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Foreword

t the TEbon Ewopean Council of MMarch 2000, the Ewopran Union

I =entatives s=t the goal of making Europe the worlds most dynamic

and @ mpetitive knowlsdges-based sconc oy with the nesd © promots an
“Infor mation Zociety for AN One pear Lier, the Gothembwrg Eurcpean Cowndl
of Tune 2oo1 ggresd 2 strategy for sustainable development which completes
the Ewropan Tlnions pol itical comm itoent to o nomic and sodal rensweal br
adding a third, =mv ire no=nfal dimoension to the LEbon straegy.

A n=w approach to policy making was thersfore promoted to snswre that the
economic, secial and snvironmental sffects of all polices wo wd be considered
in a coordinated way. Both the TEbon and Gothenburg strategies placed
competitivenss firmly at the oentre of political attention, and wnderlined the importnce of creating a climate
favo wrable to SMEs and the need to stim wate entreprenewial inftiative in order o achisps sconemic growth and
sustainable depelo prosnt,

The “Metworked Enterprize and Radic Frequency Identification (RFIDY™ unit of the Ewopean Commissions
Information Secisty and Media Directorate-Semeral aines at ficilitating the smegence of futurs busines forms
d=ign=d to sxpoit the opportunities and manage the challeng=s pos=d br the socic-sconomic and technical
devdopmoents of the 21* centwry, B recognises that b usinesses reg uire nee technobogies, applications and s=rvicss to
=nab)e them to work as nebecrked knowledge-bassd snerprisss.

Oine of the characteristics in the knowledge-based sconomy & the ingsasing collboration among snterprises and
economic and social agents, in order to offer inncvative services and producs, but ake © sngage in RS D activities.
Cooperationhas proved © b ansndogeno i faature of Europe,and cnecf it bigg=tstrengths in global o opetition.
Colaborative and inncvaties ressarch has built in Ewrope 2 nee semse of community and commitment & cooperats
towards shaping the future “ubiguitc us information scciety™ The cmmunit spsit has been particularly well
uwndersioodand respected by all stakeholders in thefiskd of the Metwor ked Enterpriss, which s=es indistry, acade=mia,
re==arch centres, governmental hodies and agencis at all territcrial bveks, and md -user 2= ociatio ns singing to the
same tune. Insvitably, technebogicl challenges will ho's © be pairsd with societal challenges. The new standard s=t
br this colaborative spinit call for 2 new oo wres ofactionas itreocgnises that the technodogies and the sconomic and
social aspects of developmant must be inerbeined in order i© achisve 2 sustainablesconemic and social impact.

The Digital Busines Ecosystens { DFE) Injtiative responds ide=ally to this challenge of creating ICT instr uments
together with collabo rative mactioss and paradizms that suppert sconomic growth and include all the socistal and
=conomic actors in theproces, It he been commenly recognissd as 2 e frontiesr for RTD in the knewledgs-has=d
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economy. Indeed, SMEs and local clusters are now competing in a global and dynamic market where they need
more interrelations, more specialised resources, more research and innovation as well as access to global value chains
and knowledge. The research driven within the DBE Initiative supports all these necessities by offering an open
infrastructure that combines human capital, knowledge and practices, technical infrastructure, and the business and
financial conditions - all modelled within the European industrial policy agenda.

The present book is therefore the result of extensive research driven by the DBE research community within the

projects funded by the 6™

Framework Programme of the European Commission. It brings together researchers
from major European institutions and stakeholders involved in the projects of the cluster “Technologies for Digital
Ecosystems”. It presents the projects’ main research and empirical achievements. Consequently, it also discusses the

future perspectives and directions of the European DBE.

This work shows that in a few years - the concept of Digital Business Ecosystems was coined initially in the context of
the implementation of the eEurope 2002 action plan - a new science was born; a scientific community was established;
RTD projects have delivered results that start now to be transferred to the market; and a network of regional digital
ecosystems was established.

This book aspires to be ambitious, focussed, and forward-looking. As a consolidated result of the contributions of the
large number of stakeholders involved in its conception, this book is a renewed commitment of those stakeholders
engaged in the realisation of the long-term vision of the research surrounding the Digital Business Ecosystems
initiative.

We have heard of the business opportunities and challenges that ICT research would bring. The time has come to
realise this promise of fostering the development of those technologies, systems, applications and services that are
critical to achieving higher growth, more and better jobs, and greater social inclusion.

Gérald Santucci,
European Commission, DG-Information Society and Media
Head of Unit “Networked Enterprise and RFID”
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Preface

tthe end of 200z, among the BEC initiatives diming to build a favowrable smeironment for sconomic growth

and social cohesion, support for the adoption of Information and Communication Technokegi= (0TS was

ientified a= playinga key rolein driving the transfor mation of the Ewropean sconemy. Specific r=esarch and
devdopmoent oo ris were directed at fostering ICT adoption on the part of snter o s= and at increasing their use of
ICT-baszed services, leading to improved b imine= networking and greater competithvenes . Howeper, the smergence
of 2 Higital divide betwem Jargs and=mall © oedium-sied snberprises (G1Es) in the adoption of ICT techno Jogies
and ICT servics caused conce n. Thus, strategiss for 4 greater inclusion of SMEs in sconemic and valus-creation
poce=es through greater sxphodtation of ICT became oo re wigent.

The question was widensd to how IO can becomes an instrument of sconemic indusion in the knowledge
=conomy while strengthening the d=mocratic proosmes wpon which we are builling the knowledges sodety. This
means developing T -based soJutions and medss that support a particimtive socisty in which public and private
organiations, professionalk and ind ividua bk comopebe, interact, and collabo rate for their cwn bensfitand for the bensfit
of theorganisations, trams, scosystens andlor comm unitiss they belong o, in order to =nable the particiption of all
Plras inthe knowlsdges sconcmy and in the infor mation s dety.

Ina cpde of online and offline consuhtations and workshos it was gradually recognised that the valws of ICT went
far bepond ICT s=rvices and the pure streumlining of preduction proossses, A lgs part of the valuwes of ICT adoption
ey fves fromits podentialto sxploitand intez rae techne bogical nebe orking, knowledze nebeo rking, and so Go-soone mic
nshworking, snabling the dynamic creation of new connesctions, procsses and moperation betwesn scone mic a0 s.
It ako beame clear that 2 system =nabling thess mulipe kinds of networ king cannet be reduced © 2 Echnokegical
Hatfor mofinteroperablesarvices but showld spo e into 2 procems-crisned architsctursthatcansupporta knowledge-
rich smvironment which & repressniative of the wsers and of their social and sconomicbehaviowr,

Br =xt=nding the ne=beorking paradigm to the knowledge and social laeers, the knowledge, the proceses, and the
ECONLTC Activ ities working in ooo peratio nand oo mpetition oo whd beconceptualissd s the o rganisos of an scospstem
br applring the=cosystem mo=tapho rto their digital representation. Itwas through this scperisnce of mutual dscovery
behween the technical and the socie -soone mic spheres of ressarch that the concept of dizital scosy=tem wa bornand
coupedwith the concept of business acosy=iem to create the Digital Busines Eoosyst=m.

Digital businem scosystens are designed o svohee wnder the preswre of sconomic forees and © adapt © Jocal
conditions. Adaptationand svo Jutionar = mriyachisved by smbedding specifically desgnead spol utic nary mechanis o
into their architscturs and their structure, and partly theo ugh the participation of kcal skeho ers in the proces
of their depelopoent. In other words, digital scosystens asswmoe that the drnamic and self-crganising properties
can only g0 50 fr; echnokegr is alse construced thro ugh the cntinw us ormalkation of the knowlsdges and the
Poceme that the sodo-=conomic and cuttural systems © which it is oo upled sz e . When the echnokgy, being
constructsd, beoomes the medium that facilittes the formalsation and distribution of the knowledge from which
the =ame technobogr smergsd, the mos of ransiormation from the material to the know ledge sonomy acosleates,
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justifying the characterisation of ICT as a catalyst for growth. The Digital Ecosystems research initiative claims that
a further acceleration can be obtained when the ICT is further designed to favour certain processes, such as shared
knowledge production and openness, and to deter others, such as the formation of monopolies. Knocking down the
barriers to distributed cooperative work and shared knowledge production allows the synchronisation of dynamic
social and communication networks over ever-shorter time scales, pushing the ecosystem metaphor towards a
distributed cognitive system and a collective intelligence.

The intersubjective processes of knowledge formalisation and the necessity to include social behaviour and economic
interactions in the ecosystem highlighted the limitations of several default assumptions that tend to be made in
technical fields, such as the existence of an objective reality and the neutrality of the technology and architectural
principles. The acceptance that social and power relations cannot be reduced to an objective logic, but are socially
constructed, had led to research that intertwined ICT research with epistemology and social science. This analysis,
in fact, anticipated precisely what we are starting to observe in recent phenomena such as those encompassed under
“Web 2.0” or the Web Science Research Initiative.

The ability to participate in the shaping of knowledge and in technology production motivates a greater sense of
ownership of the means of socio-economic development, leading to a more active and creative participation of
smaller actors in social and economic processes, with corresponding greater autonomy and empowerment. Where the
accumulation of power and control becomes concentrated into monopolies, the distributed P2P architecture of digital
ecosystems enables them to self-correct by diffusing it again, in this manner preserving the socio-economic structure
that made this emergence possible. In parallel, the processes of governance of the digital ecosystem infrastructures that
are currently being studied and defined around principles of accountability, transparency, identity, and trust increase
our awareness of a shared responsibility toward the common good that can be variously referred to as res publica,
open source, or shared vision. These concepts point to a comprehensive and holistic strategy of socio-economic
development catalysed by ICTs that balances self-organisation with self-awareness, and that relies on fundamentally
democratic processes as an insurance to preserve the results to be accrued from research in the form of innovation,
employment, and market exploitation.

The multidisciplinarity of Digital Ecosystems research

A vision of digital ecosystems able to evolve into distributed cognitive systems, engineered to embed mechanisms of
evolution and adaptation to local needs and cultures, whose content is democratically and socially constructed, and
that enable the economic participation of small producers of knowledge and services, is however extremely complex
and ambitious. Intertwined research in ICT technologies and social science is required to improve the processes and
operations of public and private organisations and to catalyse dynamic and remote collaboration and interaction
between human and digital entities and systems in various structured and unstructured organisational settings, such
as distributed information systems and collaborative environments composed of complex dynamic heterogeneous
networks of human and digital systems. Multidisciplinary research will enable the sharing of knowledge and
practices and the modelling of micro- and macro-economic contexts, which will drive productivity, sustainability,
quality and effectiveness in structured environments while unleashing creativity, innovation, dynamic networking,
and participation in unstructured settings, taking advantage of diversity and multidisciplinarity, and fostering the
participation of all in processes of social construction and economic development.

The Digital Business Ecosystems research initiative, thus, requires the engagement of a research community composed
of computer scientists, social scientists, linguists, epistemologists, economists, political scientists, system theorists,
cognitive scientists, biologists, physicists, and mathematicians in a joint enterprise finalised to define collectively
technologies, practices, paradigms, and policies that can produce tangible results as the basis for a gradual deployment
of a network of digital ecosystems. The implication is that there is need to create working practises of interaction and
feedback among scientists, decision makers and the entrepreneurial world; there is need to implement, demonstrate,
deploy, and verify the impact of pilot implementations; and there is need to deal with issues related to governance and
sustainability at the regional and global scales.

The ecosystem approach facilitates the operationalisation of regional policies in support of SMEs that are not based
on direct subsidies in favour of individual SMEs but are directed towards the establishment of environmental and
structural conditions that empower SMEs, communities, and individuals to participate in dynamic networked global
co-operative business and value chains. Such SME development policies exploit the synergy between the Cohesion
policy, the 7" Framework Programme for RTD, and the Competitiveness and Innovation Programme. “Cohesion
policies reinforce each other at regional level by providing national and regional development strategies showing how this
will be achieved”, as indicated within the EC Community Strategic Guidelines 2007-2013.
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Achievements

In less than 5 years from the initial ideas, we can see that the initial vision is starting to become a reality and the
first tangible effects can be perceived. Ideas that seemed odd in 2002 have now started to be accepted worldwide,
and to be adopted by different research communities and in different policy initiatives. A thriving interdisciplinary
research community is emerging in Europe, with research and academic institutions participating from India, Africa,
South America and Australia. A new “science” of digital ecosystems is being formed, and a long-term vision and
research agenda has been defined. The initial research results have been implemented and engineered within the first
digital ecosystem platform implementations. The first regional digital business ecosystems have been activated. A
large number of SMEs of such pilot regions are exploiting the ecosystem, increasing their competitiveness, proposing
new services and forming new aggregations. An increasing number of European regions are including the Digital
Business Ecosystems within their Regional Operative Plans as operational policy instruments for supporting SMEs
and local development. A large network of regions aiming at implementing regional digital business ecosystems
(REDEN, http://reden.opaals.org) has been established to create synergies within their local business ecosystems, i.e.
networking their enterprise value chains, sharing solutions, applications, ideas and practices.

But, to a casual reader, due to its irreducible complexity and unusual assumptions, the Digital Business Ecosystem
concept and strategy still looks exotic and unfamiliar. This book was therefore partly motivated by the desire to provide
a comprehensive presentation of the DBE concepts by researchers, engineers, business people, regional development
actors and European Commission officers from the many disciplinary viewpoints, characterising this emerging field
of research and development.

Research Areas

Initiating a research area in Digital Business Ecosystems implied several courageous assumptions, which enabled a
change of perspective. However, this also opened up a series of research questions, some of which are quite ‘out of the
box’ We will list and describe them briefly here.

New Value Systems and Business Models. The research, necessarily interdisciplinary, includes policy and social
science, in addition to technology. This decision has been validated by the recent trends in Internet market
innovation, driven by applications that are based on the interactions between people and between companies
rather than only on technological advances: solutions based on network effects and their formalisation created by
an architecture of participation. This suggests the potential for new business models at the intersection between
the gift and the exchange economy. The open source phenomenon is an example of this. More broadly, what is
the notion of public goods in the Knowledge Economy? How does openness compare to patents in stimulating
innovation? How can we couple innovation to social dynamics? How can we amplify the synergies between social
development and economic growth?

Evolutionary and Adaptive Software Systems. Complementing the coupling of social dynamics to the creation of
economic value, the latter can also be increased through the optimisation of the digital technologies that permeate
all facets of human experience. Why do applications and operating systems become intractably complex as they
scale in size? How can we develop systems that learn from the behaviour of their users; systems that are adaptive,
self-organising, and self-healing? How can we design system and socio-technical architectures that reflect a network
of technical and economic processes and operations, and that have the ability to reproduce themselves recursively,
creating, destroying, or reorganising themselves in response to external inputs and perturbations? Genetic algorithms
have progressed to the level of distributed evolutionary architectures coupled to service-oriented architectures, but
there is a snag. The definition of the fitness function is context-dependent. If applied to business models or service
descriptions we run into the problem of semantic matching between offers and requests. In other words, evolutionary
computing applied to business computing and service oriented architectures has been solved only in part. What
remains to be solved is strongly related to the life of abstract entities in a digital environment and to their ability to
represent business knowledge and services, i.e. to formal and natural languages.

Natural and Formal Languages. It is difficult for ICT services to support the firm in the presence of quickly shifting
business goals because software development struggles to keep up with the pace of change of the business environment.
More importantly, the greatest challenge remains to ensure that the formalisation of requirements effected by the
software engineers corresponds to the requirements as understood by business users. A current problem in software
engineering is how to operationalise the connection between business knowledge and requirements, expressed in
natural language, with the software services that express such knowledge and satisfy such requirements, through
the development of appropriate design-time and run-time software tools based on formal languages. Once this first
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hurdle is solved, in order to make the service descriptions and specifications sensitive to the context in which they
will be instantiated we will need to understand how the formalisation of the services and of the business knowledge
can benefit from a formalisation of the context that could be likened to biological organisms and the ecosystems
they inhabit sharing the same Periodic Table of the Elements. The progression toward common standards, itself a
social process, is a simple practical example of this idea. In order to progress from software engineering as a social
process to the self-organisation of digital organisms, and to integrate automatic generation of services from business
process and workflow specifications with the evolution of service species under the same theoretical framework, we
will need to dig deeper.

The Mathematical Structure of Logic as a Bridge between Biology and Software. In order for the virtual life of digital
entities to emerge from the formalisation of the socially constructed business ecosystems, we need to understand,
and ultimately operationalise along the time dimension, the deep connections between the algebraic structure of
biological systems and the algebraic structure of logic. The same DNA molecule that carries hereditary information
down the philogenetic tree is also responsible for the abstract specification of the cell metabolism, including all its
proteins and regulatory cycles. There is strong evidence that the DNA code is related to the theory of Galois fields, the
same theory that underpins Boolean algebras and quantifier algebras. The former is the mathematical expression of
propositional logic, whereas the latter explains first-order logic (FOL). FOL, in turn, is the backbone of some of the
new languages being developed by the OMG. Business rules and business processes can be related to specifications,
which interface to transaction models for the run-time management and orchestration of service execution. One of
the next challenges in computer science seems to point to the integration of the concurrent systems point of view with
abstract algebra and temporal logics toward the definition of a new form of computing based on the concept of the
Interaction Machine as the archetypical abstraction of a digital ecosystem.

Dynamic P2P Architectures and Autopoietic Networks. There are many fascinating open questions about how fully
distributed and P2P networks can support local autonomy whilst guaranteeing consistency of coordinated distributed
transactions in the execution of dynamically composed service workflows. How can we integrate business activities
with an evolutionary environment that can support a distributed transaction model formalised through temporal
logics to guarantee self-preserving and autopoietic networks? How can we plug in virtual vendors that can offer
the same quality of service as the large enterprise retailers? How can we overcome the technological challenges for
providing a large collaborative environment with a fully distributed architecture? How can we design the networks of
the future to cope with heavy traffic, delegate, self-recover, and ensure consistency in the presence of millions of client-
side events whilst avoiding centralised control? How can a distributed transaction model support the recoverability
and consistency of asynchronous and long-lived transactions mediated by P2P networks?

The Evolution of Digital Ecosystems towards Distributed Cognitive Systems. The emergent web phenomena
leverage user participation, but their ownership and governance is still centralised, for instance in YouTube, FaceBook,
Second Life, BlogSphere, Google. Is this a transition phase or a long-term trend? Can fully distributed technological
and ‘power’ architectures emerge? Does intelligence have to be distributed? Are these Web 2.0 phenomena a reflection
of a new consciousness of collective intelligence, or collective identity? If the applications and infrastructures that
support these Web phenomena based on social networking learn from the behaviour of their users, at what point
will the collective intelligence of the users start interacting with the intelligence of the network? What do we mean
by collective intelligence and what does it have to do with regional socio-economic development? How can we foster
the participation of new actors? How can we operationalise the processes of formalisation of knowledge through
social tagging, i.e. how can we go beyond simple tagging? Where do new forms of knowledge meet new forms of
language to create new forms of cognitive processes? How can we develop languages that express the economic
activities and capabilities of economic and social actors as well as aspects of socio-economic and micro-economic
interactions (licenses, business and revenue models, reputation frameworks, organisational structures and aims)?
How can these new formal structures and social processes enable dynamic, networked, and cooperative business
processes, crowdsourcing and global cooperation? How can we develop ICT instruments and formalisms that enable
the description and identification of products, services, human talent, technologies, ideas, and that incorporate
business relations and knowledge through formal and/or social semantics, supporting dynamic, distributed, social,
and business networking construction processes and economic development? How can we integrate technologies and
economic models that support innovation ecosystems that mediate the interactions between the human and digital
dimensions in a context of dynamic self-organisation of socio-technical and economic systems, integrating research
efforts in ICT with social and economic sciences?

‘Who Will Run the Digital Business Ecosystems? Who are the stakeholders? What is the power balance? What are the
rules? Who sets the rules? How can the local rules of the digital ecosystems vary between ecosystems, while still allowing
global interaction among ecosystems? How can we build trust? Who is accountable? How do we go about developing a
governance framework? How do we bootstrap and then preserve the autopoietic properties of digital ecosystems? Can
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we define structural features of the digital ecosystems that will make the emergence of oligopolies naturally difficult
while fostering an inclusive economic dynamic, without having to make recourse to top-down regulatory policy? It is
clear from the foregoing that Digital Business Ecosystems research is not just about software services and technology
platforms, but reflects the richness and the complexity of social and economic relations. In the rest of this book this
integrative point of view is elaborated from many different disciplinary perspectives, as follows.

The Sections of the Book

In Section 1: “Science: New Paradigms”, the authors look at the more theoretical aspects of Digital Ecosystems
research. Following a broad-sweeping discussion of the scientific foundations of Digital Ecosystems, the main
concepts of biological ecosystems are presented in the second article of the section, together with their applicability
to evolutionary and agent-based architectures. The third article then looks at ecosystems from the point of view of
language and linguistics. The fourth and final article of the section looks at business ecosystems and organisations.

Section 2: “Economic and Social aspects” begins with an article on business and technology clusters of small firms and
their increasingly dynamic role in the globalising economy. The second article addresses the challenge of developing
a governance framework for Digital Ecosystems that can sustain the plurality of decision processes surrounding their
social, technological and regulatory aspects. The third article is more economic in flavour and discusses a cost-benefit
analysis framework for Digital Ecosystems, partly based on initial results from the participating regions. The fourth
article focuses on knowledge, sustainability and scalability in open source Digital Ecosystems. The fifth and last article
of the section discusses a regulatory framework for Digital Ecosystems organised around the concept of trust.

Section 3: “Digital Ecosystem Technology” is almost entirely focussed on architectural aspects. From distributed
information and ecosystem-oriented architecture the section includes articles on DBE services, on Business modelling
languages, on the dynamic and scale-free topology of the run-time environment, on distributed infrastructural services,
on a negotiation environment, and finally on a simulation framework that can equally visualise the Evolutionary
Environment and SME networks.

Section 4: “Case Studies of Technology Transfer and Digital Ecosystem Adoption” is focussed on DBE adoption.
The first two articles discuss regional development. The third and fourth articles are case studies from the Regional
Catalysts of the DBE Integrated Project. The final three articles are new and emerging regional experiences of direct
or indirect relevance to Digital Ecosystems from India, Ireland and Brazil, respectively.

The final section, Section 5: “Digital Ecosystem Projects Cluster”, gives an overview of the Digital Ecosystems
Cluster of research projects funded by the European Commission.
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Introduction

This introductory paper summarises the needs and the processes that have led to the concept of digital business
ecosystem (DBE), the impact that this area of research aims to achieve, and the scientific and conceptual perspectives
that have been uncovered by this approach. This area of research and policy development is still in its infancy.
With the progressive coupling of the different areas of knowledge that are related to DBEs and the construction
of a multidisciplinary community, the objectives have evolved since the first paper of 2002, and we now have a
better understanding of the process and the scientific and conceptual challenges ahead. Although the link between
learning, or knowledge transfer, and economic development is by no means a straightforward one, by leveraging an
evolutionary and open knowledge approach we have been able to engage diverse communities of small and medium-
sized enterprises (SMEs) in several regions of Europe in the adoption of state-of-the-art business modelling, software
development, and run-time environments.

The DBE ecosystem community realised that to bring into existence information and communication technologies
(ICTs) that help in the achievement of the challenges identified by the objectives of the Council of Lisbon (higher
growth, more and better jobs, and greater social inclusion (COM 2004)) we needed to widen our horizons with a
more holistic and systemic approach. In addition to ICT, this new approach should consider socio-economic aspects
and the human perception, communication and representation dimensions in one single research domain. This
approach, applied to social and economic processes and their digital representation, is consistent with the changes
in the production processes brought by networks of users/producers (Benkler, 2006), which have clarified the
processes of technological and social innovation and have helped us imagine the development of (post-) industrial
policy (O’Callagan, 2004).

The interaction between research strands in philosophy of science, epistemology,' cybernetics, information theory,
linguistics, and communication theory brought to a revolution in the studies of human behaviour, interaction, and
communications, led by the Palo Alto school (Watzlawick et al., 1967; Bateson, 1972). We do not know whether the
DBE research effort will lead to a new science of the interaction and communications between economic and digital
actors. For a new science similar to the development of the general systems theory (Bertalanffy, 1969), the path
still has to be forged.” But the vastness of the scientific challenges and of the research we are beginning to discern
does not imply that the findings will be transferable to the market only after several years and that such endeavour
will produce a tangible social and economic impact only in the long-term. It has been verified in the field that the
evolutionary mechanisms grounding this research area, even in their initial rudimentary implementation, could be
successfully applied and transferred,? activating services and mechanisms capable of becoming more intelligent and
effective over time.

The different areas of science, but also the actors involved in the process, have just started to communicate and
express themselves using common languages and models. This is also reflected by the division of the book in four
sections: Science, Economic and Social Aspects, Technology, and Adoption, expressed with different disciplinary
languages whose integration is not always visible. It is also reflected by this introduction written in common
by people from academia, public administration and business. Nowotny et al. (2001) argue that knowledge in
contemporary societies is increasingly produced in new, more complex contexts and by an increasing number of
participants. This they term mode-2 knowledge, as opposed to mode-1 knowledge which characterises the more
clear divisions of the institutions of knowledge of modernity. This book presents the state of the art today, the
findings so far, and the initial achievements of the process towards a common understanding; it presents the first
applications to the economy of a few regions, but also the future perspectives. We would also like to give an idea of
the new areas of research that have been uncovered, and a sense of the amount of research still to be done. A book
is not the best medium, it is only meant to provide some teasers to stimulate the curiosity and the willingness to
contribute to a shared enterprise.

In this introductory chapter we will give a high-level overview of the conceptual foundations, assumptions, and
principles from which a rationale is emerging for the Digital Ecosystems methodology for sustainable socio-economic
development at the regional scale. Whereas ‘sustainable development’ usually carries environmental connotations, in

1) In Latin countries epistemology is associated with philosophy of science. In Anglo-Saxon countries it means the study of
knowledge, or the analytical apparatus by which one can distinguish true from false knowledge relative to a set of beliefs. In this
paper we mean the latter, which necessarily carries a connotation of knowledge creation—e.g. “epistemic community” (Latour and
Wolgar, 1979; Knorr-Cetina, 1999).

2) “Caminante, no hay camino, se hace camino al andar” (“Travellers, there is no path, paths are made by walking”) (Machado, 1912).

3) As illustrated in Section 4 of this book “Case studies Technology Transfer and Digital Ecosystems Adoption”
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Origins

The research area related to Digital Business Ecosystems was triggered by the initiative Go Digital (EC, 2001a)*
aimed at boosting ICT adoption by European SMEs. It is generally thought that ICT is one of the major contributors
to economic growth and economic efficiency: “The decline in EU labour productivity growth rates in the mid-1990s
was attributed equally to a lower investment per employee and to a slowdown in the rate of technological progress”
(Kok, 2004).

In the presence of roughly 20 million small and medium-sized enterprises (SMEs) in the EU235, which make up more
than 99% of all European companies by number and approximately 50% of European GDP, the Lisbon Strategy’s call
(COM, 2004) for “...the most competitive and dynamic knowledge-based economy in the world, capable of sustainable
economic growth with more and better jobs and greater social inclusion” by 2010, was interpreted as a need to boost
the SME sector in Europe. Furthermore, statement like “ICTs are central to boosting productivity and improving

», «

competitiveness”; “Public and private information and communication technologies contributed nearly 50% of EU
productivity growth between 2000 and 2004” (EC, 2007); and “European productivity growth could be significantly
accelerated if organisations made more and better use of ICT in their organisations and production processes” (Price
Waterhouse Cooper, 2004) indicated that the general policy consensus was oriented towards the achievement of the

Lisbon objectives through greater ICT adoption on the part of SMEs.

ICT is also an economic sector in itself. Indeed in 2006, the ICT sector added 5.3% value to EU GDP and 3.6% of EU
employment. It also accounted for 25% of total EU research in business (EC, 2006). ICT increasingly forms an integral
part of all industrial and service markets through the integration of ICT in goods or service offers. Crucial for the
economic development is not only the adoption of ICT, but also the diffused capacity to master ICT technologies.
Local ICT industry and skill, in addition to the related employment, is an instrument of autonomy and sovereignty and
provides the capacity to develop and adapt ICT to local needs.

It is difficult to characterise SMEs and their behaviour since they are involved in all industry sectors and business
domains, having developed along all possible organisational forms and company structures, and continually inventing
new ones. Like all companies, however, SMEs are heavily networked in a web of business and social links with their
suppliers, clients, and business partners distributed at all geographical scales. These networks can be physical and
logistical or virtual, they can be local or global, or a combination of all of the above. As discussed in the literature of
industrial districts, technology clusters, and growth nodes (O’Callagan, 2004), it has been clear for many years that
companies of all sizes benefit from network effects, which can be defined as the greater-than-linear increase in utility
derived by a network node with the increase in the total number of nodes of the network.

The European Commission, in recent years, has invested in programmes in support of SMEs, providing grants and
support to single SMEs. Such direct investments—in a necessarily limited number of individual SMEs—can achieve
only limited results. This is especially true when favourable conditions for business are not present, e.g. appropriate
legislative framework; human capital, diffused knowledge and skills; technical infrastructures; entrepreneurial culture;
and critical mass of available services. Such programmes should rather become focused on creating favourable
environmental conditions and ecosystems of innovation: “Like individual plants or animals, individual businesses
cannot thrive alone—they must develop in clusters or economic ecosystems” (Moore, 2003).

Thus, the Digital Ecosystem initiative was based on the assumption that public sector intervention should be aimed at
creating favourable conditions for business. The optimum scale of intervention was judged to be at the regional level,
where a multi-stakeholder process of policy development and implementation was likely to be more effective. The
policy to support SMEs shifted from an individual approach to an approach focused on the context, aimed at building
environments favourable to SMEs’ business and their networking, compatibly with the EC policy for “Helping SMEs
to go digital” (EC, 2001a), which set three priorities:

1. promote a favourable environment and framework conditions for electronic business and entrepreneurship

2. facilitate the take-up of electronic business

3. contribute to providing Information and Communication Technology (ICT) skills.

It is worthwhile to note the integrated approach which stresses the creation of an environment, a business ecosystem,

and the need for IT skills.

4) http://ec.europa.eu/information_society/topics/ebusiness/godigital/index_en.htm
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Bringing these three terms together has been effective in broadening the appeal of the approach to a wide range
of stakeholders from academia, industry, business, and policy-making. However, it has also rendered a clear
explanation of what the three terms mean when used together very difficult. It is especially challenging to show
how these three terms necessarily imply some characteristics of the technology and not others, or how they imply
some policy and governance choices and not others. The understanding of the term ‘digital ecosystem’ and of
the stakeholders that populate it has developed during the course of the research over the last few years. For
example, research conducted in the context of the DBE IP has highlighted the importance of Regional Catalysts
and other intermediary actors such as professional associations or volunteer open source communities. This has
led to the broadening of the conceptualisation of the term ‘business’ This book could therefore be seen as a sort of
“state of the art” of the Digital Business Ecosystem concept and research in 2007, partly based on the experiences
of the FP6’ projects of the Technologies for Digital Ecosystems Cluster, with specific relevance to the Digital
Business Ecosystem Integrated Project (DBE) that ran from November 2003 to January 2007. The purpose of this
introduction, in turn, is to provide a high-level map within which the book’s contributions can be located more
easily as part of an integrated vision.

Digital Ecosystems were made possible by the convergence of three networks: ICT networks, social networks, and
knowledge networks. The networked connections enabled by the Internet and the World Wide Web grew along
the links of the pre-existing and underlying social, professional, collaboration, and business networks between
governments, researchers, businesses, companies, and friends. Computing environments likewise spilled over
from the single computer to the local area network (LAN) at first, and eventually to the global Internet. Networked
computers motivated the development of distributed architectures and shared resources, culminating in the peer-to-
peer (P2P) model. The faster and more pervasive communications enabled by the technology reinforced the already
existing trend from a material economy based on manufacturing toward a service economy based on knowledge
production and distributed value chains.

If limited to these aspects, Digital Ecosystems are not very original: in information and communication technologies
often a group of applications complementing a specific product or platform is considered to form a “digital

ecosystem”™

; the ICT and media companies form a “digital ecosystem community”.® In order for “large-scale” concepts
such a Information Society to make sense in the context of economic development, however, they needed to be
operationalised in terms of concepts meaningful and useful to the many facets of the economic life of the individual
economic players experiencing this historic transition chiefly (and often painfully) through their yearly variation
in turnover This led to the extremely difficult challenge of invoking increasingly theoretical principles and ideas in
order to understand how we could succeed in developing practical software technologies that reflect the social and
economic relationships between people and economic actors, that could be easily adopted and mastered by European
SMEs, and that would bring measurable economic gains. The answer has been, in part, to identify ICT adoption and
social networking with a process rather than an event. This required the integration of the technological approach
with a social science perspective, and the introduction of a holistic view of the resulting techno-social and economic
system inspired by the multi-scalar biological ecosystem metaphor.

Empirical observation and the historical record in many different cultures and parts of the world indicate that economic
development, industrial districts, and more recently technology clusters tend to be co-located geographically. The
explanation for such a phenomenon uses a mixture of efficiency and cultural/social arguments. The interpretation
favoured in the Digital Ecosystems initiative acknowledges the efficiency gains brought by shared physical
infrastructures, lower transportation costs, etc, but also regards social constructivist processes as an important
factor in strengthening this dynamic. In other words, it also sees the phenomenon as a natural consequence of the
interpretation of technology production as an extension of the language spoken by a particular community: common
language leads to a shared understanding of reality, which leads to shared means of expression and therefore similar

7) The EU 6th Framework Programme for Research and Technological Development 2002-2006 (6th FP). It started in 2003, nearly
all the supported projects will finish by 2010.

8) E.g. several authors describe the SAP platform and the surrounding applications and services as a “digital ecosystem”

9) The “Digital Ecosystem” project launched by the World Economic Forum established a Digital Ecosystem community (http://

www.decommunity.net/)
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and interdependent technologies. This is one of the reasons why digital ecosystems are seen as even more effective at
the regional rather than at the national or international scale.

The Digital Ecosystems initiative aims at helping local economic actors become active players in globalisation,
‘valorising’ their local culture and vocations and enabling them to interact and create value networks at the global
level. Increasingly this approach, dubbed “glocalization’, is being considered a successful strategy of globalisation
that preserves regional growth and identity (Khondker, 2004), and has been embraced by the mayors of thousands of
municipalities and by decision-makers and intellectuals joined in the Glocal Forum (2004). Similarly, Castells (2000)
has written extensively on ICTs and the tension between globalisation and localisation.

The premium placed on a local production and development context represents a constraint on the architecture of
globalisation that is ultimately important for its sustainability: through its integration with the many societies and
economies of the world a more constructive dynamic of interaction between the local and the global scales can be
achieved. Interestingly, this architecture was indicated in the very title of Nachira’s original paper, as a reference to a
“network of digital business ecosystems” (emphasis added), distributed over different geographical regions and over
different business domains/industry sectors.

Regarding a particular business ecosystem, two main different interpretations of its structure have been discussed in
the literature. The “keystone” model was assumed by Moore (1996) and has been further developed by Iansiti (Iansiti
and Levien, 2004); in this model the ecosystem is dominated by a large firm that is surrounded by a large number of
small suppliers. This model works well when the central firm is healthy, but represents a significant weakness for the
economy of the region when when the dominant economic actor experiences economic difficulties. This model also
matches the economic structure of the USA where there is a predominant number of large enterprises at the center of
large value networks of suppliers (Eurostat, 2006).The model of business ecosystem developed in Europe, on the other
hand, is less structured and more dynamic; it is composed of mainly small and medium firms but can accommodate
also large firms; all actors complement one another, leading to a more dynamic version of the division of labour and
organised along one-dimensional value chains and two-dimensional value networks (Corallo, 2007). This model is
particularly well-adapted for the service and the knowledge industries, where it is easier for small firms to reinvent
themselves than, for instance, in the automotive industry.

Innovation, Openness, and Creative Destruction

Compatibly with the principles it espouses, the conceptualisation of digital ecosystems is itself emergent. It tries to
find a balance between “old” theories of stagnation brought by oligopolies (Steindl, 1990) on the one hand and Open
Innovation (Chesbrough, 2003) and “Crowdsourcing”'° on the other. It asks questions about Open Source and the
Linux phenomenon in the same breath as Schumpeter’s (1942) oversubscribed creative destruction from IBM to
Microsoft to Google. It looks at new institutional and transaction costs economics (Coase, 1937; Williamson, 1975;
Benkler, 2002) as well as at the economics of sharing (Benkler, 2004) and community currencies." Perhaps most
importantly, it strives to remain open to new ideas coming from research and academia as well as from business
and development experience. It is a body of knowledge on innovation that constantly innovates itself with new
ideas and new points of view.

A greater openness'” and a multi-stakeholder approach between academia, business, and local government
implies a greater emphasis on a collaborative “sense-making” process for analysing the priorities of a particular
region and for devising appropriate development strategies. For example, in the Spanish region of Aragon
the Instituto Tecnoldgico de Aragdn, partly owned by the local government, is the main actor responsible for
innovative regional development. By partnering with the more advanced ICT companies based in the region
a successful ICT adoption and dissemination process has been set up that is able to reach hundreds of SMEs
in several sectors (tourism, manufacturing, etc.) throughout the region. In the UK, by contrast, the Midlands
are characterised by more than 5o public and private entities that are in one way or another concerned with
development and ICT adoption. A completely different strategy for innovation is hence being devised there,

10) Crowdsourcing is defined as new business model in which a company or institution takes a job traditionally performed by a
designated agent (usually an employee) and outsources it to an undefined, generally large group of people in the form of an open call
over the Internet. Crowdsourcing has been used the first time by (Howe 2006).

11) http://www.openmoney.org. Work currently being done in the OPAALS project: www.opaals.org.

12) In the private sector this refers to fewer IPR restrictions, in adademia it refers to initiatives such as Open Access Publishing or

Creative Commons.
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based on the business school of the University of Central England acting as the Regional Catalyst, but partly
delegating that role to a number of companies that offer a range of SME networking services, from meeting and
conference space to ISP services.

Four years since the emergence of the Digital Ecosystem concept, we still believe that socio-economic growth depends
on innovation, and that innovation is largely dependent on an open flow of ideas (Lessig 2002). Openness in the
Knowledge Economy is not so different from encouraging spending to stimulate the dynamism of the Exchange
Economy. However, we recognise that “spending” ideas are easier to implement in research environments than in
business environments. Therefore, the balance that seems to work in business environments is based on a layered
approach: combining an open source shared middleware infrastructure with software services, models and information
that compete on the revenue models (which can vary from proprietary to shared or free). An open source ecosystem-
oriented architecture provides, indeed, a distributed middleware that acts as a new ICT commons, or as a public road
that lowers the cost of ICT adoption and maximises the reuse of models. It is important to build such an infrastructure
in such a way as to preserve its intrinsic characteristic as a commons, that is, “a resource that anyone within a relevant
community can use without seeking the permission of anyone else” (Lessig, 2006). The Digital Ecosystem could
represent a new innovation commons tailored on the needs of SMEs, enabling business networking, cooperation,
knowledge flows, and fostering creativity and growth.

Relativism and Reflexivity

Several statements in the above paragraphs are organised by a mixture of beliefs and interpretations of research
results," leading to temporary but fairly confident conclusions regarding the Digital Ecosystems approach (principles
of openness, multi-stakeholder approach, and the tactic of using Regional Catalysts) as an effective methodology to
achieve sustainable socio-economic development at the regional scale. Parallel research efforts starting from different
assumptions and relying on different theories in Europe and elsewhere could have reached different conclusions. For
example, Game Theory sees “atomised” economic agents in competition to maximise their own utilities as offering a
better explanation, or even prescription, for a healthy dynamic equilibrium of economic systems. We do not consider
Game Theory a good framework for explaining what has happened in the regions that have adopted the Digital
Ecosystems approach primarily because it fails to take into account the complex institutional and cultural setting in
which Digital Ecosystems are embedded. Evolutionary Game Theory (Maynard-Smith, 1982) offers an interesting
alternative to the ecosystem metaphor preferred as a reference concept in this book. As another example, Schumpeter’s
creative destruction long ago offered a clean and “self-correcting” solution to the problem of the emergence of
monopolies in free markets.

These (and others) alternative viewpoints should be acknowledged. However, there is not enough room here to do
them justice with a thorough comparative analysis. In this article we prefer to offer some more background on the
conceptual and theoretical foundations that have informed the interpretations and insights that have so far been
reached in the Digital Ecosystems research area. The principal characteristic shared by the theories to be discussed
in this article and in this book upon which the Digital Ecosystems approach is being built is variously referred to as
relativism, subjectivity, or intersubjectivity, is connected to phenomenology and to cognition, and in general strives
to expose the fallacy of assumptions of an objective reality external to ourselves. One of its consequences, in social
science, has been the development of the useful tool of reflexive analysis, or reflexivity for short, through which we
become better able to see ourselves through the eyes of others, reaching surprising conclusions such as, ‘Software
engineering is a social process.

Epistemology is the branch of philosophy that studies knowledge. It attempts to answer the basic question about how
knowledge is built and what distinguishes true (adequate) knowledge from false (inadequate) knowledge. In practice,
these questions translate into issues of scientific methodology: how can one develop theories or models that are better
than competing theories?

