the following
success indicators:

o 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 [C], 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 [Cs].

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 intended 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
problemy’, and although there seems to be confusion about the distinction between
valuation and measurement, the distinction is fundamental yet not fully recognized
in 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:

e  For the entire CN; and

s  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
beginning 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
technigues 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 inextricably 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
environment 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 sirength 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) furthermore 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

o “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”.

o “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”.

o "4 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 corner. 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 funded for it is trendy, but fo 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:

e 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 laurels 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.

Furthermore, 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 importance 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 formation (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:

e People, and

o  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 ‘resources’.

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 verfically 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 results. We end this paper
with conclusions and future work.
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2. ANETWORK 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), Cortés, (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.



Organizational survival in cooperation networks 79

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=1, ..., n,) and m consumers (=1, ..., my). There are three
different markets defined by the products (or production process levels) Y=1, 2 and
3. Car makers, Carburetor suppliers and Clutches suppliers can be defined as
examples of these types of markets or industries (as in Swaminathan, 2002).
For every product or production process level (Y=1, 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 J in instant 7 that is necessary to produce the product ).
In every step there will be an accumulation of knowledge k given by:
Ky =Kiy"™ +AK;y'
with, Ai,Y fe AK;,Yt =W ;’yt + zad‘(i.i)w;,y
jeNu
where § is the transferability factor, (i.e., the parameter that measures the share of
new knowledge which is effectively transmitted through each link); 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: d,'(i,j)=[1- d,"" ‘(i,j)]-d," (1) [1- d*°(i,j)], 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

d,/(1,2)=[1- 0.51-0.5-[1- 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:

n /by . . . i
utj (Xt1'j, s th,j) = [Z A:.xt;‘;] The constant bj is an indicator of the association
par]

of the products in the market: bj=1, indicates that products are perfect substitutes.
The guantities for the demand of product i by consumer j at time t are represented by
X' . Consumer j wants to maximize u'; under a budget constraint:

n

t t 7o . .

max uj (X', ..., X%) such that: Zp},px ij S R; where R/ is the income of consumer j
=

in time t and p}‘i 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:
P_t = (Af )b‘i R:werage
! X‘ 1-b; "y
( 1-) z ( A: .Xt,)

I=1

b

Production costs

The profit of a firm is obtained multiplying the quantity sold by the difference
between unitary price and unitary cost. g(w") is the function of the effort needed to
create knowledge. We have assumed that g(w')= 0.5 (w')* and that c'; is the cost
function of firm i at time t and will be modelled as: ¢ = c-Ak{', where ¢ is the
marginal cost and cY is a function of the i" firms’ cost at time t; ¢} 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): m'=(P'- c+Aky")-X%-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 [DS, ; DS,], then the organization will have higher probability to stay alive.
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 DS;
(where DS; and DS, are respectively the lower and upper bounds of the density
survival interval). The same idea applies to the process of founding where DB, and
DB, respectively are the lower and upper bounds of the density founding interval.

Every firm i must also decide about the quantities X'; 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
o greater than 1, otherwise, they will decrease: >0 =>a>1 1" <0 =D a<l.

Investment in R&D/innovation and Cooperation
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As stated before, innovation at instant t (wit,y) depends on the accumulated
knowledge by the firm. In each iteration, we consider that, if n'>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‘i,j, between two firms where firm i chooses the firm j
that maximizes the value m';;=[1-d'(i])]. (i) 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 n';/ K';y ) in some
different phases of the production process. For example, if firm / has higher
profitability in the stock of capital than firm j, considering the product Y=1, but firm
7 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 (TCti / Kti,y=[)> (ﬂtj / Kt,',y=1) and (’Eti / Kti’Y=2)< (’J'Ctj / Kti’y=2) then =>
cooperation {(see example in table 1).

5. RESULTS FROM NetOrg

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 (Py) 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 (DS,=5; DSr=1; DB,=3; DB=1). Knowing that R is the
average income of the consumers of each market, the number of initial firms was
defined by: R

n:——-—-t—-.
kaKi’Y

5.2 The emergence of networks

A different n was computed for the three different markets (in average n;=3, n,= 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 n';/ 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,

Cooperatin | Production Profit / Knowledge Stock Region
g firms process
Firm Firm
#11 Fm2| 1 Fim2 |7/ Kiyar 15/ Kivar 75/ Kye 75/Ky=2 | Firm1 | Firm2
1 24 1 3 25,73 40,56 44,83 35,62 2 1
2|2 24 1 3 16,31 22,32 28,05 19,56 2 1
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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.

Predicted
Covariate Sign Coef  se{coef) p-value
Contemporaneous -
Density -0.046 0.00992 0.0033
Density at +
Founding 213.77 0.0567 0.0000
Size " -0.021 0.0013 0.0022

We have compared the sign of the coefficients with those obtained in other works
{Mata, Portugal and Guimarfes, 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 this
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 firms 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 1o 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 draw together
small firms who 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, rules 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.

Please use the following format when citing this chapter:

Beckett, R. C., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric Collaboration and
Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, I1., Ollus, M., (Boston: Springer), pp. 85-92.



86 NETWORK-CENTRIC COLLABORATION

e 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 VERAM

Each layer build
upor }he previous

Contingency factors Roles, Legal environment,

Sockal
Standards, Technologles

Re-usable
components,
models &
knowledge
for VEs

Guidelines

Barticular level

Specific : e i
components, L E imple- VE Operational
models & rentation Models ICT environment business
:rgﬁmav%f a for VE ' operation

{+ r il

Figure 1 A technology enabled VE capability model
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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-
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organizational knowledge transfer. Zahra 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 (Jack 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 connection with causal
ambiguity, Cohen and Levinthal observe {4,p136] “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 firm.