13) www.digital-ecosystem.org
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In 1936 the biologist Ludwig von Bertalanffy proposed Systems Theory (Bertalanffy, 1936) as a reaction against
the reductionism inherent in the classical scientific analytical approach to isolate an external objective reality,
separate it into its constituent parts or elements, and study and analyse it through correspondingly different
disciplines. Such an approach is unable to uncover and highlight the interrelations between the parts that connect
them into a whole and prevents the perception and understanding of systemic phenomena. In subsequent years
Systems Theory’s view grew in importance. Many of the concepts used by systems scientists led to the closely
related approach of cybernetics. The systems scientists and cyberneticists felt the need to separate themselves from
the more mechanistic analytic approaches, and they gradually came to emphasise autonomy, self-organisation,
cognition, and the role of the observer in modelling a system. In the early 1970s this movement became known as
second-order cybernetics, which studies how observers construct models of the systems with which they interact
(Heyligen, 2001a). The movement culminated with the Principia Cybernetica Project, which developed a cybernetic
philosophy based on the concept of the “meta-system transition” with implications for human evolution, political
systems, and the foundations of mathematics.

The epistemology of (second-order) cybernetics and of the Principia Cybernetica Project has a radical constructivist
basis. Ernst von Glasersfeld defines radical constructivism by the following two basic principles built on the ideas of
Jean Piaget, who applied the biological concept of adaptation to epistemology:

» Knowledge is not passively received either through the senses or by way of communication, but is actively built up
by the cognising subject.

» The function of cognition is adaptive (in the biological sense of the term), tending towards fit or viability) and
serves the subject's organisation of the experiential world, not the discovery of an objective ontological reality.
(von Glaserfeld, 1988, 1996)

The importance of constructivism and its relation to cognitive science is best understood by comparing it with the
opposite, more traditional, approach in epistemology or cognitive science, which sees knowledge as a passive reflection
of an external, objective reality. This implies a process of "instruction": in order to get such an image of reality, the
subject must somehow receive the information from the environment, i.e. it must be "instructed". Cybernetics began
with the recognition that all our knowledge of systems is mediated by our simplified representations—or models. Thus,
first-order cybernetics studies a system as if it were a passive, objectively given "thing", that can be freely observed,
manipulated, and for which we have to provide the “true” representation. A second-order cyberneticist working with
an organism or social system, on the other hand, recognises that system as an agent in its own right, interacting with
another agent, the observer (Heyligen, 2001b).

The following chapters will show the role that these considerations play in the practical realisation of Digital Business
Ecosystems and in the implementation of policies for socio-economic development catalysed by ICTs. It is helpful
to recount briefly the origins of these ideas, which have always been interdisciplinary. These philosophies were
fundamentally important for analysing and designing systems that represent and mediate socio-economic interactions
between enterprises and people.

Maturana and Varela (1973) invented the concept of autopoiesis as a model that generalises the structure and function
of a biological cell, and defines the characteristic of a living system. But, as noted by Maturana (1997), autopoiesis is
an epistemological option, which goes beyond the cell and the nervous systems, becoming a fundamental instrument
for the investigation of reality. The concept has long surpassed the realm of biology and has been used to explain
human communication and social systems impacting on sociology, psychotherapy, management, anthropology,
organisational science, and law.

An autopoietic system can be described briefly as a self-producing machine, or a self-generating system with the
ability to reproduce itself recursively. An autopoietic system exhibits a network of processes and operations, which
could create, destroy, or reorganise themselves in response to external inputs and perturbations. Since autopoietic
systems are simultaneously producers and products, it could also be said that they are circular systems, that is, they
work in terms of productive circularity. The reference to a “system” carries a specific meaning in the theory, namely the
ability of an autopoietic system to delimit itself spatially through a physical boundary (the membrane for the cell, the
interface with the “real word” for the digital ecosystem) in order for the autopoietic process to be able to discriminate
the “inside” to which autopoiesis applies, from the “outside’, to which it does not. In Digital Ecosystems research
autopoiesis is used as the ultimate model of interactive computation, but it is also used as a metaphor for a generalised
form of organisation. Specifically, “organisational closure” is defined as the stability of the organisational structure of
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the system, even when the system is open to a flow of energy and mass, such as a cell, whereby each element or sub-
process of the system conspires to maintain the organisation of the system that makes it autopoietic.'*

Very interestingly, an almost identical concept was arrived at roughly at the same time by the American sociologist
and philosopher Donald Schon (1973), who dubbed it “dynamic conservatism” Schon did not have a biological point
of view, he operated entirely within the disciplinary boundaries of sociology, but in his opinion his findings applied

3

equally well to any social system, “...whether a naval ship, an industrial firm, or a community”:

The system as a whole has the property of resistance to change. I would not call this property ‘inertia’, a metaphor drawn
from physics—the tendency of objects to move steadily along their present courses unless a contrary force is exerted on
them. The resistance to change exhibited by social systems is much more nearly a form of dynamic conservatism’— that
is to say, a tendency to fight to remain the same. (p 31)

Structural Determinism

Autopoietic systems are structure-determined systems. The potential behaviour of the system depends on its structure.
Maturana calls this concept structural determinism, i.e. a process of change of an organism that, at any point in time,
is determined by the organism’s previous structure but is triggered by the environment. Thus, the structure of a given
system is not static; it is one of many ways in which its components can interconnect whilst retaining a recognisable
organisation:

Living systems have a plastic structure, and the course that their structural changes follows while they stay alive is
contingent on their own internal dynamics of structural change modulated by the structural changes triggered in them by
their interactions in the medium in which they exist as such (Maturana, 1997).

Thus, the organisation determines the identity of a system and the structure determines how its parts are physically
articulated. Such principles apply to all the complex digital autopoietic systems, and therefore also to the Internet
and its applications/services. It was remarked by Lessig when he observed that “the code is the law of cyberspace”
(1999). The Internet’s structure determines how the Internet is regulated. The Internet’s role in innovation, based on
the ‘spontaneous’ creation and implementation of new protocols and services, would not be possible with a different
structure characterised by a centralised instead of an end-to-end and layered ‘intelligence. The change of basic
structural principles “could fundamentally alter the fabulously successful end-to-end Internet™:

“The remarkable social impact and economic success of the Internet is in many ways directly attributable to the architectural
characteristics that were part of its design. The Internet was designed with no gatekeepers over new content or services.
The Internet is based on a layered, end-to-end model that allows people at each level of the network to innovate free of
any central control. By placing intelligence at the edges rather than control in the middle of the network, the Internet has
created a platform for innovation. (Cerf, 2005)

In a similar way, the effort in developing the architectural principles upon which to base the digital ecosystem were
to regulate indirectly its functionalities by defining a structure that determines some behaviours and prevents others.
These are the same values and behaviours that were at the base of the Internet’s growth and evolution.This is best
understood through the concept of structural coupling.

An important aspect of autopoiesis is its radical relativism, which is inescapable and manifests itself as structural
coupling: a form of mutual and symmetrical interdependence between two entities that, at any point in time, is
determined by each entity’s previous structure whilst being triggered by the other. In other words, structural coupling
is a form of interdependence between two actors or entities that satisfies the criterion of structural determinism
mutually and symmetrically (conceptually similar to non-linear coupling in physics). Nothing in biology exists by
itself; everything interacts with everything else. By extrapolating this concept from the physical level to the neuronal

14) See the OPAALS Network of Excellence “Open Philosophies for Associative Autopoietic Digital Ecosystems” (www.opaals.org),

which also studies the dynamic processes of knowledge creation and self-organisation in support of innovation.
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Since the digital ecosystem is structurally coupled to the socio-economic system of its users, its architectural design
depends on the socio-economic properties to be facilitated or enabled. This choice is about how the world will be
ordered and about which values will be given precedence (Lessig, 1999). The initial general objective of economic
development was refined through online consultations and two cycles of workshops in 2002 and in 200s5. It was
articulated as:

Technologies and paradigms that enable the participation of SMEs and innovators in the knowledge-based economy,
integrating them within local/regional/global socio-economic ecosystems and that enact unstructured dynamic business
clustering to achieve greater competitiveness in the global economy.

In the course of the subsequent debates the concept was further developed into the peer production of a ‘digital
nervous systeny’ that supports a participative society in which public and private organisations, professionals and
individuals compete, interact, and collaborate for their own benefit and for the benefit of the organisations, teams,
ecosystems and/or communities they belong to, in order to enable the participation of all players in the knowledge
economy and in the knowledge society, and that empowers the creativity, the potentialities, the capacity, and the
dynamic interactions (the relationships and the cooperation/competition) between all the economic players.

The public consultation process produced a research agenda (Dini et al., 2005) that is kept regularly updated' and
a set of initial principles (EC 2005b)" that have to be translated and embedded within the ecosystem architecture.
Some principles are general, whilst others depend on the policy aims or are specific to the structure of the local
economy. In this paper we present only a few of these interrelated keystone principles, showing how they have
influenced the architectural design but have also opened the need for further research. We do not explore in detail
the technical and socio-economic implications or the practical implementations, which will be presented in the
next sections of the book.

» No single point of failure or control

» Digital ecosystems should not be dependent upon any single instance or actor

» Equal opportunity of access for all

» Scalability and robustness

These principles imply a fully decentralised architecture; the design of a P2P structure that is robust, scalable, self-
organising and self-balancing and that embeds scale-free networks and mesh topology dynamics. The open source initial
implementation is freely available (http://swallow.sourceforge.net/, http://dbestudio.sourceforege.net, http://evenet.
sourceforge.net) and has been adopted by SMEs in pilot regions.”® Such networks do resemble the behaviours of social
networks where node formation and dispersion is a function of activity and feedback The architecture runs over any IP
network and supports the same principles also for a mesh of wireless nodes. From the information distribution perspective,
it is worthwhile to note that the application of these principles means that a single node cannot access all the information
in the network. By design, there is no central repository or database and there is no node/actor that has a privileged or
full view of the ecosystem. However, the evolutionary architecture and distributed intelligence enable the “migration” of
the (references to the) formalised knowledge and the software services where there is a greater probability of their use.
From the organisational perspective these principles imply the need for balanced and decentralised governance models.
The fully distributed information structures are essential for keeping the plasticity of the system' and for supporting the
dynamic connections and re-organisation between the social, technical and knowledge networks.

» Ability to evolve, differentiate, and self-organise constantly
» Activate and support self-reinforcing production and process networks

0

The above are the basic mechanisms of an autopoietic system,* exhibited by living organisms and in natural

ecosystems, but also by economic ecosystems. The objective is to produce a dynamic ecosystem of innovation; that

16) Specific EC support projects (e.g. EFFORT) include activities devoted to ensure the evolution of the research agenda and the
updating of the roadmap.

17) Also aiming at defining governance models (see the following sections) and a Bill of Rights or a Constitution of the Digital
Ecosystems

18) E.g. the information about the SMEs of Aragon exploiting the digital ecosystem can be found at http://www.ita.es/dbe/?ID=223
19) The holistic distribution of the information structures and the plasticity of the network replicate how information is stored in the
brain and how it is constantly reorganised and elaborated through changes in the connections of the brain’s neuronal network.

20) “Network of processes of production components which through their interactions and transformations continuously regenerate

and realize the network of processes (relations) that produced them” (Maturana, 1980)
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is, to catalyse dynamic and remote collaboration and interaction between human and digital entities and systems in
various structured and unstructured organisational settings, such as collaborative working environments composed
of complex heterogeneous human and digital devices and systems. The ability to implement the production and the
reorganisation mechanisms is crucial. Enabling the digital organisms, their networks and the whole system to exhibit
mechanisms like self-organisation, selection, mutation, adaptation, and evolution brings the concept of ecosystem
beyond a simple metaphor.

» Capability to enable global solutions that adapt to local or domain specific needs

» Global solutions that emerge from local and sectoral inputs

» Local autonomy

Economic activities cannot help but be related to local cultures and regulations. The ability to produce solutions which
operate in a global market, but are adapted to the local needs and to the local business and culture, is a competitive
advantage. This structure should be able to adapt to different societal environments, which are constantly changing.
Therefore, it must embed mechanisms that enable adaptation and evolution. The above mechanisms imply that we
do not have a single ecosystem, but several local ecosystems produced by the adaptation to local conditions. Just
considering the services or the business models, this means that in some ecosystems new services will appear, in
others the same services will be modified to be adapted to local conditions, regulations, business models, in yet others
the services will disappear from lack of use. Solutions that need to be developed on a European scale could have
sector-specific implementations that can be adapted and tuned according to local customs. Local SMEs could provide
alocal support infrastructure to implement these solutions in their business operations.

The Representations that “Populate”
Digital Ecosystems

The digital ecosystem is the ICT infrastructure designed to support economic activities, which contains the socially-

constructed representations of the business ecosystem®; it is essentially composed by:

» the knowledge that expresses different socially-constructed partial interpretations and views of the economy and
which is represented through a variety of continuously evolving (natural and formal) languages and protocols.

» the architectural infrastructure that enables the desired “autopoietic” mechanisms and manages the distributed and
pervasive storage of such knowledge, as well as the tools enacting the formalisation and the “processing” of this
persistent knowledge

We can see that digital ecosystems are similar to natural ecosystems, but instead of being populated by biological
organism they are populated by fragments of knowledge: these are analogous to memes (Wilkins, 1998) that could
be computed, expressed in formal or natural languages, digitised and “living” and propagating through the network.
Thus, the ecosystem is an environment with a ‘life support’ architecture designed to enable the ‘life’ of its ‘digital
organisms. The mechanisms® embedded within the digital ecosystem, like a (collective) brain, operate on such
languages and protocols. The digital ecosystem in its evolution will acquire more services and will be able to include
more mechanisms of interpretation of knowledge (‘introspection’), becoming more intelligent and providing more
support to the business ecosystem. The digital ecosystem embeds evolutionary mechanisms that support the evolution
and the adaptation of the languages that populate it (in both intentional an extensional representations). This approach
is fundamentally an extension and a conceptualisation of the evolution of the Internet and of the Web.

Computer Science is concerned with the construction of new languages and algorithms in order to produce novel desired
computer behaviours. The Web is an engineered space created through formally specified languages and protocols
(Berners-Lee, 2006).

The issue of how distributed knowledge should be represented - and created - is one of the main research topics
related to semantics of today.

21) The business ecosystem includes the socio-economic players, the material transactions, as well as the legal and institutional
framework
22) Implemented through processes that could be any type of agents with intelligence, whether computer processes, humans, or a

mixture thereof.
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In the Web, due to the pressure of user needs, we see a continuous evolution of the protocols and artificial languages.
The evolution operates at the level of the specific languages/protocols: some languages are initially rudimental, but
evolve, expanding their expressive power and increasing the processing they can support, (e.g. HTML/XHTML; URL/
URI). New languages and protocols keep emerging, allowing the representation of other facets of the world. The
focus of many scientists in recent years has in fact been to develop formal languages that have the expressive power
to define more abstracts aspects of reality, as shown by the rapid growth of the complexity and of the layers of the
semantic web stack of W3C.? In the ecosystem metaphor this research activity can be described as the phylogenetic
tree** of formal languages: new and more complex languages appear in the digital ecosystem, whilst the older ones
continue to be present in the ecosystem as long as someone still uses them. Thus, the languages of the ecosystem
continuously evolve in response to external stimuli and are not necessarily organised, e.g. in a stack. Also, these
multiple representations cannot necessarily be reconciled. The cathedral of the Semantic Web is replaced by a bazaar
of descriptions and formalisms. The Digital Ecosystem can support such a bazaar of fragments of knowledge at
different levels of formalisation and abstraction.

A good example of this evolution could be illustrated by the recent debate about the integration of the rules in the
Semantic Web Stack and how to express business definitions for business use (to represent policies, practices and
procedures) whose business rule statements are executable and could be used in rule-driven systems (Kifer, 2005;
Horrocks, 2005). Different schools, depending on the main business objectives, have developed different languages
that express different semantics and rules. For example, SWRL and RDF_MATCH were developed by the W3C
community to express the semantic rules of language, in contrast to SBVR that was developed in OMG circles to
express business rules.

In addition to the complexity arising from the need to reconcile different formalisms, also the phenomena that are
represented, when described by different observers, are not necessarily the same and may need to be reconciled.
When we consider that in a digital ecosystem we can also represent subjective elements of knowledge (reputations,
skills...) that have economic and power-relationship implications, the question arises: ‘Who has the authority to
populate the ecosystem with descriptions?’ or, better, ‘Who has the authority to say what these descriptions mean, i.e.
to provide an interpretation of reality?’. Since the digital ecosystem is fully distributed, cannot be dependent upon any
single instance or actor, and cannot have any single point of failure or control, it makes it more difficult for any actor
to achieve a “knowledge monopoly”

However, architectural principles can only go so far. The long-term sustainability of the digital ecosystem approach
requires a deeper integration between the technology that mediates social and economic interactions and the social
processes that create and shape the technology. Here is where the social constructivist approach helps to define a
philosophical framework for the solution.

In the past, the definition of Truth was provided by institutions that had this authority.” The social constructivist (or
constructionist) approach, on the other hand, affirms:

It is through the daily interactions between people in the course of social life that our versions of the knowledge become
fabricated. Therefore social interaction of all kinds, and particularly language, is of great interest to social constructionists.
The goings-on between people in the course of their everyday lives are seen as the practices during which our shared
versions of knowledge are constructed. What is considered as truth may be thought of as our current accepted ways of
understanding the world. These are product not of objective observation of the world, but of the social processes and
interactions in which people are constantly engaged with each other. Descriptions or constructions of the world therefore
sustain some patterns of social action and exclude others. (Burt, 2003)

Concepts and categories are developed through language, which provides a framework of meaning. Languages are
the necessary precondition for thought as we know it. The ways we understand the world, and the concept and the
categories we use are historically and culturally determined, and do not necessarily refer to real divisions. Not only are
they specific to particular cultures and periods of history, but are dependent upon the particular social and economic
arrangements prevailing in that culture at that time (Burr, 2003). With the advent of the Information Society what we

23) http://www.w3.0rg/2006/07/layerCake-4.png
24) In biology, phylogeny is defined as ‘a succession of organic forms sequentially generated by reproductive relationships’

25) E.g. in the Middle Ages the Church was the organisation certifying the Truth.
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perceive to exist is mostly what exists in the media or on the Internet. The information, or the digital representations
of the ecosystem, shapes the user perception of the business ecosystem. The more rich and more ‘populated’ a digital
ecosystem is, the more aspects of the economy can be described and mediated. Thus, when we abandon the mirage of
an objective reality and accept that reality is a collectively built and shared perception resulting from a social process
mediated by languages, and we apply these insights to the digital world and to formal languages, we gain powerful
instruments for development.

Digital Ecosystems research faces similar issues. The problem of regional development cannot be posed as the
optimisation of an external and objective “system” within which an equally objective technology can be deployed.
Not only is the problem of development fundamentally endogenous, and therefore to be negotiated between the
regional stakeholders, but the technology itself needs to grow out of the languages and interactions between these
stakeholders (Vaca, 2005). In other words, having embraced a holistic approach that highlights the dependence of
the business models and interactions and of their formalisation into software services on their socio-economic and
cultural context, no assumptions can be made by external actors about what constitutes an optimum technology
for a particular business domain. Technology here is meant in a wider sense that encompasses the distributed
infrastructure and middleware, the software services and applications, all the attendant web technologies, and
all the software development, requirements capture, and business modelling tools up to the boundary with
natural language. Clearly, the closer one approaches natural language, the easier it is to see the relevance of an
intersubjective viewpoint.

One of the main methodological points and, at the same time, research objectives of the Digital Ecosystems approach,
therefore, is to enable the actors that belong to a region, business domain, or industry sector to describe their businesses
and their services from their locally and socially constructed point of view, automating the generation of the software
to interface to the underlying mediating technology through appropriate transformations.

The software engineering approach and the Semantic Web approach are based on the description of some aspect of
reality through formal ontologies and imposed by experts mediating on behalf of the users. The formal languages
used have a high expressive power, but due to their complexity the codification requires mediation by experts. As
a consequence, due to the scarcity of human resources, very limited aspects of the ‘real world” have been described.
Furthermore, the key unconfessed assumption of the first computational ontologists was that the knowledge
described is based upon an objective description of the world, although simplified and focussed on the elements that
are relevant to the context, as all domain models are. This could be a reasonable assumption in the description of a
mechanical system or a business transaction. But it becomes difficult to defend this thesis when defining, for example,
the reputation of a company. It is clearly unreasonable to regard the description of the competences, capacity, abilities
and talent of organisations or individuals as objective.

This limitation has led to the emergence of a broad range of simpler codifications, less structured and with less
expressive power, without predefined categories, but where one does not have to agree on a detailed taxonomy,
like the codification made through simple tagging (Halpin, 2006a; 2007). The emergence of collaborative
tagging is a natural evolution of the tagging concept itself. Collaborative tagging, social bookmarking etc. do
represent the user experience in organising online information, in contrast to the approach of establishing
formal ontologies by domain experts. Loose associations of concepts and a greater flexibility and adaptability
in organising information links are based on a minimum level of shared meaning that allows the emergence of
cooperation among users. Through collaborative tagging users do not need to rely on intermediaries to describe
their business, activities, needs, they can participate directly in the modelling of reality. The descriptions made
by the users through collaborative tagging are less expressive and detailed than the descriptions made with
formal languages; however, being much easier to write, they are effectively made by the users, and the ecosystems
are populated (Halpin, 2007).

The point of view of social constructivism, which until a few years ago would have seemed radical or simply strange
in most technological fields, is actually rather obviously the basis of the Web 2.0 phenomenon. In fact, we can now say
more confidently that most of the evolutions in the Information Society do not depend on the advances in technology,
but on exploiting the power of social interactions (Halpin, 2006b).

The translation of this power into a mode of economic production is the central question of open source research.
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Open Source
in Digital Ecosystems

Two of the three*® deep trends due to which, according to Dalle et al. (2005), FLOSS? has commanded the attention

of social scientists are:

» The movement of information goods to centre stage as drivers of economic growth

» The ever more widespread use of the peer-to-peer modes of conducting the distribution and utilisation of
information, including its re-use in creating new information goods

These two trends are bound together and reinforced by the growing recognition that the “open” (and co-operative)
process of knowledge production offers economic efficiencies that in general surpass those of other institutional
arrangements, namely those that address the resource allocation problems posed by ‘public goods’ by protecting
secretive practices, or creating and enforcing intellectual property monopolies (Dalle et al., 2005).

The Digital Ecosystem realises a public good that expands the space of the digital public domain by creating an
intangible ‘digital commons, a digital resource that anyone within the relevant community can use under content-
neutral terms (Lessig, 2002:19-22). The access to the infosphere created by the digital ecosystem commons represents
one of the most promising strategies to reduce the digital divide between SMEs and large enterprises. Although there
is no consensus yet, many believe that lowering the barriers to entry, reducing cost and investment, and working at the
centre of a peer knowledge production process allows small enterprises to overcome the activation threshold needed
to use ICT in a novel and productive way.

The Open Source approach has thus been the only possible choice for the Digital Ecosystem infrastructure, not only
for the intrinsic behaviours and knowledge sharing needed for the ecosystems to flourish, which would not be possible
in a proprietary schema, but also because code, and its access, is not only the law of cyberspace, but also its DNA, its
genotype, and its architecture.

Access to code allows the growth of social networks able to build and transform their business/economic environment
according to their shared description of the world. However, access to the code does not solve everything. There are
many factors that influence the uptake of open source by companies, such as their connections in the open source
community, or the know-how of the way the open source process works and the implications of different types of
licences. Digital Ecosystems can then be seen as the structure that connects and mobilises such knowledge and that
facilitates such processes. Furthermore, if we understand code either as Lessig reads it—the performative law of
cyberspace—or as Baudrillard reads it—the hegemonic law of the symbolic and hence of real space—then open
source systems become capable of alleviating some of the fears that arise when we deal and rely on closed systems:
fears of monopoly, tyranny, and unjust use of power (David, work in progress). Finally, the Digital Ecosystem FLOSS
approach is a public good envisaged to be co-produced and maintained by volunteers, and counters the common
economic belief that private agents, without property rights, will not invest sufficient effort in the development of
public goods because of free-rider externalities (Bessen, 2002).

Open source communities are epistemic communities®® (Edwards, 2001) organised as a distributed network of agents
that are not just based on altruism, reputation or hacker ethics. The key actors in the development of an open source
product are the individual contributors companies (for profit and non-profit) and researchers. All sets of actors
respond to the legal incentives embodied in open source production.

Up to now economic theory suggests that long-term incentives are stronger under three conditions:

1) more visible performance to the relevant audience (peers, labour market, and venture capital community);

2) higher impact of effort on performance;

3) more informative performance about talent. The first condition gives rise to what economists call ‘strategic
complementarities’. To have an ‘audience’, programmers will want to work on software projects that will attract a large
number of other programmers”. (Lerner, 2006)

26) The third reason is simply the very large amount of empirical data on open source communities and software production, which
is certainly important for social scientists but less relevant to this discussion.

27) The acronym FLOSS stands for “Free/Libre/Open-Source Software”

28) An ‘epistemic community’ is a network of knowledge-based experts or groups with an authoritative claim to policy-relevant
knowledge within the domain of their expertise. Members hold a common set of causal beliefs and share notions of validity based

on internally defined criteria for evaluation, common policy projects, and shared normative commitments (Edwards, 2001).
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The Digital Ecosystems initiative faces such a challenge to build strategic complementarities. Digital Ecosystems
surely require a variety of business models to be viable and sustainable in the long run. Some of these models will be
based mainly on a new Exchange Economy characterised by peer production behaviour to become integrated with
the Gift Economy.* In the gift economy a immediate remuneration is not sought, and in many cases it is not expected.
Reciprocity is believed to work eventually to provide a ‘return on investment that may in any case be difficult to
monetise, such as one’s reputation among peers. In other words, an “exchange rate” is required by the companies and
the people who straddle both economies.

Social constructivism takes a further step to what we have discussed so far in its recognition of language as a medium
of power relationships. We therefore begin to notice that by following a rather tortuous interdisciplinary route we are
gradually building a comprehensive structural and process view of a Digital Ecosystem that is compatible with the
latest software and web technologies, with social systems and social processes, and with the construction of a shared
reality through language—but that we have not quite tackled yet the most difficult problem of all: the governance
framework required to arrive at a healthy relationship between knowledge and community.

Open Knowledge, Open Governance
and Community

In Digital Ecosystems research we make an explicit claim that knowledge creation and community building processes
are inextricably linked. A ‘knowledge model’ will always also implicitly be a ‘knowledge process. A knowledge creation
process, in turn, will also always imply an organisational structure.

The emergence of an organisational structure can be understood as a universal process of institutionalisation
that characterises the dynamics of all social groups. From a social constructivist point of view this phenomenon
is associated with the formalisation through language of power relationships mediated by language. If allowed to
develop spontaneously and unhindered, therefore, such a process can become an obstacle for democratic processes or
knowledge production. It is useful to invoke a natural science metaphor, namely the balance between crystallisation
(order, equilibrium) and randomised reconfiguration (chaos, constant variation) that biological organisms are able
to strike as a fundamental requirement to remain alive. The ‘biological condition’ can thus be characterised by its
ability to harness its perpetual ‘falling’ toward equilibrium as an ‘engine’ that drives order construction processes in
the presence, however, of a constant flow of energy, mass, and information that maintains the organism perpetually
far from equilibrium and able to adapt to changing environmental conditions.

From our social constructivist viewpoint the constraints on the knowledge production processes brought about by
spontaneous institutionalisation processes could then imply a constraint on the social dynamics, and therefore a possible
erosion of the democratic processes themselves upon which the community is based. It is therefore important (1) to
acknowledge the emergence of power relationships and hierarchies as a direct consequence of the mediation of social
interactions by language and communications; and (2) to devise a governance process that can maintain the dynamics of
the community “far from equilibrium”. In other words, an open community will allow a constant flow of members and
ideas to influence its internal knowledge production and decision-making processes. Such a constant flow of ‘new blood’
will counteract the encroachment of incumbents and the formation of monopolies on any aspect of the knowledge or the
community. The mechanisms by which the ‘counteraction’ is achieved depend on transparency and accountability. The
former depends upon and reinforces trust, the latter implies a process of formalisation of behaviour and its comparison
with a shared memory of agreed principles of behaviour. Such a shared memory implies a rudimentary form of
collective intelligence. We therefore see how the processes of formalisation of knowledge necessarily must begin with
a fundamentally reflexive activity of formalisation of community through a transparent and open governance process.
In a sustainable community, the dependence of knowledge production on the formalisation of governance hints at the
possibility to apply the same reasoning recursively as a general requirement of epistemic communities. The next step in
this line of argument would then be to attempt to extend the metaphor to autopoietic systems.

Fig. 4 is a simple schematic that attempts to show the interdependencies between several concepts that have been
discussed in this introductory paper. The figure indicates the dependencies between concepts with arrows that

29) “Those who have been waiting for a new and economically viable free-standing business model for free and open source software,
one uncoupled to any complementary commercial activity, may justifiably wonder whether they, too, are ‘waiting for Godot. But,
instead of any such miraculous business plan, something else has emerged: the apparent willingness of profit-seeking producers of

complementary goods and services to source software” (Dalle 2005).
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Preamble

ne= of the most theoretically challenging hypothees of digital sccsystems resarch & that bickgical metaphors

and Eomorphic modes can Wing significant advanfages © the =-Busines software developoant proces, ©

the seli-cptimiing and sef-healing poperties of distribwied run-time snvironments and service-orisned
architectures, and to ICT adoption in general through greater adaptability of the softears to user nesds, ¥While the
conept of busines scosystem & not new (oors, 1909) and the application of biclogical concepis and modds ©
software has inspired whole fiskds of ressarch, such as Artificial Tife, their application o =oftware inan =-Busin=s
oo et B g wite innovatiee, Gimilar by, whersas the complemosntry rodes companies play in valus chains & reminiscent
of the interd=pmd=nce brhesen species in bickgical scosystens, using the socosystem mestapheor to conoeptualise all
the bumine=, sonomic, and social relations hips betesen all the oivate and public sector plapers and the academic!
r==archimtitutions in a wholeregion is rather more amb it us, Tess contentio us, but still 2r from chear, is the roke of
Open o wree (and more geerally of 2 “Commens ) in ewe ing the barrier of ICT adoption for small and medium -
sived enterpr zes (SWEs), the rols all thess fctors play in catlysing sustainable socic-sconomic d=pelopmoent, and
whatregicnalpolicis can be der ived from the ressarch and sngag=ment =xperi mce 1w ith ShiEs  F urther, the hnguage-
bas=d and collaborative proceme thre ugh which sccial networ ks of ShEs can influsnce ther cwn sustainability in
regional sconomies are not well understood, but I0Ts are widely belimped to offer the potential to amoplify this secial
constructivistdynamic,

Overview

The paper will start with a brisf dEcission of the challeng= posed by interdisciplinary ressarch and will show how
they Lrgely or g inate from a dichotomy inhow techne bogr can bevimesd from the points of view of sodal sci=nceand
natural sge=nos, Following the social science prrspective the paper will arg ue that the connesctions betesen Lnguage
and technology Jead to a recursively selfgeerating dynamic that is at the basis of the power of self-deter mination
afto rd=d by digital scosystems. From this view inf rmed by the oonnections behesen power and Lnguage this paper
will not venturs imtc an smnomics analysis berond making cursory references ©othe interactions betessn the
exchangs=cone oy and thegift sconomy (Bado wand Dind, 2005 ). The intszration of thesedifferentaccounts of social
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and sconemic actionwithin adigital scosysten theosr B just new beginning to appear pomsib b, but will unde ubedly
require s=peral mors Fears of ressarch to achisve an operational consensus suppored by smpirical svidence, The
paper will instead use the inter-subjsctive view of the workd common in somoe arsas of social scisncs, mrtly inspired
tr Heidegmers phencmenclogy, © follow Mingers characterisation of Maturana and Yarelas work on aubopo iesis as
strong by relativist. This provides nothing as grand as a wnification betessn social science and natwral sgenoe (which
E gen=ally undesirable in anr case) but, rather, an opportunity to remgniss communications as 4 moere meds=t
“hings" thatconnscts thes=two rather incompatible dsdplinary demains; regardl=s of how muchthetwe individual
demains will grow and svobes, in fact, it will always be pomible © daim a strong overlp are und concepts of jmer-
subjectivity and o next-d=pmdencesf m=aning, which character E=both social and hiclogical s ystens.

Becauss a scisnce of digital scospsiems promises at beast 4 taxonomy of the fundamental concepts and principles,
if not their integration, before swrrendsring © the allure of bickogy the line of argument will 1y © be reflexive and
question the amwmption that biclogy has anything at all to t=ach © computer scimce, In other words the paper will
pobe what theterm “fundamental” cowd mean in the contertof oo mpuber scimce and will £11backon bickgr oy
after a strug=le that will hopefully appear comincing. This will finally bring 1= to the mathematically cverwhsa ming
but #or soupe of us moore familiar ersitery of the construction of order in biclogical and physical systens, of the
cwrrent debates around possible sxplanatory theories thereof, and of the possible mappings of swch mathematical
thecris to ooopuber scisnce and softwars sngineering, which might Jend some credence © the ambitio s claims of
adaptability and swoheabil ity made in the Preamble,

Social Science

The de=ply interdisciplinary character of the digital socospsens paradigm (that is, 2 body of theory combined with
a commuwnity of practice and a s=t of ressarch methodokgies (Kuhn, 10091) forces 4 recognition of the importances
of the rol= plapsd by the community or o mmounities of resmrch, if only beguse the barriss in communication
across disciplinary domains cannot smsily be gnored. Acknowledging the presmmoe of the resmrchers amplifies the
P ceptionofthe nature of knowledge as subjective relativ st and pluralistic. A= 2 consequenos, if thepractitio ners in
the different fiskds are to ssfblish 2 productive dialog we they cannot ray on wepeken Eswoptions, defauh scrips,
and routine oo de of int=raction They need © qusstion themeshes and their disciplines to find new contact poi s,
which cowd be sither theoretical or pragmatic. They cannot take themsshes and the others for granted In other
words, they need to beo e reflexive

A= shown in Table 1., 2 simple szample of the challenges invohed B provided by the very definition of a digital
ecospstem . Depading on the dedplinary domain, a rather diffr=nt answs to the qustion “What & a digital
ecospsten T B asmumed,

Tabke1a

A Migita| boosystem &..

Sl |52 noe Compurtar 3 cience Haira 5 noe

- & cormunity of Leer - Beveral cabegories of Lear - & populatdon of

- & shared =2t of languages - Kzt of Forrnal languages nteracHng agentatapps
- & =t of regulato ry nomis - & ety and KHertity nfasruchrs - & detbuted

and gquideines bo Fosber troet - K zamloeorlerted achbedurs evalLtizrary enurcnrent
- & population of zensloes - K zamloe devekopramt e onmernt * f dynarnk, adapiive

leaming and zcalefre=

- &N oparrsource seruoe o lenbed - & daributed FaPrum-ime pecrh Infrastr otre

Infrastnchre armironrert
- & datributed pamishent shoragelayer

The computer sdenes definition & halfway betessn these teo extremes. In fact, computer sgence has smag=d
relatively recently, as a Jenticular image' posing an intriguing puzile in jts shifting ide=ntity hetwssn the world of
technology and the world of people,
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Cooperation and competition

To =nswre the sucomss of the digital scosystens agenda as 4 catalyst of sustainab ke socic -sconomic devek poent, it is
nots uboent to study and suppe ot the formation of commownities of BEs aro wnd open s wos developoentactiv ities
or the creation of new busines modek, which form the oore of the action within digital scosystens (in the broad,
social science sense), Vi oust abko develop a conscio s ly and sxplicitly reflexive methodo bogy of res=arch that @n
stimulateand inspire 2 continue us proces of self-renewal and innovation in the ShiEs and support their mrticipation
in the broader scientific o mm unity. One of the fundamental aumptions of the digital scos pstems visien s that such
4 poces is strongly dependent on finding the right balinos bebesen cooperation and competition, In particular,
whereas oo mpetition works wa | in many market o nexts, coo peration can aoplify e positive nebe ork sffecs aro und
the formalisation and codification of knowledg= within industry sectors, b usines domains, or geographicl regions,
for instance in the form of shared b usines modelling bnguagess and of the open souwroe infrastructurs of 2 s=rvice-
crienied architecturs. How this process works in detail for communities of practics and how it cowld be leveraged
within the digital =cosystens viion, howspa, B not well undersiood pet. The working aswmoption so fr has been
that coobining 112 greaber o prnes to innevation, &4 ommownity building procss that maximizes neteork dfects,
and 31 an =mabling open sowrce dig ital scospstem infrastructurs showld J=ad © an snvironmoent whers knowledge &
o nstantly created and shared, fowing fresly and dynamiclly whers it is need=d This o ptimistic view has howeper
run into significant practicl obstacks that appear © begrowndsd in de=per phiksophical tensjons.

Philosophical tensions

A= discummed jn Dind and Machisa {207y, the scospst=m approach has brought to the fore the desp ontological
and spetemclegial differenos betwesn technolegical ressarch borne cut of the philesophical tradition aimesd at
de=igning and building “machines" o perating in a wel-d=fined, i reductive, objective reality, on the one hand; and
social sdenceressarch, whichis moreanalrtical and interpretative (* hermoeneutic™ ) in character and aines © 2000 wit
for theineraction betwesn hwuman action and socic -sconomic and technical structurss and procemses in theconext
of policy devdopment, on the cther hand. For szample, Joo king at the intersection betessn social scisnes and
Inbernet techne kogy, it & fir from dear whether mrinciples swoch as decentralised architecturss or P oF nebecrks wers
derived froma morticular social theory, or whether instead the converse applies. In general, it seems mores accwrare
i state that sccic-=mnomic and technical sy stenes are inter d=pendent and tightly interbeined, that socie -technical
and =ocio sconomic phenomena appear to smerge spontanscusly from their interaction, and that secial theary
then tries to =xplin them. This state of affais can be inerpreed as svidece that it & not 5o sasy to make acl=an
sepasation behesen the “objsctive™ technokegy we buikd and owr “subjective® or “intersubjsctive™ human sxperisnce
(Ciberra and Hanssth, 1008).
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Fig. 1.1 shows how computer science can play a double role that can be rationalised in a useful practical way from these
different points of view, even if they may remain problematic at the philosophical level. From the point of view of
social science, the products of computer science are most visible in the form of ICTs whose primary role is to mediate
communications between users. From the point of view of natural science, computer science appears to be concerned
with the construction of abstract machines whose performance, self-optimisation, and self-healing capabilities could
be drastically improved if only we could understand how to emulate biological behaviour in software. By recognising
the dual nature of ICT as both communication channel and machine, the figure solves a few problems but leaves a
gaping hole: it addresses, even if summarily, software use and software synthesis, but says nothing at all of software
design. Rather than attempting to fit all three aspects of software technology in the same picture, our thread starts
again from social science and strikes a new course in the direction of design.

In digital ecosystems research language is seen as the driver and enabler of the construction of social and economic
spaces, ICT as a catalyst of this process, and our role to understand how the constructive power of language can be
harnessed by ICTs to realise sustainable socio-economic growth at the regional scale. The importance of language
as medium of power relationships (with the attendant challenges in the management of scarce resources and in
the governance of democratic institutions) is one of the fundamental assumptions of social constructivism. The
introduction of technology into the mix, however, adds another level of complexity.

As discussed in Feenberg (2005), in Heidegger’s early writings “Aristotle’s conception of being in general is derived
from the Greek practice of technical making, from tnyvé”. Tnyvé realises the inherent potentialities of things rather
than violating them as does modern technology. Compatibly with this position, according to Marcuse the task of a
post-Heideggerian philosophy is to conceive a technology based on respect for nature and incorporating life-affirming
values in its very structure, the machines themselves. This utopian demand can be understood as “an implicit recovery
of Aristotle’s idea of Tnyvé in a modern context, freed from the limitations of ancient Greek thought and available
as a basis for a reconstructed modernity”. Making things (i.e. engineering) can then be recovered as a life-affirming,
deeply human activity, as long as we are not blinded by the myth of the neutrality of technology in an objective world.
Feenberg’s critical theory of technology shows how technology embodies our cultural values and is in fact an extension
of our human languages that necessarily generalises the concept of symbol. The language-technology continuum then
contributes to the construction of our understanding of reality and in particular of our social reality.

In this panorama of technology recast as an extension of human cultures and languages ICTs play a unique role
because, not only do they share with other kinds of technology this cultural and expressive valence, they mediate the
very communications that construct the social and cultural systems that created them. It is not clear what the effect
of this tight feedback loop might be, but it is pretty clear that it is likely to be a strong one, and perhaps not so easy to
control. When looked at through a social science “lens’, therefore, the hybrid role of computer science is perhaps best
captured by Winograd and Flores’ view of computers as communication media (Winograd and Flores, 1987). Because
communications, in turn, carry commitments (Austin, 1962; Searle, 1979; Flores and Spinosa, 1998), it becomes easier
to accept that ICT has the potential to become a catalyst of social constructivist processes.

The thread that begins with language, therefore, can be seen to account for software design and software use, but
not software synthesis in the biologically-inspired sense of the previous figure. As argued at the beginning of the
paper, software use or more generally communications do seem to provide an overlap between these very different
perspectives. If we examine the finer-grained structure of language we notice that it can be further divided into a
more mechanical and objective syntax, and more intersubjective and context-dependent semantics and pragmatics.
The levels are in fact many more than two or three (as maintained in intertextual analysis, cultural studies, literary
theory, etc). Communications, therefore, appear to span the whole spectrum of media, from machines to poetry. The
discussion so far indicates that such a “media stack” is not linear but loops back on itself in a self-reinforcing dynamic.
Fig. 1.2 gives an Escher-like graphical rendition of the feedback loops generated by the interaction of ICTs and media
content, which could be described through the metaphor of autopoiesis.

Social science and natural science make uncomfortable neighbours. This should not stop us looking for contact
points. Fig. 1.1 shows a pragmatic contact point in the ability of computer science to mediate between the two; Fig. 1.2
represents a theoretical contact point in the use of autopoiesis as a metaphor for a self-reinforcing, recursive, and self-
generating process that involves only socio-economic and technical systems. A third contact point can be recognised
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in the r=onance behesen the inersubjectivitr of Lnguage and the relativ it bask of autopoiesis. More gen=ally,
digital scosystens resmrch aims to reconcile the amociative (social sdence and the awiopoistic (natural sciece)
Perspectives o0 secks ~scone mic, trchnical and natural systems.

Since Maturana and Warelss first publicatio s cnaubope desis (oo, 1908, this theer haes stimuled s ignifiant i erest
ina number of fiskds such as biclogy, socickay, Lw and family therapr. Altho ugh this theosy has been criticesd at
laxtas often as it has been acchimesd, = most appealing characteristic in the context of digital scosystems res=arch
is = strongly rdativstposition, which makes it stand o ut among moost of the other o bectiv Bt theori= of naturaland
phyzical systers. This & wall swomarizsd by Mlingers {1oo5):

..J think fiat in & partic wher respect Mehinenes work represits e distinet edvence on desdos) phenosrenolaap, & wsjor
crificizr of which iz et it is mseentielly individuelist end fes gt ST Wty in penenating the inerswbiective netone
of sociel realitgy Hene Metwnene heains fosr @ inherswhjective position. Wi @ i (s salfconaciows heings) consh heted
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through our language, and language is inevitably an intersubjective phenomenon. As Wittgenstein also argued, there can
be no such thing as a private language. Thus language is essentially a consensual domain of agreements, of structural
coupling that permits the operations of observers (p. 110).

Even if we acknowledge that autopoiesis has not been able yet to make the transition from a descriptive to an explanatory
theory, Minger’s words reinforce the impression that it can provide a useful conceptual framework upon which to base
a productive dialogue between natural and social science. There remain big methodological differences, but autopoiesis
can provide a common epistemological and ontological ground, i.e. how knowledge and a shared reality are constructed
through an intersubjective process in both biological and social systems. In particular, the common philosophical
problem at the core of a theory of self-organising digital ecosystems, regardless of the disciplinary viewpoint, is how
associations and interactions between individual agents or actors can give rise to supra-individual or systemic behaviour,
and how global and associative behaviour can in turn influence and constrain—or enable—individual action.

In the physical and biological sciences such interdependence between scales is not in question, although different
theories have been developed to account for the observed emergent phenomena in different contexts. In the social
sciences, on the other hand, a debate has been raging for centuries around how best to explain and understand social
and economic action. Although digital ecosystems research does not pretend to be able to provide final answers
to these long-standing questions, it does address challenges of a social, technical, economic, and biological nature
through a pluralistic methodology that aims to find a balance between systems and individuals; between context-free
models and social processes borne out of diverse cultural and economic contexts; and between optimistic accounts of
intelligent and evolutionary technological infrastructure and qualitative empirical data that documents the conflicts
and barriers SMEs face daily to make ends meet.

Fig. 1.3 summarises the systemic interpretation of associative and autopoietic systems and the claim that digital
ecosystems can provide an environment of constructive interdisciplinary interdisciplinary interaction at the theoretical
and applied levels.

Computer Science

Touching on some of the philosophical underpinnings of socio-economic and socio-technical systems is uncovering
that concepts of power, language, value, and trust play recognisably fundamental roles, based on which the development
of a theoretical framework for digital ecosystems is beginning to appear as a plausible possibility from the point of
view of social science. Correspondingly fundamental concepts in computer science have been slower in coming,
undoubtedly due to the relatively young history of the discipline.

But, what does “fundamental” mean in computer science? There is no limit to the level of abstraction at which
data structures or algorithms can be defined in computer science. Everything and anything is fair game. Therefore
“fundamental” characteristics or rules of computing systems in a physics or biology sense can only imply the
introduction of constraints on the universe of possibilities. How can this possibly be a good thing?*

If we look at computer science as a formal system defined in an abstract and objective space of possibilities, similar to “pure”
mathematics and divorced from common human experience, then the argument for leaving it unhindered seems legitimate.
If instead we accept computing in its many forms as a vast formal system of languages and technologies that acquires
meaning through its interactions with its users, then a relativist epistemology becomes immediately relevant. Whether
we wish to treat it as a closed and deterministic system (the “top-down” software engineering process: requirements,
specification, modelling, implementation, testing, iterate) or as an open and emergent system (the increasingly popular
evolutionary computing “paradigm”: mutate, cross-over, implement, select, iterate), the meaning of the software remains
entirely dependent on the existence of its users. Take the users away and you are left with arbitrary binary strings.

Or perhaps not? There is the concept of time, or the clock. There is the concept of interaction. There is the concept of

state and of state transition. There is the concept of computation as an arithmetic operation on binary strings. Even if
we do not force any particular way (architecture) to connect these concepts, there does seem to be some “fundamental”

2) Based on a conversation with Professor Vinny Cahill, Department of Computer Science, Trinity College Dublin (2003).

dbe_book_DEFl.indd 29

29

11/09/07 12:59:52

|
[T (TN



) —T T

Ag 1.4
Lok i 4 Ll
i,

30

| | dba_book DEFlInkd 20

Bickeagy
+ Formal methods,

Mathe matics e Computer Srimnos  ee——e  werification & testing
T automata theory

ML
MO
ohir'lL

[IETY 3

Softvare Enginearing applications,

requirsmants

Sofkears Engrmering paradigm o weirsmmly of faciive, b 4
aarirng pard of Diglad Eomyateno rmeerch, a2 debired by
dm EC v 1o lock da pove’ dra i fionel wrgiresning e doch.

Tha redd ho besn oirmegets 1odd aderoe vidh aoAvam A bstmction, reuse &ncapsulstion,
srgrmenrghor 1he nclional o mmeia, end Bdogysweilh dﬂh;n pattarns, ...
oryriar aoeres for e ronhordliocal regpsremerrhs

strwotwre after all, 2 structure that has much in common with the mathematical structure of the physical uneses—
which we @ wd alkoe o ursshes to =ndow with same degres of chjsctivitr. Thess heo views cowld be reongl=d by
recognising that the theorstical fo wndations of softhwars enginesering and commputer sdence are differat, sven if they
do cverlap on many points. In addition, softwars snginsering & stronghr biased ©ward the functicnal reg wireme=nts
of scftware applictions, whersas co mpuber sciences & more concerned with the nen-functional requirements . W do
notpretend to rese e sucha complex sot of Esws for the huge and growing disciplineofoomputing so =asily, but Fig.
1.4 proposes such an cversimplification that cowkd s=rve as a starting point for dEcission,

Azsuming that the abowe & 2 plasible inftial appreximation at a frameswork that can reconcile the different t=ns=ions
experienosd by software snginsering and omputer sdenos, and by the corresponding commuwnitis of practitioners,
this figure shows how biccomputing needs to focus on mathematics, bickgr, and auomat theory befors it can
usefully addre== software enginsering concerns. The rest of this chapter & structursd according o this viee,

Az dcimsed by Goldingand Yegner {200 I, computer scisncs has in fctbesn constrained for along time, specificallr
since the smergence of the math=matical perspective of computing that identifies algor ithres with the svaluation of
mathematical functions and that culminates with the Turing Machine “dogmd”. In the mid-aos Milner startsd ©
raliEe that d=erministic finite auomata (DEAs) were ot quite adeguate to model interaction betwesn procems=s,
and hestared woendering why automat theory did not allow auicmata o interact® Perhae something dosa ©
Fizaly automata which g=n=rat an o wiput for svery stae changes triggersd by an input, oo wd be harnes==d? Fifteen
Fears later Miilner and his collaborators (in mrallel with Hoare whe developed CSF, the cakowlus of Communicating
Sequential Procemes | had developed the Cabowlus of Communicating Spstems, which modek processss szchanging
data akong channek that oonnect them in 2 fced ©pokegy. Tien yoars after that he published the n-calowlus (Milner,
1990 Y, in which ako channel names can be pamed along channek, therstr achisving the ability © modd variable
topologr, which B sguivalent to mobilitr.

Hoene, Milner end o thers feve long ealized fiet ThE db not wodel @l of conrp wtetion. However, when feir feorp of
COHCHITEHE comb Wtetio n wes first drvelobed in the late 'ras, it wes presature to obenly chellenge T s & complere
miocsl of comrp wtetion. Conc wr rency thearp positions intenec ion es orthog nel to comrpwietion, rether fien & pertof it
By sspenating intenaction fosr conp wtetion, Fe guestion wheter thesrodels for 008 and e orkewdus wen b hepond
Twring srechi nes end' e loori B wes g voided. [ Golding end Wesner zos)
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Fig. 1.5 shows graphially whers inberaction fits relative to abgorithos and concwrrency. Golding and Wsgners paper
repres=nts theculmination of a 10 -pear ressarch effor tinitiaed by Peter Wiz e whers he add resses the foundations of
compuwier scisnoein arder o develop aself -cons Etent theor sticl framewo ks distribwed and inberactivecomputing,
He =hows how Turing Machines ( Tiis) were never intended © provide 2 model of computation for distributed and
interactive computing, but wers ascribed that role thro ugh 4 sevies of conceprual adjustments { misimerpretations)
of the criginal theory motivated by practical concerns. This has led to 2 divergence brhwssn computer sci=nce and
software enginsering . Bescognising the Jegitimacy of an sxtemsion of the concept of computation and sxposing the
histor ical reasens dwe 1© which the mico nosptio s devele ped, Golding and Wezner provide o der sxplanationofthe
limits of Thfs and Ly the gro undwor kfor the development of 2 theory of interaction machines.

Inde=ed, Turing himssf was very clear about the scope of his formal resuht, In his 1939 paper (Twring, 103091 he spoke
of different kinds of computation, including interactive computation. The technoelogical limits of the first coooputers
that were built in the 10405 and sos, howsper, highlighied the single-procesor von Mewmann archiwecturs and hid
the other possibilities. A= Golding and ¥Wezner sxplain, computer scimce exthooks from the fos were not wiifor by
Pedse in their d=finitions of algorithm, fcilitating the smergenceofthe perception thatal] o oputable probleos can
be d=cribed br an algosithm and that This can mods any computation. This was partlr motivaed by the need for
software and telscommunications sngineering o addres practical probleos that initially led and soon cuwtstripped
the much skowsr theorstical dsvdopment of mmopuber sdence, They @adude their articls recounting the clains
that have smerged since the 1939 Church-Twing thesis was published and that make up it common but fauky
intepretation. They then movids amended vemions of thee clains to reflect the original int=ndsd mo=aning of the
Church-Turing thesis (Gokling and Wegner, 2oos )
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CarecedChm 5 Thecan simulateamy Agorithmiccompubing dedce

Furthermore, the following chim i abo correct

Thecamot mmputeal problems nor can they do everthing red computerscan do

The v i=w that This cannot cope with ineractive o oputing continwes i© be categorically reject=d by moost practicing
compuwier scientists Clarly any akgonithoo, sven in the conex tof inberactive commputing, can bereprs anted & poseriori 31
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by a Turing Machine. The problem arises when one does not know who or what might interrupt an algorithm through
an unpredictable and independent external input, when that might happen, and what an appropriate response
might be. It is true that we design and implement applications that wait for events before proceeding, or that easily
handle being interrupted by unpredictable events, but achieving an appropriate response that has not in some way
been programmed in advance seems beyond the range of present possibilities. Whether or not such scenarios are
computable by Turing Machines may take a long time to prove in a definitive way to everyone’s satisfaction. In the
meantime it is probably a matter of personal choice which point of view one chooses to adopt, since such viewpoints
do not prevent us from building new conceptions and new architectures of software systems. This discussion is still
relevant, however, because we need to develop a rationale for attempting a radically different approach at computer
science and software engineering. In the absence of mathematical or logical proofs we are limited to relying on
“circumstantial evidence” and intuition. If we achieve something useful or interesting we will leave the statement and
proof of any corresponding theorems to a later phase of the research.

In Digital Ecosystems research we are examining a further conceptual extension that can be referred to generally
as a “distributed algorithm’, a term that is increasingly gaining currency in the literature (Babaoglou et al., 2006).
In the present discussion we mean an algorithm in a particular software module that is incomplete and can only
be completed through interaction with another module or through its “environment” The motivation for such a
concept arises from the increasing need for software to adapt automatically to its context, and to continue adapting
as its context changes. An architecture capable of handling such a generic and ill-defined requirement differentiates
between repeatable, general, and reusable properties of the software and customisable, context-specific properties.
Software engineering has evolved precisely in this direction, through its reliance on design patterns for the former and
parametric or case-based adaptation for the latter. Rendering the adaptation process autonomous, i.e. not internally
pre-programmed, necessarily requires the software to acquire relevant information externally, from its environment.
The only way such information can be aquired is through some kind of interaction.

As the number, scope, and recursion levels of such hypothetical algorithm construction steps through interactions
increase, it becomes increasingly difficult to see an infinite linear tape and tape head as an adequate conceptual model
of the corresponding computation. Be that as it may, while the search for the most appropriate theoretical model of
computation continues it will hopefully not seem too implausible to claim that interactions are as fundamental to the
brand of computer science that underpins digital ecosystems in the narrow sense as power, language, value, and trust
underpin digital ecosystems in the broad sense.

The introduction of interactions has not constrained computer science, it has actually enlarged it. This is easily seen
by the fact that the mt-calculus (which is Turing-complete) can represent any computation expressed in A-calculus (the
Turing-complete theoretical archetype of all functional programming languages), but the converse is not true, i.e. not
every nt-calculus computation can be represented in A-calculus. Such a strong claim is actually not easy to find stated
so starkly in the literature. The sense given here, however, can be extracted from a few quotations taken from the
current reference text on wt-calculus (Sangiorgi and Walker, 2001), written by two close collaborators of Milner’s:

...the mt-calculus can actually do the old job which the h-calculus does in underpinning conventional programming (R
Milner, in the Foreword) ... The wt-calculus has two aspects. First, it is a theory of mobile systems. ... Second, the wt-calculus
is a general model of computation, which takes interaction as primitive (p. 3). ... The A-calculus, in its untyped or typed
versions, cannot describe functions whose algorithmic definition requires that some arguments be run in parallel. ... In
contrast, the n-calculus naturally describes parallel computations. The nt-calculus ‘world’ is that of processes, rather than
functions. Since functions can be seen as special kinds of processes, parallel functions like Por [‘parallel or’] can be described
in the mt-calculus (p. 427). ... the class of m-calculus contexts is much richer than the class of h-calculus contexts ... In the
nt-calculus one can express parallelism and non-determinism, which ... are not expressible in the h-calculus (p. 480).

Faced with the ability to represent and describe the behaviour of an arbitrary number of concurrent processes
interacting in arbitrarily complex ways, the response of the formal testing, verification, and simulation methods of
computer science (including the mt-calculus creators) has been to limit the space of possibilities to formal systems that
could be completely defined (the actual number of states for such systems might still be combinatorially large). It is
not clear whether we have explicitly limited the expressive power of the calculi of concurrent systems (also known as
process algebras) to deterministic systems or whether such calculi are intrinsically limited in this manner. A broader
question that seems “fundamental” and worth asking is whether formal systems can be emergent. A linguist would
probably reply “Yes” The related more applied question that lies at the heart of digital ecosystems theory (in the
32 narrow sense) is whether computable, or computing, systems can be emergent.
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The relevance of emergent structure and behaviour in software is justified by the need to develop software frameworks
that can support the adaptation to new and unforeseeable circumstances and requirements. Given the present state
of the art, if we relax the deterministic constraints in the formal system that is supposed to model such a software
framework, we are left with a ship without a rudder. We are hard-pressed imagining how an incomplete specification
of a software system can result into a useful and functioning piece of technology, or how an incomplete formal model
can verify anything at all. In such conditions the need for more structure appears evident. The response from the
connectionist “camp” of Artificial Intelligence has been the incremental and iterative construction of structure based
on the information provided by the target behaviour. Incremental construction implies the presence of a memory
mechanism to store intermediate representations, thus making it increasingly difficult to ignore the relevance of
biological systems to the discussion.

Whereas on the short time-scale of the individual organism memory is associated with learning, biological evolution
generalises the concept of memory to act across generations and over time-scales of the same order as the age of
the Earth. In both cases the emergence of structure happens through a passive order construction process that we
could equate to a form of pattern replication. In biological systems the pattern is given by sensory inputs or by the
selection pressure on a given species arising from the ecosystem within which that species is living. In computer
science much simpler frameworks have been developed in the form of neural networks and genetic algorithms, both
of which blindly reproduce a desired behaviour or meet a particular set of requirements through many iterations
and incremental adjustments that coarsely reflect, respectively, our current limited understanding of neural and
evolutionary mechanisms.

This cannot be the final answer. If we assume no relationship between external behaviour and internal structure,
then desired external behaviour can only be achieved by a random trial-and-error process of incremental structure
formation and rearrangement coupled with a notion of “fitness” and a selection mechanism until the structure finally
exhibits the desired target behaviour. If, however, we assume that desired external behaviour is related in some way to
internal structure, we might start thinking of other questions. If for example we notice that internal structure is more
often than not modular and nested, then we might wonder whether external behaviour might not be somehow related
to internal interactions between modules at different scales and between different scales.

Granted that this can be seen as nothing more than the description of any one of the hundreds of thousands of
software applications running on the millions of processors and computers in the world today. But how were such
applications constructed? Does the fact that they were constructed by relying on the logical relationships between
representations at different levels of abstraction, otherwise known as “design’, mean that design is the only way to
achieve such structures and behaviours? The widespread use of design patterns in software engineering has not led
us to wonder if there might be underlying “laws” that give rise to similar patterns in similar situations. We appear to
be content to apply the same logical deduction process every time we design an application, a process that starts with
user requirements and ends with a class diagram. The class diagram together with other UML views can be seen as
a modularisation of code with well-defined interfaces between the modules, so that the writing of functional code
within these boundaries can again be deduced logically from the “boundary conditions” themselves. Reuse of patterns
cuts down drastically on design time, which is good. But where do these patterns come from?

In physics we can explain the shape of a soap bubble through the local relationships between individual soap and
water molecules; but we can also invoke the deeper principle of minimisation of potential energy to arrive at the
same geometry with less effort. In the design of complex mechanisms we can likewise invoke global principles and
conservation laws that greatly simplify the process relative to what a deterministic Newtonian approach could afford.
The reliance on a relatively small number of “fundamental” principles in physics to explain a practically infinite
number of observable phenomena is compatible with causal logic over a significant range of length scales, but not over
all length and time scales. For example, conservation of energy (if we allow for the mass-energy of relativity) applies
everywhere and at every scale, whereas deterministic Newtonian mechanics is rather more limited.

Is logic the only framework we can rely upon to construct order? Are there alternative organising principles and
frameworks? Logical frameworks are being continually developed, extended, and refined, with corresponding
improvements in their expressive power. They help us describe and verify the behaviour of systems defined through
formal specifications. This is impressive, but is it enough to achieve open, adaptive, and emergent software systems?

4) Richard Feynman, one of the foremost physicists of the 20th Century, says in (Feynman, 1965), “I think I can safely say that nobody
understands Quantum Mechanics’, and in Volume 1 of (Feyman et al., 1965b), “ It is important to realise that in physics today we do
not know what energy is (p. 4-2)” [emphasis in the original]. In other words, more often than not the fundamental concepts of physics

remain slippery and mysterious axioms or tautologies, even if they can in fact explain a large number of observable phenomena.
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Can we formalise, or specify, useful design patterns within a framework of non-deterministic and emergent interactive
computing? The answer to the question at the top of this section appears to be that we need less structure than that
afforded by deterministic formal frameworks, but more structure than what evolutionary computation embodies. A
mathematical theory that might do just that is the theory of groups, which can equivalently be regarded as a theory of
symmetry (Armstrong, 1988) and which lies at the foundations of physics and of much of mathematics.

If we have succeeded in arguing for the need for a theory of emergent computation based on interactions and
symmetries, perhaps it may seem justified to bring in biology at this point.

Natural Science

In 1993 Stuart Kauffman, a theoretical biologist, argued in a long and complex book that in his opinion evolution by
natural selection was not a sufficiently powerful order construction process (Kauffman, 1993):

... Darwin’s answer to the sources of the order we see all around us is overwhelmingly an appeal to a single singular force:
natural selection. It is this single-force view which I believe to be inadequate, for it fails to notice, fails to stress, fails to
incorporate the possibility that simple and complex systems exhibit order spontaneously (p. XIII, Preface).

In other words, something more has been at play to explain the infinite variety of life forms that we observe around
us and that are organised in a recursive nested hierarchy of form and function over 10 spatial orders of magnitute
from the periodic table to the Blue Whale. The growing general consensus is that morphogenesis and gene expression
embody additional “machinery” that adds a “turbo-charger” to the evolutionary order construction process. For
example, in a recent collection of papers exploring the boundary between biology and computer science Kumar and
Bentley (2003) say,

Natural evolution has evolved countless organisms of varied morphologies. But before this astonishing diversity of life
could evolve, evolution had to create the process of development. ... Central to development is construction and self-
organisation (p 2) ... The main goal of developmental and evolutionary biologists is to understand construction (p 9) ...
In technological fields, the dream of complex technology that can design itself requires a new way of thinking. We cannot
g0 on building knowledge-rich systems where human designers dictate what should and should not be possible. Instead,
we need systems capable of building up complexity from a set of low-level components. Such systems need to be able to
learn and adapt in order to discover the most effective ways of assembling components into novel solutions. And this is
exactly what developmental processes in biology do, to great effect. (p 10).

Kumar and Bentley go on to ask why we should bother with development when evolutionary algorithms (EAs) can
evolve solutions to our problems. The answer lies in the fact that

...for traditional EAs ... typically there is a one-to-one relationship between the genotype and the correspoding solution
description. ... As solutions become more complex, the length of the genome encoding the solution typically increases. ...
Instead, evolution by natural selection evolved a highly intricate, non-linear method of mapping genotype to phenotype:
development. ... Development has enabled evolution to learn how to create complexity. (p 10)

Even though genetic programming operates at a higher level of abstraction, and is therefore correspondingly more
powerful in terms of expression of functionality and closer to a non-linear mapping, it relies on the same genetic
operators (mutation, cross-over and selection) as genetic algorithms as the basis of the order construction process.

In fact, evolution is not very creative at all. It relies on sexual reproduction and on mutation to recombine existing
traits and to create new traits, respectively. This is the constructive part. Natural selection is the “subtractive” part, i.e.
most mutations perish, only the best-adapted survive and reproduce. We are looking for additional principle(s) that
can bolster the constructive part. As mentioned above, a potential candidate is the field of mathematical symmetries.

5) See Dini (2006) for a more extensive discussion.
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Fig. 1.7 is an attempt at an integrating conceptual framework between these two increasingly complementary and
interdependent sub-disciplines. The figure relies on the familiar metaphor of the organism (blue rounded box)
embedded in an environment or ecosystem (green background), implying an analogy with a software service
embedded in a digital ecosystem (in the narrow sense). The text-boxes shown, however, are not the components
of such an organism/service or ecosystem/digital ecosystem. Rather, they are those areas of research in computer
science, biology, and mathematics that are relevant to the different parts of the metaphor and that have already been
accepted as central (most of the lower half of the figure), that are gaining acceptance (top-left quadrant), or that are far
from proven and are currently being assessed in digital ecosystems research (all the references to symmetries).

The figure starts with the concepts of interactions and internal structure and presents those aspects of computer
science that, by chance or by design, are giving rise to an increasingly “biological” conception of computing. Digital
ecosystems research so far has mainly been concerned with the mapping of all the boxes shown on the left, associated
with biology and computer science, and with the development of a distributed architecture that can support
evolutionary computing, shown on the outside as a feedback. The same concepts of interactions and internal structure
are central also for a rationalisation of biological systems through the processes of evolution and development, whose
interdependence has led to increasingly complex organisms and processes, such as gene expression. It is helpful to
recount very briefly how this might have happened.

Evolution has evolved gene expression. Thus, evolution is indeed the starting point. At some point, by chance, some
of the molecular species populating the primordial soup acquired the ability to make copies of themselves. The first
replicators were born. The competition between replicator species in the race for the absorption of sunlight and
loose nutrients (sugars or whatever else) in some cases turned into cooperation, where two or more interdependent
species acquired an evolutionary advantage over species acting on their own. These were the early “value chains” of
the primordial soup. In the case where the chain of interdependencies between replicators closed back on itself an
“autocatalytic cycle” formed. This cursory reference could never do justice to the large bibliography on replicator
dynamics (Eigen and Schuster, 1977-78; Stadler and Stadler, 2003; Stephan-Otto Attolini, 2005) that, over the
past several decades, has pieced together a plausible scenario for how the initial molecular replicators gradually
bootstrapped themselves into RNA and slowly into families of interdependent structures. When one such structure,
the membrane, closed around such a family in a symbiotic (i.e. mutually beneficial or synergistic) relationship the
first cell was born.

The cell is composed of parts that conspired to reproduce themselves at each step of their evolution. It is a super-
structure that organises sub-structures, that are themselves nested hierarchies of structures. The behaviour of such
structures is also nested and recursive. Thus evolution favoured those replicators whose replicating ability depended
upon, and reinforced, the replicating ability of their partners. Furthermore, evolution favoured those replicators
whose behaviour enabled the group of replicators to replicate as a unit. This is how autopoiesis came about. A stem
cell is the best example we have of an autopoietic system.

In this paper I argue that to reach the chimera of self-organising software systems we need to understand how to
model the order construction processes of biology through symmetry groups. In biology symmetries are symptoms
of universal physical laws that, by acting upon a stable alphabet of chemical elements, are responsible for all the
order construction that we see in the organic and inorganic worlds. Because software systems are abstract and do
not rely on underlying physical laws, the role of symmetries as symptoms of underlying order can be inverted to
become mathematically formalised constraints that make possible the construction of an equivalent order out of the
range of possible structures and behaviours of software. To clarify, in the software engineering methodology called
Programming by Contract certain preconditions and post-conditions are specified and enforced when a call is made
on a module. These are clearly constraints. In this discussion the constraints we are referring to apply to the software
that needs to be created between the preconditions and the postconditions, to enable the highest possible level of
automatic generation of code (or behaviour, as mentioned above).

The constraints need to act on something, and that something is a large number of interacting components over
a wide range of scales. The presence of interactions driven either by the “external” environment (users, other
components, network messages, RPCs, etc) or by pre-programmed internal random “mixing” processes is analogous
to a non-zero temperature in a physical system. Thus the conceptual basis of this picture is clearly inspired by
statistical physics: the global state of the system results from a balance between the tendency toward order that is
observed as the temperature approaches zero and that manifests itself in the solid state, as regular and symmetric
crystals, and the tendency toward chaos that is observed as the temperature increases without bound and that
manifests itself in the gaseous state, as a structureless collection of randomly colliding components. Biological
systems, in fact, are able to strike this balance and depend mainly on the liquid state, although they involve all
three phases of matter.
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Becauss for pagmatic pupoeses we nesd to acoderae the svolutionary dynamics of digital scospst=ms and,
=g wivalently, we have a further req uiremoent for the sofbwarsto reflect dirsctly the needs of the users, we need to mest
an additicnal challenges. Digitl scospstems are immens=lyr compex and many-dim=nsicnal butin a s=ns= they are
semi- infinite mediasince by definition they will ahoays presentons interfacs to the users . Th us the arder constr ucticn
procemes and the interaction frameaworks discumsed hers will aheays need to be compatible with ane “bewndary
condition”; the specification of theservics and the behavio ur of the users that thesofowars needs to adapt 0, Whereas
the Ltter can be ussfully harnes=ed through the sub-symbolic Jarning approaches of Connectionsm, the former
points © the need for the imeraction-driven and sy omostry -based ordsr construction framswork o utlined here ©
“grow™ ot ofabstract spedfications. In o ther words, it wowd appear that we abse need © finda connection bebessn
group theorr and formal kegis.

The argument d=psoped in the DEE Scisnes Wiion report, already cited, J=d to the “fundamental drchotomy of the
DEE™ which, folkwing ¥arels (Yarsl stal 101 ), pits syobok against behaviewrs in both hickgy and cognitive scisnce
as opposite pars prctives on order constrwction. The diEcusion in this articks cowld be s ummarsed with the daim that
thegroup-theorstic appreach has the potential to reconcile this diche ooy, as sheien in Table 1.2,

Tabk12
The funda mentaldichoto mry ofthe DBE: A posible reconcil@tion?
Evolriinmary Bology o oup Thaory Cognidva Sranca
Smmk EMRETIC I:ETEFH.'Ir\\IEI‘.'ln DOGHITIMEM
Immains E MEFSEMT SYSIE ME
Bahadmurs F_TOROESE CORRECTIOREM

The @ nnections bebesen ogic and groups area cwrrent arsa of res=arch and will not be discusmed further in this
article. The articls will instead review brisfy sxiting medelling framesworks from physics, chemity and comoputsr
scienoe. Thiswill bead to a v yinnovative model of oo mputation borneo wtof the practicaloo nosrns o f comm unication
proiocols, the Fraglets, The discumsion will =nd with 4 simople sampls of how spometriss can @anesct hiclogr ©
oo mputer soienoe,

The diakegusbetwsm the wides rang=ofmodeling framsweorks that have been deveoped over thepast hundred yers
in physics, hicke gy, and cheo stry and computsr scisncebegan abo ut heenty pears ago. Indigital scosystems ressarch
this kind of anabr=is was bagun in Deliverable 0020 and B on-geing ? Someswch frameeor ks have end=dto bebassd
o amwmptions of continuity o on the validitrofareraging siopy becas e this affo rds 2 huge dimensional reduction
in the numober of varables nesded to be accounied for. Unfortunately, howsper, such aswmptions work weell ondy for
systems that are very lirgs (Avogadros number of mrticks) or in equilibrivm, or beth The cell & muwch smaller (o2
- 1ovparticles as opposed to 107 and can o ndy function by virtweofa flow of snergr and nutrjsnts maintaining it awep
from =quilibrium . The oo force that drives s=ff-crganking processes in fot comes from theoslls continweus “fall”
toward eguilibriwm, which it never reaches as long as the crgansm remains alive.

A the ugh the non-linear coupling of dynamical systams theory is wnde wbbedly relevant to this dscussicn, diffsrential
=g wations do notssem to be “granuls” mough, They modd the times =vol wtion of oeagesconoentrations of reactants
and products, thersby making it difoutt to rese e the spatial variaticns within a particular o=ll compartment (s uwh
as the nucleus)or the overall ©pology of the cell, Beacticn-diffusion systemos bassd on partial differential g wtions
de better in resohving spatial variations (by d=finition), butreoain limitsd in thenwmber of variabl= they are able ©
mode] simubanscusthy.

The study of nen-squilibrium statistical mechanics and critial phencmoena co wld be s2m a5 att=mpting to strik=a
compomis betwsm sguilibrivm sttstical metheds (appliable to Lrge sy=tems in squilibriwm) and dpnamical
systers theor ¥ (applicabls i© small unstable spsiems). O neof the appealing as pecis of such approaches & their dbility
to model the o mmuniction brhesen diffrent scales of the system, Howsva, although phasetransitions and critical
phenomena are a direct conssquence of the presence of interaction forcs hebessn the systens components, which
sowndscloses in onceptto interactivecomputing, it & difboult to imagine howan inter action potential =nergy function
of var ¥ limited sxpremsivenss couwld ussfully snccdes arbitrary information szchanges hehessn softwars oodules
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In the absence of a direct link between physical interaction forces and order construction processes, we are left with
no choice but seek a rationale for self-organisation at higher levels of abstraction. It seems better to focus on the state
changes that result from interactions rather than on the modelling of the coupling mechanism itself. A significant
amount of work in this direction has come from modelling frameworks inspired from chemistry, generally referred
to as multiset rewriting (Banatre and Metayer, 1993; Giavitto et al., 2004; Stanley and Mikkulainen, 2003). Multiset
are sets where more than one copy of each element can be present, and “rewriting” refers to the rewriting of chemical
reactants into chemical products as a result of a chemical reaction.

A conceptually similar approach has extended the m-calculus into the Stochastic st-Calculus by assigning reaction
probabilities between different processes, which then become relevant to the modelling of biochemical systems and
have given rise to the field of Computational Systems Biology (Priami, 2005). The stochastic 7t-calculus has been
used with interesting results by Shapiro and co-workers (Regev and Shapiro, 2002). A wealth of detail and some very
interesting examples can be found in Regev’s PhD thesis (2002). In essence these approaches rely on associating a
nt-calculus process with a bio-molecule such as a protein or enzyme. Communications between processes become
physical interactions or chemical reactions between molecules. Regev shows how this approach can reproduce
phenomena such as the cell circadian clock'™ as long as the relevant chemical species and their concentrations are set
up correctly at the beginning of the simulation.

Regev also explores a more recent example of computer science-based biochemical modelling, Cardelli's Ambient
Calculus (Regev et al, 2004). Ambients, as an alternative approach called P-Systems (Paun and Rozenberg, 2002), are a
form of membrane computing. Both approaches are concerned with a model of computation that uses a membrane as
a primitive and is therefore implicitly capable of resolving the topology of the biochemical environment of the cell.

As a final point in this extremely brief review it is worth noting that the w-calculus has also served as one of the
theoretical reference frameworks in the development of BPEL (Business Process Execution Language) (Havey, 2005).
BPEL is the syntactical language being used in the DBE project to specify the interfaces between the service modules
of a complex service and their order of execution, and therefore underpins service composition.

As we survey the rather wide field of possible modelling approaches that have the potential to achieve the challenge of
self-organisation of software, we reach two high-level requirements:

1. from the point of view of biology, the model must be able to reproduce ordered patterns and behaviour of open biochemical
systems to an appropriate level of granularity. In addition, the model must be able to resolve the topology of the biochemical
environment.

2. from the point of view of computer science, the model must combine expressiveness with the ability to support interactions
and real-time non-preprogrammed adaptation to unforeseen events and situations. As a special case, it must also be able
to support the generation of a running instance of a service or application based on a high-level symbolic specification of
its functional behaviour.

These are tall orders, but a model that, although in its early stages, seems to hold the potential eventually to satisfy
these requirements is the Fraglets.

It seems fair to say that Fraglets (Tschudin, 2003)" represent a radically different approach at computing. Fraglets are
based on theoretical computer science frameworks that are centred on the concept of interaction, such as process
algebras (m-calculus) and multiset rewriting (artificial chemistry). They are sufficiently versatile to support the
encoding of deterministic algorithms, but can just as well support multiple levels of non-determinism, as explained
below. They intrinsically embody interactions and can only be implemented as a distributed algorithm. Because they
were first developed to implement communication protocols they can also very easily model different topologies that
can equally well represent network nodes or cell compartments.

Other aspects of Fraglets that are not immediately relevant to this discussion, but that are important for biocomputing
in general and digital ecosystems in particular, concern their extension toward genetic programming (Yamamoto
and Tschudin, 2005), membranes (i.e. nested containers), Java APIs for atomic function implementation and reuse

10) Wikipedia: a roughly-24-hour cycle in the physiological processes of living beings

11) See www.fraglets.org for a copy of this paper and the open source (GPL) downloadable execution environment
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in enginsering conexts, and variabls topekogy L= mobilite). Aspecs that are relepantto this decum=icnand that are
cwrrently very much the foows of ressarch include 2 siore to oo ds aspnchronc us DMA function and 2 prootrpical
autecatalrtic cpckeas the atomic or archetypal autopoistic spstem. Thess ©@cs aeal] wor kin progres o5 posibilities
wnder spaluation, for instance in theOE% ATS and the EIDMETSE EU projecks .

Fraglets are strings of imstrwotions andfor data, or arbitrary Jength Their syntax i very simple:
. . e bepweordtz;... TN

whers "W E the name of the node in which the fraglet is Joated and “M” is the nwmber of identical fraghets of 4
particular tr p= baing d=fined at the baginning of therun Each ke ord can besither an instruction or data Datacan
bea“papkad” that nesds to be transmitted betpsen nodes or a to ken (e=ntially 2 patbern ) that=g. @n be matched
with ancther fraglets kepword to alkae the reactionbehessnthem to pocsed Ondy the fist keyword or the fstheo
keywords are “active™ in =ach fraglet at any cne time, which oeans that scecution procesds by head=r proceming.
Each fraglet & this sguivalent o asequential proces Howesva no fraghet B { usually) self-sufbcient. For 2 meaningful
action to be swecuted several fraglets need to interact to activake the required sequence of instructions . Thus the
algorithm that needs to be spscwted is actual by distr b ubed over 2 set of fraglets.

Fraglets do not just interact, they can alse be sxscuted on ther oen, depending on the instruction being szecwied.
Fragletsemantics can be summarkesd & only seven instructions, as shown in the table,

Tabk 3

Fraqlets instructions [reaction and tramformation rukes)

Raa-im Inpur Cuipud Samani s

metch [mkh:s:E@hl[s5:@0] [h :=h] e s 1 froy ket wl th makching B

meke hp [metchp s E1] 5 EHB] [metchp: 5 b Uk B Pers hen E et ks 2 anereyme L, & s nobc orsumad )

Tasiomaion

LT [oup:t:u: ] [{HHH- § fupl k2t 3 7yminl

mat [ech:b:u:v:] [E:v:u:=l] SYE b mimls

it [k "] [t:...1[HEH] brems frogbet 2 poed Hon ™

s A[amd: B: @] BT 2 Jurwed kbl ) Sk fog ket from A B

vt [ wait: 2 ] [ ] (AT kel ) walls apreriefined Inberd

LT [mi:k] [l ket |5 rerrarvad

Eig.1 & linthen=xtdouble page)showsan sampleof a oo mmuwniction protoeco) that ks sxplined jndetailin Techudin’s
200 3 paper already SGied. Her = e will focus ondy on a fow points relmvant © the presentdicussion. The teo codowred
boxs repreent teo nodes of 4 nebeosk, Al the fraglets inthe pellow box she wdstartwith an “% andall thos= in the
cyan box sho whd start with 2 B, In this figure, howsver, the intent was to smophas e the difir e betesen the initial
setoffraglets in sachnodes and thefraglets that are gene=rated atrun-time, through inberactions and transfo rmations,
The initial s=t is recognisable by the starting J=tber and bobdface trpe; all the other fraglsts are generated it run-timoes.
This sampeis akso helpful for showing how, for szample, theyellow node cowld bethe crtoplasm and the cpan neds
co wd bethe nucleus of thecell In other words, thesame computing mod=l @n be used for biscomputing applications
and for computational hiclogr simulations.

Clearly the initial sot maks no smse by imelf. When depayed together with the fragles it g=n=rates, on the
other hand, an sxecution path can be recognized. The specution of 2 multisst of fragb=ts procesds by smwlation of
chemical reactions. In other words, at sach time-=step the whole setis sxamined and a fraglet (or teo int=racting
cnes) is picked from thes ubset of actions thatarspomsible atthatpoint. Even though the currentFraghets spscuticn
Environment wses interleaving © simoulte parallelism, the sxscution cowld be parallelized cver multipls procemsors
without Joss ofsemantics.

This mrticular szampls & d=erministic in spite of theforks in the sxscution mth, in the sen=se that it will parf oo the
prodocol function thatwas specifisd, Itmar activate or geerate intsr oesdiatefraglet in a slightly different order sach
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time it is run (if a true random number generator is used), but the effect will be the same. Therefore, this particular
example is equivalent to the same protocol written in a standard language such as C. The implication is that the
initial set of fraglets could be seen as a “compressed” form of the full algorithm shown in the figure. The forks in the
execution path, however, point to the possibility of programming the multiset to do different and mutually exclusive
things depending on which path is chosen at a fork. Since at each time-step the next action is chosen randomly from
the set of allowable actions, a Fraglets program could be designed to be non-deterministic at one or more forks. This
is the first level of non-determinism mentioned above.

The current emphasis of digital ecosystems research in the construction of order, however, is concerned with the next
level of non-determinism. In particular, is it possible to devise a multiset of fraglets that is incomplete, i.e. that does
not correspond to a unique and complete program even when expanded, and that is still capable of executing a useful
or meaningful function? Based on the concepts discussed so far in this article the answer is “Maybe”. It appears that
the missing information would need to be acquired from the environment the Fraglets program is interacting with.
And that it might be possible to derive the structuring of such information by relying on symmetry properties of the
fraglets. This hypothesis is inspired by the tight interdependence between structure and function in biology. We can
say little more at this point about whether this line or enquiry might be successful or not. We close the article with a
reductionist look at the connections between symmetries, biology, and computer science.

The following facts are surprising to the non-initiated and somewhat mind-boggling (Alberts et al., 2002):

A typical enzyme will catalyze the reaction of about a thousand substrate molecules every second. ... Rapid binding is
possible because the motions caused by heat energy are enormously fast at the molecular level. ... a large globular protein
is constantly tumbling, rotating about its axis about a million times per second. ... Since enzymes move more slowly
than substrates in cells, we can think of them as sitting still. The rate of encounter of each enzyme with its substrate will
depend on the concentration of the substrate molecule. [In a typical case,] the active site on an enzyme molecule will be
bombarded by about 500,000 random collisions with the substrate molecule per second (pp 77-78).

When faced with the task of modelling biological processes, upon encountering descriptions such as the above it is
difficult not to think of the cell biomolecular system as an immensely powerful digital finite state machine. The cell
“computes” in the sense that interactions between molecules change their states, and these state transitions correspond
to the execution of some function, just like an algorithm. Such functions are called metabolic, catabolic, transcription,
or regulatory cycles, and are themselves components of higher-level functions inside and outside the cell, which
could be said to culminate with the mind. What makes the cell machinery so powerful is its parallelism. Even though
the 1 KHz rate of interaction of an enzyme with its substrate is very slow compared to the Mac upon which I am
writing this article (2.33 GHz dual core), which is 4.66 million times faster, in a typical cell there are many millions
such interactions happening in parallel every second, performing hundreds of metabolic cycles simultaneously, thus
making each cell significantly more powerful.