Capability Acquisition Action
Component of Requisite Business Technological
Absorptive Capacity Capability Capability

" Investment - Invest in distributed - Invest in technical data
§ capacity (e.g. project management tools exchang§ capability

g borrowing power) - Invest in product and

° a process modeling tools
L i) Time ~ Current - System acquisition and - System acquisition and
§ E resource implementation time implementation time

579 commitment (e.g. | - Application knowledge - Application knowledge
g = people too busy) acquisition time acquisition time

é % - Potential disruption time | - Potential disruption time

g
Language - Familiarity with - Familiarity with technical

B (jargon) and advanced project data exchange and

g sensemnaking management systems modeling tool

> terminology and practices | systems terminology and
B practices

‘; Learning process | - Understanding how to - Understanding how to
i) skills and operate advanced project operate data exchange and
% Experimentation management practices in modeling systems in the
2 capability the context of the current context of the current

K5 business business

& Background - Being able to leverage - Being able to leverage
: competency & project management technical data systems
e experience to knowledge to operate in knowledge to operate in an
2 N obtain leverage an extended enterprise and | extended enterprise and to
E 2 from new to tackle projects with develop new internal

g % knowledge significant uncertainties in | business capabilities.

8 what to and how to do it.

Table 1: 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 mot 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 Tablel) through manual interfaces.

In the context of figure I, it was found 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

e 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

s 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 p133]- “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 heiped direct the technology providers
towards open source, freeware 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 with 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
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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 firm. 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-quality 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 intelligence 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 intelligence embody the most important aspects of the vision.
The term ubiquitous computing appeared chronologically at first just before the

Please use the following format when citing this chapter:

Serrano, V., Fischer, T., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric Collabo-
ration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 93—100.



94 NETWORK-CENTRIC COLLABORATION

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 service for users.

Ubiquitous network refers to the environment 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 environment (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

Qur conception of pervasive intelligence derives from 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, ie. 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).



Contribution of pervasive intelligence to collaborative innovation processes 95

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 innovation processes and the creation and
management of knowledge.

4.1 Innovation System Structure

Cyclic models represent dynamics and flexibility of innovation 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, innovation system structures should be modelled in a cyclical
form as outlined in Figure 1.

Three different levels of innovation, ie. (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.

& MMS
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»PPIS

+CIS,
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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 new 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
similar 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 result 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 (living 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 suppliers 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 wubiquitous 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
itegrated 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 reality
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 the 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
Ubigquitous 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 becanse the prototype transports 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 environment 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 Planning 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 innovation 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 Virtual 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 Plllars based on Osterwalder Ontology [?]

Pillar. | Building Block ||| | Definition =
Fruducl Multi-value Proposition Value offcrud to thc stakchald-.rkuslomer (What).
Multi- Target Stakeholders Target stakeholder/customer and target market (Who).
Stakeholder Distribution Channel Channels to reach the market and the customer/stakeholder.
Interface Stakeholders Relationship Links and strategies to maintain customer/stakeholder relationship.

Activities and resources arrangement necessary to create value for the

I\‘rrl]grrgsrmcture Bl Valee Configuration customer (Value Configuration - How).

. VBE Capabilities Capabilities will be integrated to underpin the VBE value proposition.
T Partnership Strategic alliances, joint-ventures and long-term partnerships.

Financial Cost Structure Costs incurred in the creation, marketing and delivering of value.

Aspects Revenue Model 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~ Muln Value Proposmon Deﬁmtmn fcr a VB]:

A VBE oft’er m its members a set of services for col]aboratlon and mtewatmn thut supporr. the creatlun

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).

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 management tools; performance measurement and monitoring
tools; decision support tools).

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

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

VBE
Member

YO
Brokerage
Team

Support
Institutions

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

“base” long-term cooperation agreement [1]. Table 3 presents main VBE
stakeholders with their main characteristics and needs.

Table 3 — VBE Target Stakeholders

_ Stakeholders | _ Examples of stakeholders ! d
" Lar;,e, Medium and Small Enterprises = Identify its competeuctes and capabilities
VBE *= VO Broker (pmc!uctsr’servmes human resources, )
Member * VO Planner or Integrator physical resources, ICT, process, practices).
* VO Coordinator * ldentify their specific needs.
= Support Institutions = [dentify its location.
YO = VO Broker = Identify its brokerage capabilities.
Brokerage * VO Planner or Integrator * Identify their specific needs related with the
Team * VO Coordinator brokerage process.
* VBE Advisor, VBE Service provider and * Identify its offer of products and services.
VBE Ontology provider * Identify its competencies and capabilities.
Support * Industrial Associations, Chambers of * Identify their specific needs.
Institutions Commerce, Regional Development Agencies
= Universities, Government Entities and
Financial Institutions

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 established 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 channel. 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 trust-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 Piliar 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 frust 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 achieved 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 Mult1 Value Conﬁguratlon Deﬁmtlon for VBE 'Viembers _

Value Type ‘Receive - Offer
* Opportunity to increase incomes as resu!t of the . Competenues in terms of resources,
participation in business/collaborative processes, practices, products/services and
opportunities. associated partners.
* Access to VBE services at a low cost. * Joint purchases to increase negotiation
Financial * International marketing. power.

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.

* Branding transfer.
= VBE membership payment.

Technological

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)

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

= Professional advice to other VBE
members.

= Technological assets that could be shared.

Opportunity to receive training,
Help in the definition of best practices during the

* Contribute to the body of knowledge of
the VBE.

Knowledge evaluation in VBE recruitment process. » Share best practices and lessons learned.
= Knowledge transfer between VBE members.
* Development of relationships between VBE = Openness to start relationships between
Social members and support institutions, VBE members and support institutions.

Development of collaborative culture. * Individual social and cultural values.

Reduction of risk in project collaboration.

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 commissions 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 shows 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 e*value tool [4] and gives a practical
idea of all the actors involved in the VBE and its value transfer.
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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 rules 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 rules for good acting and conducting,
including the ethical behaviour (ethical code) and culture. The ethical code will
support trust 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,
trust, 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 from 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 rules 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 suppott 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/reassignment 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 rules 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 rules 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 moralfethical
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 technigues, 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 Jast 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 conumnunal 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 suppliers, 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
application 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 (CNQ). The aim of this paper is to compare
the two approaches to Value Systemns 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.

e 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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e 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 channels 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 illustration 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
mdependent entity that adds value to the system doing value activities. An actor can
be an economic or and legal entity that engage in business transactions. 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 connections 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 connections 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 parallelism 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
function.
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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.
o 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.
s Cognitive norms are associated to the attitude of adopting a degree of
believe or disbelieve - Epistemic attitude
e 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 human 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 Intrinsic Value.

e 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, rules and laws.

e 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 ( socie-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 for management through life-cycle

-Simulate several scenario of Value
System in order to decide for the best
scenario.

-Select partner that can contribute to the
Value System.

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

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

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

-The Value System model it’s the base
tool for planning activity.

-Value System model can be used to
monitories performance.

-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.

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

-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 (Wiendath, 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
attributes 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 research 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 literature concerning the inter-organizational network field,
demonstrates the relevance of knowledge-based (Conner 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) define as one of the four main drivers for collaboration (e.g., the
collaborative advantage, the regional advanced, the innovation 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 attainment graph (i.e. logical sequence of production and administrative
activities), and (i) 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 full 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, Giannoccaro, 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 services) 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, (¥) an industrial scenario involving a set £ of z enterprises, E =
{ey, ..., e;} and (i7) a business process P consisting of a set 4 of k activities 4 = {qa,,
.., @;y 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 h finite capacity resources is given (i.e., R = {ry, ..., r4}), and for each activity ¢; a
specific resource requirement v;, is defined (i.e., for all @, w € 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 known.
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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 internal 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 = {cy, ..., ¢,} globally accepted between the
collaborative enterprises.
» The k sub-sets Ci, ..., C; representing the set of competences required for the
execution of each activity in 4 (i.e., at each o, A is associated a sub-set C; <
0).

» The z sub-sets 5,- c C representing the set of competences declared by each

enterprise e; according to the standard codes.

* The parameters & providing the degree of capability of enterprise e, respect to a
specific competence ¢;. &y, is a positive value in [0, 1], where 0 means ¢; has not
the competence 4, and g, = 1 means e; has the competence /; the value g is
defined by using a comumon scale of values (accepted by the collaborative actors).

4.1 Model hypothesis and assumptions

The foliowing hypothesis can be formulated:

= Each sub-set C; can be modelled as a binary vector u(a;) composed of w elements,
where the A-th element (i.e., u(a;)) is equal to O if activity a; does not require the
competence ¢, for being executed, and is equal to 1 otherwise.
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» Bach sub-set C . can be modelled as a vector v(e;) composed of w elements, where

the A-th element (ie., v,(e)) is equal to O if the enterprise e; has not the
competence ¢, and is equal to a positive value g, otherwise. In particular, g,
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(a;) represents
exactly the competences required for executing a; while assuming the capability
respect each competence ¢, € Cequal to 1 or 0, that is considering the same scale of
values of g, (where ¢, equal to 1 is exactly the maximum (desired) value).

Furthermore, the definition of the two vectors u#(a;), and v(e;) is required since
this work mainly focuses on two relevant aspects: (1) which enterprise 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;, ¢;) of w elements where the 4-th element is
computed as follows: gi(a;, ) = min{uy(a;), vi{e)}. Vector g(a;, e)) extracts from
vector ve;) 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 e;e E the vectors g(a;, €),
and calculate the Buclidean distance between g(a; ¢;), and u(a;). Below is the
standard Euclidean distance formula between vectors g(a;, e;) and u(a;).

1

k 2
euc(g(ai ;ej):u(a,')) = (Z(gh(aiiej) = U, (a,'))z)
h=l
Due to the distance function, the following parameters are introduced:
wy = euc(glay, e)), u(ay))
Each o, represents the capability of ¢; w.r.t, the execution of the activity a;.
4.2 The optimization model

The model considers the binary variable x; equal to 1, if it assigns the activity ; to
the enterprise e; and 0 otherwise, for all ¢ € E, a; € A4, and the problem can be
formalized as follows:

min EieA Z/‘eE @y Xy

5.1
Dyer X; =1 Vied )
x;€{0, 1} VjeE YVied 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
assignments 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 gy,

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 a,, a,, a3, a; (i.e., k
=4), and is given a global accepted code of w competences, C = (c¢y, ¢z, €3, €4, Cs,
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¢s, 1, C3) (L.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. wa)=[1,1,0,0,0,0,0,0], (a)=[0,0,1,1,0,0,0, 0], u(a3) =0, 0, 0,
0,1, 1,0, 0], and u(ay) =10, 0,0, 0, 0, 0, 1, 1] represent the vectors of
competences required for a,, a;, a3, and a,, respectively.
2. v(e) =[03,0.8, 0.1, 0.8, 0.3, 0.4, 0.6, 0.6], and v(e,) = [0.6, 0.1, 0.5, 0.7,
0.8, 0.9, 04, 0.9] represent the competence vectors of e, and e,
respectively.