Having argued in a hopefully convincing way about the fundamental importance of interactions in biocomputing,
we have identified the Fraglets as the most promising model that starts with a “foot” in engineering but that could be
expanded in many ways toward biology thanks to its theoretical basis in process algebras and multisets. Now we are
looking at the other side, starting with biology and developing a theoretical framework that is compatible with digital
systems. In this article we will not be able to find the meeting point of these two tunnels under the mountain that
currently divides the valley of deterministic computing systems from the valley of emergent biological systems. We
only mean to show what could be a plausible starting point and direction for the second tunnel.

Because this article is not the place for a diversion into group theory and symmetries, a certain level of familiarity
with the basic concepts must unfortunately be assumed. It may help to realise that mathematical symmetries can
be seen as generalisations of the more familiar and commonplace concept of symmetry. If a symmetry is defined
as a transformation that leaves something invariant, then the common interpretation of the term could be stated
as “invariance of shape with respect to 180-degree rotations about the vertical axis”. In examining a typical Fraglets
program such as the one shown in Fig. 1.8 it does not take long to realise that some patterns of execution tend to repeat
themselves when similar tasks are being performed. This recurrence is an example of a simple form of invariance and
is one of the observations, along with D’Arcy Thompson’s symmetries, that is motivating this line of enquiry.

Because the active site(s) of enzymes occur at discrete angular intervals and because enzymes rotate to look for a
match with their substrate, it seems worthwhile to investigate the rotational symmetries of the regular solids.
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Eig. 110 shows the 12 roftional symmetris of the tetrahedron, where "™ stinds for the Id=ntity
transformation.” Inerestingly, thes= can be sxpressed as combinations of the beo rotations “r~ 2o
deg rotation about the vertical axis, and “57% 150 deg about an axk bEescting two opposite sdges.
¥When the etrahedron & rofted by sither 1 or s jts shape reative to 2 stationary obserper does not
changes. Furthermaore, when it & rotated by any combination of rs and s& it shape will ako remain
invariant. The figure shows 1 differsnt (but non-wnigqus) combinaions of rs and 55 that give all 12 spomoetris, If
the=s combinations of rotations are viswed as 2 binary alphabet, it is straghticneard to define a deter ministic finite
autcmaton | DEA) that will accspt any string of rs and 5= Fig. 1.1, Clearly one needs to define the aocepting stata) =),
and depending cnwhichsuwh stawes ) Blare chosen a differentregulir nguage will bereognissd by the aucmaon.
Eigs. 1.z and 1.3 show the squivalent anabsis for the cubs, which turns o ut to be Eomorphic to the octahedron,

Ag 1.3
Te fwePaonk ik "1

This sugg=t that a possible strategy © “translae™ metabolic behay o wr inte a stream of digital symoboels—and back.
The former is o nesptual i related to 2 monitesing or anabrtic functionofosll metabs lism, whersas the tier is relaed
to 2 modelling or spnthetic function Thers are hugs challenge= still © be overcomes, dearly, Furthermors, rotations
are suggestive but are only an sample of transformations ( stabe transitions) that o wd be ussful or ssmantically
mezaningful %o bickgical computation. It & not dear whatother kinds of transio rmoations might he ussful,

If we take the rotations not as absclute but as relative rotations bebessn an enzyme and jt= substrate it oay be
pomible to imagine 2 stream of bits Esuing from their interaction Each ineraction, howsver, may producs a very
short stream indesd, sinos it resuht & generally theformation of 4 e compe und whess geometry & different. Each
timo=a new compo und & geneated oy afew state transitions aresffected How are the millions of fragmented digital
streams being gen=ratd in parallel © be inbsgrated jinto 2 ooherent high-level d=cription of functional beha jour?
Interestingly, this is qualitatively not wnli ke the behaviowr of the Fragh=t=.

It may appear that this approach & teo low-krvel. However, ancther fundamental aspect of biclogical systens & their
recwmive structural and functional crganisation. This oeams that higher-lsvd stroactues and behayejowr s buwilt with
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n=ied lower-level structure and behavio ur that in many casss

replicates the higher-tevel character tics at 2 smaller physical

scabe and faster time scale, The mathsmatial objscts that . r
moode] scals invariancs are Mandelbrodts Frack, which are=

srmupstricinpetanctherway and that havebean, used to model /.;:g‘ -
cowntkes hickogical {and physical) structurs, r r = =

Clearly the Platonic solids are not realistic modek of real
entrms. The mors important point & to build 2 mod-ling
frammeor k that replicates, howsver crudely, the main aspects
of the mathematical structurs that wnderpins bickgical e = /C{-—_
computation, It & entirdy possible that some abstraction of = 5
ﬂr:aﬁ-ii.:irn&;bﬂrhagkﬁ.ﬁﬂbea’bktorhiﬂeﬂw r
required sy prems ivenss and recumion capability. The Platonic

solids in this case cowd simpy sene as an intermediate E
conceptual mation tool, to aid o ur intuition in building a bridgs

r
from proteins o bit streams, and pomibly to help s viswalses =
distribued interactive computation in the future, The naxtst=p / o,
might therefors be to construct“atomic™ DEAs that corrspond r

to Fraglets state transitions and that cowld be combined into

Lrger finite state machines whikt retaining certain structural

characteristio thatcorrespond to particular behavio ur.

A= 2 final contextual point it & helpful to remind o ursshes of the Chonsky (o571 Lisrarchy of

Lnguages:

: . . X s . Ag1.m

[Type <l Turing Madhine[The) arethe moz generd and recognize anything (although mt necesarilyin finite Gme) S ———
[Typz1] Bounded-taype Tring Machineare mone complexand recognize conkesd-2enzit te language it et s e 2ol b o' Anke
[Typz 2] Puthdovn Automata (POW) have a =kack and remgnize mnbe:t-free languagez Do nistr Fstoud lon v b e e e

(Type 3] Dekeministic FiriteAutnmta (DA remgnise Regular Language (Smple comman s ke *E" in Uni o list EgiRen Iy i im0 TS Sk
directoryfile] g

T TTT

Toa falEscmmwhersbetesen Trpe ¢ and Trpe 1, but & chserte Trpe 2. Thesxtremelr s imple sxa mples we are discuming
here belong to the kowestlevd of the hisrarchr (Trpe 3 ). Theareis no proof pet that Fragles areTwring - moplete [ Trps
o) but it is suspected that they are. ¥ what we have arguesd in this articls & o orect, the credit-based flow control
with recrdering motecol of Fig. 13 wowld be an szampls of 2 deterministic algositm not wnlike Tava, The interesting
fundamental and =till op=n qustion is whether by reaxing the determinizm of Fraglets programs in the manner
sugzesterd herewe mightbe dimbing the hisrarchy to the ©p perhaps going berond Turing Machines themmshees,
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Primary motivation for ressarch in Digital Ecosystems & the desire to sxplo it the seif - rganiing properties of

natwral scosystens. Ecospstems are thought i© be robust, scalable architectures that can aucmatically sohse

compla, drnamic probl=ms. Howsper, the hickgical proosses that contribute to thess propertiss have not
been made =xplicit in Digital Ecosystem resarch. Here, we intredwos how hickgial popertiss contribute to the
self-organizing features of natural scospstams. These properties include populitions of svolving age=nt, 4 complex
dynamic s ire noent, and stial distributicns which generate kooal interactions. The potential for sxploiting thess
Properties inartificial systems is then comsidersd

Introduction

Matural science & the study of the wniverss via rwes or laws of natural order, Theterm natural science Balse mead o
differentiate those fislds using sci=ntific o=thod in the study of nature, in contrastwith sodal sdences which == the
scientific methed applisd © human behavicw. The fisds of natwalsgence are diverss, ranging from sl scisnce ©
astronomy. Wi are by no mens daiming that all thesefiskds of study will povides paradigne for Digital Eoosysems.
30, & brisf summary of the relevant fidlds ar=showen hekoae:

F Plysics, the study of the fundamental constitwsnts of the wniverss the forces and intsractions they spert on one
another, and the resuhs produced by thess forces,
F Biclogr, the study of lide
Ecology and Environmental scisnos, the studi= of theinerrdationships of life and the smirc nment.
F Chemistry, the study of the compoesition, cheamical reactivity, structure, and propertiss of matier and with the
(phyzical and chemical) ramf rmoatic ns that they wndergo.
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The furthe one wihes to take the analogy of the word scosyst=m in Digital Ecosystens, the more ons has to
consider the relmvance of the fislds of natural sciencs becauss cwr focus is in creating the digital counterpart of
hiclkgical scosystens.

The Biology of Digital Ecosystems [7]

I= mimicking nature the future %r information systems? A key challenges in modern computing & to depekep
sr=iems that address complex, drnamic problens in a scalable and =fbcimt way. One approach to this challeng= &
to develop Digital Ecosystens, artificial systens that aim o harness the dynamics that wnderli= the complex and
diverse adaptations of Living organisms . Howsver, the connections betwse Digital Eoosystens and their biolog ical
countarparts have not bem closely szamined, Hers, we consider how properties of natural scosystems influsncs
functions thatare relevant to developing Digital Ecosystems to sohes practial moblens. The Jads us © suggest
ways inwhich conceps fromscodogr can be imed to combine bickogically inspired #chniqus to create an appli=d
Digitu] Erospstern.

The increasing complexity of softwars [17] makes de=izning and maintaining =ffci=nt and flexible systenes 1 growing
challenge. Moy authors arg ue that software developoent has hit a comp =ity wall which @n ondy be opercomes by
awomating the search for new algorituos [23]. Matwral scosystens pome= severa] moperties that may be umeful
in such auomated systens. Thess pope tiss indude sef-crganiation, s=lf-manag=ment, scalability, the ability to
Povide complex soJutions, and auwicmated com position o f thess complar solutions,

A natwral smsrsem wnsEs of 4 omownity of ineracting organisms in their physical environmoent Seeeral
fundamental properties influsnce the structurs and function of natural socosystens . Thess indude agent population
dynamics, spatial interactions, svolution, and complex, changing snvircnments, We sxamine thess prope tiss, and
the role they may par inan applisd Digital Ecospste=m, Y= suggest that several key features of natural scosystens
hav= not been fully srplosed in existing Digital Eoosysiems, and discuss how mimicking thess fsaturs may assist in
devoping rob st scaliblesel-crganising archiecturs.

Arguwably the most fundamental differences betesen bickgical and Digital Ecosystens lis in the motivation and
approach of ressarchers. Biclogical scospsteros are whiquitous natural phenomena, whoss maintenance & crucial
to o w survival. The performancs of natural scosystamos is often moeas wred in termos of their stability, complexitr and
divemsity. Incontrast, Digital Ecosyst=ms as d=fined here arstechno bogy snginesersd to sense specific human purpe s=s.
The performancs of a Digital Ecosystem, then, can be judged relative to the function it & desiznesd to perform . In
many cases, the puwpose of 2 Digitl Emsrsiem is to sohe dynamic problens in prallel with high =ffciency. This
criterion moay be relatedondy indirectly © comple ity, diversity and stability, an isswe we shall =zam ine further,

Genetic abpo rithros are the subsstofevoluticonary computation that uses natural selsction to spobee sol ubions, Starting
with a ==t of arbitrarily chosen possible solutions, selsction, replication, recombination and mutation are appli=d
iteratively. Seection is ased on conformation o a fitness function which is determined by the specific proble=m of
interest, Qyer time, better solutions to the problem can thus spohe, Becauss they ars intended to solve problems by
=polving solutions, applisd Digital Ecosystens are likely © incorporate some form of genstic algorithm . Bowsver,
we s ugmest that 4 Digital Ecospste=m sho wld ako incorporats additional fsatures which give ita clser res=mblinces
to natwal scosystens. Such fegtures might include omoplex, dynamic fitness functicms, 2 distributed or neteork
= iro nuoent, and self-organisation arking from interactions among agmts and ther snvironment. Thee properties
ar= discumed further badow.

A= desojbed abows an scosystan compress both an emvironment and a st of interacting, reproducing =ntities
(o0 agenms)in that smeircnment. In biclogical scosystamos, the snvironmoent ack & a ==t of phy=ical and chemical
constraints on reproduction and sureival, Thess comstraints can be oonsidersd in abstract using the meaphor of the
fitne== Lindscape [20]. Individuak are represenied in the fitness Jandscape as solutions to the problem ofs wreival and

repreduction.

All possible solutions are distributed in a space whose dimensions are the possible propertiss of individuak, An
additicnal dimensicn, heght, indicates the relative fitness (in teroos of swreival and repreduction) of =ach solution.
The fitness Lndscaps & smvisaged as 2 rugged, mubtidimensjonal lndscape of hilk, oo witains and vallers, bacaus=
individuals with certain s=t= of propertiss are fitler than others.
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i hp poihetio | sabe e e | anceza pe. In bickogical sosysiens, fitne= Lndscapes are virtwally impossible © identify, This & both bacauss
Fe i P i b-optiTel TR . ) e

et i 'I'J1.-e:\e ars Lrgs numbers l:if.]:DEﬂ:l]E traits that @n .|.|1.ﬂ|.|.-=r|.-:e m-::l.l'r.'.r:'luaJ :ﬁt.n.m. a.n.-:'l 't:ara.u.-ae the
& 4 W ETLgh He i s e v environment chang= e time and space. In contrast, within 2 digital smeircnment, it & noomally
ther prubs Themughes: ot pomible © specify sxplicitly the constraints that act on individualks in order to svo e solutions that
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perform hetter within thessconstraints,

YWithin genstic algor ithos, sxact specifiation of afitness hndscapeor function & comme npractics.

Howevar, within a Digital Eoosystem, the ide=al constraints are thesethat allw solution populitions
to spolpe to mest me needs with maximun sffciency. User needs will changs from place to place and time to timoe.
In this s=n== the Digital Ecospste=m fitness Jand=capes & complex and drnamic, and mores like that of a hiclogical
ecospstem than like that of a traditional genstic akgerithm. The desizner of 2 Digital Excsysem thersfors faces 2
double challeng= firsty, to specify rulss that govern the shape of the fitness landscapes in 2 way that meaningfully
mays landscapes dynamics © wmer requests, and secondly, to spolve solution populations within this space that are
diverss encugh to 5o he disparate problems, omoplex sncugh to oest ws=r needs, and sffSent =nough © be supsrior
to those g=nerated by other means,

The ag=nt within a Digital Ecos ystem are like hiclogical individuals in the sense that they reproduce, vary, int=ract,
move and die, Each of thes= properti= contributes i© the drnamics of the soosysem  However, the way in which thess
individual properties are snooded may vary substantially d=pending onthe purposs of the system.

A b=y factor in the maintenances of diversity in natural scosystens is sptial interactions . Fveral modeUing syst=os
have bem usad to repr=ent spatial interactions, Thess include metape pulations, diffision modek, cdlular automata
and agent-based modek (ermedindividual-based modes in scokegy 1. The broad predictions ofthee diverss mod-s
are in good agresment. At @l scales, spatial interactions fovor relatively abundant species dsprope rticonaiely.
Howeva, ata widerscales, this sfectcan preserve divemsity, bacauses difb=rent spacisswill belocallrab undant in differ =t
places. The reswht is that =ven in homogensc s snvire noents, population ditrib utions #nd to form discrets, Jong -
lasting patches that can resit imrasion by superior competicss [1]. Fepulation distributions @n ake be influsnced
by =mircnmental variations swch as barriers, gradients and patche . The possible behavior of spatially distribwed
ecosystens is so diverse thatsoenario-spedfic modelling & necesmary to undsrstand any real system [o] . Monsthebss,
certain robust patberns are obsereed. Thess include the relative abundanos of speges (which consisently o lows 4
roughly kog-normal relations hipl [3] and the relations hipbestwem g=ographic areaand the number of s peci= mesat
{ which folows 2 powesr Law) [1]. The reasons for these mtermns are dspued: both spatial sxtensions ofsimple Totka-
Yolterra competition modek [14], and more complex scosystem modeks [22], are capable of g=ne=rating themo.
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Landscape connectivity plays an important part in scospsiems. ¥When the demsity of habitat within an =mircment
falk bekow a oitical thresho b, wid=prad speci= may fragment into iseated populations. Frag mentation can haos
several oonseq uences, YWithin populations, thess sffects ind ude ko= of gmnetic dives ity and harmful inbresding [12].
Atabroader scale, Bolted populitions may divergs geestically, Jeading to speciation. Froman information theory
P spective, this pase=chang=in Lndcape connectivity can mediate ghobal and kecal s=arch strategie= [13]. In a well-
connecied landscape, selection favors the global by superio g and pursuit of differentevo Juticnary paths is dsco wragsd,
potentially brading to prematurs moavagenss. When the bndscaps & fragmened, populations may divergs, solving
the =ame mroblens in diff=rentways. Recently, it has bem sugzestd that thespolution of comopl =ity in natwreimo hes
repeated Lndscape phase changess alkwing selaction to abernatebetesa lecal and global ssarch [12].
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In a digital conext, we can simulite spatial int=ractions by creating a distribwied system that consists of a s=t of
interconnecied locations, Agmts can migrate bebesen onnecksd locations with ke probabilitr. Depending on the
hoe theconnections bebese Jocations wers crganisd, such Digital Ecosystens might have drnamics clos=lr prall=l
to spatially sxplict modek, diffusion models, or oetapopulations [o].In all of thess systems, the spatial dynamics
are relatively simple compared with thoss se=n in real smsystems, which incor porate barriers, gradisms and mtchy
e iro ument at muhtiple scales in continue s space, Ancther alernativs ina Digital Eoospsem & © applr 4 spatial
sr=iem that has ne gecmetric squivalent. Thess cowld include, for szample, small world networ ks and grographic
sr=iens that svohes by Hebbian larninonig. W will discuss an sxamples of 2 non-gecmstric spatial network, and
=00 possible reasons for using this approach, in a later section,

The major hypetheticl advantage of D igital Eoospstens over other complex crganisational modss is ther potential
for drnamic adaptive seff v rganiation, Howeper, for the solutions swolving in Digital Eospstens to be wmeful, they
must not ondy be efbcient in 2 compuitional sense they must ko sohe meaningful problems . That is, the fitn=s of
agents must translate in somos sense to ral weor i ussfulness as demanded by users, 51
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Constructing a wse=ful Digital Eccsystem thersfors ragwires 2 balinos briwean freedom of the spstem
to self-organise, and constraint of the spstem to gmerate ussful solutions. These fctors must be
balinced becaume the mors the spstems behavior & dicited by inernal drnamics of the system,

:;rqmmn'ﬂ# the Je== it may respond o fitness oriteria imoposed by users. At one sxtremes when system dynamics
CTMNESTE T a e cha e ars mainky inernal, ag=nts may =pohee that are good at sureival and reprodwction within the digital
1 e sk, Sl g s B - o mkstion environment, but uss=s in the real workd, At the cther sxtreme, whers the users fitness criteria
L“;T’:m:;:;u cvenchelmingly dictale function, we suggest that drnamic sxplosation of solution smoe and
A i — complaity are li kely to be limited.,
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The reasoning behind this argument & as folkowes, Comider 2 mubtidimensional solution space

which maps to a rugged fimess landscape. In this Lndscaps competing selution linesages will
gradually become atinct through chanes procemess. Conseguenty, the selution smoe sxplorsd becomes smoaller
oper timoe as the populition adaps and diversite of solutions decreases, Tltimately, all solutions may be confined ©
a =mall region of solution space. In a static fitne=s landscape, this situation & not wndeirable becauss the surviving
solution linsages will uswally b= clustered arcwund an optimwm, Howeeer, if the finess Lndscape is dpnamic, the
lecation of optima variess over timoe, She uld linsages becomes mafined © 2 smallarsa of soluticn space, subssgwt
selection will locat only optima that are near this area. This is undesirable if new, higher optima arse that are far
from pre-sxisting cnes. A related ismwe B that complex solutions are |=s likely © be fownd by chanes than simple
cnes, Complex sol wions can be v wlEed as sharp, Eolated praks on the fitness Jand=scape. Especially in the cas=
of 2 dynamic landscape, thes praks are most likdy © be found when the system sxplores solution spmce widely.
Consequently, a self-organising mschankm other than the fitness criteria of mers & required to maintain diversity
among comgpeting sol utions in the Digital Eoospstem,

Emsrstens are often desoibed as oomplex adaptive systems (CAS), That is, they are spsiems comprssd of diverss,
lecally interacting comm po nents that aresulj st tosslection. Qther complex adaptivesysens includ=braimns, individuals,
=co o mies, and the biospher = Al are characterized by hisrarchicl crganisation, continwal adaptation and novdty,
and non-squilibrium drnamics, Thess proper tiss l=ad © behaeior that is non-linsr, historically contingsnt, subjsct
to thrsho s, and contains muhtipls basins of attraction [15].

In the abowe sections we have advocated Digital Ecospstens that include szent populitions speling by natwal
selection in ditrb ued mvircnmens, Tike real scosystens, digital systens designed in this way fit the definition
of complex adaptive spstems. The featuwres of thess systems, sprcialy non-linsrity and non-og wilibrivo dpnamics,
offer both advantages and havards for adaptive o blem-solving. The major haward & that the dynamics of complex
adaptive sysienms are intrinsically hard © predict duwe to sefwrgansation. Thi obssrvation impli= that designing 4
useful Digital Ecosystem will be partly 2 matier of trial and =rror, The ooz wrrence of muttipls basing of attraction in
complezadaptivesy stans suggests that=ven asyst=m thatfunctions well for abong pericd may atsome points uddenty
transjtionte 4 o= desirables e, For szampls, in some trpes of spsiem sef-organising mass = tinctions might resukt
from inkeractions among populitions, kading o teroporary wnavailability of diverss solutions . This @ ncsn may be
addremed by incorporating negative fesdback mechanizms at the global scale,

The challmges in designing an eff=ctive Digital Ecosyst=m are mirrorsd by the systems potential strengths.
Meonlinear behavier provides the opportunity for scalable organisation and the svolution of complex hisrarchical
solutions . Rapid stte tramitions potentially allow the syst=m to adapt to sudden snvironmental changss with
minimal kom of functicnalitr.
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A key question for designers of Digitl Ecosystems is how the stability and diversity properties of
natural scosystens map © performance measwres in digital syst=ms, For 2 Digital Ecosyst=m, the

whimate performances mexs wee is w=er atefaction, 4 spsem-spedfic property. Thowever a=uming A4

that the motivation for engineering 2 Digital Ecosystem & the depdopmoent of scalable, adaptive R p—

sojutions to complex drnamic poblems, certain generalzations can be made. 5 shined diversity, showig e e el b o et
as discussed dhove isa ke requirsment for drnamic adaptation. In the Digital Ecospstem, diver sity POPL s b e et i

must be balanced again=t adaptive sffcisncy becauss maintaining large numbers of poorly adapted Fgpt: fnd et et r e pLdion
solutions & costyThe sxact form of this tradecdt will be guided by the specific req uirsro=nts of the e sty s hinu g ha bk, with S e
sr=em inguetion. Stability,as dscumsed above, B likewbe 2 radecft: weiwant the syst=m to respond e 71 it S g et ey,

to emvirenumental changs with rapid adaptation, but not to be 5o responsive that ma=s sxtinctions
deplete diversity or sudden state chamg= mrevent control.

The Digital Busine=s Ecosystern [ DEE) [u1] B a propoessd methode bogy for sconcmic and #chnokgial innevation.
Sp=dfically, the DEE has a Digital Ecospstem softwars infrastructure oo supporting 4 arge number of ineracting
busines imers and services, called the BvE [4, 9, 5]. Theindividuak of a EvE aresoftwarsagents that represent b us ine
s=rvices, These ggents int=ract, svohve and adapt to 2 dynamic digital snvironment, theysby ==rving thesverchanging
business reg uirsmoents impessd by the sconomoy.

The EvE & a teo -bevel optimiation scheme impired by natural scosystens, A decmtralizsd prer-to -pesr neteork
forms an underlring tisr of distrib ued s=rvices. Thee services feed 2 s=cond optimEation Jevel baed on genstic
algosithmos that operates kocally on single peers ( habitats ) andis aimed at finding solutions satifring lecally relevant
constraints, Thro ugh this tecfold prooss, thelocal ssarch is sped up and yislds betber bocal optimaas the distributed
optim Eation provides pricr sampling of the ssrch space by making use of commputations already performoe=d in other
Pears with similar constraints.

The EvE B a Digital Ecospstem in which autonomous mobile agents represent variows servioss (or compos itions of
services) offered by mrticipating businemes, The abictic svironmeant is repres=nied by 2 nebheork of interco nect=d
habitats nedes, Each aonnectsd enterprizs has 2 dedicated habitat Enterprises zearch for, and deploy, services inlocal
habitats, Continue us and varying ussr requests for servioss provides 2 dpnamic svolutionarr messwre on the agents,
which haveto svoleeto better satiEfy those requests,

In natural scospstens gecgraphy defines the connsctivity betes=n habitats. Modes in the EvE do not have o default
geom raphical topo bo gy to define connactiv ity. A re-co nfig urable neteork o pole g B wssd instead which & drnamically
adapted on the bask of obs=resd migration paths of the individuals within the EvE habitat networ b Following the
id=a of Hebbian Jmarning, the habitats w hich succesfully sxchangs individuals mors o ftena btain stro nger connections
and habitats which do not swcossfullr sxchangs individuak will hecomes Jes strongly connected. This way, 4 neteork
topology isdizcoversd with time, which reflacs thestr uctureof the busine =sctorswithin the user base. Therssulting
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ne=twor kwill reseroble the connectivity of the businessss within the user bass, trpically 2 smallworid
ne=hwor k in the case of Small & Medium Enterprises (3hEs ) [z 8, 19]. Swch a network has many
strongly connescted dusters called s ub-netweor ks (quasi complets graphs) and a foe connections
behosmn these clusters, Graphs with this topology have 2 very high clustering cosfEient and =mall
character stic mth lengths [z, 18], asshown in Figures.,

il o Hhepeer Io- peeT onre: Hore
ket iy o - e
et vk I ew ch ke ko st In simulaticn we compred some of the BvES dpnamics to those of natural scosystens, and the
mﬂ;mﬂ“ experimental resubts indicated that under s imulatio n conditions e EvE behaves in some= ways likea
s ook red inthe e, natwal scosyst=m. This s uggests that incorporating id=as from theo retical scology can contribute o
us=ful saf-crganising properties in Digital Ecogpstens . [7]
Conclusions

E4
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By comparing and contrasting theo retical sco bogy with the anticipaied requirsm=nts of Digital Ecosystans, we have
sxaminsd how scokgicl faztures may smerges in sooe sysems designed for adaptive problem solving. Specifically,
we suzmeied that 2 Digital Ecospstem, like 2 real smspstem,will s wally consist of s el-replicating agents thatjnt=ract
both with one ancther and with an sxernal smeironment. Agent populition dynamics and swolution, spatial and
n=hwor kinteractions .and commplex drnamic fitnes Lndscapes will all influ=ncethe behaoo wr of thess systens hany
of these properties can be wnderstood via well-knoen scokegical modss [19, 14].

A further bedy of theo rr treats scos ystamos as complex adaptives ystens [15]. These modek providea theorstical basis
for the cocwrrence ofselfwrganisationinboth digital and real scosysems, B=f wrganiation resuhs wheninteractions
among agents and their smeironmentgiving rise to comoplex non-linsar behavior, It & this property that provides the
underiring potential for scalable problen o hing in a dig ital = ire Loent

References

1.4 P Allen and E P Wwhite. Effects of rangs size on species -area relatio mships. Evol utic nary Eoology Bessarch, 903 -
el ooy

2. Mike Begon, Tohn Harpe, and Colin Tewnsend. Ecolegy: Individuak, Popublitiors and Communities. Third
Edition. Elackesll P ublshing, 1900,

3.3 Bell. The distribution of abundance inneutral communities. Aroerican Matoralist, 3000155 10000137 2000,

4.3 Briscoe, B=esarchblog, http: ' wee, dis, ==, b0, ac. ul g, briscoa ICL' Blog! Blog. himl .

5.3, Briecoe. Digital scosysenes :Evo hvingsenvicsorisntted architectures, INIEEE First International Conferencecn
Bio Imspired mOdels of NETwor k, Information and Computing Spstens { EIOMETICE, 2000,

a.G Brieoe, M Chii, and M. ¥idal. BOF-c20 Creating a Digital Ecosysiemn: Servios Orisntted Architectures with
DEtrib ubsd Evelutionary Computing . In RraQne Confersnos, zoo,

IEa7T 13acm | |



| |
— N T T T | [T (TN

7. G. Briscoe, S Sadedin, and G Paperin. Biology of applied digital ecosystems. In IEEE First International Conference
on Digital Ecosystems and Technologies, 2007.

8. Censis. Deliverable 27.1: Territorial social capital and driver smes. Digital Business Ecosystems Project, 2005.

9. D Green and S Sadedin. Interactions matter- complexity in landscapes & ecosystems. Ecological Complexity, 2:117-
130, 2005.

10. D G Green and M G Kirley. Adaptation, diversity and spatial patterns. International Journal of Knowledge- Based
Intelligent Engineering Systems, 4(3):184-190, 2000.

11. D G Green, N S Klomp, G Rimmington, and S Sadedin. Complexity in Landscape Ecology. Springer, Toulouse,
2006.

12. D G Green, T Leishman, and S Sadedin. Dual phase evolution: a mechanism for self-organization in complex
systems. In International Conference on Complex Systems, Boston, MA, 2006.

13. D G Green, D Newth, and M Kirley. Connectivity and catastrophe - towards a general theory of evolution. In M A
Bedau et al., editor, Artificial Life VII: Proceedings of the Seventh International Conference, pages

153-161. MIT Press, 2000.

14. S Hubbell. The Unified Neutral Theory of Biodiversity and Biogeography. Princeton Univ. Press, Princeton, 2001.

15. S Levin. Ecosystems and the biosphere as complex adaptivesystems. Ecosystems, 1:431-436, 1998.

16. R MacArthur and E O Wilson. The Theory of Island Biogeography. Princeton University Press, 1967.

17. S K Miller. Aspect-oriented programming takes aim at software complexity. Technologuy, 2001.

18. M E ] Newman and D ] Watts. Scaling and percolation in the small-world network model. Physical Review E 60,
6:7332-7342, 1999.

19. Observatory of Europeans SMEs. Smes and cooperation. European Commission, 2003.

20. R Pennock. Evolving intelligence. http: // www. msu. edu/ ~pennocks/ research/ EI. html , 2006.

21. FP6 Integrated Project. Digital Business Ecosystems project. http: // www. digital-ecosystem. org/ .

22. RV Sole, D Alonso, and A McKane. Self-organized instabilityin complex ecosystems. Philos. Trans. R. Soc. Lond.,
B(357):667-681, 2002.

23. C Tschudin. Fraglets - a metabolistic execution model for communication protocol. In 2nd Annual Symposium on
Autonomous Intelligent Networks and Systems, 2003.

24. S Valverde-Castillo. Evolution and dynamics in information networks: Software design as an adaptive walk. http:
/I complex. upf. es/~sergi/ , 2006.

25. D ] Watts and S H Strogatz. Collective dynamics of ‘small-world’ networks. Nature, 393(6684):440-442, 1998.

26. S Wright. The roles of mutation, inbreeding, crossbreeding, and selection in evolution. In Sixth International
Congress on Genetics, pages 355-366, 1932.

27. X Yang. Chaos in small-world networks. PHYSICAL REVIEW E, 63(046206), 2001.

55

dbe_book_DEFl.indd 55 11/09/07 13:00:06



M Section One

| | dba_book DEFlind =

pioiet ECOSYStem
- Language

FraukeZeller Jozef Wallmannsberqer
Univesity of hamel Uniwisity of hamsel
Computational Linguistis and Com putational Lingu Btis and
Media Studies Reseaich Labo atory Media Studies Resear h Laboatory
http e un i-kamel de et uni-kassel de

frauke zele1@tu -ilmenaude wa llmann@ hizu ni-lkaselde
[ntroduction

his chapter introduces to the roleof Lnguseand communication in digital sospsenes ressarchand appliation.

It will highlizht the potential of linguistics {and communication studi= 1 as a binding theorstical framswor kfor

the intrinsically interdisciplinary fisld of digital scosystaos. Koy aspects of Lnguages and comm unication will e
discumsed firstly on 4 macro -beel in order © sketch the demarcation lines of the theorstical framewe rk, and sscondly,
on a micro-bevel, depicting somes szamples for the application of methedokgis and theori= from linguistics and
communication studiss. The key approach of this chapter is © regard bnguage (divesitr) as predominant and
challenging fmturs of digital = srsems.

Digital Ecosystems and Language Concepts

The sGentific fidd of =colinguistics o mobines several sci=nces suwch as anthropology, sthekgy, or social scimce and
isconcerned with theiner-raationship of lang uage users with ther snviroument. Itfocuses for szample on didkecs,
lang wze varisties, and technical bnguages. Oneseszampls & theanabsk of lnguage & a teo ] to sstabl sh oo mom wnities
or =pen to sohes conflics berbesen different communities, Eooling uistics thus regards language as a syst=m which
inhe jts the potential i© create as wal as definea specific notion of Ulmesht (e re nmoent ),

Ay digital snvirenmoent can be defined as an abstract concept which & not mrtof owr real wordd in a strict s=n==
of interpreftion. This moeans that we define digital =nvironments by o ws=hes, including = compenents, ks, and
sccial aspects . The act of de=fining & tased on Lnguage and the words we =2 in order © depict cortain conceps of 2
digital =mirc nment Reflecting on linguistic d=ter minism which dains thathnguage shapes thoughts, mostoertainky
provides 2 pointof departurs with strong restrictions ifwes wo whd refer sxclusively to Witgenstein (1080 Thelimits
of my Lngusme mean the limits of oF world™ (proposition 5.0, or “Wheresof one @nnet speak, thersof one must
besilent” (proposition 7). Sapir and Whorf hewesver proposs 2 different starting point by daiming that individuals
experisnosd theworld based on the words they pomsess (Kay & Kempion, 1584 ). This hypothesk implies that:

a. the work is percsved diffrently by sachindividual
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b.a sodo-cultural dimension plays an important robe beause natural knguages & arbitrary systems are ako shapsd
br sodo-cuhtural backgrounds,

C.anabstractco nceptsuchas dig ital snvironmeant inherits 2 m wiituwdeof diff=rent“wor =" 2000 rding te the definitory
“weosds™ which are used by 2 gro up of individuak in order to depict that abstract oo ncept.

Switching to 4 Gramscian modes and asking what kind of “inell=ttuale organio™ (Sipper, poz) we wowkd haove to
imagine as participants or inhabitants of digital =nvirc nments, we can stae that all participnts are ‘wheays already”
ling uists as they all (mar it be compuier sdentists, natural scientitis, crganisational designers, or secial scientists)
shape and form smirements | (Ummesten) by meams of ther linguistic abiliti=s.

At this point, it showld be smophased that this chapber does ot head towards another debate on the relability of
ling uistic d=erminizm and its accompanying hypothesss and mradigne (howsver, it showkd be notsd that recent
studies of Peter Gordon (2o0g) imestizating the lnguage of a tribe of hunier-gatherers in Brazil, Frahd, provide
favo wrable input for the hypothe i of linguistic determinisml, but rather reflect upon the conceptual and linguistic
divemity of digitl =osrstens andintrcdwes different cor responding methe dobogies .

Language Diversity

The foregoing part discusmed Lnguage as predominant tool to define abstract conceps suwch as digital scosystens.
It ako discuissed the divemsitr of defining o noepts bassd on sach individuals Lnguage rezEted potential and usagze.
Focuming on the key approach of this chaper [ inguage divers ity as predominant and challenging featurs of digital
=cosy stams™) we will noow towch on Lnguage divers ity from a secio -cutuwral and svelutionary point ofviee,

Digital=cos wstms, particwlarly the Eure pan dig ital so systems’ concept " that suppo s ShEs and regicnal developmoent,
focuses onfow ke principle groups of stakeholders in the Ewrepran Enowledgs Econemy: Small and medivm-sizad
enterpries(5Es] represented by their asmcciations, the Ewrepean softwarsand knooeledge-based servicsind ustry, the
re==arch communitr participating in cwrrentdy funded FPa projects, and regiconal bl dedsion makers represanted
by their cataly=ts and ag=ncies { Dini =t alii, 2004 ). In arder to anabrss and discuss socio cubural hnguages diversity, we
will =mophasize on the two gro ups “GWEs and the ‘ressarch o mmwnity’. Language and oo mmwnication is jntrinsically
interwopen e jth owr belisfs, desires and intentions( B O of and abo ut thewor M. The BDL structurs of our teoszamples
differs stromgly when it comoes to define d=ired poientiak of the Digitl Eospste=m and s=rvices to e provided by
one mrticular frameaecrk, ShEs fce distine sconomic, lsgal, and sedal circwrstanees than ressarchers soployed
at universities (for sxample) which is catabrmed in their specific BDI structures, This in turn influsnces the primary
amociations and appre aches when mrtidmting in the Digital Ecospstem, Thersfore, wecannet simply sprakof 2 valus
chain “res=archer o =nd-user when thers & no commen grownd interms of BOI for the digital scospstem.

However, diversity’ can be seen & a fruitful compenant for anr scospstem, & it 5 chimed to snhance and foster the
robustnes of 2 system owards swvireumentl stres= and influsnce®. Tang wges divesity (and correspondingly the
multiple BDI structurss) then has © be preservedin the Digital Eoospstem instead offinding 2 commen languags for
all acic s, This ind uwles the diversity of the differ st socic-cuhtural backgrownds, being for szample demain specific
Lnguages (different srpertie and focal ineresis), cuttural belisfs and stiquetie (collaboration and interd mciplinary
wor kY, sconomic and legal contexts (infrastructurs and crganiational Eswesl, which are all sxpremsd in spedfic
communication practices and acts,

The m=rs pr=ernation of the aforemention=d Lnguages divesitr in the Digitl Exssemn cowd jromrdive the
collabo rative progesses within the scosysiem, as the difbsr et “communication practices™ and BDI structures hamper
the inerdiciplinary und=rsfanding and collbaration. Collaboration represents ancther vital variable for the Digital
Ecosystem regarding the vision and conoept of 2 Ewropean Knewledges Econe oy (Dind stalii, 2oos).

1 Hacimfies call JD.'!,i'h]E: Acm.
] a1k kam ..d.'!,.i'lll nnn-gwl:m‘ o i.rn.p.i.l:ﬂ b:r h.i:h.l:-!,i.::l cccaplcmm, ihc auihcaa s in tha aupumer 1= 1he feld o
bicdivaiaix 57
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Another factor which contributes to the communication diversity is added by the tools we use when collaborating in
the Digital Ecosystem. Information and communication technology, or computers as the most common interface to
digital environments, are symbol processing machines based on a binary system i.e. formal languages (algorithms)
in order to process natural languages. The computer as a formal language entity allows us to juxtapose the language
diversity “dilemma” for a short glimpse by concentrating on a common formal language approach. This is being
realized by the Digital Business Ecosystem (DBE) Integrated Project (IP) in terms of intensive work on a Business
Modelling Language (BML) for integrated services, or by the Opaals Network of Excellence (NoE) which deals with
the development of a formal language called Semantics of Business Vocabulary and Rules (SBVR). However, this
juxtaposition cannot be dealt with as a successful solution, as the development of formal languages for knowledge
creation, processing and consecutive services within the Digital Ecosystem has a strong evolutionary character
due to the underlying concepts and paradigms of the Ecosystem. Thus, the evolutionary formal language approach
has to take into account the underlying socio-cultural factors in order to be successful in terms of collaboratively
developing the formal language and in terms of acceptance of the new language including the resulting service
potentials and applications.

More precisely, on the back-end level of our formal language production we are faced with collaboration issues and
community building challenges. Both DBE and Opaals consist of a dispersed multicultural network of researchers
which have to collaborate on the given task. Additionally, based on experience from prior work within DBE, Opaals
aims to integrate interdisciplinary findings into the overall development process, which means that the dispersed
multicultural network consists of researchers from different domains, each carrying its own set of domain specific
language, communication practice and BDI structure.

On the front-end level we have the SMEs and regional/local decision makers represented by their catalysts
and agencies. One key conclusion which derived from a Digital Ecosystems Cluster workshop in 2005 is
the demand for global solutions with a local input and sector approach. This means that the socio-cultural
(including socio-economic) diversity factor must be taken into consideration regarding the end users. It also
refers to linguistic characteristics of the front-end and interface design, as language is a key denominator for
group and community building.

An evolutionary language approach in terms of an advanced linguistic theory framework has to encompass
both, the engines of formal languages and the gestalts and geometries of situated meaning. ‘Evolutionary’ also in
terms of the inherent variable of dynamics and process, reflecting ongoing work in Opaals where communities
of knowledge creation and processing are about to arise, constitute, and re-constitute themselves in an recurrent,
autopoietic process.

Approaches

In the foregoing parts of this chapter we have tried to emphasise the dominant and vital role of language and
communication within the Digital Ecosystem. We will now introduce social science approaches to research and
application within the Digital Ecosystem Cluster.

In order to build a ‘new’ community inside the Digital Ecosystem we have to understand the communities which are
meant to participate. As mentioned before, these communities bring their own BDI structures, communication and
work practices, and experience/expert knowledge which should be regarded as an important asset within the new
Digital Ecosystem. In order to understand them and to build a new cooperative network, we have to analyse these
inherent and inherited characteristics, which can be carried out by means of social network analysis. We can focus
then on social relationships regarding language/communication usage when collaborating.