Given the vectors mapping the competences, for each e;, and for each a;, the
vectors g(a;, e;) can be computed.

glay, e1)=10.3,0.8,0,0,0,0,0, 0] glas, e)=10,0,0,0,0.3,04,0, 0]
glay, e2)=10.6,0.1,0,0,0,0,0, 0] glas, e2)=10,0,0,0,0.8,0.9,0, 0]
glas, 1) =1[0,0,0.1,0.8,0,0,0, 0] glas, 1)=10,0,0,0,0,0, 0.6, 0.6]

gl e2)=10,0,0.5,0.7,0,0, 0, 0} 2(as, €2)=10,0,0,0,0,0,04, 0.9]

Then, the Euclidean distance is calculated, as follows:

euc (gay, e1), u(ay)) = oy = 0.73
euc (g(ah eZ)a u(al)) = W= 0.98
euc (g(ay, €1), u(ay)) = @y = 0.92
euc (g(as, €2), w(az)) = @y = 0.58

euc (g(as, 1), u(as)) = w3 = 0.92
euc (g(a3a 32), u(a3)) =Wy = 0.22
euc (g(as, er), u(as)) = g = 0.57
euc (g(as, €3), u(as)) = wyy = 0.61

Therefore, the model is as follows:

min 0.73X“+ 0.98 Xpt 0.92 Xyt 0.58 X+ 0.92 X3+ 0.22 X3yt 0.57 X417+ 0.61 Xap
S.2.

Xpptxp=1
Xop T Xy =1

X3t x;;=1
Xy txp=1

x;€{0,1} Vied, VjeE

The solutionis: xj; =1, x5 =0, %, =0, %=1, x5 =0, x5 =1, x4y =1, x4 =0
and corresponds in the assignment of the activity a; to ey, @, t0 €3 a3 10 e, 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 measuring 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.



128 NETWORK-CENTRIC COLLABORATION

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 connection 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 “an
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.

Please use the following format when citing this chapter:

Ermilova, E., Afsarmanesh, I1., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric
Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 131-
142.
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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 including, 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 (€.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 coustituent gkills 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.

Pro%iuctl O______l
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delivers [1] [Iin]

Process}og"_wf_m_m_Competencel— needs —¢o Task

l ; [1:n}

is-carried-out-by [1:n] needs

(L [t:n]
Skills
(Technology) l

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 establishment, 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 IECOS (Mexico),
Virtuelle Fabrik (Switzerland), Toolmaker Cluster of Slovenia (Slovenia), GIZ ACS
(Slovenia), and VIRFEBRAS (Brazil).

From the analysis of the answers to QI, 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, performance
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
questionnaires 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 profile 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
information can be either directly performed through structured questionnaires,
or indirectly through text-mining of member’s documents (e.g. web-sites,
brochures).

The above requirements are applied 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 IECOS
network. In summary, the following suggestions were proposed by the contacted
organizations to improve PCMS functionality.



136 NETWORK-CENTRIC COLLABORATION

~  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 medels 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 IECOS, a running network of
manufacturing organizations (IECOS URL). 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 controlled
set of interrelated and interacting activities that uses resources to transform inputs
into specified outputs (Davenport, 1993), (IS09004:2000, 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 which 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 human resources, 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
information.

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 Figure 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, innovation 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 amalysis. 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.

| Member’s | VO's VBE’s | VBE members and VOs’ profiles catalogue
profile profile | profite | - s

Manual / Semi-automatic:

— Obtaining the profile data

— Creation of the profile
i — Updating the ontology

Updating | Manual / Semi-automatic:

Rt | = Obtaining the profile data

— Updating the profile

— Updating the ontology

Creation

Structuring | Automatic ontology-based | Automatic ontology-based sorting of the
' .| structuring of the profile (e.g. | catalogue:
| structuring competencies in the | — by individual (e.g. city) or combined (e.g.
profile  according to the | city + competency) elements of the profile
B competency classification) — by ratings (e.g. financial rating)
Search & | e — Specification of values for any set of the
Retrieval : 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)

— Evaluation of a — Ontology based Gaps identification

member by different — Supporting retreat or adding new VBE

criteria members for gap elimination

—Suggestion of new — Ontology based “building” of new

competency competencies in VBE, out of the existing
| directions : 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 VBESs, and (3) supporting the PCMS functionalities (see Table 1).

The current PCMS ontology is constructed fop-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 Protégé is presented in Figure 4.

The use of ontology for the PCMS functionalities is addressed in Table 1.
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. Figure 4 — Ontology for pféﬁles 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 from 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).

.
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Wenual changes by experts _WE ISR FYGE
(e.g. VBE member's /
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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 questionnaires 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 replicable 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 industry 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).

Fig. 1: Re-organization of the supplier network

In consequence, the strategic suppliers are commissioned to deliver 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
suppliers 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/Bernhard, 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.
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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



145
Competence profiling in virtual companies

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, construction 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 (Erpenbeck 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 seif-organized

e 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.

Activities Personal Competence Activity and Acting

Competence
w Appraisal tasks, e.g. appraisal of the time u Self-responsibility w Ability to work under
= |nformation processing (e.g. analysing, combining) = Operational readiness pressure
m Thinking and decision-making processes = Discipline ® Result-related acting
e " {
Activity Features Social-Communicative Professional and
Compet Methodical Competence
= Alternating working times u Ability to work in a team|m Analytical abllities
w Social strain and conflicts u Ability to solve s Systematically methodical
m High responsibility problems processing
" = Ability to communicate |m Professional knowledge
L] ..

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

sense of dut 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
implicitly 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 facilitates 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 instruments 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 current 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).

Project
level

vC
level

Evaluation
level

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.
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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 current 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 further 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
networks, are considered as a key organisational form of enterprises in the
21st century. A scientific approach is provided by networks based on customer-
oriented, directly linked, smallest autonomous business unils 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 planning 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.
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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 assunmptions 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 mformatlon 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. (Miiller 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 Miiller 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



Collaborative planning in competence-cell based networks 155

behaviour (e.g. agreements on offer generation, agreements on cost allocation) and
via the pooling of capacity (e.g. commmon 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. (Miller 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.
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Figure 3 — Planning concept with Holistic Planning Method (Miiller 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. (Miiller 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 (Miiller et al., 2004). Those are the
consideration of missing planning competences in non-planming Competence Cells,
small funds and heterogeneous software environments. On the other hand a holistic
approach, internet-based comnecting of Competence Cells and Participative Planning
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 (Miiller 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 planning are
supported by the planning 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 planming, 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
Jor 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].

Please use the following format when citing this chapter:

Msanjila, S. S., Afsarmanesh, H., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric
Collaboration and Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 161-
172.
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In economics, decisions about trust 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 truth-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 security, 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 bhave observed and pointed out that trust is multi-criteria and thus
trustworthiness cannot be measured with a single value. As presented later in section
3, trustworthiness is measured for different objectives, from different perspectives,
and in terms of the values of a set of trust criteria. Thus we address trust 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]. Trust assessment and creation is
among the important subjects that need imnovative approach and mechanisms. This
paper addresses the assessment and creation of trust in VBEs.

2. TRUST IN VBEs

In this section we address the question of who needs trust and the challenges that
must be addressed to realize trust in VBEs. We first start with the base definitions.

2.1 Base definitions

In this section we provide definition for the following terms: trust actors, trust
criteria, trustworthiness, and trust relationship.
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Trust actors: refer to the two organization parties 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 #rustor. 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 infrastructure,
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 connectedness 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:

FAI- 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 environments, 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.

FA3- 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. FA3 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,
FAT1 is further addressed here,

3.1 Trust perspective pentagon for FA1

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 trust another VBE member, support for acquiring the needed
information and mechanisms to acquire the information in every preferred element
must be provided as indicated in trust perspective pentagon (Figure 1).

Organizational

Financial/
Sl Economical
Behavioral/l {
Managerial N Technologlical

Figure 1: Trust perspective pentagon for FAI.

3.2 “BASE” and “SPECIFIC” trust criteria for FA1l

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).
Perspective | Requirements | BASE Criferia
Size of an organization
1. Organizational Organizational strength Organization coverage
Competences
Personnel expertise
Community participation Activities participated
2. Social Community service contribution
Community compliance Cor ity standards complied
Cash
Capital Physical capital
Operational capital
Cash in
Financial stability Cash out
3. Financial / Profit/Loss
Economical Operational costs
Cash in
VO -Collaboration based financial | Cash out
stability Profit/Loss
Auditing standards
Financial standards Auditing frequency
Network speed (Broadband)
Interoperability
1CT- Infrastructure Availability
Protocol supported
4. Technological Technology standards Software standards
Hardware standards
Security standards
Operating systems
Platforms Programming languages
Applied in VOs
Platform experience External project applied
Duration held
Years in power
Stable management Management structure
Frequency of power change
5. Managerial / VO-Collaborative behaviour VO opportunistic behaviour oceurred
Behavioural VO successful collaborations
VO participation as organizer/leader
Reliability Quality
Adherence to delivery dates
Table 1: Examples of base trust criteria.
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BASE trust 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 trust 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 trust (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 validated by experts in ECOLEAD project and
existing VBEs (VF in Germany, Virfebras in Brazil, and IECOS in Mexico).
SPECTFIC trust criteria refer to those criteria that are generated and applied for a
specific trust objective. Section 3.2 describes how to generated specific trust criteria.

3.3 Generating SPECIFIC trust criteria

Generating specific trust criteria needs to be achieved by trust experts
knowledgeable about the VBE. At the highest level the process of establishing trust
relationship is characterized by a set of trust objectives. Each of these trust
objectives is characterized by a set of trust perspectives. Trust perspectives for FAl
are shown in Fig 1. Based on the trust objective and preferred trust perspective, trust
requirements are then identified (Fig. 2). Also, for each requirement, the specific
criteria are identified. Metrics and constramts for each criterion are then specified.

coresranae et Tl
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Figure 2: Abstraction hierarchy for the trust establishment in VBEs.

To further describe our approach, consider the case where the partrner selection
process at the VBE has made a list of suggestive VBE members that can fulfill VO
requirements. Then, the planner of that VO needs to measure the trustworthiness of
the suggested VBE members for invitation decision. Suppose that VO is focused on
online selling of movies and therefore, trusting the capacity of the ICT infrastructure
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 trust 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.

S
Barallel Sorver caﬁai:ity
‘1"“&‘;"‘)‘9"_'89_ (MB/sccond) R
e + - Downloading time:
o o0 rafficking /:.- \. (Se??l}émﬁ?. +
pOutoforder s, 4 capacity Campletion
ey AR sscona) 3'  tie
- . (scconds/MB )
Nurnber'?f- serversio. =+ - Queing time A
@oy ﬂ—‘ (scconds/MB)
Metwork speed 5 F'&;q{lgéét rate B Habis
7 + : L _ S Metwork availability
MNo.) S (MB/second) W= (failures/hour)

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 factot/criterion are considered for the equation. For
illustration purposes (short forms in table 1), we provide three examples.