The language focus enables us to understand better :

a. organisational structures in terms of hierarchies, relationships, etc. (this would refer to the field of Critical Discourse
Analysis);

b. hermeneutics which in this case aims to account for the interaction between human action and socio-economic
and technical structures;

C. the different register of each community, i.e. establishing a first and tentative lexicon (database) of domain specific
key terminology which can serve as an important input for formal language development (e.g. SBVR).
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Actor network theory (ANT) provides the necessary tools in order to analyse (among other aspects) knowledge
and knowledge structures, which represent an important part of the Digital Ecosystem. ANT provides the necessary
methodological framework to analyse such abstract and at the same time socially situated conceptual artefact as
‘knowledge’ in its relation to technology and community networks.

‘Knowledge’ can be considered as being highly embedded in a complex web of relationships and dependencies, it
is inseparable from our working practices. According to Hanseth, who suggests a community-of-practice approach
to knowledge: “[P]ractices are based on specific tools and technologies, organizing structures, various kinds of
institutions, and other important factors. Knowledge is also dependent upon, and tied to, the context within which its
epistemic culture and machinery is produced [...]” (Hanseth, 2004: 110). Understanding communities thus is a key to
understand knowledge structures and production processes.

To conclude this chapter, we would like to shift our focus from language diversity as predominant and challenging
feature of digital ecosystems to language as productive automaton within the Digital Ecosystem. An advanced
automaton approach does not only state the constitutive role of language and communication practices in (digital)
communities, but also propagates a practical, output-driven focus on language. Regarding the various communicative
actions inside our Digital Ecosystem, we should analyse how we can manufacture those actions into any kind of
communicative output (i.e. text, audio, video). Discussions on different tools for collaborative work are a necessary
point of departure. However, addressing language itself as an automaton provides an additional and useful perspective.
Language as automaton means that we can define the recurrent and constituting structures of different text genres across
different disciplines or scientific domains, such as scientific article, deliverable, report, etc. This analytic mode can be
stretched from a macro-level (overall text structure) to a micro-level, i.e. considering domain specific key terminology.
Integrated into a manufacturing process inside the Digital Ecosystem this can help to increase the visible knowledge
output (naturally, focussing on qualitative aspects) of the ecosystem and to foster the interdisciplinary community
development inside the ecosystem by means of developing an analytic approach to cross-disciplinary publishing.

The advanced automaton approach certainly reflects an ambitious goal that combines a wide range of scientific
domains, such as textlinguistics, sociolinguistics, computational linguistics, and computer science. However, research
activities in the DBE cluster provide both expertise and associated research foci for a seedbed of an advanced and
holistic notion of language and communication.
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Introduction

rivenby echnekgical and markstchang= crganizations competeand oo perats, and bring firos © sxpeiment

alternative mordination mechanizms that Jead to intermediate or Jgrbrid forms oferganization. Dwring thegos,

Forwell and Castelk arg ued that nebeorks are distinctive foom of coordinating soonomicactivity and made s=n==
to damsify as “busine= nesheork” g organizational structurs adopting such 2 oordination mechansm,

Altho ugh ressarch has made important cntributions towards the wnderstanding of busine=s neteor ks, further
theoretical and =sopirical ressarch & required © develop a bettr understanding of the procemess wnderlying the
structure and svolution of them.

Benswing the sxpeciation of Mamshall {19048) several authors look for inspiration in hickgial scienos, skecting
“the theory of scosystens™ and “the svolutionary theorr™ as the main bickegical ressarch fiskds affecting sccialand
=00 o mic science that provide inuovative perspective and theorstical medeks,

In this work, we Joo k forward to rethink the biclogical metaphor in order © sxplain the real relationship betessn

busine= nebworkand scosystemin an spolutionary prrspective,

Business Networks as Business Ecosystems

Casiells {1009 poposed the concept of the neteorked snter e & the organizational form that a firm wowkd adopt
to fit theconditions of wncertain and wnpredictable s ire uments . Aocording to the same author, the strengths of the
n=twor ked enterprise li= in the shift from verticl bursawo acies to hosizenal snberprise snabled by the us= of digital
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technology to connect and relate dispersed organizational nodes, In the neteor ked snberprise, componens ars hoth
inde=pedentof and dependent on the nebeork organization and can ako bepart of several other nebeorks, A neteork
organization combins the advantage ofbursaucratic organization with a structursthat supports innevation,

Metwor ks (D winn =t al. 10081 o wd be shaped by pointing cut the nodes whers knowledgs & creaed and detained,
the node whers jt & used to implement solution, and the kind of relations hipthat links togesther the difber st nodes.
Taking into account both firm and mar ket parspectives, the nae crganizational poblen of the finms s=ems © be o
kg thatofgranting alignmentameng differant d=partmentobjectives, butofooo rdinating nebeorksof knowledge-
o ning fims o create added valws products and services,

Inside clusters, & oo -=vol ution proces & soerging; it dev=ops betessn the netecrks of localized knowledge and the
trans-kocal knowledges netwo rks (Dot =t al. 2001y, baed on digital infor matio n sxchangs. Thee inter -crganizational
structurss, d=fined a=s virtwal clusters, are characier zed by colubosation and oo mplementrities and by the szchang=
of mainly digital knoowledge, The conceptof space is ther=fore o wdal.

Wi mar extend the o nceptofacor agglomer ation’ from indstrial district o business neheo rk, as the gmeralization
of any agmlomeration structurs that & represented by 4 set of finos, linksd by some sort of spatial proximity
[gromraphical, technological or institutional).

Econcmists belong ing o any scheol of thought have discussed s imilarities bebessn bic g ical svalutionand scone mic
devdopmentfor mors than a oentwr y (Hedgson, 100#). Basing on the prao seothat” human beings sxistwholly within
nature as part of the natural order in spery respect’, Tacobs (2000 ) argues that the ame principlss wnderli= hoth
ecosypstams and sconemis. In particular, the author imeestizates the hppothesis acording to which sconcmic life
chey the same rules as thoss governing the syst=os in nature, arg uing that sconcmic life is rulsd by procemes and
Pinciples thatpeopedo not invent and can not transcend

Two serious drawbacks have aheays constrained the rigid application of bhickgicl mo=taphors to the study of
economic devdopmoent Thefirstis that svolution invehs no intentionality towarda specificgoal, whersas scone mic
devdopment js driven by the satefaction of human wans, The s=cond & that, with the swception of the smalle=t
bevek of oo oplexity (s wch as g=nes and microbes |, differentbicogical s pecies o not interbresd, whils human beings
Poducenme things by relentle==ly cosobining artefacts, skilk and ideas ( Bzall, 1088, De Gregori, 1085 Mo ke, oo ).
In this ==n==, sonomic devekopoent & thereswhtof individuals trring to sohe problens affscting them by oo mbining
heterogenecus facks, ideas, faculti=s and s kill on a scal=that & unparali=lsd in the rest of natures { ooobs, acool,

Even if any comparkon bebessn sconcmic and sologic realms has to be carsful, hickgicl sospstens ss=m to
Povide a powerful mstapher for understanding 2 business nebeork, As biclogical scosystens, b usines networ ks are
comum unitiss of agents with differ sutcharaceristics and inter =, bownd toge=ther b diffrentm utwal raaticnships =a
collective whole, Spedeswithinscosystans arerelated and interactwith sach other a5 muchas frmsplay 4 specific rols
in a busine= networ ko Thefate of =ach living organism inthe scosystem & raated to the fteof the o thers | oooperation
and competition, & much as ina busines nebeork, arecomsidersd scos ystem charactsr zing phenomena,

Tansley {19351 firstly defined an scospste=m as the whole system repesmtsd by both the bicdogical crganEmsand a
complex s=t of physical factors and he @rrelabed the scosystem with 4 nebecsk of relatio s hips. Shrting from the
definition by Tansley, Lind=man (15421 depekoped the modern approach © the sxmsrsem by adopting Ehons food
web model and Totka's thermodynamic approach (Ehbon, o2z Totha, 1zs) .

The first appreach to busines scospstem is due to Moors {1g031 who argued that a firm s not just 2 member of
a single industry buta part of 4 business scosystem that cromes a varisty of industries. In 2 business =cosystem,
furne’ capmbilities co-svo e a1 und neaw innovations that character e thescosystem iself, as the ko areundwhich
species oo spohee by exploring innovative spoluticnary mth.

Extending Ioorss biclogical mstaphor and smophasizing the kepstons mephor, insiti and Tevien| 2coqa) id=ntifi=d
in kst nefirms the brader and the centre of the scospst=m. They s upporttee basic ftens that thefood web model &
ussful to describes pstenes of organizations & 4 networkof mutual relationships, and that the new foom of oo opetition,
the need for collaboration and the proces of mar ket co-svolution are simply sxplinsd & a r= whs of the bickogical

moestaphe r adoption.

Anpway we beispe that bickogical mestaphor propossd by Linsiti and Tevien & hard to be used & an instrument of
analsis for the businss scosystamo for s0me reasons, First, it e both thermodynamicand nebeork theery in order
to modd inberaction among populations and snvirenment, whils the busines scosystem perspective & not able to
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model the environmental conditions and can’t leverage the thermodynamic theory to build a business ecosystem
theory. Second, the concept of community, as defined in biological science, is proper to define Iansiti’s own approach
than the ecosystem one, since community takes care about populations relationships and evolution, and excludes
environmental interaction. Third, Iansiti identifies the role of leader in keystone species that seem to have a role that
is closer to the Iansiti artificial ecosystem than to the natural ones.

Asaconsequence, the key question is: how could we design, or at least support the creation and growth of natural business
ecosystems? Although a business ecosystem may evolve toward centralized structures, moving toward what Tapscott et
al. (2000) define as an aggregator model, a business ecosystem theory needs to be quite general in order to explain it as
akind of self constructed and auto organized business network. In such a context, we focus on the understanding of the
rules that govern natural biological ecosystems and, as a consequence, natural business ecosystems.

The Evolutionary Perspective

Evolutionary perspective is the common ground for a theory of organizational change, capable of explaining the
evolution of organizational models in terms of emergence and selection of new species.

Organisms play two roles in evolution. The first is the basis for most evolutionary theory and it consists of carrying
genes; organisms survive and reproduce according to chance and natural selection pressures in their environments.
However, organisms also interact with environments and modify at least some of the natural selection pressures
present in their own, and in each other’, local environments. This second role for phenotypes in evolution is not been
subject to a great deal of investigation: it is called “niche construction” (Odling-Smee 1988).

Niche construction should be regarded, after natural selection, as a second major participant in evolution. It is
the process whereby organisms, through their activities and choices, modify their own and each other’s niches.
By transforming natural selection pressures, niche construction generates feedback in evolution in a manner that
alters the evolutionary dynamic. Odling-Smee et al. (2003) developed a new approach to evolution that treats niche
construction as a fundamental evolutionary process in its own right: it is called extended evolutionary theory.

In this new perspective, culture adds a second knowledge inheritance system to the evolutionary process through
which socially learned information is accrued, stored, and transmitted between individuals. Tylor (1871) defined
culture as “that complex whole which includes knowledge, belief, art, morals, custom and any other capabilities and
habits acquired by man as member of a society”, so how could such an inextricably interwoven complex of ideas,
behaviour, and artefacts evolve?

Evolutionary Theory and Organizational Change

The first and most influential biological metaphor applied to socio economic science was Darwinian selection on
the population ecology by Hannan and Freeman (1977), that takes from the biological perspective the suggestion of
the emergence of new species of organizations that compete for resources. According to Hannah and Freeman, each
organization is defined by its technology, structure, products or services, objective and people. These elements cause
the organization’s survival in the environment or make it disappear because of environmental selective pressure.

The attempt to adapt the evolutionary theory as a metaphor for explaining business perspective has a strong limitation
in the lack of a unit of analysis for the evolution process, as gene for biological evolution. As a consequence it is
difficult to create a model describing the emergence of organizational phenotypes in the evolution processes and their
fitness respect to the environmental conditions.

Nelson and Winter (1982) suggested an evolutionary model, mainly based on the parallelism between genes and
routines. The Nelson and Winter Evolutionary Theory of the Firm focuses the attention on organizational routines as
unit of knowledge. They consider routines as behavioural patterns that workers use during their activities, which make
different one firm from the others. Partly driven by his attempt to show that Universal Darwinism (Dawkins, 1983)
provides a suitable framework for evolutionary economics (Hodgson and Knudsen 2006), also Hodgson suggests that
routines are like genotypes (Hodgson 2003, Hodgson and Knudsen 2003).

The routine approach can be extended separating the perspective between behaviour and thing: according to Fontana
(1998) behaviour is not a thing but it is property of a thing. As a consequence, the organizational routines could
represent the functions and the dynamical principles that govern the interactions among the parts of the organization.
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In this perspective Nelson and Winter routines became the phenotype of more complex genotypic elements that
Padgett defines logic of identity.

According to Padgett (2001), organizations - social or biological - are developmental products of these founder
logics, interacting with the inherent properties of the social or biological raw materials being assembled. In economic
organization, these raw materials are in large part the social networks of business interaction partners, selected
through trading and personnel flows.

Social and political networks have the two-fold roles of generation and regulation of markets. Recombination
and refunctionality are the key elements through which organizational ideas and models are transposed from one
domain to another. Social and political networks operate through negative feedback as a regulatory mechanism for
transposition and reproduction, granting stability and equilibrium to the systems (Padgett and Powell, 2003).

Final Considerations

In the attempt to review the biological metaphor overcoming the limitations highlighted before, we considered the
promising perspective come out from the studies of Fontana and Padgett.

The Fontana analysis about the relationships existing between phenotype, genotype and populations gives the
opportunity for a deepeening about organizational genotype, relationship about organizational genotype and
phenotype, environmental influence on the emergence of organizational population.

The Padgett analysis focuses the attention on the systematic relationship between processes of organizational birth
and the surrounding social and economic contexts, out of which organizations are constructed. This perspective fits
organizational emergence in respect to the surrounding social, economical and political environment.

Padgett logic of identity and multiple dynamic networks represent two key issues that enable further research on
business ecosystem theoretical foundation and give a fundamental contribution in order to develop an evolutionary
model for business network.
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Abstract

i ndustryclusters" are systemic agz Jmerations of enberprizes with ommoon o complemoentary b iness interests.,
Firne in clusters bensfit from sharing the fwsd costs of comumonresowrces, such as infrstructues and s=rvices,
skilled labor pools, specialived suppliers, and 2 commeon knowledgs tase Thess sowrces of preductivity lis

cukide of individual firms, and sconomists refer to them as “external soonomies of scale™ (Mashall, 1o20]. Ghiven
that thess faciors are g=ographically concentrated, the bensfits of clusters are traditionally amociated with spatial
proximity. But in the w15t oentwry, cne can posit a new way of clustering baszsd on networking of knowlsdg= and
competencies that e bepond geographical proximity and that overcomes the “inward Joo king™ nature assodaed
with raditional dusters and Ttalian “industrial districts™

This mper s=t= forth =me=rging forms of “virtwal” clusters that transcend location, foous on inernational mar kets,
operat as ad-hoo business nebeorks, are IT-=nabled and based on dynamic aggregation of capmbilities of differ=nt
[ odten sroall ) firms. The working lr pothes 5 & that thess naw organizational arrangemens, which in ths papesr ar=
call=d “extended dynamicclustering™ (E D), @n help small companies position themmshes betier in terms of global
markst acoems and inncvation. The paper aboe discusses rols for information echnokgy applications, and s umgests 1
re=esarchagenda and potential policy impliations.

Business Networks: Cluster Precursors

A deradeage, et ris wers the po licp of chedosfor increas ing ind ustrial com petiti veness  ajor nebeorking programs
wers prometed, supperted, and studisd by Tnited Mations Industrial Develrpoent Organization, the Wiorkd Bank,
TISAID, the Ew opean Tinicn, and O rganization for Econemic Cooperation and D svelopoent( Bosenberg, 2005 1. The
transjtion from peliciss © build networ ks o policiss to build d st —and toa Lrgs sxtent back to neteorks —E
sty of svalving sconomic depele proent practioss.

IEay 13acoe | |



| ——T T

In the 1o&s, when inter national competition and rapd echnokgial dungs forced masive restructuring acroms
industries, Mfiles and Snew (1089 ) introd woed their view of enerprse nebeorks as a flexible, Auctwating and dynamic
structurs, Within the trend toward deagmregation and loossr coupling, managers sperimentsd with varicus
crganizational arrang=ments, Inmtead of using plans and schedule=, and transier prices to oosdinate inernal wnits,
they turned to contracts and other sxchangs agresments to link together sxbernal components inte various nebeork
structurss . The “fl=xible manufacturing nebeork” was redisoversd in western Ewrepe —particularly in Morthern
Taly- where inter-firm collaboration was decumentsd and sxplainesd by resarchers ( Brusco 198z, and Sabd &)
and s upporied by organizations suchas the Mational Confedaration of Artisans in Emilia Romagna and theSteinbek
Fowndation in Baden Wirtberob wg. The idea was simple: coopanies wo whd join togsther to achiswe soonomic goak
wnattainable br an individual crganization on its owen. They wowkd network to produce more complex goods, sxtend
their mar ket reach, acq uire costhy reso wroes or servics, or simply reduce costs,

In 195, the Canish Tecinokgical Instituts in A rhus desizned what becams the standard policy model to increases
ne=beorking among small and mid -sived snterprises (ShiEs), ftoonsisted by foresters 1) publicking the concept among
ShiEs; 2) training network brokers © organize and fadlitate neteor ks; 3 training “mubtipliss™ (=2, accowntans,
conswhants, and Lwrers) o identifr poential nebeor k opportunitis; 4) creating a three phass grants program as
incentives for cerganizing nebworks that agresd to collaborate on hard busines oppertunities, dsdoping plans, and
implementation; and 51 =val wting the cwico mes. The goal was © create 4 program that we wd changs the behavior of
ShiEs and create the culture of cooperation obserpedin Morthe n Ialy.

HMuwmero us nebeork trpologies can be found in the liverature { Powell, oo ). Proposals rangs from straegic hub-and-
satellite netwec ks as in the auto motiveindustry (Berwood, 1905, clan-like stroctures as in Tapanesss Ksretsus (0 uchi,
1580 ) and regional nebwor ks wpto teroporary networks and dynamicvirtual organizations, 5o e distinguish betesa,
“soft” and “hard™ nebworks (W0 lliane, 190 ). “Hard nebeorks” are reativey small grouwps of commniss that haose
bemn established to achisve concrete b iminesms cbjsctives such as sniering new mar ke, joint product devdopment,
co-production, or co-marksting and are likelr © require formal agresments for sharing profits or resowrces, Hard
ne=beorks are thus formed with 4 spedfic “bottom lind metivation. Firms in “soft networks” ako sxpect © make
moonsy but not necmmarily through contractual bsines wemwres, The soft nebeorks have open membership, tackle
generic ks ues, and provide som e general s=rvices. They depend on moembarship fees for mrt of their funding, and
thus tend & begquite large. Thar goaks and structures are similar to trade associations.

Miost research on b usine=s nebecrks has fooumed an the general characteristics of organically spoheed netgor ks, and
on their structures and devdopment proceses. Las attention has been paid © intentionally d=psoped nets and their
manag=ment, with the notable swoeptions of the work of Tarilks (1031 and Parcling (igpo) on valuws nets, and the
=me=rging theor yof network governancein sconomic seciokegy and strategic management( Amitand Tott zoo Sulati
=t al wocn, Tones =t al | 1907). The challenges imeoheed in o perating in 2 complex nebeo rk remain fairky wnarticulated
Eel=vant j=muwes in this context are: the coordination of tasks and proossses within netweorks, the allocation of orders,
the measwrement of surplus or wtility and the distribution of pofiss, Futwre ressarch should aim at the dsvdopment
of nebeork management. such resarch cowld integrae notions from Industrial Metwor k Theosy and the Dynamic
Capmbilities Yiew ( Moller =t al, 200 z)in order to jdentify the basic @pabilities required in managing different grpes
of strategic networ ks, and to slboraie ther characerstics and interreaedne=s,

Perspectives on Regional Clusters

Like= netieor ke, clusters are oomoposed of firms that co -ecate around a varisty of common inter=ts or nesds'. But,
unlike networks, nejther “membeshif in in organiation ner cooperation is requirsd to be “in™ a cluster, “Free
riders" siroply by virtus of gecgraphy, are able © realize non- sdus ive sxiernal socnomies that accrws © members of
clusier amcciations, including accss to infrmation that flowes informally,

Eegional clusters are szamphs of sxternal socnomiess derived from industrial kealization. They are self-ranforcing
agzlomerations of technical skill, venture Qpital, specialized supplisrs, infrastructurs, and spilkvers of knowledges
amociated with proximity to wniversities and informal infor mation flowes (Halland Mar kusen, 1685 Arthur, oo ).
Forers identification of Jocal agglemerations, bassd on 2 lrgescale smpirical analysk of the inernationally
competitive industries for s=peral countris, has been sspedally influmntial, and his t=rm “indistrial clsier” has

1] & clindes includea B UpR ed Soum s and'cy 2z wicca and all ed 1he pl.hli: and panak enidica cn which 'Ihr_r di:p:nﬂ..
i.nduﬂi.r!, :.uppli.:u.. cemulant, banksaa, ln-r_r:u.. &d uaadicn and ‘Iu.in.inafmid:u.. buwnincaa and F.m:l'::.'l.in«.rn] anaccixlicm, a.nd
pecanmend apencica
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become the standard concept in this field (Porter, 1998, 2001). Also, the work of Krugman (1991, 1996) has been
concerned with the economic theory of the spatial localization of industry. Both authors have argued that the
economic geography of a nation is key to understanding its growth and international competitiveness.

Clustering gives businesses an advantage over more isolated competitors. It provides access to more suppliers and
support services, to experienced and skilled labor pools, and to the inevitable transfer of knowledge that occurs
where people casually meet and talk business. Clustering enables companies to focus on what they know and do
best; they need not do things they do not do well. Firms also benefit from synergy. Companies able to operate more
or less as a system can use their resources more efficiently and collectively produce more than the sum of their
individual outputs.

Among the advantages of clustering, none is as important as access to innovation, knowledge, and know-how.
Industry-specific knowledge and know-how is created and diffused through entrepreneurial initiatives and innovative
companies. Firms gain from greater access to tacit knowledge, the movement of knowledge that occurs intentionally
among friends and colleagues and unintentionally when employees change jobs. This perspective suggests a social
network model of clusters. A social network approach provides insights into the structure and dynamics of regional
clusters by focusing on the relationships between firms and the social structures and institutions of their particular
localities (Powell, 1990; Nohria and Eccles, 1992). This view has been used to explain the divergent trajectories of
Silicon Valley and Boston’s Route 128 economies (Saxenian, 1994).

The Challenges of Globalization: Small firms
within and beyond clusters

The trend towards globalization of the economy poses a number of challenges to the smaller firms in traditional
clusters. Often, due to size, scale, specialization and not least regulatory and legal impediments, SMEs lack the capacity
to respond adequately to market opportunities or participate in tenders in international procurement contracts. This
shortcoming is related to both the conditions that SMEs face and the operation of geographically based clusters. More
specifically, one can distinguish ‘internal’ reasons (specific to the SMEs) and ‘external’ reasons (specific to clusters and
insufficiently developed cross-border and cross-regional collaboration mechanisms among clusters):

» Internal reasons have to do with limited resources and competences. SMEs often do not posses all the relevant skills
and competencies, and cannot afford the specialized human resources (e.g. legal, and technical expertise) required
to participate in collaborative cross-border or cross-region processes for the co-creation and delivery of products
and services;

» External reasons span from the perceived complexities of international contract negotiation, to trust and financial
issues, as well as the perceived disadvantages in terms of size and skills (e.g. SMEs may rule themselves out when
they know that some large competitors will be bidding). External reasons include also regulatory and legal gaps
that create roadblocks to cross-border collaboration, contract negotiation, intra- and intercluster governance policy
and institutional issues which hinder the formation and efficient operation of cross-border and cross-regional
collaborative networks.

From these two perspectives, a fundamental challenge is how to facilitate linkages, not only among SMEs within
a given cluster but also how to build such capacity across clusters and networks of SMEs. This challenge involves
building ‘internal’ capabilities by enhancing the organizational, knowledge and technological capacity of SMEs to
enter into cross-border and cross-regional collaborative processes for jointly producing and delivering products and
services. It also involves building ‘external’ capacity in the environments in which SMEs and their clusters operate. In
other words, if the ‘internal’ set of issues refers to the business challenges SMEs face, the ‘external’ issues concern the
‘enabling framework’ that will facilitate cross-border and cross-regional collaboration among SME clusters.

The Extended Dynamic Cluster: a New Paradigm

For the purposes of this paper, “extended dynamic” clusters are conceptualized as virtual clusters that transcend

location, focus on interregional or international markets, are ITenabled, operate as ad-hoc business networks that

can aggregate and reconfigure capabilities from different firms. “Dynamic” clusters can integrate SMEs involved

in different production processes or operating in different markets. The advantage is that the resulting “extended
70 dynamic” cluster is much more responsive and enjoys a steep learning curve.
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Chamg= insides the dister (=5, changing or adding a key n=w partner) can bring significant changss in the abilifr
to respond to opportunities in the market. This imohes 2 knowlsdgstransfer process . Lets consider, for srample
a cluster specialived in predudng mechanical parts and toeoks for the auiomootive secto s They decide to rapond to
a tender from an asrosmmes company, and, berauss they Lok some necssary skilk, they decide to include in the
clusier a s upplisr operating in the 2=rospace =actor. The addsd oo mpeence of fhis new mriner gives the cluster the
possibility not ondy to g in the nee mar ket place, but © bearn by immarsic ™ in 2 new industrial snvironment. This
“full immersion arning™ & larning not only fiom the e mrtner, but akso from all the plapers in the asrospace
= o ument, ie. customoers, oo mpetitrs, suppliers, the regulatory agency, eto. Thus, in ashort ]:E:j-:n:'l of tirp=, th=
clusier Jearmes and =volhves into 2 new™ pe of cluster that now can opesrake in 1 new s=cior, Beprating this proces
several times improvs the dynamic capabilities and this the fexibility of e dumier to innovate, incorposate e
technologies and fckls e markets.

Cine way to understand the notion of “extended dynamic™ clustering & by positicning this new construct against
traditional forms of busine agzlomer ation, =g . industrial clusters, and busin=s ne=tecr k. The diagram in figure |
shows the twe dimensions thatcharacterize this sve bed clisier form.
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The horirontal dimensicn & based on the typelegy found in the literature on businss nebeorks that diff=rentices
“drnamic” from “static” b usine=s relationships. Mikes and Snow (198) intreduced their viee of snerpiss neheor ks
as flexible, Auctuating and drnamic structurs. They point o ut that, while scme nebeorks bring s uppiers, moducers,
and distributers together in kong-term stable relationships e, “stable nebeorks™ |, other networks are much mors
dyrnamic, with components akongthevalwschain oo upled contractua L for perhaps asingle projectorproductand then
deco upled and reconfigured to be part of 2 new val ue chain for the next business venturs (i = “dynamic nebeo k™1,

The vertizl dimensicn represents the geographic reach of the network, i=. the space in which a given (=xtends=d)
cluser opaates. Ths dimmsion can be oprationalized smentially as the averages geographic dstncs behesm the
nebeorked finms, In practios, it may be wssful to differentiate betwem Jocal, regional, naticnal, and transnaticonal
domains, This differentiation may be particularly important for neteork governance, Both governancs iswes and
policy recommendations are i kely to difber at ko, regicnal, national and supra-national ksl 71
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Capabilities for Dynamic Clustering

The strategic management literature has traditionally focused on analyses of firm-level strategies for sustaining and
protecting extant competitive advantage, but has performed less well with respect to assisting in the understanding
of how and why certain firms build competitive advantage in regimes of rapid change. To address this problem,
researchers have focused on “dynamic capabilities” which are defined as the “ability to integrate, build, and reconfigure
internal and external competences to address rapidly changing environments” (Teece et al., 1997).

Dynamic capabilities reflect “the ability to learn new domains” (Danneels 2002). Hence, their value lies in the
configurations of functional competencies they create (Eisenhardt and Martin 2000, Zott 2003). For example, by
spotting market trends and accordingly revamping functional competencies, dynamic capabilities can prevent
rigidities (Leonard-Barton 1992) and competency traps (March 1991). Also, by replacing outdated configurations of
functional competencies and architecting more relevant ones, dynamic capabilities can create better matches between
the new configurations of functional competencies and environmental conditions (Teece et al. 1997).

Reconfiguration is generally viewed as the ultimate outcome of dynamic capabilities. Most studies in the dynamic
capabilities literature stress the importance of reconfiguring existing resources into new configurations of functional
competencies. For example, reconfigurability refers to the timeliness and efficiency by which existing resources can
be reconfigured (Galunic and Rodan 1998, Zott 2003). It refers also to the concept of ‘combinative capabilities’ (Kogut
and Zander 1992) that describes the novel synthesis of existing resources into new applications. Eisenhardt and
Brown (1999) refer to the ability to “quickly reconfigure resources into the right chunks at the right scale to address
shifting market opportunities”. Applied to extended clusters, the concept of “dynamic capabilities” implies that SMEs
networks can re-deploy their existing competencies to build new products or services through innovative, aggregated
competencies that better match emerging market and technological needs.

The dynamic capabilities and related literatures describe four processes that drive reconfiguration for innovation:

» Sensing the environment (market orientation): Sensing helps understand the environment, identify market needs,
and spot new opportunities (Zahra and George 2002).

» Learning: Learning builds new thinking, generates new knowledge, and enhances existing resources (Zollo and
Winter 2002).

» Coordinating Activities: Coordinating helps allocate resources, assign tasks, and synchronize activities (Teece et
al. 1997).

» Integrating Resources: Structuring interactions among partners and integrating resources helps implement
architectural innovations (Grant 1996, Henderson and Clark 1990).

While dynamic capabilities can reconfigure all resources (Prahalad and Ramaswamy 2004), it is important to stress
the role of knowledge as an intangible resource (Galunic and Rodan 1998). Leonard-Barton (1992) argues that as
resources become less tangible, but explicitly codified, they will be easier to reconfigure.

The Role of Information technology

Much has been made of the potential of ICT to enable a de-spatialization of economic activity. Cairncross (2001),
among others, posits that with the introduction of the Internet and new communications technologies, distance as a
relevant factor in the conduct of business is becoming irrelevant. She contends that the “death of distance” will be the
single most important economic force shaping all of society over the next half century.

Indeed, the advent of the Internet and overnight delivery reduces the value of localization economies, i.e., access to
the lower cost intermediary inputs to production, including parts, services, and information at a distance. Proximity
still matters for critical components that are knowledge intensive and depend on interactive research and design
or special expertise for assembly or utilization, but many of the sectors included in standard cluster maps are of
diminishing economic advantage. Future research will thus have to look at “extended” clusters as geographically
proximate complex organizational systems of learning and economic and social activity that are globally networked
and enabled by the effective application of IT. These are some of the key questions:

» How will IT affect traditionally perceived needs for physical proximity and introduce “virtual” proximity as a
complement to physical proximity?

» Can “virtual” clusters be expected to emerge and/or develop, in part, as a result of the widespread application
of IT?
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F ¥What combinations of physically proximae and “virtwal™ arrang=ment best augmoe=nt the sccial and sconemic
performanceof nebworked clusters?

Cne war to address thess questions & br focuming on the mocesses that =nable “sxtend=d” and “dynamic™ clustering
as ide=ntifisd above and snvisioning different ways in whichIT canplay a relevant robe. The following sections discums
potential rodes of infor mation technobegy to snable clustering capab ilities 2k ng the teo dimoensicns identifisd sarli=g,
i=. virtual proximite capabilities and dynamicclusbering capabilitiss .

In traditicnal clusters, the need for physical proximity has Jed © regional agzlomerations. Thegegraphic bowndarjss
of thess clusters are ==t by the disfnces that those in firms and sntreprenewes are willing to travel for infrmal face
to-face mestings and by how far soplopeses ars willing to ravd to work, Butraying sxclusivdy an physical proximity
limits the availible talent pood and the acomss to specialized fad liti= 50 there B astrong caefor takingadvantageof IT
to linkto remote profemionals and resowrces, and o other organizations through tiss s uch as alliances, partnerships,
and infor mation -=rchanges. The underlring asswoption hers & that gecgraphical proximity, colegiality, and group
memobemhip dess notbound communication. Indesd, smployees ray increasing by on infor maticnfrom o wsidetheir
gro upand cutside ther organization for accomplishing their tasks, (Wellman 2001, Hargaden and Suticn g7,

Thes= bowndary-spanning links maks crganizations mors open systens whoss boundariss are more permosable to
information from the cutside, They function as interconneciors behessn multipls netweorks, providing acoss to e
information and more creative problem solving (Tarvenpaa and Ivs 190, For srample, Fobin Teigland § eooo ) has
shown that boundaryspanning information sxchanges Jed to higher bpek of creativitr, and information obtaine=d
from onlines commounitis increassd workes’ performance,

Some researchers argue, howsva, that knoogledge cannot be shared or absorbed indspmdently of the proceses
through which itis generated (Boberts, zooco ). But, if greater siocks of knowlsdge can be circulated a0 oss slectronic
nebeorks and used in ways that sffsctivelr support lerning, then the imporfines of geographical clustering and
Phy=ical pres=nce may indeed be reduced.,

Figure 3shows arelationship betwesn the degres of codification of knowledg=and thes pred and sxentofis difwmion
within a targs=t population (O'Calighan and Andrew, z200a), The figure highlights 2 tradesft behesen codification
and reach. The shape of the curve indicate that oo re people can be reached per wnit of timoe with knowledgs that &
codified (=xplicit) than with knowledge that remains wneodifisd (tacit), As the sie of the targst population that one
ssekz o reach increasss, the memag = needs to be oore highly @dified © reach that population quickly, and much of
the contextual richness of the oe==mage must be sao ificed for thesake of communicative sfbci=ncy.

M=we IT appliations @n changs the natwe of this trade-off bebeeen Joss of context and speed of diffimion. By
increasing data poceming and transmimion @pacities, they mable mors dat to reach mors people, whatever the
kvl ofcodification chosen, as indicated in the figure 2. This is shown br 2 horRontal shift in the cunes,
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The horizontal arrow shows how at 2 given Jepel of codification, the population to which 2 memages can be diffus=d
inoeases, But, the vertical, dowmeard pointing arrow also shows sompsthing d=e: it suggests that, for 2 given size of
population being targsted, 2 o==ages can be sentat a kower levd of codification than in the absence of IT,i=. the
memage can transmit mors of is mnext, thus reoring somoe of the mnert-specific inerpersena qualities usuallr
sacrificed 1o codification.

Early g=nerations of knowledgs manage=me=nt o juticns fcuwmsedon sxplicit knowlsdge in the form ofdocumens and
database. but astheabops figuresugg =, thers isa need to srmnd thescope o fthe solutions to integ rate Echnologies
that @n support tacit knowledge (baneick 2o 1), Futurs applications will have © addr=s the f lowing nesds:

F IT to assittearns shares sxperienos: build and share tagt knewledzs

F IT to help gro ups work sffectively together: group support and collabaration

b IT for sectronic mestings and trust buikling: =2 . high d=finition videsconferancng

F IT to identify individual with the right knowledg = sxpertise kcaior

F IT to elicit hedpfrom sxperts and the commuwnity: for wos and bull=tin boards

F IT to tap the knowledge of sxperts: @pture sxpert judgments via by perlin ks, citations

F IT to support the formation of nee tacit knowledge from sxplidt knowledgs: portals, taxenemiss, knowledges
mapping, =tc.

The folowing pragraphs fous the poiential role of IT to mable or support drnamic clustering capabilitiss. The
discumsion js structured around the fow constructs jdentifisd abovs market orisntation, abscorptive capadity,
coordination, and collsctive mind This & ilustrated in figurs 3 that depicts 2 modd %or IT applications =med ©
overcomedistance barrisrs, snablevirual prozimity, and suppert drnamic capabilities.
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Info mation ientation

Technobogy

Reco nfigum bility

Coomdinationability
r Integ@tion  bility

“Market Qrignhatio B reflects the ability to s=nse the smircnmoent and understand customer needs
and commpetitive dynamics . b & defined as the proces of gmerating, diseminating, and responding
to market intelligence about cumiomer needs’ (Kohli and Toaeors ki igen ). These procemes an be

Aga
s upporied with the folowing IT applicaticns:

Faole o IT In Esteracier] D ke 1 uesdering

F IT for capturing markst intellig=nce, =5, srernal communication links for seming markst trends or dscove e
roarkst opportunities
F IT for diseminating markestinellig=ncs © the approprists parties in the business neteor k! virtwal clustsr
F IT for analyzing andinerpreting market intellig=nos
I IT for responding to markst trends, =2, by =nabling processes and supporting operations thatcapitalize cnmarkst
74 intellgencs

| | dba_book CEFIIndd 74 IEay I]ﬂllml |



|
— N T T T |

The literature refers to “Absorptive Capacity” as the ability to learn by identifying, assimilating, transforming and
exploiting existing knowledge resources to generate new knowledge (Cohen and Levinthal 1990, Zahra and George
2002). Regarding IT, the relevant IT applications are:

» IT to help acquire or “broker” knowledge

» IT to help assimilate knowledge (e.g. knowledge articulation and codification)

» IT to help transform knowledge, (e.g. in supporting new thinking, brainstorming, experimentation, and problem-
solving)

» IT to help exploit knowledge (e.g. in new projects, identifying new solutions)

Coordination capability reflects the ability to manage dependencies among resources and tasks to create new ways of
performing a desired set of activities (Crowston 1997, Malone and Crowston 1994). Pertinent IT applications are:

» IT for allocating resources (including distribution of knowledge)
» IT to help assign tasks among partners

» IT for appointing the right person to the right unit or project

» IT to help synchronize activities among collaborating partners

» IT for reaching synergies among tasks and resources

The literature refers to “Collective Mind” as the “ability to integrate disparate inputs through heedful contribution,
representation, and subordination into a group system” (Weick and Roberts 1993). “Collective Mind” can also be
conceptualised as the architecture for the whole system. In this respect, it helps implement a set of complex activities
by specifying the organizing principles by which individual knowledge is integrated (Grant 1996). The IT related
questions are:

» IT to model and help structure the cluster/ network

» IT to monitor how partners fit in, interact, and their activities affect others

» IT to interrelate diverse inputs (including knowledge) from constituent firms to execute the collective activity of
the cluster / network

» IT to help individual inputs contribute to the group outcome

» IT to support the sharing of knowledge among partners

» IT to keep network managers informed

Policy implications and future research

The research advocated in this paper calls for the development of a theoretically grounded framework for “Extended
Dynamic Clustering” (EDC) in order to investigate how ICT infrastructures, collaborative systems, governance
structures and other factors can influence clustering across borders and improve SMEs’ ability to innovate and access
global markets.

The Extended Dynamic Clustering (EDC) paradigm may provide a new perspective for policy research and
practice. To apply the EDC concept to policy, instruments have to be developed to identify extended dynamic
clusters (or clusters that have EDC potential), as well as tools for improving inter-organizational structures and
processes that facilitate dynamic clustering. Research should identify extended dynamic clusters in some countries
or regions, and establish whether the regional / national economies can be effectively examined through the EDC
lens; and, if so, whether policy makers can more accurately identify market imperfections of existing clusters,
and determine what interventions might have the greatest impacts. To this effect, potential research products
could include:

» Conditions for an outward-looking perspective on clusters with emphasis on the traditional economic strengths of
regions but also on dynamic capabilities to respond to rapid economic changes and global competition.

» Conditions for reconfiguring clusters as ‘hubs” and roles of institutions in helping build regional economic capacity
(in terms of dynamic capabilities, networking and international connections) to enable regional SMEs to confront
the challenges of being ‘hubs’ between a global economy and a regional business ecosystem.

» The effects of open-source IT platforms and tools that may support new methods of collaboration, and process
integration within, between and across regional networks incorporating SME’s and large contracting organizations,
as part of an end-to-end supply chain.

» Domains for policy intervention in terms of regulation, legal measures, technology policy at supranational, national
and regional levels for the creation and facilitation of dynamic clustering.
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Extended dynamic clusters differ from traditional clusters in their extra-territorial reach, dynamic capabilities
and the enabling role of IT. Information technologies provide a new means of linking up local places and regions
within networks of organizations. Inclusion in the network requires an adequate local technological infrastructure,
a system of ancillary firms and other organizations providing support services, a specialized labor market, and a
system of services required by the professional labor force. Research outcomes should include guidelines for policy
makers and civil society organizations in order to facilitate the transitioning of SMEs to extended dynamic clusters
as well as the adoption and usage of related ITs. Research results could also inform, for example, ways for SMEs to
reconfigure themselves from being simple members of a local cluster to being important nodes of a global network
of business partners.

The new industrial spaces of today are complex networks with multiple nodes. They can be seen as geographically
proximate, complex organizational systems of learning and economic activity that are globally networked with
other systems. The spread of global, national, regional and local IT networks and information flows may fuel an
“innovation ecosystem” (cross regional and trans-national), and act as a catalyst for social learning processes that give
rise to successful economic and social development. If public policy makers proactively encourage the integration
of advanced information technologies through “digital ecosystems” to link geographically clustered firms with other
organizations within and beyond their immediate regional surroundings, there might be opportunities for a departure
from the conventional pattern of regional development and a catalyst for growth.