Example 1: 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 shown 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/dimanaly/
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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 t1 to t2 (equation 3).
TC=NS*PD*SC ()

d d d d @

- TC=(PD* SC)Z NS +(PD* NS)E SC+(sC* NS)(—}; PD
arq H d o) o d A wd ®)
! (-d—tTC) = I, [(PD * SC)E NS) + j. ((PD NS)ESCJ + jx ((SC Ns)E PD)

Example 2: Formulating equation for completion time (CT)

Similar to example one, the respective three equations for CT are as below:

- 4), d d d 5),and ¢ 2 2 6
cr=or+pr (4) der-ordpr (5) j(%cr}j(%grﬂ(%m} (6)
Where QT is queuing time and DT is downloading 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.
is (7) and ore_ER (8)
7c “{rc - RR)IC

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:

it I

DT =

CT=— bt )
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_m_1_queue.htm
* http://www.itl.nist.gov/div898/handboak/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 purpose 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 10MB/s.

1.00086-8

1.00056-8:

ar

1.00048-8-

1.0002a-8

o 20 40 &0 80 100 o 20 a0 B0 €0 100 6 20 40 60 &5 100
Time Time Tima

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- Transparency and
related fairness related
VBE component- ’ . VBE-self-
related

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 s 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, FA3, as described in section 2.2, is further 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 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,

x  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 VBESs, are the creating, assessing, and managing trust [Camarinha-Matos,
L. M.*, et al 2005].

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.
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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 resilient 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 environment new methods and techniques of trust
building has to be developed, as the conventional rules cannot 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 format when citing this chapter:

Mezgar, L., 2006, in IFIP Intemational Federation for Information Processing, Volume 224, Network-Centric Collaboration and
Supporting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 173-180.
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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 comnmnication 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 wireless 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 understood 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. Trust 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 frustor’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 abandonment 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 feeling 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):

o  Confidentiality: Protects against disclosure to unauthorised identities.

Integrity: Protects from unauthorised data alteration.

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
contro! 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-term relationships there are four factors that are influencing trust
building (Rocco, Finholt, Hofer, and Herbsleb, 2001):

e greater investment in building trustworthy relationships,

s more time to establish trustworthiness through routines and culture,
e  more communication channels,

s 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/information 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 from 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:
e 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. This 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 relies 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. username 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
systen/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.

6. REFERENCES

Bos, N.D., Olson, J.S., Gergle, D., Olson, G.M., & Wright, Z. (2002). Effects of four computer-mediated
channels on trust development. In Proceedings of CHI 2002. New York: ACM Press.

Cheskin, (1999), eCommerce Trust, A joint research study with Studio Archetype/Sapient and Cheskin,
January, hitp://www.cheskin.com/p/ar.asp?mlid=7&arid=10&art=0

D’Hertefelt, S. (2000). Trust and the perception of security,
http://www.interactionarchitect.com/research/report20000103shd.htm

Fukuyama, Francis, (1995). Trust — The social virtues and the creation of prosperity, The Free Press, New
York,.

Handy, C. (1995). Trust and the virtual organization, Harvard Business Review. 73(3), 40-50.

Harrison, D., McKnight N. and L. Chervany. (1996), “The Meanings of Trust” University of Minnesota
Management Information Systems Research Center (MISRC), Working Paper. 96-04.

Himmelman, A. T. (1997). Devolution as an experiment in citizen governancy: Multi-organizational
partnerships and democratic revolutions, Working Paper for the Fourth International Conference
on Multi-Organizational Partnerships and Cooperative Strategy Oxford University, 8-10 July
1997, Retrieved October 16, 2004, from Community Building Resource Exchange Web site:
http://www.commbuild.org/documents/himmdevo.html.

Jarvenpaa, S. L. and D. E. Leidner. (1999). Communication and Trust in Global Virtual Teams,
Organization Science, 10(6), 791-815.

Luhman, N. (1979). Trust and power. Chichester: Wiley.

McAllister, D. I. (1995). Affect- and cognition-based trust as foundations for interpersonal cooperation in
organizations, Academy of Management Journal, 38, 1, 24-59.

Menezes, A.P. van Corschot, and S. Vanstone, (1996). Handbook of Applied Cryptography, CRC Press.

Oviatt, S., (2002) Multimodal Interfaces, in Handbook of Human-Computer Interaction, (ed. J. Jacko &
A. Sears), Chapter 14, Lawrence Erlbaum: New Jersey, 2002.

Rocco, E., Finholt, T.A., Hofer, E.C., & Herbsleb, J.D. (2001, April). Out of sight, short of trust,
Presentation at the Founding Conference of the Furopean Academy of Management. Barcelona,
Spain.

Rousseau, D. M., Sitkin, S. B., Buit, R., and Camerer, C. (1998), Not so different after all: A cross-
disciplinary view of trust. Academy of Management Review, , 23, 1-12.

Schneier, B. (1996). Applied Cryptography. John Wiley & Sons, Inc.

Zheng, J., Veinott, E, Bos, N., Olson, J. S., Gary, Olson, G. M. (2002). Trust without touch: jumpstarting
long-distance trust with initial social activities, Proceedings of the SIGCHI conference on Human
factors in computing systems, Minneapolis, Minnesota, USA, Pages: 141 — 146, ISBN:1-58113-
453-3.