Social and economic aspects of ecosystems:
The next chapters

The next chapters in this book develop different aspects of “digital business ecosystems” (DBE), including economic,
social, regulatory and trust-related issues. Darking’s chapter discusses the role of “governance” in ecosystems,
and proposes six different “dimensions” of governance: 1) constitution and balance of interests, 2) culture of
communication, 3) credibility, attunement and trust, 4) organization and synchronization, 5) licensing and
regulation, 6) technological dimension. Cutting across organizational, regulatory and technological frameworks,
these dimensions provide inter-related concepts for further research and discussion. The chapter of Rivera Leon
provides a framework for assessing the cost and benefits of DBE with the aim to raise awareness among policymakers
and encourage them to implement DBE in their regions. In another chapter, Berdou discusses two important
characteristics of networks and communities of practice (knowledge and structural embeddedness) and indicates
how they relate to the sustainability and scalability of Digital Ecosystems. Knowledge embeddedness relates to the
dependency of knowledge on social context. Structural embeddedness refers to embeddedness of economic action
in social relations and the way “the quality and network architecture of exchange relations influence economic
activity”. In the last chapter, Tsatsou and Elaluf-Calderwood summarize research on the factors contributing to trust
amongst small- and medium-sized enterprises (SMEs) in Digital Business Ecosystems. They describe a regulatory
framework based on three building blocks: 1) Privacy and consumer protection, 2) e-signatures and security, and 3)
jurisdiction and consumer protection, and discuss the development of the “Knowledge Base of Regulatory Issues”
which is important in the context of the development of Free Software/Open Source (FS/OS) for commercial use
within the European Union countries.
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Abstract

I this chapier, key characteristics of digital scosystems are described and develo ped a5 dimensions of gover nancs,
Sovernance can havs fr-reaching and fundamental conssquences with respect © the way reltionships are
constitubsd within agivensodal contart Tnderstanding the robe of governance in the contextof dig ital scosysems
requires consideration of the social, regulie oy and technelogical aspects of scosystem-bassd technelogiss and social
nebeorks, Tt alse imohees wndersfinding governances as 2 spectrum of wor king practices that indude both formal
and informal working arrangaoents. In this chapter, sodal sciencee resarch oo ntrib utions from the digitl busin=s
=cosy stem projectaredrawn upe nto devdopa praiminary framewo rkfor suppe rting discussion and fur ther ressarch

Introduction

The policy visionfor digital soosys s is © e thelaest depelopoent intechne o gy infrastr ucture design, o oeate
a fram=work for innevation that will =nable smalland medivm-sived snerprizes (GWEs) © croms the digital divide,
thus stimulating regicnal d=vekpmoent. The innoy ation and diversitr inhersnt in the business modek and practices
of BhiEs has the potential to provide Ewro peiwith ag rowndsesll of new products, ideas and services, However, for this
5o wroeof innovation o befully mob ilised, the rght reg wator, techno o gical and sccial conditions need to becreated.,
Huowever, in seeking out the ‘right’ rag watoy, technebogical and social conditions, 2 central mradox is opensd up,
Divemsitr & oonextual in that snvironments thatares thems s ves varisd and distinct nurtues it In this respect, what
constituies “ideal conditic ns for growthinone suvironment may proveobstr uctive in another, Thersfore, formulating
4 mplate for gowernances that puts in place the ‘right conditions for sosrsem-hased inneration and which ak:
supperts the divesit inher et in the busin=s practicss of Ewrepean ShiEs constitwies 4 s gnifiant challengs.
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In this paper, the role of governance is considered in the context of digital ecosystems and a preliminary framework for
supporting discussion and further research around this topic is outlined. Social science research carried out as part
of the Digital Business Ecosystems (DBE) project is drawn upon to elicit insights into regulatory, constitutional and
technological aspects of digital ecosystems governance. From this, a number of different ‘dimensions’ are proposed
according to which the topic of ecosystems governance can be understood. The significance of these dimensions can
only be touched on here, but in developing them, a basis for thinking about and analysing issues of digital ecosystems
governance is provided and can be further developed in future research.

Understanding the role of governance

Governance refers to the constitution of relationships between different social groups and the processes of decision-
making through which rights and responsibilities are established and defined. Traditionally, the term ‘governance’ has
been used to describe the relationship between a government and its people or alternatively, the relationship between
a company and its shareholders - the latter known as ‘corporate governance’ (Coyle 2003; Benn and Durphy, 2006).
Over time, the meaning of governance has been extended to include all aspects of civil society, not simply those
pertaining to central government or large companies (Ostrom, 1983). More recently, as understanding has grown of
the choices inherent in the design of new technologies, governance is also used to describe technology procurement
and the way key technological relationships and dependencies are established between technological products and
systems purchased by an organisation (Thomas and Ranganathan, 2005).

One of the analytical challenges of understanding the role of governance is that it is comprised of characteristics
that are deeply context specific, yet it focuses attention on principles and dimensions that have a generic or universal
quality, such as duties, rights and responsibilities. In addition, the spectrum of decision-making structures, events
and routines to which it can refer are far-reaching; from formal voting mechanisms to informal consensus building,
governance can be understood to be comprised of a range of different practices and ‘working rules’ (Mansell, 2006).
Together these rules and practices constitute a basis for coordination and an associated culture of meetings and
communication (Darking, 2006). At the formal end of the spectrum, legally constituted entities and relationships
bind and characterise relationships. However, the significance of informal means of coordination should not be
underestimated. Informal environments afford flexibility with reduced organisational overhead and less reliance on
formal contracts. In a business context, this flexibility can allow smaller companies to respond to customer needs
in an agile and timely way. It can also create conditions of trust that facilitate the transfer of knowledge between
companies and co-workers (Gow, Elaluf-Calderwood and Tsatsou, 2005).

Another analytical challenge is that, from a governance perspective, regulatory, technological and organisational
frameworks cannot be studied in isolation from one another. Each of these frameworks can alter the basis according
to which interactions take place; therefore alterations to one can have consequences for each of the other. It is therefore
necessary to consider regulatory, organisational and technological dimensions both respectively and relative to one
another, when considering questions of governance.

The digital ecosystems context

There are several key characteristics that have an important bearing on the underlying logics that shape the governance
and coordination requirements of digital ecosystems. The most significant characteristic is the policy vision and focus
of digital ecosystems, which is firmly centred on SMEs and regional development (Nachira, 2002). This emphasis
acts as an organising principle in all decision-making processes relating to the DBE infrastructure. Similarly, the
distributed and open source philosophies that are characteristic of DBE technology design and infrastructure
development also play a significant role in the ecosystem vision. A further constitutional aspect of the DBE is the
membership and participation conditions applied to stakeholders, each of whom have clear yet diverse interests in
ensuring the sustainability of the DBE. Guaranteeing a balance of interest amongst diverse stakeholders - especially
where those stakeholders are of varying size (i.e. a small company and a large corporation) - is of critical importance
if digital ecosystems are to maintain their orientation towards supporting SMEs. For stakeholders to understand
themselves as having a voice within governance and decision-making processes, an open, inclusive and transparent
culture of meetings and communication needs to be established. Internet technologies and open communication
forums offer an important vehicle for achieving such transparency (WGIG, 2005).

Aligning interests around common goals and ensuring that infrastructure development remains attuned to the needs
of SMEs and regional development will have a fundamental impact on the level of trust and credibility associated
with digital ecosystems. Trust, credibility and attunement were identified as fundamental to the specific e-business
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Pactics imeoheedin using the DEE and in the continuing sngagemnent o fShEs { Darking & Yhitley, zoos ;85 oe, Elaluf-
Cakenwood and Tsamow, zoos ), These attrib ubes are particulachy relvant given that use of the DBE imvohes 2 high
deg reeof knowledsesharing with respect to busin=s modek and in ter s of sgag=mantincepm souwres devdopment
In establishing credibility and snsuring that =ngagement strategies were athned to the nesds of regions and ShiEs,
results from DEE regional analysis highlighted the divers ity that sxists bebesen regicns. Id=ntifring relrpantssciors,
communities and crganisations with which to sngage was 4 regicn-specific txk from which individuwal strategies
cowkd be derived, but from w hichno single mods for lmdeshipoe wd be defined ( Pamsani, zoog ).

Inadditionto thecoordination o f regional engagement, the depelopar commuwnity w ho are responsiblef s maintaining
and d=soping the DEE aodebasesalze raquirea basicframework for car rping o ut theirreponsibil ities, Atpres=nt, the
deveopers act as a distrib wied gro up wor king under the Jeadership of two individ wal synchro niers. This lightesght
kvl of coordination and integration was designed in order to kesp organkational cverheads to 2 minimwm, thus
enabling the sushkined, voluntry sngagement of devdopers berond the =nd of the project (Darking zooa ). The
code base abo reguires the protection offered by licemsing, in this cas=, the General Public and Creative Commons
licen=ing that currently dictates the use of DEE knowledges and codes, A= well & licsnsing arrang=ments relating
specifically o the code= base, the DEE project ako developed 4 regulatory framework, which aimed to movides basic
begal remowrces neommary to snableGMEs © @y o ut business via the D EE infrastructurs and included anawicmated
Process for contract generation. The significance of this framewor kin acting &= a resowrceto s uppor tahiE =-b s ine=
interactions was swch that its coordination and design constituesd an arsa of governanes resmrch in and ofisdf,

The de-centralizsd, ditributed d== izn philcsophy that wunderlies theway inwhich the DEE nfras tructure ismaintain=d
and developed comstitutes ancther defining characeristic. This “roetd’ approach © infrastructurs d=vekopmoent &
d=igned to reduce kock-in and dependency, pushing cheioe and deckion-making powsr oear from the centre, The
roe of open so wes development methoedokgis and mods of crganisation & 4 central reguirement with respect to
attaining this =nd Finally, one of the most innovative characteristics of digital scosystens & s use of hickgially-
in=pired algor ithms to s upportthe distribution and composition of b usiness servicss

Dimensions of digital ecosystems governance

Drawing on the key characeristics of the digital scospstens context cutlined in the previcus section and the
chs=rvation that gowernances imrohves 4 spactrum of processes, rubes and interactions made in the introdwctosy
saction, six ‘dimensions of digital scosysten gevernance are cutlined. Integrating key findings from sccial scisnces
research carried out as mrt of the DEE project, the table below links characteristics of the digital soosystem context
together with dimemions of governance, Cutting acroms organiational, regulatery and echnological framewor ke,
these dimensicns she wd be considersd as inter-reatsd and at times ceer-Lpping concepts for erganiing further
re==arch and discussion on the opic of digital scosy stams gover nanos,

Characeret: of digital e cay=eme

[ime reion of digita | accay=te mges o m nos

Shaed uabi=, corarsn Wslon, pabcipalon and Con=ibiton and balan ca of Inbar ==ts
riermberhip & pressed 10 oo e onal documents

=i a5 ranifesto, bl of nghts, code of practce

Tarep &gy, ndwelon, due procesa, policy, procedre Culture of comraunicaion
o acoount bty
HlunczFamaing and regonal coor dnatan, allasdng For radibiity, Anineament and rek

dierse gouemanos modes and dvasemerbeship

Dikribubed beraplabe, lighbwaight ongani=abon and Organkation and sy nchronkation
wrchroniztion for algning codebazeinfretncture
el op rert; amscdaton and allanze farming

krowiladge and technalegy lcarming raqulaory ramanork Uza=ng and requlabon
Fior diigital e oy shearme, & biminess, interacHore and l=gal
dafritiore relevart bo OEE arbiby

choke of software deusdapraent mathod ologles, Tedhnd ogcd drerelon
tetinologicd dracHore and Infrastnachr s standards;
ol akon and dlancefoming

In csder to s=tin placos the policy vEion for digital scosystens, the valuwss and pricrities sncaps whaied by that vision
need o be embedded in constitutional decwments suwch as 2 maniesto, bill of rights or o ther statement of common

| | dba_book DEFlIek @I

81

(A TN —

IEaT 13acm | |



) —T T

82

| | dba_book DEFlInd @2

Puwpese. Defining the constitusncy o whom the bill or rights or common valus applr & another ioportant aspect
of oo nstitution building.

In termes of ens wring theo perational viability of the infrastructurs thers are anumber of tangible arsas toweard which
questions of gova nance can be applisd. 0 uestions s wrownding the maint=nance and deveke prosnt of the DEE code
base constitwies one sucharea, Ancther fngible area & sscurity ;the svent to which identities can betrustedand data
secursy shared via the DEE infrastructure, Sharing busines modek & ako 4 significant tangible arsa that requires
constitutional support in the form ofa code of practicefor A Es © = wre inberests are protecied. Inaddition to thess
operaticna questions, governanos of the O EE regulaicryframework 5an sxtremely influsntial area of the sosrsems
environment, which brings withits pecific gover nance requiremems. As 2 setof proceses that involves mnssquences
for the infrastructure as 2 wheols, the svo jutionary snvire o=t dences ancther area that will require some form of
governance or coordination,

Conclusion

The purposs of identifring the characteristics and dimensicns above & to formuwate the o utline of 2 frameswor kfor
considering Esw= amociated with digital scosystens governance, As more fully derdoped in deliverabls Dizp
the=s characierstics and dimensions can be applisd © tangible areas that arise as rdsvant to digitl govananes and
coordination =fforts. From a ressarch perspective this framewor koo wldact as a basis for formulating a taxoncmical
apmoach © sxploring, setting the bo wndaries and as==ming the relevance of Esws asociated with digital scosy stems
Forernance,

Thepo licy visicnfor digital scosys e plices specificd=mands o nthecrsation of 2 teroplate for governancs, Creating
crganisational channeks for participation and collaboration that allow GhEs to define 2 technological infrastr woturs
and regulatory snvironment that serves ther needs above all cthers is not straghtioneard The diversity inherent in
SME requiremments and the regional variations & to what constitwtes 2 credible framework for mrticipation indicas
that a distrib wed, d=o=ntralissd template wowld offer the highestdegree o ffl=xibility and dtunsmoent i© Jecal needs,
Fre=erving the diversitr of Jocal needs and contexts has the potential to swpport and inspire innovation off=ring
signifiant advantages to G1Es, regions and Europe as 2 whole.
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Introduction

a region and the capucity on which know ledgscan prodwce positive inpacts on smnomic devdopmoent depands
n the sffectivees of it knowledge communication systo. The Digitl Business Ecosystems (D EE) has the
capacity to provides svery business stity in Ewrope with 2 powerful opportunity © =fbcienty me knoeledge. The
ability to be connectsd and to shares and acquire knowlsdgs B 2 contribubor to reduce the information gape and
to Jower power Eymmetriss behesen Largs Enterprises (LE=s) and Small and Medium Enterprises (3MEs). DEE
infrastr ucture can be conomived as 4 corrective action to sohve the Lok of aoces © information among snerprisss.
Business connsctivity allow SEs 1© increass their opportunities to inb=grate themssves into global valuws chains and
Povide them with more upgrading oppo rtwnities thatcreate fur ther positive iopack on regional develpoent.

Kamw.ledge E cmtral for scone mic developoent (Y rkd Bank, 1008). The oowement of ide=as within a country or

DEE implementation has the poentiality © produce positive sffects on productivity as knowledges (acos= and
diEssmination) snhance the productivity of capital (Stiglit, 1e0)’ It ako has 2 potential in inducing regicnal
developoent through competitivenss snhancement ameng business, Mew growth theories consider that the
more resowrces devoted to technical progres (activities that produce innovations), the higher the growth rates
(D= Castro, 1908, DEE has the potentiality to endogencusly impact prodwction, as productivity increases are
endogenoe us to prodwction (Coo ke stal, 2o05). Inpesting in DEE implem=ntaticn is a long -t=rm inwestment in
knowledge creation and dix=mination.

" Leucm Fivaa Ledn vreubed man alaminiic de 1the Euwicpean Commizicn, Do lodeu omdicn 'E-:H:.H:r:.rﬂ Media, nd D weheac
ahe ﬂn‘.:]n-p:d mead ed b socach included in thin Fapc.
11 M alkvo aeccn 1ed mdeamnad icn and h‘ﬂ-ﬂ%ﬁ ‘Ihm-l.!,h buwinga connce it
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Although the scientific research on the potentialities of DBE has been extensively developing over the last years,
there is still a lack of awareness among policymakers and general public on the socioeconomic impacts of DBE
implementation. This paper explores these potentialities while proposing a Multiple-Account Cost-Benefit Analysis
(CBA) framework to assess them.

This study has two main objectives:

1. to provide an efficiency analysis of the existing pilot projects
2. to promote among policymakers the benefits of DBE implementation.

CBA is a systematic framework to analyse the efficiency of projects, programmes, policies or regulations (Munford
et.al,, 2000). We believe that by giving monetary values to benefits and costs of DBE implementation we will be able
to provide policymakers with valuable information to encourage them to implement DBE in their regions.

Four different accounts are proposed for the CBA for DBE implementation: financial, user/consumer, economic
development and social.

The first two accounts (financial and user/consumer accounts) present the actual data of two selected regions that have
implemented DBE pilot projects: the region of Aragon in Spain and West Midlands in the United Kingdom (UK). The
economic development and social accounts are presented in the form of guidelines, as they are region-specific*. The
main indicators that should be analyzed by any interested region on DBE are presented. Because current pilot projects
are still at an early stage of development we cannot provide concrete impacts on these accounts. Economic theory will
provide us with the bases of the likely impacts of DBE implementation.

An ideal business structure
for DBE development

DBE can be used by every business entity in Europe, irrespective of the size of the concerned enterprise and its
sector of activity. According to the Industry, Trade and Services Statistics of Eurostat (2006)? there are more than 17
million SMEs in the European Union 25 (EU-25). SMEs have a main role in the business structure of Europe. In 2003,
99.8% of total enterprises in EU-25 non-financial business economy were SMEs. Micro enterprises are predominant,
representing the 91.4% of total enterprises, followed by small enterprises with 7.3% of total and medium enterprises
with 1.1%. LEs are only 0.2% of the total®. As DBE is especially oriented to support SMEs connectivity® it is necessary
to study European business characteristics focusing on SMEs.

More than 65% of all SMEs in EU-25 are concentrated in 5 countries: Italy (22% of total), Spain (14%), France (13%),
Germany (10%) and the United Kingdom (9%). Italy and Spain together have more SMEs than 20 other countries in
the EU-25. In average, in 2003 there were 38 SMEs per 1,000 population in the EU-25. Countries above this average are
Italy, Spain, the Czech Republic, Portugal, Hungary, Slovenia, Cyprus and Luxembourg. Some of these countries are
different from the countries that concentrate most of SMEs mentioned above, indicating that the industrial structure
of a country is determinant for SME proliferation. We expect that DBE implementation will be largely beneficial for
countries whose sectors and economic structure are dominated by small firms.

Data from the Observatory of European SMEs® shows that the countries with the largest concentration of SMEs have
seen their number of SMEs decrease considerably over the last 10 years, evidencing a large SME mortality rate. DBE
also would help SMEs to reduce their vulnerability by creating networks among them.

2) “Region-specific” in the sense that the social context and the economic (and institutional framework) setting vary from region
to region

3) Although otherwise stated, all the indicators presented in this section are built from data of the Industry, Trade and Services
Statistics of Eurostat. Raw statistical data can be found on the Eurostat website.

4) A micro enterprise is an enterprise that has 1 to 9 employees. Small enterprises have between 10 and 49 employees. Medium
enterprises employ between 50 and 249 persons and large enterprises employ more than 250 persons.

5) SMEs could be connected with other SMEs but also with large enterprises around Europe.

6) This data is taken from the CD-ROM of the Observatory of European SME:s. It gathers data from SME statistics from Eurostat
and from the ENSR Enterprise Surveys. The online version is accessible at: http://www.eim.nl/Observatory_Seven_and_Eight/

start.htm
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European SMEs serve a variety of different sectors. They are mainly concentrated in two sectors: services and trade.
Service SMEs” are mainly located in Germany, the UK and Italy, while trade SMEs® are dominant in Italy, Germany
and Spain. Manufacturing industry SMEs are less important in number but are very relevant in terms of value added
and employment. Manufacturing industry SMEs are mainly located in Italy, the UK and Germany®. Construction
SMEs are mainly located in the United Kingdom, while most of the wholesale and retail trade SMEs are located
in Italy. Hotels and catering SMEs are widely present in France, Italy and Spain; while the majority of business
services SMEs are located in Italy, Germany and the United Kingdom. On analyzing the economic impact of DBE
implementation it is important to understand that different outputs can be expected according to the “weighted
importance” that the concerned sector has on the regional economy. It is necessary to underline that expected
outcomes are region-specific, but they could be also sector specific according to the deployment strategy and the
approach to DBE' adopted by each region.

An important facilitator for DBE implementation is SME’s engagement in e-business. The European Commission
E-business survey 2006 shows that there are big differentials in the use of e-business applications between large
enterprises and SMEs (EC, 2006). The overall e-business Index" (based on firm-weighted data'®) in 2006 reveals
that there are approximately 50 SMEs engaged in e-business for every 100 LEs. The European Commission (2005)
underlines that ICT and e-business offer SMEs an improved access to market information at low cost. Nevertheless,
as fixed costs for technology implementation tend to be relatively higher for small companies, there is still a weak use
of internal applications and supply-side e-business activities among SMEs.

In contrast, there are no differences between small and large enterprises when receiving orders from customers
online®. The sectors connecting and receiving orders from customers online more frequently for small enterprises
are tourism, Telecommunications and the Pulp and Paper sector. This reveals that connectivity with customers and
cooperation networks with other SME:s is crucial for them while competing in the marketplace. Nevertheless, there is
a gap between the percentage of SMEs receiving at least some orders online (26%) and those that have special software
for doing so (11%). This confirms that SMEs use rather “simple” forms of e-commerce: receiving orders by e-mail
without any system integration of the related information and document flow.

Benchmarking ICT adoption and e-business by country is a complex exercise, since results could reflect other
factors such as the industrial structure. However, Nordic countries are in general the most active users of e-business
among SMEs. Differences are not pronounced and not clear among countries like France, Germany, Italy, Spain
and the UK.

The results of the benchmarking suggest a pronounced digital divide between small and large firms. For example, in
Italy, sectors dominated by small firms are much more prevalent than in other countries. This structure is reflected
in the score of Italy in the benchmark. The DBE, as a ‘non-traditional’ application of ICT for business, could help the
sectors (and SMEs) of these countries to overcome the digital divide.

The Digital Ecosystem has a big potentiality in helping SMEs to connect with potential customers both in Business-to-
Business (B2B) transactions and in Business-to-Customers (B2C) transactions. In average, only about 11% of SMEs use
software solutions or internet-based services for e-procurement. There is also a massive gap between the percentage of
SMEs placing at least some orders online (53%) and those that use special software for this (11%). Companies without
a special software place orders mainly through websites or extranets of suppliers, revealing that the digital back-office
integration of procurement related processes is not advanced in these cases.

7) Actvities performed by service SMEs are: Hotels and catering; transport and communications; banking, finance or insurance;
business services and other service industries.

8) Trade SMEs include wholesale trade and retail trade SMEs.

9) Manufacturing industry SMEs located in Italy produced the largest value added in the EU in 2000 (European Communities,
2003). DBE implementation in this industry could create large impacts on Italian economy.

10) See Shelton (2006) and section 3.

11) The e-business Index is drawn under a Balanced Scoreboard approach. It consists of 16 component indicators which are aggregated
into 4 sub-indices that represent major application areas of e-business: Access to ICT networks, e-process integration, Supply-side
activity, and Marketing and sales. The four sub-indices can be aggregated into an overall e-Business Index.

12) Firm-weighted data expresses e-business adoption as “% of firms within a size-band with a certain activity”.

13) 26% of both, small and large enterprises receive orders from customers online.
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Cost-Benefit Analysis
and Digital Business Ecosystems:
a Multiple-Account Analysis™

Decision-makers at the regional level are most of the time devoted to the economic development of their region,
and are interested in those projects whose implementation produce society gains. Economic efficiency is at the core
of CBA. Its aim is to address the question on what the net balance would be between economic and social benefits
of projects implementation (Shaffer et.al., 2003). It gives monetary values to benefits and costs in order to express
the aggregate change in individual well-being from policies or projects (Munford et.al., 2000). In this effort, we
are interested in measuring incremental benefits and costs (our baseline will be “no-adoption” of DBE). In CBA,
economists value benefits and costs by comparing “willingness to pay” (WTP) to “opportunity costs” (OC). WTP is
defined as the maximum amount SMEs or large enterprises (DBE’s users/consumers) are prepared to pay for DBE
implementation. OC are the costs to the region of implementing DBE instead of implementing any other project (the
next best alternative that is foregone whenever a decision-maker decides to adopt DBE). It would be also really useful
for some regions, policymakers and users to analyse WTP and OC using the baseline ‘DBE adoption. In this case, OC
are the costs to the region/policymakers/users of implementing any other project instead of implementing DBE. In
both cases, the aim is to analyse what are the net benefits of DBE implementation and/or what are the net costs of no
implementing DBE.

A Multiple Account CBA is proposed. Four evaluation accounts are being designed to provide an overall assessment
(Shaffer et.al., 2003). The use of different accounts is done in order to present a clear description on what the
consequences and trade-offs from DBE implementation will be. This methodology recognizes that it is very difficult
to assign a Euro-value to all different impacts and to aggregate them into a measure of net benefits”. The lack of any
precedent on DBE implementation (apart from the pilot projects) makes us recognize the uncertainty of the outcomes.
A wide range of outcomes may occur due to the regional and sector-specificity of projects. This specificity might
contribute to greater (or lower) success from DBE implementation. The accounts developed in the next sections are
an overview on how the analysis should be developed's. They will provide interested regions with an initial screening
of the net benefits from DBE implementation.

The four evaluation accounts are":

» Financial account. This account looks at the expected revenues and expenditures from DBE implementation. Its
aim is to explain the financial cost of DBE, in order to determine if the project is efficient from a private market
perspective® (Campbell et.al.,, 2003). It also looks at the OC of the projects funding.

» User/Consumer account. The account describes the net benefits to users and direct beneficiaries from DBE
implementation. It values the user’s maximum WTP for DBE in comparison to the baseline of DBE “no-adoption”.
It is meant to evaluate net impacts in terms of productivity, competitiveness, efficiency, business connectivity and
innovation.

» Economic Development account. Two key questions are addressed in the economic development account. First,
it looks at the amount of income and employment (incremental effects) that is likely to be generated from DBE
implementation. Second, and more important for CBA, it analyzes the significance that these effects have on the
regional economy.

» Social account. The account looks at significant community and social impacts (externalities) from DBE
implementation. The aim is to understand the positive legacies to societies on using DBE. We are particularly
concerned on how DBE contributes to reduce income inequality between the concerned region and the country
and between the country and the rest of Europe.

The final overall assessment is not meant to answer whether DBE should or should not be implemented in a particular
region. It is to policymakers (and general public to some extent) to make the final decision (Shaffer et.al., 2003).

14) I would like to thank Dr Marvin Shaffer, former Senior Lecturer at the University of British Columbia in Canada that provided
me with general guidance in developing the methodology for the CBA framework on DBE implementation.

15) This difficulty has been specially recognized by the research team, the project managers of pilot projects and the current users.
16) Time and data constraints preclude a more detailed analysis.

17) Further development on the accounts is presented in the sections that follow.

18) The future streams of benefits and costs are converted into equivalent values today using a discount rate (net present value).
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Cost efficiency of DBE projects:
the financial account®

Eegional autheor ities and institutions are fraquently dealing with budgetary restrictions. One of their main concerns
E the financial st of pojects. Ths ssction includes the main resubs from an sopiricl sxerces dones with the
PFojet managers of two ssleced regions running DEE pilet projects: Aragén and the Weest Midlands, e belispe
that presenting the resuhts of an ex-post analysis on this account will be ussful for svery policpmaker inberested
in DEE™. Thres types of msts have been identifisd and analyesd®. Fived costs (1) include the @sts of the digital
=cosy stems indrastructurs; ressarch and depeloproent costs; and other fiwed costs. Yaridble costs (2] include fraining
costs, training travel, ressarch costs and cther variable costs, Qperating costs (3} indude human resouroes s,
infrastr ucture maintenance costs and GEs sarviee integration costs (depl cpmoent). Table | s wmmarizes the financial
costs for both regicns,

Tablen
Total financal costs for pilot implamantation of digital acosysters in the Yest MidBnds and Amgon
[N ovembar 2003 — lanuary 2007)
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Total financial oosts of DEE pilot projects are very differentinabsc lube valwss in both regions (4 208 Eurcs in the W=t
Midlands and 1 #8K Ewros in Aragan’, but are distrib ubed in the same patiern according to cost grpe. The gt
Popartion of total costs & operating costs, follwsd by variable costs, and fixed oosts. Piket projects data shews that
bebesen .2o% and 1o g0% of total costs are fimed oosts. Swprisinglr in this dstrib ution is the kee participmtion of
the digital scospstens ( DE) infrastructurs in otal costs . DE jndfrastructurs represents only o got of tofal costs in the
Wilest Miidlands (3 Z5K Ewros in absolute valwss) and o.20% in Aragdn (3 50K Ewes), Boisntists howe sxpr=sed that
thers jsan cverall belisf among policpmakers that DE infrastr ucturs & “=xpensie and in comequencs “ unrsachabls"
o1 ther regions, Evidencein o wr samople pilot projects dess notleavs place for this argument. Incontrast, cur anabsi
shows that behesen 10% and 11% of otal costs arevariable costs {mainky training costs and training travel); and mores
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than 7o% of otal costs are operating costs, including human resowross costs and 5MEs servios inegration costs
{ deploy ment), Most of thess costs are cartaindy an imetment on regicnal d=vekposnt, as resowrces are alloated in
knowledge creation and di=emination. Policpmakers showd compars finandal msts with bensfis produced in the
userfoo nswoer acoownt and social 200 wits when aseming the net bensfis of DBE implementation.

Important in this analysk & the role of the regional catalysts in oost allocation. Wi helispe that costs are deerminsd
by the regional pricrities and regicnal catlysts Jeadership initiatives on inncvation Shelton ( ecod) has identifisd
thres different approaches to DEE aocording to the regional atabrstorganisation: the government funded gproach,
the Jocal amociation approach and the public comopany appreach. The DEE appreachchosen by the ineresed region
will directly affect the CEA financial acoount®™. Ow smpirial study highlizhts that in the sarly stages of project
implementtion regicns forus on Sk Es service intszration, training and diseminaticn of theconceptef D EE among
reional ShiEs, Begions alkxcating morefinancial resownces 1 thes o activities will see their costs on the CBA financial
acoownt increass, but this chang= might be more than compensated by the bensfits gained undsr the other thres
accownts. For instanes, the region of Aragon, o lowing the government fundsd approach, has been really active in
developing SEs service integration®, The gover nmoent funding has been aocompanisd by an active participmtion of
the mncan=d SWEs in BE D (=g wal © 484K Ewrc inthe periodl, creating a feeling of sntreprensuwrship among hEs.
This scheme cowd further developine 2 public-and -private partnemhip (FEPYL whose non-marketsd bensfits are
difbcultte value.

Costs projections show that an average cost reduction of 10% & svprcted for bothof the studied regions by thesnd of
2007 (costs are sxpect=d 1o decreass by 23% in the Wit Midlnd= and by 9% inAragon). Bausfiting from sconoe miss
of scale, further costs reductions are sxpected as | ojects reach matw jty.

Thefinancial cosis described above are generally financed by thres difb=rent sowrces: Ewre pran Co mmisic n(EC) funds,
regional oo ntrjbutions (funding fro m the regicnal gover nment Land private contrib uticns (funds by the regional mrivats
sector, i 2 the oonoerned BhiEs), The sowrces of funding and its mrticdpation n total oosts will varp aocording to the
apmoach © DEE chosen by the region, but alse by sector and stage of project (Ghehon, 2o, Figures for the YWist
Midlnds and Argzdn arepresentedin whle  In both of cwr studisd regic s mest of the funding comefrom EC funds
{75% of total gosts in the Wt Mlidlnds, and 456 in Aragenl, followed by regional contrib utinsin ¥est blidlnds | 21%
of total costs) i.l'l.d.]:l.l'j'l-'ite wntributions in Aragonqi19% of total).

Tabkz
Soukeof Linding in the WestMidlands and Biagan [Howember 2003 — lanuaiyaooy)
Soume of inding WestMidb nds Aragon
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Policproakers showkd be carsful while anabysing the msts raated to public funding, O of public funds are central in
a CBA. In principle, as Shafber (etal, acos i states " srone spending in the DB E) project wowkd [, | red woe the asrawn taf
regione! over wneH H insh bions) spending eveilehle Br ofier initizlves i e ggion™ A props CBA must recognize
that if undertaking DEE while involving a net flow of public funds, the deachesizht Jom (DWL) amociated to the
colection of thesefunds sho wld be attributed as a costof D BE implementation. In thesam=way, if D FE implementation
invohees a netinflow of public funds, theproject mustbecredited w ith the WL o fraizing thess funds in ancther way
(Campbell stal, zo03 ) Inall cass, the fallin the CEA financial account et bensfis will bematched br an squival=nt
[ or more than squivalent) rize inthe netbensfis in the other three CEA acoownts.

Again, higher financial costs do not imoply cost-insfbciency, & svidence shows that these oosts are reled to the
regional engagementwith innovation. Wewo wd sxpectthat fcostsare incurred intheshort-r ungpaid by the regicnal
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effort of the current generation), the benefits of investing in innovation are expected in the long-run, favouring a
broader range of population due to secondary benefits and multiplier effects that innovation is expected to create on
the regional economy. While analyzing this future stream of benefits we must take into account the net present value
(NPV) of the benefits. NPV is also central in CBA. This concept expresses Euro values in different years in equivalent
terms, recognizing that 1 Euro spent today is more costly than a Euro that will be spent in one year’s time. The NPV
is calculated using a discount rate. The lower the discount rate, the greater the emphasis policymakers give to long
term benefits (DEAT, 2004). Regional authorities and policymakers devoted to the development of its region should
easily realise that the financial costs incurred from DBE project implementation will be more than compensated by
the benefits stemmed by the other CBA accounts to be analyzed below.

The net benefits to DBE “users’:
the user/consumer account

This account explores the net benefits to users/consumers as what DBE implementation provides them. Users/
consumers are mainly SMEs, but large enterprises are not excluded®®. There are 44 SMEs currently connected
through the DBE infrastructure in the West Midlands and 35 SMEs in Aragdn, serving a variety of sectors®. Different
net benefits are expected according to the roles of SMEs in the market. Shelton (2006) has identified four types of
SMEs characterized by their different roles in the market: early adopters, implementers, discoverers and users. Early
adopters focus on new approaches to software development, while implementers SMEs apply the original work of the
early developers in a particular sector of business. Large benefits are expected to driver SMEs (early adopters) and
implementers. As these SMEs focus on software development, the formation of software communities in the regions
is favoured. The West Midland’s SMEs (drivers and implementers) have expressed that one of the main attractors that
made them participate on DBE was to be at the forefront of research into software development with world leaders and
other university partners (Shelton: 2006). This reveals a real ‘entrepreneur’ attitude towards innovation. Discoverer
SMEs are those SMEs that are willing to adopt a service in their business (and work with the implementers) but do
not wish to involve themselves in activities that require high-level technical abilities. These SMEs would be benefiting
from connectivity with other SMEs. They would also experience some innovation while adopting a service in their
business. ‘User SMEs® would be implementing aspects of DBE in their business model (without being involved
in technical software issues), and then benefiting from connectivity with suppliers and customers. For them, DBE
will help to connect them with potential customers in B2B and in B2C transactions. In all cases ‘DBE users’ will be
benefiting from improvements in productivity and competitiveness of their business.

Monetary valuations for these benefits are hard to conceive. We recognize the uniqueness of DBE and in consequence
the difficulty to assess its impacts. We believe that until ‘critical mass’ is reached the range of possible outcomes
from DBE implementation will remain wide. For ‘user SMEs’ incremental sales (or reduced costs) could help in the
effort of valuation®. Incremental profitability (increased producer surplus) of concerned SMEs could be used as
an indicative variable to measure WTP. Until now, pilot projects have not benefited from sales increases from DBE
implementation®. This is understandable due to the early stage of the projects. The region of Aragén has expressed
that the reason for no quantifiable benefits include platform instability and DBE applications not been yet applied
in real business. SMEs in West Midlands have expressed that being connected has helped them in developing new
enhanced services at lower cost and with greater market reach.

Most of the benefits to DBE users/consumers described above are not traded, and in consequence, no market prices for
them exist. But this does not mean that these benefits (goods) have no value. According to DEAT (2004), the values of
non-marketed goods can often be inferred from economic behaviour and from the study of related markets. The study
of these related markets is region-specific. Available information provided by pilot projects is limited. Generalising
these effects (and benefits) to other European regions is not possible. It is for every interested region in DBE to assign

24) In the West Midlands, four large enterprises-SMEs linkages have been formed or are forming.

25) The West Midlands pilot project has been addressed to five sectors: tourism, manufacturing, business services, nanotechnology
and bio-sciences. The Aragdn project has been focused on the tourism sector, but other related services include taxi float management
systems, ERPs, access control, e-commerce and accident management systems.

26) ‘Users SMEs’ should not be misunderstood with ‘DBE users/consumers. The latter includes the four types of SMEs identified by
Shelton (2006), plus large enterprises.

27) The baseline is ‘DBE no-adoption.

28) One exceptional case has occurred in the West Midlands, where a transaction between a driver company and an implementer

valued in 40,000 GBP has been agreed for additional services due to their relationships on DBE.
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value to these benefits. If it becomes impossible to measure them, or if the measurement is subject to large errors,
Campbell (et.al., 2003) suggests to summarize the net benefits in a form of Impact Statements (IE), by identifying the
qualitative effects to ‘DBE users’ from DBE implementation. A disadvantage of this approach is that these qualitative
net benefits are not comparable with the costs and benefits raised under the CBA. Nevertheless they will be effective
in providing policymakers with a complete view of what the net benefits to the users/consumers will be.

Digital Business Ecosystems and economic
efficiency: the economic development account”

Regional development is at the core of DBE. The economic development account will valuate the amount of income
and employment that is likely to be generated from DBE implementation. Policymakers should first look at the business
structure of their regions. They must identify the employment structure of the sectors applying DBE and should then
assess what is the value added that these sectors produce on the regional economy. As we are just interested on the
incremental generation of employment and in incremental income generation, we expect that net benefits on this
account will be shown in the long-run. As the idea of DBE is conceived on the regional level in the first stages and on
the European level further on, policymakers might want to value the impact on trade from DBE implementation in
the long-run. The NPV of these impacts must be also calculated. As stated before, higher net benefits can be expected
in those countries applying DBE to the sectors where the industrial structure favours SMEs proliferation.

CBA is also concerned about the economic significance of job and income generation. We are particularly interested
in the “multiplier effects” of DBE implementation. Multiplier effects are the effects caused by the linkages (indirect)
that the project creates with the rest of the economy (regional, national and global). Nevertheless, these effects will
only appear once the scale of DBE deployment reaches ‘critical mass.

Digital Business Ecosystems and human
well-being effects: the social account

The social account looks at community and social impacts produced from DBE implementation. Policymakers
deciding whether or not to implement DBE should analyse all the costs on surrounding communities that DBE
implementation could arise in their regions. Positive and negative externalities might appear. Positive externalities
are legacies to societies. A positive externality in the social account could be the training of workers involved in DBE
(knowledge acquisition) and their increased productivity while working somewhere else*°.

If the scale of DBE implementation increases, there should be an interest in knowing how DBE implementation could
contribute to reducing income inequalities between the concerned region and the country, and between the country
and the rest of Europe.

DBE implementation decision-making:
the overall assessment

The summary of the evaluation of DBE implementation presents the welfare effects measured in monetary terms.
Economic theory assumes that human well being is determined by the capacity of people to fulfil their preferences
(Munford, et.al, 2000). The approach developed here should allow policymakers to take a decision on DBE
implementation, as it provides all valuable information on the project in order to facilitate the decision.

As many of the benefits and costs expected to be generated by DBE are hard to measure, the regional commitment
to innovation and economic development of political leaders will be crucial on the decision making. The results
presented in this paper are preliminary conclusions based on the existing DBE pilot projects.

29) The next two accounts (economic development and social) present just some general ideas to guide a deeper analysis on DBE
implementation. A further study to appear in 2007 will valuate more precisely these two accounts by using an empirical analysis on
the existing pilot projects. Time constrains have forced me to reduce my analysis to what is presented here.

30) Workers and SMEs receiving training financed by DBE will keep this knowledge for a long time. In case these workers apply this

knowledge elsewhere, positive externalities will be generated.
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Evidence showed us that financial costs will be mainly variable costs and operating costs. Regions investing in DBE
are investors in knowledge creation and capacity-building. Policymakers must also realize that digital ecosystems
infrastructure costs are really low as a proportion of total costs. Although, costs will be determined by regional
priorities and regional catalysts leadership initiatives, evidence shows that after the implementation of a pilot project
(40 months in average) costs can be expected to decrease in between 15% and 20%. Further costs reductions are
expected as projects reach maturity. We encourage policymakers to compare financial costs with benefits produced
in the economic development account and social account, as high financial costs do not necessarily imply cost-
inefliciency.

Finally, we would like to underline that once the “critical mass” is reached, a complete range of net benefits will
become available. The velocity to reach this critical mass is in the hands of policymakers.
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Abstract

he ide=a of “community™ represents 2 catral netion in the body of knowledge smarging as part of the Digital

Ecosystens ( DEs) ressarch and phikscophy. This duper daws from heoe deliverables modwosd for the DEE in

osder to highlight teo important charactsr Etics of commounitis and nebecrks of practics, their knowledge and
str wctural smbedd=dnes, Knowladge smbeddeadness refers © theconext spacific frames of meaningand s nifiation
as indicated by the difbcubties of translating knoe ledge acrom diff=rent co mmounities. Str uctural sobedded ness refers
to the inerbwining of socio-sconemic structures as sxpremsed by the frequently cverhpping characker of digital,
sccial sconomic and profemional nebeorks, It is argued that thess teo aspects of smbeddedn=s are crucial for the
s st nability and s calability of Digital Eoospstems.