19 IT IS NOT ALL ABOUT TRUST -
THE ROLE OF DISTRUST IN INTER-
ORGANIZATIONAL RELATIONSHIPS

Risto Seppénen and Kirsimarja Blomqvist

Department of Business Administration and Technology Business Research Center,
Lappeenranta University of Technology, FINLAND

risto.seppanen@lut.fi, kirsimarja.blomgvist@lut. fi

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 be
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; Arrow, 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 cannot be high trust and high
distrust in a relationship at the same time. On the other hand, others (e.g., Luhmann,
1979; Priester and Petty, 1996; Lewicki, McAllister and Bies, 1998) argue quite the
opposite, 1.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 controversial 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 Suhb, 2004). It is seen to facilitate information sharing, open
communication, commitment, long-term orientation and conflict management
(Blomgqvist, 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; Kraut, 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
stadies: 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
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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 fundamental 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. Lubmann, (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 traditional 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 assignment 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 cannot 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 information
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. Purthermore, unidimensional 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 simultancous 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 unmet
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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i 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
Gallivan’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.

i al 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 capabilities, 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.

Y 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; Seppénen,
Blomgqvist 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 relationships. 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 lo 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 . Strategic

Tactical :
Collaboration Collaboration

Close
Level of Collaboration
trust

Market-based Opportunistic

Low Relationships Behavior

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.
Ags 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 frust (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 mammer (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 (sce Eisenhardt, 1989). The study contains one
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supplier network and two customers of the network in Finmish 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
suppliers 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.
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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 learning-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 trust 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 learning-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 trust in nearly all of the relationships was enhanced mutually after a few years of
joint interaction.

In the case of three supplier 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 trust. 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 trust 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 trust 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 reliable 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 trust which
enhance the overall interorganizational trust 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
learning-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 trust 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 trust. The addition of mutual
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trust 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 trust is a rare and imperfectly
imitable resource due to its significant degree of social complexity (Bamey &
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.1).

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 trust 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, frust 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 thythm 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 Cf. 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 Institute of Economics and Business Administration, Technical
University of Lisbon, 2003.

Please use the following format when citing this chapter:

Utze, P., 2006, in IFIP International Federation for Information Processing, Volume 224, Network-Centric Collaboration and Sup-
porting Fireworks, eds. Camarinha-Matos, L., Afsarmanesh, H., Ollus, M., (Boston: Springer), pp. 199-210.
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2. THEORETICAL VIEWS ON TRUST

The study of trust 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; Bamey
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 trust 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. trust. In the
absence of trust, institutional controls are available to control abundant opportunistic
behaviour, 3) As opposed to this, trust can be seen as a renewable resource
(Hirschman, 1984; Gambetta, 1988). The prevailing idea is that trust 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 trust are usually long lasting. 4)
Trust building may be bilateral and specific of a particular relationship. Within this
context, trust is an intangible capital, an asset held jointly by both sides. What is
peculiar as far as trust is concerned, when compared to other assets, is the fact that it
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can be built upon slowly and quickly destroyed. 5) Trust 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 normative 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 fundamentally 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 All) and company B and 8
suppliers (B1 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 (OE1 to OE4).

3.2. Trust
From rhetoric...

Trust is, as predicted, a concept full 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) Entreprencur 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
fundamental 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
entreprencurial negotiations. This feeling of loss seems to lead the interviewees to

2 Core companies (designated here as A and B).
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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
entreprencurs.

One of the entrepreneurs remembers that: "It has fo 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 B1)
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 "if 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 entrepreneur 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 suppliers 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 suppliers 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 strength 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 manner. Entrepreneur A2 mentions some negative
experiences due to changes in suppliers: "We've learnt some lessons. The first time,
the product was wonderfil, 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
fomorrow 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
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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
supplier, 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 trust. 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 requires 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 guality is emerging which
diminishes the distinction between companies. But these countries 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 cannot 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 ' 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." (Entrepreneur 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 a just-in-time strategy.

Entreprencurs 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 rules.

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 (bankruptcy), which produces a generalised atmosphere of lack of trust.
Entreprencur A/B reminds us: "I 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 bankrupt 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: rvesponse 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 supplier. 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". (Entreprencur A2). If business takes place as predicted, a
good reputation is spread around (and then you gain the trust of third parties). 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 strong feelings of mistrust. "Today they are here. Tomorrow
they are elsewhere." In other words, a breakdown in personal relationships is linked
to the disintegration of that industry. There is a feeling of lost sense of devotion
connected to the loss of entrepreneurial 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 contracts with important
clients/businesses. In these cases, it is important to gunarantee 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
fulfilling 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 (Camarihna-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 uncertainty 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. AFRAMEWORK 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). Figure 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 functioning. 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 S, 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; iif) these influences cause scale-
limited and low-power oscillation of end parameters of the CN.

Let us examine some other aspects of the CN stability 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.

4. 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 resulted 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

Figure 2 presents conceptual model of the stability analysis for a CN configura-
tion S;. To simplify the picture, we consider only two criteria J; and J; of CN con-
figuration parameters

J(), (@), &0).0) = Wi SosS s, o1l (1)
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where J is a set of CN configuration parameters, x(¥) is an initial state of the CN,
u(?) is a CN execution plan, and &(f),7) are vector functions that defines the mini-
mum and maximum values of perturbation impacts. The point (J3;, J;;) corresponds
with the ideal CN execution plan. Then we introduce the r-environment of the ideal
configuration S;, which borders permissible oscillations of the criteria J; and J,, 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 S; 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 (J3, J1;),
but the plan of agent B; is instable regarding point (Jz.;, Ji;+1). So the CN configura-
tion S; 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 rule, 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.

S. STABILITY ANALYSIS IN DYNAMICS

In dynamics, stability estimation can be performed on the basis of the attainability
sets D (1, To, Xy), where Xj is a set of possible initial states of the system. To perform
such analysis internal D™ (¢, Ty, Xo) and external D™ (¢, Ty, Xy) approximations of D (#,
To, Xo) should be constructed. Let us suppose that a set of admissible disturbances
F(x(1),) is defined as follows:

o 2 -

E/(O<E,M<E7@), j=1...m, )
where {',9) , Y;S?) are vector functions for minimal and maximal disturbances con-
secutively. These disturbances may appear at the stage of each CN plan execution
(uf?), t € (Ty, T, 1= 1,...,n) within some particular scenario of external environ-
ment influences on the CN (&(¥), t € (To, Tj},j = 1,...,m). Let the initial CN state be
x(75), hence examination of its functioning plan u,(¢) is needed. So, the defined vec-
tors and disturbances space (2) for the scenario &(7) are corresponded to the area of
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possible variables of the CN configuration 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:

DT, Ty, X, B, ) 3
The set D}Sé) (T s 1, X, B, u;) is corresponded to the indicators values, which

assess the CN efficiency and stability. The latter we define as follows:
D.(Ig)(Tfazz)aX()aEaui) (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 (J;) and resource-containing (J;) 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 functioning plans u(?), (i = 1,...,n) under disturbances E(7)
the requirements (5) are fulfilled

DT, T,, X, B, u;) < Py, (5),

the u(7) management program (the plan of the CN functioning) is considered to be
stable under disturbances &(#). In other words, feasible J,, 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} (u,(2)) = max min S, (u,(2)), (6)

1Sign 1Sj<m

where S,(1;(t)) — is the area of sets DO(T 031> Xy, 5, u;) and P, intersection;

n — 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:

% =1 Ea.1), Q)
i,(1)eolF, 1), ©)
X, (T5) = X5 J—éu("rf)ERﬁl’ @
T = I (7 (T, 5, (T, % (T)), (10)

where X is a general CN state vector; i is a general CN control vector. The known

vector-functions /7, and A, determine end conditions for X at time ¢= T, and at
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t=T,. The known vector-functions G (55,1,7 )= O and G® (55,5[) <O set main

constraints for the agent operation, p = 1,..., 77’ is a number of agents (local decision
makers) performing control functions.
Now the stable plan construction for full decentralization can be stated as search

for equilibrium program controls of By, By,.., B agents in a differential game.
First, the attainability sets D(T f"’[;)’jep (TO)) for each agent By, B,,..., B, at time
t=T; is constructed. Then an equilibrium point for the system of functions
Pl (00,5, (T ) T)) | over DT, T, 5,(T))% DT, Ty, 5, (7)) x ..
XD(T o D5 Xy (TO))can be determined. Here Brown-Robinson’s method and its

m

modifications can be used. After that management actions#, (¢) , € (To, T for

transition from the initial state X, (7,) =X,,, to the final state X, (7, ) = 55;” ) are

constructed.
The set of agents By, = 1,..., /" is split into the following subsets

o

P
%o 6= LooPs % A g =@, 2, UXc =9, %= (kP X ©BM), M= {1,.., 77 }.
g=1
There is a subset for each coalition (a group of agents B, united into a compe-
tence structure). The set y is called a coalition structure. We have examined three
variants of coalition communication, namely (i) if agents of the coalition y, do not
know coalition structure y or functioning modes of other coalitions ¥ (where ,
¢ e {1,...,P}) in coalition structure ¥, (ii) if agents in coalition . know the coalition
structure y, and (iii) if a finite set R 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 control 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 application
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 Corpégrafo 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 (IOBP), 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
fundamental 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 Enterprise Modelling 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 techmological 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. AMETHOD 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 [S, 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 IOBP it is essential to understand the
management perspective of BPM very clearly.

The method for the linguistic and conceptual analysis included the following
steps:
selection of the papers to be included in the two corpora,
identification and selection of terms using a linguistic analysis tool,
elaboration of two conceptual maps using the terms selected in 2,
analysis of the conceptual maps regarding conceptual similarity,
disambiguation of similar terms in the two corpora.

U e
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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 Corpdgrafo. Corpdgrafo 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 without 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 Corpdgrafo 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 IOBP
but definitely exists in the high-level IOBP 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 unambiguous 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. IOBP, 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
applications, 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 IOBP. 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 IOBP. 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 externally 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 SOA 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 service 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 IOBP from the high level management perspective has the
correspondent SOA 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 modelling 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 rtealization 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 IOBP integrating both the approaches - business and technological -
is still far from being achieved. Modelling IOBP requires specific constructs and
methodologies, and requires a high-level model and the corresponding executable
one for exchanging and merging behaviours, resources and activities. The definition
of IOBP 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 IOBP achieved through the composition of the IOBP. The
main objective of our work is to contribute to the understanding of Business Process
Modelling field focusing on the definition of the IOBP, and for that we will need to
generate a high level model for the IOBP 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



228 NETWORK-CENTRIC COLLABORATION

involved partners, among others. The focuses of research are the composition of
I0OBP, 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 IOBP,
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 that can make quick responses to the market and customer
requirements. This carried out an increasing need for enterprises to get
involved in collaboration strategies. Moreover, new IT organisation, namely
Service Oriented Architectures (SOA), can be introduced to implement opened
and agile information system. To align the enterprise strategy and the
information support system organisation, we present a cooperation model
based on SOA, called service oriented enterprise. Thanks 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 environment, 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 into 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 enterprise
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) (Baglietto et al,,
2005), ontologies (Yang et al., 2005) are generally perceived as core technologies to
successfully deal with these challenges.
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Introducing SOA for enterprises information system can reduce dramatically the
funds 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 defined 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:
e 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 METEOR2 system (Miller et al,,
1997).

s 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.

e A B2B workflow based approach can be derived from 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 intercomnection 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
org