Introduction

Cooperation hetwesn spltemic o mmounitis & regarded as 2 cr uwcial sl=mo=ntfor the realivationef the DEs aobitio us
inerdisciplinary resmrch agenda. At the same time, the sistinability of =moeging DEs largslr hing=s upon the
cultivation of their ties with sxEting Frese'Cpen so wee (FIOG ) softwars commuwnities . Within the comtext of the
r=e=arch thess teo types of communities along with other groups of DE stakeholers, such as Gmall and Medium
Sived enterprizes (S1Es), were samined as communities or nLebeorks of practios (CoP W(MoF |, that is, oors or l=s
tightly knit communities formed through the puswit of 2 shared snierpriss which act as repos itories of sxperimcs
and knowledge (Wfenger E. and T Lawe, 1200,
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The aim of this chapier & © highlight twe important character Etics of neteor ks and comm unities of practics:
their knowledge and structura | =mbeddednes and to indicate how they relates to the sustainability and scalability
of DEs. Knowledgs smbeddesdn=s relates i© the dependency of knowlsdgs on social context, which maks it
difbcultts ranslate acrom diffsr=ntC ol domains and netes rks, Strwctwral mmobsdded nees refers to =mobeddsd e
of sconoemic action in social relations and the way “the quality and neteor k architecturs of szchangs relticons
influsnce sconomic activity™ (Thi B eooi:2e8), This chapter is crganived as follows, After daborating on the
concepts of knowleadge and structural smobeddedness, the findings of tee amcciaed stwdies conductsd for the
DEE project are presenied. The Lstssction cutlines why and how the two conoepis are related to wider jmues of
scalability and sustainability of DEs.

The first stwdy that & drawn wpon & an internal report “In the Cocoon: translating oo opleity acroms Commwnities
and networ ks of practior in a collborative open sowes project’ [ Berdou Eo 2005) and the second, delvarable
D53 titked “Beport on the Socic-sconomics of Fres/Open Bowrce: Working together at the interssction of the
gift and exchangs =conomiss: s stainability and scalabilitr in F/OS (Berdow E. and B Dind, 2005). Both studies
examinsd dynamics of collaboration bebesm diferent groum of aciors involved in the roject and in the widsr,
e EBioned scosystem. In mrticulir, the inbernal report focused on the dynamics of cooperation and the implicit
dedzion ma king proceses of thres gro ups of stakeholders internal © the projsct: regional catalys s, ShiEs and BML
{ Busine= Modeling Languag=) designers. On the other hand, delvarable DiE 3 provided 2 frameweor kfor critically
understanding the main secic~sconcmic dynamics of F/OG from the perspective of the interrelated activities of
thres groups of actors invelved in the, wider, FIOGS proces of developoent, deplorment and adepion: voluniesr
communities, businemes and public institutions,

Knowledge and structural embeddedness

The concept of knoelsdges smbeaddsdne=s & chksslr linksd with the vise of learning, working and inncration
enapsulited by the Cof perspective. The communitr of practics (CoF ) parspective was orginaly deweloped
to acoownt for forme of arning and mtterns of socialisation that take place within and aooss the bowndares of
traditional crganizations,

The theory has jts reots in social constructiviEm, 4 perspective that smphasies the impertance of cubure and
contart in wnderstanding what ooours in society. Lave and Wenger {1900 ], the beo theor Ets whe first slbborated the
torm, argued that a societys knowledge k situated in rdations among practitioners, their practics, and their social
crganization and political sconomy. Communities of practics which may includs such dEmrate groups as 4 Fam
of fire-fighters, ofbce secretaries and hackers, arks mainky thre ugh the pursuit of 2 shared enterprise, The sogally
embadded characer of knowledgs howsver, which makess CoF very sbective in organizing and sharing knowledg=
among ther membars creats considerable difbculties when att=ropting to o dify and communicats this knowledgs
across this growps bowndaries. In s=ence, the O0F pers prctive arg ues that:
F Fractice & highly lecalized and knowledge & inextricably connectsd to the sccial processes that create and
roaintain it,
F knowledge szchangs and communication bebesen and aooss diff=rent oo mmouniti= and neteor ks of practicears
notstraghtioneard In additionte the difboutties omted by theloms of contaxtthatthe cedification of knowledges
entaiks, thers are additional barriers that may hinder cooperation, such as that of diverging ag=ndas .

The concept of structural smbaddedness wa fist devdoped by the American Socickgist Mark Srancoveter. In his
seminal artideon “Eoone mic Action and Gecial Structure: The problem of smbeddednes {15851 Grancveter argusd
that “continwing business relations often become cverlaid with social conbent thatcarr jes strong sxpectations of trist
and abstention of opportunsm (of59e0 ) Grancester defined = nomic smbeddedne=s a= the: “argument that
the [econcmic] behaviowr and [sconemic] institutions to be analyssd are =0 constrainesd by sodal relations that o
construs them as indspend=nt & a grisvo us misunderstanding™ {1o8;482).

Granoveter developed this ide=a partly as an answer to what he regards & “wndersecialized” and “eversccilied
acm wnis of human actien. The first, is o nsitent with the paspective of necclmical smnomics that: *Hisalkoe by
hrpothesis any immet of secial structurs and social relations on production, distribution and conswmption™(Gran
cpetter, 1985 483 ). The second trpe of 2000 unts & moore common in somes branches of sccickgr and sophasizes, for
=xample, the importance of social procemses, nosns and valuss, atthe s penss of the political and = nomic struchures
P meating many aspects of sconomic life, If the concept of knowledges smbeddednes argues for distinctivenss,
the idea of strwctural =mbeddednes srophasizes @ nnections that are sxpremed thro ugh the frequently v Lpping
character of digital, secial, scone micand profemional networks, Thesetiss need to be taken into aco wnt as they shape
the landscape of Digital Ecosystems and @n thersfore influsnce ther depelkpmoent. 93
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Internal Report: “In the Cocoon: translating
complexity across communities and networks
of practice in a collaborative open source project”

In this report the points of contact and departure of the strategies of regional catalysts, early SMEs adopters (software
producers) and DBE’s designers at the beginning of the project were mapped and some concrete recommendations
on how to improve DBE’s bootstrapping process were offered. In this research 15 interviews were conducted with
representatives from each group. revealing some of the difficulties that arise through the construction and translation
of social complexity into business and computing models and practices.

a. In relation to regional catalysts (RC) the results indicated that: regional catalyst representatives were assigned
responsibilities primarily related to DBE adoption and dissemination. Although their specific goals were clearly
identified in the DBE project’s Technical Annex, the way that these activities were pursued in practice was largely
influenced by the specific dynamics of the region and by their networking capacity and skills make-up. The gradual
elaboration of the SME recruitment strategy and the specification of the opportunity spaces helped to structure and
focus the related activities. However, the initially underdeveloped business message of the project created significant
challenges for RC partners who needed to translate the scientific and technical vision of the DBE into concrete
business opportunities for SMEs. In addition to their primary tasks, RC representatives also had to coordinate
contacts between SMEs and the various research teams in the project. Besides drawing attention to the difficulties
of brokering knowledge between practitioners and researchers and of creating bridges between these two different
modes of engagement, the interviewees also pointed to the moral implications of SME engagement and the way
that their activities transformed them and informed their views of what being a regional catalyst meant.

b. In relation to early SME adopters, the results indicated that although the productive capacity of the DBE in terms of
supporting the development of new services and applications was frequently acknowledged, the SME interviewees
who were engaged during this period perceived the DBE primarily as a conduit for networking and for marketing
their existing services and applications. At the same time, the technological and business aspects of the DBE were
perceived and discussed nearly always in relation to each other. As their attitude to open source shows, this is
characteristic of the problem-solving, hands-on engagement approach of SME representatives that focuses on the
immediate opportunities and implications of the DBE technology and design for their businesses. There are several
indications that this might also be their attitude in relation to the scientific aspects of the DBE, for example, the
automated recommender of services. This poses some interesting challenges for the project. As the technological
and scientific aspects of the DBE were translated into perceived opportunities or hindrances from the perspective
of SME drivers, the DBE researchers were faced with the task of: a) clarifying their own assumptions about business
and (re)aligning them with the realities of business practice b) maintaining a balance between the needs and
requirements of SMEs and the scientific, technological and political vision of the DBE.

c. BML designers aimed to develop in essence a tool that would allow the integration of collaboration between
software developers and software users and that would foster the creation of new value chains within and
across traditionally defined business domains. In order to achieve their goals, the team of developers initiated
a methodology that aimed to combine top-down and bottom-up design approaches. During the first phases of
the project, however, the development of the BML was predominantly guided by the top-down design approach
which involved the examination of existing standards. This involved balancing the requirements of the platform
against the dynamics of the industry and networking with organizations such as OMG. The two major turns
in BML development involved the decision to adopt a lighter and more abstract meta-model and to adopt an
emerging standard (SBVR) that would allow business participants to specify their needs without any technical
knowledge of UML modelling techniques.

The wider implications of these actors’ strategies for the sustainability of the DBE were also investigated and some
concrete recommendations for improving the bootstrapping process were made. The study highlighted:

a. some of the challenges involved in setting up the network of regional catalysts (RC) that, in addition to the business
perspective, it is necessary to take into account:
» where the RC intermediaries are located in the economic and political-industrial spectrum of each region; and
» their technological or business orientation.

b. the importance of SME recruitment strategy for the process of bootstrapping the DBE. In particular it was
argued that one of the ways of reaching out to open source communities is through the involvement of SMEs
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with experience in open source (OS) development community processes from the early stages of the project. It is
possible that the engagement of OS communities will become increasingly difficult if the DBE is developed at the
level of applications using proprietary standards.

c. The long term implications of aspects of the BML implementation, mainly:
» how the adopted and/or imported ontologies and standards used by different business communities within the
same domain will scale up within the context of the project; and
» how the various vocabularies will be integrated and maintained across different

This challenge is amplified if we consider that different interpretations of domain models are not just a result of diverging
viewpoints, but are often linked to competing interests associated with the use of specific standards and domain models.

Report on the Socio-economics of Free/Open Source.
Working together at the intersection of the gift and
exchange economies: sustainability and scalability in
F/OS (D18.3)

This deliverable drew on a doctoral research study (Berdou E., Forthcoming 2007), adopting a holistic view of the
F/OS process that took into account the intersecting activities of volunteer communities, businesses and policy. It was
suggested that a twofold strategy for involving F/OS communities in the DBE would be an important aspect of the
DBE project. More specifically, this study indicated that:

a. Volunteer communities display both mundane and unique characteristics of software development and social
organization. Community managed F/OS projects are often structured in ways that remind us of traditional
processes of software development in terms of use of technical tools, negotiating goals and priorities, editing and
reviewing. However, they are also underlined by unique dynamics such as the intensive modularization of tasks,
the parallelization of the debugging process and a highly developed sense of shared ownership and responsibility.
At the same time, the social foundations of communities, such as their purely meritocratic basis, have been revised
as a result of studies that develop more elaborate frameworks of membership and participation.

b. The boundaries between the gift economy, the purview of communities, and the exchange economy, where
proprietary development takes place, are more permeable than was originally assumed. The interconnections
between the two value systems are intensified by the progressive commercialization of F/OS. Examples include
companies contributing to community development and volunteer developers exchanging their reputational
benefits for higher and better paid positions or improved access to venture capital.

c. The business appropriation of F/OS raises more general issues with respect to software business models. In addition,
there seems to be a considerable gap between the rhetoric about the business potential of F/OS and the barriers
to formulating and implementing strategies that leverage it. Copyright concerns and lack of know-how regarding
social and technical aspects of F/OS development are considerable barriers to its adoption by SMEs. Some of the
most prominent business models are based on combinations of F/OS and proprietary code. However, companies
that appropriate F/OS often do so without contributing back to the communities and without revealing code. The
virtuous cycle between business and F/OS code that is often envisaged within the discourse is therefore rarely
realized in its idealized form, that of a synergistic relationship between companies and communities.

d. The sustainability and scalability of F/OS are dependent on a wide range of policy issues that involve most
prominently patents and reverse engineering legislation. At another level of policy intervention, public institutions
have shown in recent years an increasing interest in F/OS and a commitment towards open standards, but lack in
many cases the social, technical and legal know-how to participate fully in the F/OS process. F/OS is leveraged
both as an instrument for industrial development and as an integral part of the provision of e-Government services
for administration, businesses and citizens. However, the policy framework concerning public support of F/OS is
considerably fragmented. This is largely due to the way the issue is framed within the policy domain. On the one
side, the debate concerning the welfare benefits of F/OS software is dominated by neoliberal arguments that consider
public support as having the potential to distort the basis for competition in the software market. On the other, there
are those who argue that the benefits of F/OS are not strictly economic, but are connected with the opportunities it
offers for improved provision of and access to products and services for businesses, administrations and citizens.
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Based on the above two strategies for involving F/OS communities in the DBE were suggested.

a. The first strategy, predicated on the distinctive characteristics of community development and their knowledge
embeddedness, argued that the DBE should aim to facilitate the learning process for volunteer developers in order
for them to become familiarized with the project’s code base and to cultivate a sense of shared ownership. Since it
was impossible to involve communities from the early stages of the project, providing high quality documentation,
maintaining active task lists and providing support on mailing lists and IRC channels would encourage the
participation of volunteers.

b. The second strategy, following on from a recommendation in the internal report, was predicated on the
embeddedness of F/OS in the commercial world. It aimed to take advantage of the overlapping networks of
contacts and partnerships between companies, public organizations and volunteer communities. Given the
limited timeframe of the DBE project this strategy is likely to be the most viable of the two. The involvement
of companies with ties in the F/OS world would additionally create multiple entry points for communities to
become involved in various aspects of the DBE’s development, both at the level of the applications and at the
level of the platform.

Knowledge and structural embeddedness
and the question of sustainability and scalability
of Digital Ecosystems

DEs encompass a large number of different public and private actors operating across different regions, industrial
sectors, knowledge domains and institutional settings. These actors may have divergent agendas and the complexity
of bootstrapping and establishing a functional ecosystem requires a coordinated effort on many levels of policy and
intervention. Unlike emerging open collaborative communities, like F/OS or epistemic communities, which have
an established framework for negotiating the requirements of the gift and exchange economies and in the light of
competing notions of practice and meritocracy, DEs need to find their own balance in cultivating these relations
across a complex cultural, geographical, socio-economic and institutional landscape.

As the two deliverables indicated, knowledge and structural embeddedness have multiple implications for the
sustainability and scalability of DEs. For example, the difficulty of knowledge codification associated with the socially
embedded character of knowledge is an important consideration:

» for understanding the opportunities and barriers associated with leveraging Information and Communication
Technologies (ICTs) for improving knowledge codification (Steinmueller E. W., 2000). This is especially important
for the design of Business Modelling Language.

» for understanding the difficulties involved in developing a policy framework aiming to translate the lessons
learned at the level of distinct CoP to the level of institutions. This is also relevant for the development of the DE’s
governance framework.

» for understanding the challenges involved in the communication and coordination between widely different
communities and network of practice with divergent priorities.

The issue of knowledge embeddedness is associated with the challenges involved in balancing the local characteristics,
knowledge and practices of specific CoP with the global requirements of DEs. The notion of structural embeddedness
is useful in mapping the socio-economic and institutional landscape which DEs will intersect with and in
understanding difficulties associated with reproducing or fostering similar types of cooperative ties within the context
of the ecosystem. Deliverable D32.4 ‘Locational Issues for the implementation of the Knowledge base’ focused on the
creation of a regulatory framework for building trust.

As Uzzi notes (2001), however, overembeddedness can have ambiguous implications for actors abilities to adapt to

changes in their partner network. For instance a contractor that has become highly skilled at working with a certain

manufacturer’s fabric, design specifications and building schedule, may be put at risk when this manufacturer moves

offshore. DEs are expected to help SMEs adapt to these changes by supporting the creation of cooperative ties across

geographical boundaries. The notion of structural embeddedness is therefore useful for understanding:

» How DEs are embedded in an existing socio-economic landscape and how their development is framed by existing
cooperative dynamics.

» How DEs affect this landscape in their own right and, in particular, whether and how they disembed existing
cooperative relations from their established networks of collaboration.
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Abstract

he aim of this chapte & © sunmarises resmarch on the ctors contributing © the =wblshment of tr st amongst

small- and medium-sized enterpries (GhEs) in Digital Busine= Ecosystems. This chapter d=oibes the

developoent of 2 Bnowledge Base of Feg uatory Eswss that are jmoportant in the @next of the devwdopoent of
Eree Sodtwar 8 O penSowrce(FR'05) for commear dal umewithintheEwropean Tnion cowntr s, TheEnowledges Base of
Eemgulate ry Iss wes ar ming from ShiEs participation in Digital Business Ecosystens is dscumed in thewids oo ntext of
the Digital Busines=s Eoosystens inftiative to indicate the re uhts of initial ressarch, to highlight &pects of the changs of
Paradizm am cciated with scosy sters whichimeo e trust, and to smophasiz=the nesd © confront oo ncepiual ressarch on
techno kgical changs with =mpirical szamination of the real-life co ntexts in which thess scosystems are developing.

In osder to achisyethis aim, in mrt theoo e theorstical Esws are identified and sxamined in terms of the szag=mant
and participatic nof ShiEs in Busines=to Business { BB icollaboratio s withinscospstens, Ixwssoftr uste o= identifisd
in the =arly phass of the reearch as having the potential to constrain ShiE participationin =-business initiatives, Fart
| presents 4 concepiual analpsis of the lapems of trust reguired for increasing SME particimtion. Fart @ preents an
illustration of the rationale Jmading © the methedoogy wmed to =f@blsh a taxonomy framework for addresing the
regulaicoy Esues. Inpart 3 a three-dimensional fxonomy framswerk & meseted, ogsther with 2 discumion of the
Enowledge Base of Begulatory Is w= that =m=rged a=s being of critical importanes for depeoping tristamong ShEs
invoheed inecosysterns, that & privacy, =signatures and sscwrity, jw sdiction and conswoesr protection.
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The concephual frameeork was sxaminesd =mopirically by intervi=wing 514Es with respectto their views and concerns
abo utthe Digital Busine= Eoosyste=m viion and their sxperisnces duringthe O BE project. The reswhs of the intere s
were uzsdas 2 meane of Esting the validity of the taxe nomy framaeork and the Knowlsdge Bass thatwas developed
The validity of the Enowledge Bas=was verifisd and new imsights into theimoportanceof the Knowledge Base for SWE
engagement with Digital Busines Ecosystems in the Ewropean Tlnicn wers cbtainesd Fart 4 swmomarizes the main
empirical findings and cwerall conclusions are presened inparts.

Trust: Why Does It Matter in Digital
Business Ecosystems?

The adoption of new forms of = oommoeor and=-busines in the Ewropransmall and medium snierpr e (ShE ) ssctor
has been identified by policy makers as a key piosity for fostering inncvation and oo mpetithenss of the Buropean
ahiEs in global markets (Ewrepran Comm i ien, 2o ). The aim of D zital Busine= Exsrsemsiste ove mmoesx sting
barriers and © promote innovative foones of sofhears creaticn, knewledge sharing and community buikling, thersby
enabling long-term growth and competitivens= of the Ewopean SWE secios. As snvisaged by Machisa {zooel, the
Digital B umine== Ecospstem is intended © foster new and flexible modes of co-operation and nebeorking through the
dyrnamic aggregation and self-organising swol uticon of crganisations by means of an open-so wroes infrastr ucture, The
control of the infrastructure and the dialectic behesen Open 5o wioe infrastructurs and the regulatory B wes anising
in the sosystem in the lightof 5 WEs perceptions, atitudes and understandings and a= 2 resuht of their sxperienos of
specific services offred in the scosystam are key imwes to be addresed,

The Digital Busin=s Ecosystem vision o ntrasts radically with busines scospstem conceps bassd on propistay
software, where control over infrastructurs @n be tightly managed. For szample, the Digital Busines Ecospst=m
viiondess notind wle o fwars devele prosnt hisrarchical framewe rks as in the cass of thoss depeloped by firms such
as 54 B Movell or Microsoft, in which 2 main controller or cener of the softwarscoderights is clearly reponsible for
devdopmoent Within a proprisary model, theseslements are produced, transferred, and impl=mented in 2 manag=d
PFoces, s wlly with imporfant checks andbalances in place to snswre g uality of servios and compliance with po licy
and reg wlairy mvirenments within which the systans will o prate.

The Digital B usine=s Ecosystam vision dess, nepertheles, present some wniqus challmges thatare difboukt © manags
inzofar as the v Eion smbraces an open =0 woes model. An open sewrcs oods suggests 2 decmtralized undertaking,
open to a diverss ranges of participants acrom manyr kections, making qual ity control more difboutt to achisee, I s
suchas favouwritism, risk of =xd imion or flaming, peer review mechanizms, problems inmes wring team periomances,
effective correction of software srrors and managementof human reso wroes have all been highlig t=din the lieraturs
as pobentially creating difbcutti= inopen source myironments (Faymoend igog; Breroukoy 1000 ). Thedim of achisving
s=lf-crganizationin Digitl Busine Eoosrs s suggests the need fora higher order capab il iy 40 repred wes o oponents
with minimuwm interpention of huoan agents, thereby creating additional challengs & r quality control,

The aim of the ressarch reporied in this chapber was to take an initial steptoward the understanding of the reg watosy
requirements of Digital B usine= Eoosystens through the creationof a know ledgebase of reevant generic rag watcosy
Esws=. Inattempting to jdentifF and ame=s the key reg ulaicoy demains thathave implications for the Digital B usine=
Ecosystem v mion, the thematic notion of 4 ust was chosen as the point of departurs, Trust relationships are o=ntral
to = businem activities becas= any kind of economic transaction reguires a bevel of confidence bebesen the parties
involved ina given transaction,

The regulatory domain & central to building trust relationships. This & =wid=nt in the characterization of “trust’ as
an indi@tor of the confidence required by tieo or more parties if they are to snber inte sconomic szchamge, & trist
relatio s hip may bedescr ibad in the following manner:

The willingness of & perty to be prdnemable ro the e ions ofe wo ther per by besed on Bie e pec letions thet the other par
will berforsr & perticklar e fion trbor e nt to the rwsies, irnespective of heeh ilitg ho sronitar or con bl thet other per g
[(Pfeper, Davis @ nd Schoo tieen aggs )

Trust & undersiooed © snable action by =wblishing confidence among thoss parties with an inerestin the sxpect=d
cwtcomes of current or futurs transactions (Clarks 2o 2; Dutton and Sheppard aoog ). Qe jimoporant e e wiie of
confidece & adegres of tertainy’ which & 4 o re B wefor ShEs o perating in a complex regulatory snvironment. In
the =-b 1minems context mvisage=d by the Digital Business Ecosystem, 4 degresofoomfidence or tertainty” & rasvant to
trust in sach of the three facets that Machisa (zeoz: 14) identifies as necemary attr jb ubes of 2 digital scosystem: op
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» Trust in services and technological solutions
» Trust in business activities
» Trust in knowledge

First, trust in services and in technological solutions may be regarded as a measure of confidence expressed in terms
of security and reliability. This facet of trust comes close to the notion of ‘technological trust’ (Rosenbaum 2003) or
the ‘belief that technologies will perform reliably and will not be used for untoward purposes. For trust relationships
to develop within the Digital Business Ecosystem, developers and users need to have confidence that both the basic
layer of the system and supported applications provide the necessary degree of security and that risks to the reliability
of services provided using the DBE platform are minimised.

Second, trust in business activities may be regarded as a measure of confidence expressed as the mutual recognition of
accepted practices and procedures for specific sectors and local contexts. This aspect of trust is related to the notion of
‘institutional trust’ or to a collective expectation that the procedures needed for carrying out transactions successfully
will be facilitated and followed (Pavlou 2002). For companies to successfully to adopt and continue using DBE services
there trust relationships need to be established in relation to the expected patterns of behaviour and organisational
practices adhered to within the Digital Business Ecosystem. Without a shared understanding and the existence of
supporting structures to facilitate the creation of trust relationships, cultural and organisational differences are likely
to inhibit the formation of business relationships within the ecosystem environment.

Third, trust in knowledge may be conceived as a measure of confidence expressed in terms of symmetric access to
information. Because knowledge is a critical asset in e-business activities (Fahey et al, 2001), differences in access to
knowledge and information of relevance to e-business activities can lead to unequal advantage for parties operating
within the business ecosystem environment. Hence, facilitation of symmetric knowledge-sharing and equal access to
information are important for establishing trust relationships between companies participating in the ecosystem.

The next part (2) presents a review of the methodology applied in developing a Knowledge Base of Regulatory Issues. This
is followed by a discussion of the taxonomy framework for the Knowledge Base which was created to link the concept of
trust to specific regulatory issues as viewed from different operational perspectives (s.3). Finally, part 4 presents an overview
of the empirical findings on the extent to which SME interviews confirm the conceptual aspects of the research.

Methodology for Understanding Trust
in Digital Business Ecosystems:
A Knowledge Base of Regulatory Issues

The rationale adopted in building a Knowledge Base of Regulatory Issues in Digital Business Ecosystems aimed to draw
on key regulatory issues linked to engagement and participation of SMEs in B2B collaboration within this ecosystem. The
issues identified as being important are the domains of the regulatory environment that should be given priority when
developing e-business initiatives. They are referred to as “building blocks of the regulatory framework” and are as follows:

PRIVACY AND CONSUMER PROTECTION

The regulatory building block of privacy and consumer protection refers to regulatory issues with respect to the
processing, control and distribution of personal and consumer data using electronic formats, taking into account the
individual rights and freedoms of the e-business users.

E-SIGNATURES AND SECURITY

This regulatory building block refers to the issues associated with the sharing of information using digital media.
The concern is to ensure autonomy and cross-border interoperability through mechanisms for authentication, non-
repudiation, and ensuring the integrity of data.

JURISDICTION AND CONSUMER PROTECTION

This regulatory building block refers to the issues resulting from the cross-border nature of many e-business services
and the associated challenges associated with contractual relationships between goods or service providers and
customers, such as jurisdictional issues and the means for resolving cross-border disputes.
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The foregoing regulatory domains were considered to be important for establishing trust relationships in e-business
(Berkey, 2002) and were examined in the light of their implications specifically for Digital Business Ecosystems. These
specific considerations are explored in greater detail below.

PRIVACY AND CONSUMER PROTECTION AS TRUST DETERMINANT

Privacy issues are closely linked to consumer rights and existing legislation comprehensively covers business to
consumer (B2C) transactions, whereas in the case of B2B contracts, the existing legislation is less stringent. In the
context of Digital Business Ecosystems, issues concerning the management of databases shared between members
of the ecosystem are important, as these databases are likely to contain information to which privacy measures are
applicable as well as information that may facilitate the process of developing inferences about commercial activity
derived from commercially sensitive data patterns. Other concerns include the relevance of information and access
rights to the database, accuracy in the use of data, measures to enable evaluation of data sensitivity, and, finally, the
need for a policy with respect to the rights of companies to prevent or allow the transfer of sensitive data.

The data privacy and consumer protection issues raise questions about the degree of trust established among businesses.
The framework of the Digital Business Ecosystem plays the role of mediator and gate-keeper between interested parties.

E-SIGNATURES AND AUTHENTICATION AS A TRUST DETERMINANT

The regulatory domain of e-signatures and authentication is closely related to security issues in the e-business context.
Regulatory considerations are especially important in the areas of authentication, digital signatures, electronic invoicing
and payments. Authentication mechanisms support access rights to different information resources; they provide a means
for identifying malpractice; and they provide an audit trail of transactions that is necessary for resolving disputes.

In the Digital Business Ecosystem vision, relationships between participants lead to payments and various types of
transactions and issues related to e-signatures and authentication are important for establishing and sustaining trust
between partners. In addition, considerations with respect to the interoperability of electronic invoicing systems
and the traceability of processes within these systems are important factors in ensuring successful collaboration
between partners.

JURISDICTION AND CONSUMER PROTECTION AS TRUST DETERMINANT

The regulatory issues in this area arise because of the cross-border nature of many e-business transactions. In the case
of the Digital Business Ecosystem the main issues in this area are concerned with cross-border online contracting.
Jurisdictional issues create severe limits for digital platforms that aim to bridge geographical distance and industry
sectors and to facilitate e-business at the international level.

The review of the literature concerned with regulatory issues relevant to Digital Business Ecosystems provided the
basis for the development of a taxonomy framework and for an examination of the most important regulatory issues
from the perspectives of the SME users of the ecosystem environment. Taxonomy provided a framework for capturing
the key elements of the overall regulatory environment that is likely to be applicable to the generic layer of a Digital
Business Ecosystem.

Taxonomy Framework for the Knowledge Base of
Regulatory Issues in Digital Business Ecosystems

The taxonomy framework developed for identifying and classifying regulatory issues relevant to the Digital Business
Ecosystem vision draws its working definition from an approach adopted by the ALIVE project on legal issues for
virtual organisations (IST 2000-25459):

[A] taxonomy should be regarded as a quest, setting out the boundaries of the main research subject and providing a preliminary
framework of guidelines for an in-depth analysis of the [regulatory] issues related to the [project]. The taxonomy... initiates
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baseline knewledg=and 2 commoon pointof referenos forfutuee ressarch on important reg wat ry = ws The taxono oy
framework contribues by guiding “further discumicns and the distiltion of findings and =xiting knowledge
{ Zcho ubroecket al oo 1b), The thres dimensional taxe ne oy frameawork & graphically d=piced inFigurs 1.

Taxonomy: Knowledge Ease of Regulatory Issues
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Taxonomy Framework: trust at the core

Az Figure | shows, thres frpes of trustweers identifisd as initial starting points for the clasification of reg wabo sy ssws,
drawing on the mods of trust suggested by M==nts, Tan and Yerhagen {zoo 3

TRIET TYPEX

ThE type of trust refers © trust with respect to the companies joining the Digital Business Ecosystem. From a
reg ulai y perspective, thesxpecition is that the technical architecturs and thebasic ==rvices will incorporate sz ting
=-busine=s regulations and provide the facilfties for canrying out tamactions in 2 way that will =nsure oopliance
with = Eting Lws and norms.

TRIET TYPEY

This typeoftrustrefers to the sxpectationscn the part of the D BE mrticipans who arethedepelparsof thescosystem
with respect © the compniss joining the scosysem. In order to =wblsh trusting relations hips, commni= are
expected to oomply with sxisting loes and nerms and to aveid creating unnecssary ris ks for the DEE partismnts.

TRHLET TYFEZ

Trust trpe T refers © the trust relatio nships bebhesm DEE participant themsshes, This type of truist & indicaed by

confidenceintheabilitr of sxisting norms and laws to gower nthe interactions reswlting from the s=f-crganEationand
102 =spolution of the DEE emvironment
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The building blocks of regulatory trust summarised in part 2, representing the domains of the regulatory environment
that are of priority concern when developing e-business initiatives are discussed in the light of the taxonomy
framework together with issues that arise from an operational perspective.

BUILDING BLOCKS OF REGULATORY ISSUES

The generic building blocks of privacy and consumer protection, e-signatures and security, as well as jurisdiction
and consumer protection, do not yield a complete understanding of the complexity of the regulatory environment
associated with the Digital Business Ecosystem vision. The specific regulatory issues identified in each of the building
blocks need to be examined and refined in the light of particular sector-specific and local settings and with respect to
the aim of facilitating e-business among SMEs across Europe and in an ecosystem context.

OPERATIONAL PERSPECTIVES
The taxonomy framework outlined above can be further developed in the light of the operational perspectives of
three sets of relationships or actors as indicated in Figure 1 - y axis.

DBE relationships

Regulatory issues can be classified on the basis of the degree of their relevance in the ecosystem environment. Two
main types of relationships can be identified in this context:

Regulatory issues classified as internal refer to issues that either

» arise in the ecosystem environment and are specific to the ecosystem setting, or

» are directly linked to ecosystem participants and their activities in the ecosystem environment.

External issues are those that are not within the remit of the ecosystem members or governors to change - i.e. the
external regulations applicable to e-business activities such as tax rules, consumer and data protection regulations,
contract and competition law provisions, and so on.

In some cases, regulatory issues may be classified as both external and internal. For instance, based on an example
from the ALIVE project (Schoubroeck et al 2001a), the use of digital signatures by the ecosystem members will be
affected by certification mechanisms established within the project and by external certification requirements.

DBE actors

The classification of regulatory issues based on the actors helps to identify issues relevant to particular ecosystem

parties and to analyse these issues from the perspectives of different actors. These are as follows':

» SME Service Providers: provide digital (software component) services that use the Digital Business Ecosystem as
an infrastructure platform.

» SME Users: use services provided by the Digital Business Ecosystem for their own business needs in the form of
“self-consumption” or in order to undertake transactions with other users of the same or compatible services.

» Business Analysts: help users to connect and establish their BML (Business Markup Language) profiles, while
helping service providers to integrate into service chains and make services compatible.

Software Lifecycles

A software lifecycle perspective highlights regulatory concerns associated with software development, deployment,
upgrading, expansion and discontinuation. Although software lifecycles are not specific to Digital Business
Ecosystems, their importance for business collaboration is acknowledged in the literature and their role needs to be
considered in the context of B2B collaborations within ecosystems as well.

Empirical Verification

The taxonomy framework reviewed in part 3 was developed further by populating it with real life data. Empirical
research was conducted with SMEs linked to the DBE project in the EU (Finland, the UK and Spain). SMEs were
invited to reflect on the taxonomy framework during interviews. Interviews were conducted with seven SMEs

1) An alternative classification can be based on a technical perspective (see Ferronato 2004) which distinguishes between SME SW

Developer, SME Run-time User (Service Provider or Service Consumer) and Business Analyst.
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operating in imporant areas and that had been provided aocess to the Digitl Busines Ecosystem platorm . Thess
areas includsd commerce, content manag=mentand accounfncy.

The s whs o f thess intervimes confirmed that trustis acrucializwe. In prticular interviswess conir oed that trust in
the spstens architsctur=and the b usines solutions that provide D EE services, trustin the institutional arrang=moe=nts
supporting knewledgs aocumulation, and trust in the context of conducting busine= betesm commniss, are the
most important Eswes, From the pespective of the SWE drivers of the DEE, in any given business s=ctor their
partidpation & influmced by their specific conoerms about imwes concerning identifiation, sscwrity, privacy and
conswoer protection, & well as br contractual Esws specfic © 4 given b usiness domain,

SIEs cancontr ibutes gnifimntly to theidetification of isswss of criticl imoportance for thesstablhment of trust in
the Digital B umine=s Eoosys e and ther views are ako helpful in jdentifring measwres that are likdy © augment the
future busines mospecs andoo mmercial vidbility of the DEE framsweor b

The interviews with ShEs in Finlind, the UK and Spain s uggested additional criticl imwss that are likelr © db=ct
the Digital Busine=s Ecosysterms future depelopoent. An imporant uwresohsd Eswe that smerged is whether the
DEE will be begally oonstitubsd wnder European, naticnal or local hw An amociated b= ue is the sxent to which the
memobers of 2 busine= domain will have 2 rol=in the adeptionef the DBE Jegal formin the contertof their sverpday
BB practics. The int=rvimess sugmested thatwitho ut 2 dear d=finition of the legal aspecis, the sngagementofShEs
with digital busine=s scosy= s may be atectsd

A pomsible solution to thess Bxues was poposed by the inervinesss, Tt was suggested that an authosity cowld be
created that wowd resohe some of the regulacay EBsws confronting ShiEs. The SME repressnfatives who wers
inervimwed sugm=1ted that an author ftative body might reflect on appropriae regulairy principles, drawing on the
=xpertize of an secutive commities bringing together represesmtatives from a wides spectrum of DEE mrtners. The
inervimeess appearsd © fovowr 4 means through which the advics of begal sxperts cowld be sought cfbcially so that
thebusine=s interests of the ShiEs and the wchnical potential of the D EE plath rm cowld be respected, thersby making
the zoal of DBE sustainability and tr stmore feasible io achisve in the future, This mar appear © contradict the DEE
vhEion of sef-organiation, but it ako suzgests the need © e=swre that the mncens of SME users of the DEE with
repect to reg ulabory ismwes are addremed,

Table ) presents a |t of key regulatory B wes thatar e in theconext of an sxamination of trust reltion=ships for 3ME
users of digital bus iness scos pstens.

Tahk1
Taxonomy Description: The SNET ewr
Perzpectie Lttriarte Method(=carmple]
DEERABITE R Interod 1 ceTTE ALk DBE | et emity
Btena ey o E<knauns
T ke
DEE Ak SMESemikce Pronicer Hertifc i
SMELEeE Uty
Bushss AL ntzho Eaes
b et
SobweLibc e Propr sty Wl F rights
JpenSourc e W oo I ol e o nership

This fram=work oo wd be sxtended to comsider regulatory jmwes from other vantages points infutues research,

Conclusions

Further ressarchis nesded to sxtend the taxonomy framewor k presented s to other business domaing and sectors.
Thee Fusg ulator 7 Iss ues Knowledge Bae too lwas developed thro ugha muhtidis S plinar poe laboratio n behesen secial and
comoputing scientists and it nesds to be sxendedand validated in 2 working digital b usines=s scospst=os s ire uoent.
The initial ressarch reported here sugmests that it will be vy important oo investizats the crucial regulaicry Bxues in
thecontext of the further depelo poent of gevernancs mechanizms for Digital Busines Ecosystams that will nesd to be
developed o mswrs their sustainability. The accumulation of 4 Regulir I=wes Know ledge Basethat canbe adapied
104 to the spedific needs of SME users of thescosysterns will nesd to be incorporated within futurs ressarchin this area
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It is likely that issues of integration and compatibility between local, regional and national domains in which Digital
Business Ecosystems become operational will need to be addressed in addition to those of trust. These issues will
provide a basis for further elaboration of the Regulatory Issues Knowledge Base as a basis for developing and defining
SME sector policies.
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[ntroduction

ince the Internet (IF nebecrk) inception in 1g0g, it has been amumed that seneers (and thersfore services) i

wnmevable, The IF network was d=igned as 2 static neteork, with the ability of dpnamic routing, It & precEslr

it= abilitr of dpnamic routing (only posible if IP nodss are fixed in place) which & the key © it sucomss. The IF
nu=twor ks s=lf-reconfig urable by constrwction (i=. hig hly adaptable),

Thirty Fears Lt we have 2 great quantity of netweorks in which the nods that foom them (potential s=reers) are
moving oonstantly (or changing is IF addre= by means of DHCP). In spite of this, we have trisd to maintain the
paradizm which gave so good e whs: the server and s=rvice are bownd © an IF addre=s.

If it B amwmed, the ugh, that mers change their location, that devices are portable (lapio s, PDMs, =o', that neteorks
de ne longer need fized infrastructures (thers are wirsle= nebworks like Blusteoth, GPES, TIMTE, Soz.na'big'n,
YWiliax, =tch, whr notsuppose that servers can changs their Jocation (say their IF addremses) witho ut the need ©
interr upt theservice they provids?

Comingback to owr problem: if the mobile devics changes its IPaddres & thessniosit movides the ame? Ovicwsly
5o, It B notso, howsper, atthe nebecrk kevel, Theids mustbe, thersfors, to gt rid of the transport bpel 5o as toadd
mobility o thesenics,

How © tackls dEappearing services?

To movide usablesarvics, in spite of the o bility of thesericewhichsupports them, we needan infrastr ucturs that
relates the service (which we parcsiveas fizsd jw ith the device that provides it which we suppossintrinsically mobile)
making itappear as fized when in fact it & moving. Inthis way,what remains wnmoovable is the serviceprovided to the
n=twor k, notthe physical kecation fromwhich the servics & provided.,
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The obwic s selution & to have a fixed data structure { and, thersfore, known by all) that keeps the raation betesan
the unmovableslanent (the s=rvics) and the mobile dement (the device that suppe ris it).

However, the ime of 2 oentralized solution generats the appearancs of 2 weak point, a single point of f1ilure, within
the very s=rvice repositay. When we want to createa systam with the ability to moove, we need to keep in mind thatit
implies £ilure manag=oent. 5> mething that meves may dsappear and thersfore, we need © demign mechanizmes that
=nab)e to detect and recover from the disappearance of theservice

If we wih to avoida singlepoint of failure, we hape © sohe the problem witho ot the use of 2 central dat repositay
that matches the binding betwesn theIF and the serpice. E it fasible?

What i clear & that wehave © changs paradigm inorder to face this new challengss, Theappoachwe proposs in the
PFojet Bjstte chang s the pointof vioe Instead of oo king for 1009 ofinformation with 200.0% probability (e, the
uptime of the rsem) we @ropoeses to have goo% of the information with a 100% probability (1009 of s stem up time).
Thisis thewar in which natures works, andin which infor mation is storsdin natural snvironments,

MNature of information

Information is an sssentially distrib wted reso wroe in natures, It is not fully contained in central units, but rather
distribubed across 2 huges number of parts or slements, which are far spread o utin space and time, Conssquently,
natural systenes can hardly sver cope with all the infrmation available, Meverthelss, such a limitation does
not prevent natural organisms and scosystems from svolving; on the contrary, it fosters competition and the
“struggle for life,

O the other hand, most computer databases and networks are still built upen a strongly centralized hisrarchy.
Centraliped systens 4o work well for mest purposss on 4 small scale. A= sive increases, ditrbuted systens
cutperform centralived ones, but the manage=ment of decentralived netecrks res whs innew challenging diffcuhties
that we are just beginning to addres. Here we will give somes hins and describe the main charactsr gtics of the
n=w mradigm of computer communities and nebeor kinformation systens, and their advantage and drawbacks
in @ moputer sciences,

Fundamentally, there is no direct sxchangs of information bebessn compuiers in oentralized nebeorks, Thersfors,
all trafbc passes through a ssreer: =g, Public Switched Telsphons Meteorks (PETH) are strongly centralis=d
communication networ ks, This trpe of nebwo rks has driven human socisty to Internet, and will probably allow us to
20 muchfurther, Howsper, other techno bogies like IF Telephony, File Sharing (PeP') and it related applications haos
shownan unparalld=d d=vedopmentduring the hstyears, Indeed since jts cnsst, this breakthro ugh has been achisved
br Fowng andsmall, but highly s kilked companies.

Cine of the main limitations of centralized networks B bandeidth. Gince all dat pass thre ugh central servers, these
are under strong press wre, Conssg uently, providing sufbcient bandwidthfor millicons of wmers wo wd demand o nerous
investrosnts in infrastructure and technekgical skills, However, distributed and decentralived nebeorks (which we
shall from now on name Computer Commwnitiss) de net have serves butneds, and thess can plar bothrokes,

Computer comm unities asume most of the structural and functional characer Etics of the natural oo mm unities and
=cosy stems, They includs sentially : s=ff crganizing, s=lf-hmling, sdf potecting and sdfoptimizing. F=f-healing &
the capactr © recover of robuild a functicnal and o ptimized topology after one or s=peral nede disco nnections. This
E a complex behay iour smerging as a side sffect of the lecal activity of certain nodes. Meper thel=s, most man-mads
sr=iens like cmputer networ ks aredesigned o ssl-protect against sxternal pertuwrbations and internal seroos.

The main geal of distr ibuted networ ks is to use 2 Lrge number ofnods with varidble connectivitr in wnifisd formin
crder © minimivecentral organization. This & linked to % wr reasons;

1. o aveidhaving 4 sing b point of failure,

2. A=t reso wroe limittions,

3. for 2 mors =fBoi=nt ws= of distributed inf rmation and resownces,

4. and finally, to inomse the pedormanes and stability of the system.

In additicn, mostefthe oentralized compuier networ ks s ufber from the stroctural and functional limittions of cls=d
sr=iens. They wers not designed to growth indsfinitely and boundlesly, thersfore the growth rate of 2 compuier
nebeork strictly follows the loe of diminkhing returns, which means that the scalability cost & not linear but 109
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exponantial in sive. 00 the contrary, scalibility costs remain linear in distrib uted networks . The larger the number of
nodes in the networ kthe greater the robustness and stabilitr, as wel as the total transport fae, service parfrmoancs
and =fbci=ncy. Thers are thus strong reasons for developing such types of networks.

In practios, cantraliied nebecrks cannct grow indsfinitely. Bandwidth & a fundamental rese wios for such neheorks
that msily becomss limiting. Assuch, it & not pemible © snswre an infinits bandwidth supply and, thersfore, growth
will progremively be reduoed to 2ere for sconomic or technekogical reasons. Actually, the growth of centralied
networ ks @n endy be carrisd o utby human inervention. This & because the growth of sweh nebeorks & achisved by
a physical thardware) upgrade of the system or addition. Human acticn still remains fundamental in moest neteork
maintenancs and uwpgrading services. Human int=reention &, howsver one of the main tasks which one s=ek=s ©
roinimize, o meen oo id, for e future.

Technology

The folkawing chapters addres the technologr developed within the Digital Busines Ecospst=m project in order ©
buid a highly resili=nt distributed infrastr ucturs =nabling the oonstruction of an scosystem of dig ital o moponents.
This infrastructure is a5=f healing and ==ff-manage=d syst=m that avoids the need 25 2 DEE corporation which wowkd
bein charge of jnfrastruchure main=nanoes,

110
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Introduction

s Tames Moore [1] pointed out, 2 Busine Exsy=iem & based on a dynamic interaction of erganizations which

=polee over time in tenms of cambilities and roles. To this sxtent this section will desoibe why the Service

Crienied Architecturs (3041 B notadequateto faces uch challenges which are unigueinthe conextofa Digital
Ecosyst=m (DE). The auther will highlight such differences and describe the features of 2 new archiectural style
call=d theEoosystem Crisned Architecturs (EOA),

The chapter will =xplor=the f1ct that an Ecosystem Qrisnted Architecturs & nota “sort of 308, nor is it justa “higger
504, A DE =opor a broad s=t of digital components, swch as: software senvices, bsines services, knowledge
repres=nfations of the sconomy, o, o ftwares senejoes being j s tons of themn . To sxplain the differ sces bebeesn EOA
and 304 this artidewill focusonsofte are zervices, All the components interact together, forming adig ital scosystem.
Awhole set of neme problems are to be addre=ed, amay responsive alignment with the businss, decantralization,
o nershipofa distrib ued knoelsdge base, s=l-organiation and self-healing . EQA k& a nee mindsetin decmtraliz=d
architectwres for Digital Eoospsterms .

A Digital Eoospstem implmoenfationnesds to suppert 2 mrticwlar drnamic scenaric where dynamic b usiness servics
agmrezations and svolutions are key, Meither are Bz B mar ket place solutions ableto adesq uately tackle suchchall=nges.
DE has to “.. exploit the dynamic interaction {with cooperation and comopetition) of s=peral players in osdsr to
Poducesystemic res ults in terms of innevation and soonomic developrosnt” [2].

Itis indesed fr wethat the recent achi=pements in Busine= © Busines (B:F) implemenfations are snabling =nte=rp 2es
to acoserate the dynamic of busin=s, howsper theesolutions arestill limited becauss ServiceQrimted A rchitechures
(304 the prime supporting architectural style of BzB, has been concsived for suppo rting a single valus chain, ina
singlebumine=s domain and usualy behesena static s=tof mrticipants; in ot itis often the i oplementation of 2 single-
crganization supply chain., W shall rather namethe current implemoenied scenarios s “business to Busine™ (b2 B to
enhancethe factthat the structure k& ot democratic™ in theecases ther= & asingle bz in thesupply chain, which
Eoften the company thatowens the chain This company which & uswally 2 kg =organization, canimpes=its stndard
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to its suppliers and customers, and the ‘small’ players have to accept the specifications; it’s not a peer based model, as
the name B2B do inspires, the two ‘D’ have to be different: this is key. Such b2B environments are thought as being an
example of an across enterprise implementation where interoperability is tackled and successfully implemented but -on
the other hand- this is an oversimplification, since in reality supply chains do intersect and overlap.

B2B solutions are rarely applied outside the boundary of an enterprise and it is a challenging project: it is cumbersome,
and especially complex to maintain. Digital Ecosystems are to be implemented applying a new perspective in Software
Architecture that has to overcome the limitations of SOA: an Ecosystem Oriented Architecture (EOA). We intend
to pin-point the fact that DE specific features and issues cannot be properly addressed by SOA; there is a need to
define a different architectural style that specifically tackles DE requirements from both the functional and structural
viewpoint. Applying SOA when dealing with DE implementations overlooks the problems.

SOA has been conceived in the context of intra enterprise systems: in essence, the assumption is that any aspect either
functional or structural is managed (or manageable) via a central governance entity. The infrastructure is under control
and managed via a single department unit: network appliances like routers, firewalls, cables, routing and topology
are planned and managed centrally. In addition, also the functional specifications of the SOA are planned in advance
either in joint meetings between parties or defined by a single central authority. The WSDL representing the common
technical contract for service invocation are defined up front and are to be used by all the partners in order for the value
chain implementation to be effective: this is the environment in which SOA was born and where it is actually used most
of the time. SOA is an architectural style that evolved from EAI, RPC and CORBA where the focus was on Applications,
Procedures, Objects; focus on services was added later but still with an “intra enterprise” mindset (Figure 1 below).

An SOA implementation is often conceived, funded and implemented by an organization with the sole goal of
supporting and increasing its business, as a consequence this drives the entire environment which is single-party
centred and does not follow the competition/evolution core feature of a DE.

In an enabling ICT-based infrastructure aiming at supporting the economic activity of networks of business clusters
(or business ecosystems) fostering systemic synergies with special focus to SMEs. DE scenarios are changing the
rules, because the focus is moving from “intra enterprise” to “across enterprises” (inter community) and soon “across
communities”. Using SOA for implementing a DE, that requires enlarging the participants in a broader spectrum,
supporting a wider set of functional models, running over the Internet, spanning a WAN, is underestimating the
problem. As a matter of fact, reading the literature[3], and from the author’s experience, it is evident that dynamism
and flexibility are key for running a Business.

In a digital ecosystem the value chains are overlapping, they are not partitioned but intersect each other;
» the social and business network topologies are not hierarchical [4];

» a single functional reference model cannot be implemented;

» there is no single point of management from both the business and structural viewpoints.

Taking the previous premises into account, the final goal should be the integration of the services offered by each
of these SMEs, without involving extra investments in items not related to their businesses (such as information
systems). Therefore, the system should be operated automatically without human intervention. In other words, the
system that supports integration of the aforementioned services should have self-organising capabilities.

On the other hand, it should be decided what would be the minimum infrastructure required to allow the presence
on the Internet (that is: great portals, operators, ISPs, etc) of these businesses without the need for great investments,
or great resources. To reach this goal, two clear premises were identified: minimum hardware, and zero maintenance.
The need for maintenance and administration should be eliminated, wiping off the greatest source of cost. This now
opens the challenge of zero-administration, which requires the development of software technology that provided
self-organization mechanisms. Along with these elements, the system should bring us the possibility to publish the
presence of a given business (identified as a service) from the moment it’s connected to the DBE network, and the
ability to detect its disconnection to eliminate the service from all the contents in which it was referenced.

Functional Reference Model

Digital Ecosystems cross business domains and different value chains, for this reason they are characterized by not
having a single functional reference model. Since it is not feasible to define up front all the required functional models,
which are intricate, complex and continuously changing, the ecosystems participants need to be free to define, publish
and use any models that they consider adequate for their business.
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As an example, a book distributor or reseller might create a model that represents their application interface to allow
consumers to search, browser, order and buy books. This model could be published and implemented by their service
component. Other competitors in the ecosystem will probably do the same in autonomy and this will end up with a
set of different APIs that would burden the effort of a bookstore when required to automate the order process; for each
supplier/distributor a different technical adapter is required. This constraint would slow down the rate of adoption
and lock stores on a single supplier because of the effort required to align the software again. This would represent the
dead end of the ecosystem; without fast business alignment, there will be no evolution.

One rather ingenuous approach to overcome this issue is to have all the book distributors sit around a table in an association
defining “The” reference model for the book store sector. From direct experience of the author(2), this is a method that
does not scale for a long time and, assuming that the participants are able to converge to a suitable model, there will soon
be other “competing standards” (notice the oxymoron) that would again create interoperability problems.

Also, maintaining the specification would be very time consuming and in the end it would not be possible to keep it
aligned with the business requirements: new features driven by the end users or marketing would incur the risk of
being left behind, waiting for the new specification to emerge or -even worse- of being implemented diverging from
the standard. As a consequence, the expected well ordered mechanism would soon break.

This scenario is a gross over-simplification of the models what might be found in a DE, especially considering cross
value and supply chains. The overall map of models would be so complex and articulated that managing them would
be impossible. As a comparison, we can recall the Internet map(3)[5] and its topology; no-one can have full control of
it. It emerges rather autonomously from complex usage mechanisms that have been investigated only in recent times.
Even maintaining the functional models of a complex ERP project, with well-defined boundaries and dependencies,
can be very difficult and impossible for a single party; changes and updates are often tough tasks to accomplish. In a
business ecosystem this effort cannot be addressed at all, and a new mindset and approach in this sense is required, and
the SOA approach is hence inadequate. In addition, assuming that an ecosystem can be managed is a contradiction in

terms. The keyword is “self-regulation’, “self-adaptation”[6] and the EOA has to implement the required instruments
for this to happen, it is useless to fight and oppose the dynamic nature of a DE, it is better to support it.

The way to go about then assumes the inability to control the reference models; we might assert that there is no
reference model at all, and take all the required architectural decisions to support it and let the ecosystem converge,
dependant on time, in a model. What is fundamental to assume when defining the architecture of a DE is to recall that
it is a highly dynamic environment where the IT related frictions and inertias needs to be reduced to the minimum.
This is the prime condition that will allow an ecosystem to self-converge and adapt.

The architecture needs a mechanism to allow participants to:

» publish any model;

» investigate which is the most adequate to their needs;

» adopt it (and change it) in a totally free and uncontrolled space (regulatory and restrictive features shall only be
added as a means to avoid hacking or spamming the environment).

A structured and highly connected repository has to manage the models, their dependencies and their association with
implementing services. As an example: if the book distributor could inspect the ecosystem (specifically using a model
repository), it could detect that there is a functional model for the book sector that is adopted by 75% of bookstores
and another one less adopted (hence less connected) but closer to its technical needs and more straightforward to
implement due to the better alignment with their back-end systems. The distributor has the chance to decide whether
to adopt the most connected model, hence facilitating the migration and adoption by bookstores, or to stick to the
easy way with an obvious drawback regarding the level of adoption. In this scenario it is evident that bookstores
(the service consumers) on the other hand will try to reduce the number of different models in order to lower their
integration efforts and favour the quality of the service offered. The balance between the symmetric aspects is the basis
for competition and evolution.

Model repository

In SOA, UDDI is the catalogue of services and service models. They are mixed with binding information, there is
no separation between the technical specification and the functional one, and in addition the service end-point is
also written in the service specification. Such structure is a consequence of the fact that UDDI has been conceived
as a static catalogue of intranet services(4); it is clearly a consequence of the fact that it descends from classical RPC
approaches. UDDI is essentially a catalogue of programmatic resources.
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For example: two different book distributors might use the same technical specification of the service (e.g. WSDL)
but have different kinds of discount policies, different return policies, different quantity discounts or serve different
regions. The WSDL is a technical specification that exposes the service protocol that in turns implements the business
service. What has to be modelled and delivered is the business service rather then the mediator to the service. In an
SOA the need to model the business specification is not a prime need because there is no economical transaction
involved. SOA is often implemented, in the author’s experience, in a context where the associated business transaction
costs are null (zero). Nevertheless, the writer is aware of some SOA implementations (rather tough though) in which
an invocation implies an effective business transaction, i.e. some “money exchange”. But also in these cases the
participants and the services involved have been defined up-front -statically- and the business models are known
in advance: there is no dynamic discovery or negotiation and for this reason -under these assumptions- SOA works
fine: in DE on the other hand it would not scale. Reference documentation about UDDI mentions “Companies can
establish a structured and standardized way to describe and discover services’(5), but a DE is not a structured or
standardized environment.

In a DE, the model repository needs to manage business models instead of programmatic specifications. OMG’s
XMI is the prime choice for encoding models because it is a platform-independent specification; it supports meta-
modelling, model dependency, merging, inclusion, inheritance and versioning. XMI is able to represent semantically
rich model specifications, where WSDL is not. Services in DE need to make use of more complex specifications, the
definition of software interfaces is not sufficient: there is the need to express the underlying business model. The plain
interface specification is not relevant in the context of an ecosystem where services need to be explored automatically
via recommendation agents: having computable business models is essential.

In addition, the functionalities provided by the repository need to support an enormous amount of unstructured and
related information. The users, either a software component or a human being, must be able to navigate the intricacy
of models and their dependencies in order to identify those that are most useful and adequate. In this sense the
repository needs to provide intelligent and semantically aware research and recommendation tools[7].

It is also essential is to decouple the service model catalogue from the actual service instance catalogue: “The service
registry”.

Service Registry

The service registry contains the references to actual services published in a DE associated with the technical and
business models. Each entry includes self-contained information about the service (called Service Manifest[8]),
made of:

1. service business models;

2. technical specification (i.e. Service APIs);

3. business data;

4. service end-point.

The first type is essentially the business specification (it might be a reference to an entry in the model repository, this
is an implementation aspect which is not relevant in this context). The second is the technical specification of the
service. The third is information specific to the service instance, for example the name of the published service or the
location of the service; in general this information is associated with the business model. The fourth is programmatic
information needed to actually invoke the service, for example - it is an over simplification — the IP address and the
protocol used.

Whatever way this registry is implemented, the essential aspect is that is has to be extremely dynamic and bind to the
actual published service. In SOA it is a great frustration to try to invoke services from information found in the UDDI
just to discover that they are not available. The real issue in these cases is that the requesting service is not able to
provide the reason for the failure: is it due to the fact that it has been discontinued or because there are some temporary
technical issues? In an intranet SOA implementation, the architect has the ability to put all the efforts in order to have
a high availability of service: in the Internet this cannot be assured. As a solution, the service entry in the registry
needs to be bound with the actual remote published service so that it provides up-to-date status information; since it
is too administratively intense to manually keep it aligned, a lease base mechanism is a good technical approach, like
SUN’s Jini(6) framework dynamic lease management or the FADA framework (7).

As for the model repository, the service registry needs to be MOF8 compliant in order to ease the issues related to
model interoperability.
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The model repository and service regstry represent a single point of failure (5PcF ) for the DE architscture and this
can jeopardize the sntire sosrsem. This Bswe isaddremsd via 2 decentralivesd architecturs described in section 5
“aingle PointofFailure Chapier,

Basic Services

An architecture for OE needs © coosider 2 s=tof basic busine=s s vices 1© support the sccspsens and fcilitate the
rapid and qrrect interaction bebesen bumines savices, & DE without 4 proper s=t of basic services is wnlikely to be
sustainable: the goal & to improve the bepel of adoption by sasing the participants” =ffort in publshing and int=grating
servics, It B fundamental for smampe © specube 2 negotiation Eocss before actually oons uming the s=rvioe (which
E not required in an 304 implemoentation, as mentionsd above) smentially becawse 2 sevice imocation in a DE isa
business savice o nsuoption. For thesame reaso s, servioss suchars reputatio nand tristare as fundamental in a OE.
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It & howsvs important © wunderdine that all thee sarvices do not specifically need to be inpenent=d wp front It
E important to suppoert them for sxampls by defining their modek in the repositosy and providing an adesquate
infrastr ucture for ther impleoentation: it might be wp to partidpants and crganizations to inpeoent them. But
s0me, likethe aoco unting servios, need to be suppored by thecoreinfrastructure ofa DE because= it has to adesg uaely
intercept the jmber servioes memages,

One of the most significant sarvioes required in a DE is suppert for negetiations. In 504, in thoses

rare case inwhich it & implemented in acroms =nterprise BB environments, negotiation takes place

cutside of the IT sy=iems, oft=n through real mestings; in 304 implemo=ntations, cnly the servics

sxecution & s uppered together with 2 poer ssarch mechanizm, In DE, following the definition given Fi.1

atthe beginning, the soosysem & suchonly f the integration mechanizms arefastand aute mated. Asa :mg:u;::nm;]

ratier of f2ct DE had to replicate in an =-=nvironment what happens in the real world snvironmant.
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In addition there is the need to reconsider other services, although in a different perspective:
» Service Discovery

» Reliability-guaranteed delivery

» Security

» Long running Transactions

» XML Firewall.

Single Point of Failure

The Service registry is a key element for SOA; it is used at run time for service discovery and invocation, for this
reason it represents a single point of failure for the entire architecture. If the registry is not available, the services will
not be reachable.

This is a key issue also in SOA, for this reason UDDI version 3 has introduced replication schema for cluster of
registries that provides high availability feature[10]. It supports both clustering and mirroring, however replications
are based on the complete mirroring of nodes; in addition the replication policy is to be accurately planned by an
administrator and implemented beforehand. But for a DE, given the complexity and intricacy of the infrastructure,
the very frequent changes and the absence of any “root” node, this solution is not adequate.

In DE, the registry is even more critical because service IP addresses change very often, while in a classical SOA all the
services are published in static IPs and change quite seldom: caching IPs would not work for long[11].

Setting up a single central fail-safe and highly redundant registry server would be very expensive and would not even
guarantee service continuity in case of natural disaster. The alternative solution is to exploit decentralized approaches,
i.e. a topology and replication schema that does not make the DE dependant on a single node but rather on a
collaborative set of peer nodes (more on this in the next section “Scale free networks”). Instead of a controlled cluster
of nodes, there is the need to advocate the use of peer-to-peer networks as the routing infrastructure that improves
routing resilience to node failure and attacks on service registries[16]. Such a network of nodes needs to be self healing
and self adaptable to the ever changing nature of the requests and traffic: there should not be an administrator. Such
kind of solutions would be resilient to node failures and would not loose information under critical circumstances.
Nodes within this network interact in rich and complex ways, greatly stressing traditional approaches to name service,
routing, information replication and links.

In such types of networks, data replication within nodes takes place intelligently: entries migrate automatically in
relation to requests, moving data toward nodes that started the request. In this way, as in typical caching mechanisms,
information is copied from the closest nodes so as to increase the probability that sequential requests get fulfilled in less
time. It is relevant to notice that “close” in this context is relative to speed and not to geographical distance, since often
in Internet hub nodes 100 km apart are faster to ping then local servers. Moreover, such a copying mechanism replicates
redundant information among nodes so as to increase tolerance in case of nodes failure. As a matter of fact the new
Italian Health Care System is adopting such a decentralized architecture for the Patient Health Record registry[12].

Avoiding having single points of failure for an EOA is essential. Beside the technical non marginal aspect of having
a more reliable system, the DE will not suffer from the “big brother syndrome” With a decentralized P2P based
architecture the knowledge which is held in by the model repository and the service registry is not managed by a
single institution which could tamper with it at the expense of the community by imposing unwanted control. A
DE is self-regulated and self adaptable by definition[13] and a central institution with the potential power to control
the environment from a technical and functional point of view could hinder the entire process of adoption and
sustainability. Consider for example what would happen in case the organization hosting the service registry decided
to shut it down. Such possibility would impede the adoption of the DE.

DE founds its entire sustainability and existence on knowledge about models and services. Participants in the DE
are providing and using models while actively participating and being part of a business community, they are hence
scared about loosing models. The owners of DE knowledge need to be the community itself, to this extent a peer-
to-peer network (see next section “Scale Free Network) is a good approach because it is democratic; it provides
participants with the possibility to offer resources to host part of this knowledge.

The significant drawback is the implementation: such a peer-to-peer infrastructure needs to be self-healing and self-
adaptable. But there are already some frameworks and tools that support the enhancement of the properties of Scale
Free networks.
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Scale Free Networks

Most of the solutions in SOA, like the cluster of UDDI registries, are based on hierarchical structures because this
is the way humans proceed in order to deal with complexity, i.e. in order to create comprehensible models. But as a
matter of fact, the social and business networks in the real world are not hierarchical at all: this is essentially the reason
why information models become more and more unmanageable with the increase in complexity. The more the IT
systems push in the direction of being aligned with the business, the more the IT becomes unmanageable. Below a
certain degree of complexity, any model can be reduced to a hierarchy that represents a good approximation, but with
the increase in complexity it becomes impossible to stick to a hierarchy because reality is not as simply structured: it
is based on different models and topologies: Scale Free networks[15].

The scale free networks are well described in the literature[14], we do not intend to describe it in this paper; what we
state is that since scale free networks are the topology at the basis of business and social networks[15], a proper EOA
has to support it and define appropriate mechanisms in order to let it emerge in a self organized way without human
intervention.

In order for a Scale Free Network to emerge, it is necessary to support connectivity, proximity and preference[16]; it is
dangerous and it represents a risk in the architecture to over-impose an unnatural topology. The advantage of a Scale
Free Network is well described in the literature, essentially it is tolerant to a random failure of nodes and the properties
of a “small world” allow efficient searches[17][18].

The author envisages a service registry and a model repository implementation that take advantage of such kind of
networks essentially because this is the way they exist in the real world and supporting this vision will help align the
ecosystem with the business -as is required.

Technologies are already available and they make use of concepts like the Tuple Space or the Distributed Hash
Table, for example Sun’s Jini™ Network Technology[10], FADA[11], Bamboo[12], Cord[13] and others; there are also
commercial implementations like GigaSpaces©[14]. P2P architecture can help, even if they can be used to infringe
copyright: there is no need to be prejudiced, a technology is not bad per se, but it depends on the way it is used. The
Digital Business Ecosystem (DBE)[15] has made a significant step forward in this direction.

Conclusion

Service Oriented Architectures (SOA) do not scale nor address the new challenges addressed by the architectures

for Digital Ecosystems. The author envisions a new architectural style, called the Ecosystem Oriented Architecture

(EOA). Three levels of service specifications are to be identified and addressed[20]:

» service models: a catalogue of business and computational models to be reused;

» service implementation: a catalogue of services descriptions (Service Manifest) implementing some models
together with their data;

» service instances: service name and endpoint to actually invoke and consume a service.

In DE it is essential to have a repository of models separated from the registry of services[20]. The model repository
needs a whole set of discovery features and supports XMI in order to implement model driven capabilities like
dependency, versioning, merging and inheritance. Services need to be described also from the business viewpoint:
the computational specification is not sufficient in DE because services are not known in advance and the discovery
process needs to be smarter and based on business specifications.

The service registry needs to overcome the static limitation of UDD-like services and be dynamically bound to actual
published services. In the near future a lot of mobile services are expected and these devices are going to make use of
dynamic IPs, enhancing SOA based approaches is not enough. The service instances are to be resolved at run-time
via a sort of DNS service.

Given the nature of a DE, the architecture needs to avoid single points of failure, the best approach envisioned is to
make use of P2P technology to implement a decentralized data storage system (as opposed to the SOA centralized or
distributed approach).

Basic services need to be implemented and defined up front in order to sustain the ecosystem, such as negotiation,
information carriers, payments, accounting, billing and others. While SOA essentially supports only the service
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execution phass, 2 DE has © suppo st the sntire businss sarvioe life-cpcle including servioe selection [ & opposed ©
servicesearchl, negotiation, agresment, oo ntract specification, conswoption and delivery.

In anr aspect, =ither functicnal, structural or topelogicl we have to reflect the real scospstem in the DE: dter owver
40 Fears we realive that we are still applying the Conway[19] Lw thatsftes “Organizations w hich d=sizn sysems are
constrained © predwss desig e which areco pis of the communication structurs of thess crganirzations™[21], i = any
pisce of softwar = reflects theorganizational structurs that produced it and 2 DE & no different
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Introduction

his paper introduces the ooncept of Digital Ecosyst=m Barvices deploped in an Ecosystem Crisned Architecturs

(EOM) . s described in S hapier 3.1, the BOA concept & basd ona prer-to -peer architecturs thatallows the digital

mosrsiem to be sffectively pervasive and decentralzsd Thers & no single point of filure and the sos=em
itmel & owned by participant SHEs and not by 2 governing bedy or crgankation, The knowledges and s=reices are
spread acroms the s upporting no des thro ugh 2 peer-to-peer self-healing architecturs. Servics are desoibed in hoth
the technical and b usine=s point of view hauce allowing s=mantic and b usines frpes of search and discovery.

This paper will de=scribe the reguirements of sarvioes deploysd in an EOA and how the D EE project [1] have realis=d
these requirements for ShE s=rvice depormant.

Digital Ecosystem Services

A conoeptwl framework for DEE services smerged from the work done by olutanst on DEE architecturs
requirements . This framework Esimilarly appliable to DE s=rvices inan EQA, This @n be seen helow in Figure 1.
Everr DE service & spedfisd iming 4 et of formal lang wage= that aims at d=fining the busines modek as well as the
technical interface in a platirm implementation way. Thanks to the model driven approach fwken, businss mod=k
can be transformoed and mapped inte pltorm spedfic medek without specific wmer interventions, The family of
Lnguages adopted defines the s=rvices DIA that fully specifr the service and the ability to spohee and adapt. Each
structural component is decentralied. Such an approach potentially alkoes the sosy=tem © be sebf-h=aling and
survive technical and network failurss.

The technical architecturs mses the sntire intsgration and adoption procss by providing an infrastructure at hoth
sides ofthepipeina cons umer -provider pointo fviewe Borvices already residing inlegacy systens cang uickly becomes
DE =abled, thanks & the decowpling approach provided by BOA and the MDA (fode] Driven Architecture [2]).
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A Bervies Composer alkws for browsing of the collected published s=rvices and the creation of 4
workilow that can be szecubed and publihed as an atomic s=rvice. The chained naturs of swch nee

Ay service will be oo opletely ransparent to the conswmoer application or user,
.1

DEE Sy s Conrpid  F ok,
P e Given the oeta-savics and mef -modseling approach followesd, thers E not a single mods or servics

that cannct bereplaced or =nhanced Mo pre-defined or immutable behaviowr & coded in anEQA, [3]
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The Service Factory
Creating and Maintaining the Services

The starting peint for 4 participant in a digital scosrstem s to model and create 2 DE Z=rvics through a Barvices
Fackry. A Servioe Facko sy isa set of tooks to aid the developer in thecreation of DE Genvics, thro ugh the asociation
of those servics with appropriate modes and deploy those s=rvices in the Exscution Environment. The S=rvice
Fackosy was realized in D EE thro ughthe open so woe DEESdic Project [4].

The DEEStudic & an Integratel Developoent Envircnment (IDE) for the Digital Business Ecosystem (DEE). It
wa developed using the Eclipse frameswork [5] and includes 2 s=t of sclipse plug-ins that alkoe business ==rvicess ©
be amaly==d, and corresponding software =ervices to be defined, d=pekoped and deployed When the DEEStudic is
launched it & configursd by the user to connectto the oore DEE Savioes via aTIBL denc ting the Jocation of 45 unning
Exscution Environment

Diescriptions of the core plug-ins ars provided hekos,

The BML Busine== Modeling Tanguage [a] Edier plug-in & a4 vEwl modelling ol and provides 2 TL-like
Graphical Teer Interface] GUIY similar to thatofwell known TIML sditors . The 0ol s uppors the medelling tasks and
st res thecreated modek in the DEE Knowledges Base (KE) de=plored in theServent The currentversionof the sditor
120 supports both the semantic description of the services offer=d by an SWE and the busin=s model of the mrticwar
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SME. The former provides to the user the ability to create service models according to semantic service language
metamodel and the latter to create business models based on the BML metamodel. Both metamodels are described
using OMG’s MOF 1.4 [7].

The BML data editor takes MDA M1 level BML models (created with the BML Editor) and allows the developer to
populate these in order to create Mo level instances of those models. These Mo models then represent the business
data associated with actual running instances of service business models.

The Ontology Analysis Tool plug-in provides a visual environment based on a UML-like graphical user interface that
enables business analysts to deploy domain specific ontologies in order to describe the business requirements of SMEs
in the context of the DBE project. The ontology definitions is based on the Ontology Definition Metamodel (ODM)
compatible with the OWL, can be represented using XMI (XML Metadata Interchange [8]) technologies and can be
stored either locally (in the local file system) or into the DBE Knowledge Base using the JMI (Java Metadata Interface)
standard.

The Service Exporter plug-in enables a user to export a DBE project and deploy it as a DBE service to a Servent. Using
a set of wizards the user can add/edit their deployment information. The tool creates a DBE Archive (DAR) file, which
contains a particular structure for deployment within a Servent. This plug-in is also integrated with the Metering
Wizard to allow users to add metering information at deployment time.

The DBE metering wizard is run as an optional element of the Service Exporter plug-in. This wizard allows for the
selection of parameters upon which the filters installed in the servent can extract usage data. The SME deploying the
service can select methods and parameters of those methods that require metering. This usage data can then be used
by OSS (Operation Support Systems) type services installed in the Execution Environment. In DBE, open source
accounting services have been implemented and deployed and make use of this usage data in applying charges for
services usage as well as providing billing information.

The DBE Composer Tool is a BPEL (Business Process Execution Language [9]) editor to allow for the creation
of composed services for execution in the DBE ExE. The design of the BPEL Manual Composer tool centres on
a graphical editor and a composition wizard for this composition language. This editor is the core component as
it allows the user to graphically design the composed service as a workflow process, while the wizard uses simple
rules to help a user to select services and create model structures. The implementation of both the editor and the
wizard fully support the BPEL meta-model. The design of the editor provides a 3-view editor where each view has
a more abstracted representation of the BPEL model. The intention is to provide two levels of graphical abstraction
and granularity to suit both a semi-technical user and a BPEL developer, where the wizard and the graphical editor
attempt to address the needs of both user types respectively.

The SDL (Service Description Language [10]) editor allows SMEs to define their services from a technical point of
view. The editor provides a graphical means of defining service interfaces and expresses those interfaces via XML
instances of the SDL schema
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This plug-in wkes the XMLSDT instancecreated by the 50T =ditr and ge=nerat= 2 5ot of Toa packages and inerdfaces
which ne=d to be implemenied by the depelopar in order for the ssreice © be deploped sucoms=fully in the 3EE
Exscution Environment

The ervice Manie=t composer is responsible for thecreation of the Bervice Manifest] 3hi) [1]. TheSen oo anie=t
acts as an advertisemoent for 2 deploped =ervics and contains both businss and technical modek of the s=rvice
instance. The Sarvice Manifet Composer & responsible for the creation of this from the modek created from the
other plugins, This 5 & deployed with the servics and inserted into the S=mantic Regktry (Zervice BegEty), 5=
the next section for details.

Execution Environment

Deploying the Services

A= demcribed in the chapeer on BOA anewscution smriroment s DEsm ust provide certain functional ities; as witble
Ppeer-to-prer network, 4 servics o niine, 4 savies composition sngine a model reposite rp and a service registry,
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The distributed infrastructure of the BEOA can be seenin Eigure 2. The nods= are @nnectsd via the peer-io -peer
overlay nebeork, Each nodes contains the core functicnal o moponents required for the BOA © be sucomsful, Each
nodealko hosts servics offered by GWE =, The =envjces hape the ability © migrate, providing high ovai bbilitr of service
Proviion in the spent of a node failure or dewntime,

Each of the supperting core componmis & brisfly dscumed baow and the DEE implemantations abkso referenced.
Detailed descriptions of the = implemoentations are availablein the chaper on Distributed Infrastruchral B=rvices,
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The composer provides the ability to orchestrate and manage the execution of composed service chains. The DBE
implementation integrated the open-source workflow engine ActiveBPEL [12] and extended it with a custom invoke
handler to deal with invocations. This provides the advantages of a standards-based workflow description and
execution with the added bonus of DBE peer-to-peer interaction.

The model repository is a business model container. Services deployed in the ecosystem are associated with
one or more of these models. The preferred encoding option of models in the registry is XMI (XML Metadata
Interchange)[8] (see chapter on Ecosystem Oriented Architectures). The DBE implementation, developed by the
Technical University of Crete, is called the Knowledge Base and provides distributed persistence satisfying the OMG
MDA [2] approach taken in DBE.

The service registry is a repository for references to deployed services in a digital ecosystem. Each entry is associated
with one deployed service and contains information on business models, technical specifications, business data and
the service end point. The DBE implementation of this component, developed by the Technical University of Crete, is
the Semantic Registry, which is used to store a Service Manifest [11] per deployed service.

A peer-to-peer overlay network is essential in providing a digital ecosystem with the assurance of no single point
of failure and robust distributed knowledge and service provision through a distributed set of collaborative nodes.
This approach improves routing resilience to node failure. A suitable implementation needs to be self healing and
autonomically adaptable to the changing nature of the requests and the traffic.

FADA (Federated Autonomous Directory Architecture) [13] was the initial peer-to-peer implementation deployed in
DBE. FADA emerged from the European project Fetish. Trinity College Dublin also developed a DHT (Distributed
Hash Table) peer-to-peer implementation based on their peer-to-peer architecture design for DBE [14]. More details
of both these implementations are available in the chapter on Distributed Infrastructural Services.

A fully distributed identity management system is essential for providing trust among the participants in digital
ecosystems. Identity constitutes one of the basic building blocks for providing accountability functionality to
B2B transactions. Services need to be associated with an identity of the service provider and service consumers
need also to be identified for accounting and access control purposes. However creating a decentralised, robust
and trustworthy identity management system with no dependencies on third party certificate authorities is a
challenging proposition.

In the DBE project, Trinity College Dublin developed a core identity component overlayed on top of the DHT
implementation. This contitutes a decentralised solution that provides the redundancy and management features
inherent in the DHT. The system has the ability to verify keys associated with service invocations.

Conclusion

Successful digital ecosystem service deployment in EOAs requires a set of mechanisms for the definition of business
and technical models, the creation of service interfaces based on these models and robust decentralised service
hosting. These mechanisms have been described in this paper, together with descriptions of how these mechanisms
have been realised in the DBE project.
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Introduction

mmmuniation spstems, allowsd and boosted the difmion of the nebheork socisty. Radical changes in the
geography of costs, predwction and human and social capital affectsd the spacs-times of busines alering the
traditiconal business frontiars (Castelk, 12090,

'|-h::fa.-.'tgmwﬂ'l.uﬂﬂle-:‘|.i:|¥u.1.i:hnafﬂle‘ﬂb:ﬂWﬂe‘ﬂEb,h:eﬁ:ﬂmﬂade,mnmkﬂmﬂhmmd.

Thes= phenomena allowsd commni= and crgankations to grow globally, reacting to the climats of wnesriingy
through the decentralisation of production and inncvation. Shifting activities to the elsctronic dimension allewsd
an increase in shgency and the reduction of coordination costs. At the ame time, organEations geogaphically
distributed start to int=ract and trade globally, =nhand ng the growth of nebeorks of distributed companies . Trami=nt
n=beorks and o rganisations as por o lies constitwte new organisational forms, which schibit wnmatched o nnectivity,
fl=ibilitr and adaptability. Cougpeting in this context poss 2 nwmober of integration problems that snerpses havs
to Rckle, swch as the integration with customers, ameng suppliss or bebessn design and manuficturing sites. A=a
Conseq wence, integration mass o beonly 2 matter of int=rconnecting physical and so foware applicatic ns; more than
this, jt starts to be considersd ing wider perspective thatconcemns the ceerall busine=s and all jis aspects. This mans
that, in order to enable a diff=rent use of snterpris= and nebeork rsownces to bether achispe strabegic objectives, 4
gl bal busines int=gration & needed and considersdas a key facor for suocesful enterprises,

The most inberesting consideration ark ing from theses cnoepts & rebhed to modelling Eswes. Things to be int=grat=d
and coordinated need to be clearky d=fined and srpresed: the more 2 modd & =fbective, the sasier & the d=finition of
comumunication, coo rdination, contre] and sxchanges mechansms. Thus, sner s modelling is clearly 2 prasquisibs
for enter @ s inegration.

AnenErprise wroael s a compultional representation of the structwre, activities, procsses, information, resownoes,
People, behavio wr, goaks and constraints i_‘r'-'e:m-:'l.a.t. 1920 ) of 2 bisine=, government, or othe crgankations, Itcan be
both descriptive and definiticnal - spanning what & and what showld be The roleofan snerp e model B © achisps
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model-driven enterprise design, analysis and operation. The finality is to make explicit facts and knowledge that add
value to the enterprise or can be shared by business applications and users. Besides an effective enterprise integration,
the main purposes of business modelling are to support the analysis of an enterprise and, more specifically, to
represent and understand how the enterprise works, to capitalize acquired knowledge and know-how for later reuse,
to design and redesign a part of the enterprise, to simulate the behaviour of the enterprise, to make better decisions
or to control, coordinate and monitor some parts of the enterprise. Enterprise modelling techniques and associated
visual languages are very important and useful to support new approaches to enterprise business transformation and
improvement, developing smart businesses and new networked organisations.

Approaches and methodologies

Enterprise modelling was born in the United States at the beginning of the 80’s and emerged through large Computer
Integrated Manufacturing projects. In the mid-80’s, Europe launched several projects on enterprise modelling giving
birth to several enterprise modelling languages. As a result, in the 9o’s many commercial tools dealing with enterprise
modelling or business process modelling appeared on the marketplace, as well as a myriad of workflow systems, each
one with its own modelling environment. This intensive production of tools has led to a Tower of Babel situation in
which the many tools, while offering powerful but different functionalities and semantics, are unable to interoperate
and can hardly or not at all communicate and exchange models. Currently, enterprise modelling is a wide and complex
domain containing many different methodologies, languages, tools and techniques, often developed in different
context for different scope. Such languages could be roughly divided among the approaches developed mainly from a
business perspective and the languages and methodologies related to design and development of IT applications.

In the stream of the knowledge modelling related to the business area, there are many languages and frameworks
devote to model specific characteristics of enterprise. Among them, the Zackman Framework (Zachman, 1987) and
the Generalised Enterprise Reference Architecture and Methodology (GERAM) (Bernus et al.,, 1997) represent the most
general approaches; more operational frameworks are the Integrated Enterprise Modelling Method (IEM) (Spur et al.,
1996), the Integrated DEFinition methodology (IDEF) (NIST, 1981), the Architecture of integrated Information Systems
(ARIS) (Scheer, 1992), the Process Specification Language (PSL) [8], the Workflow Process Definition Language (WPDL)
(WMC, 2002), the Business Process Modelling Language (BPML) (BPMI, 2002), and the Business Rules (BRG, 2000)
approach.

Among the standards related with software design and development there are the UN/CEFACT Modelling Methodology
(UMM) (UN/CEFACT, 2003) and the Rosetta Net (RosettaNetl, 1998). In the same group, there are some industry
initiatives and de-facto standards, such as those promoted by the Object Management Group: the Model Driven
Architecture (MDA) (Frankel, 2003), the Unified Modelling Language (UML) (OMG, 2003), the Meta Object Facility
(MOF) (OMG, 2003a) and the Semantic of Business Vocabulary and Business Rules (SBVR) (OMG, 2006). Other
relevant standards in metadata definition and exchange are related to the work of W3C. Among them there are the
eXtensible Markup Language (XML) (Bray et al., 1998), the Resource Description Framework (RDF) (Lassila et al., 1999)
and the Ontology Web Language (OWL) (McGuinness et al., 2004).

The Business Modelling Language

The Business Modelling Language (BML) has been created as the business language for the DBE project. Its main aim
is thus to create a general framework enabling business people to represent the business knowledge related to DBE
services and to the enterprise that stands behind such services, in order to allow communication mechanisms based
on semantically rich information models.

One of the most interesting characteristics of BML is that it has been designed in order to bridge the gap between business
and technology perspectives. If on one side BML allows to express business concepts, that is the actual concepts, actions
and events that business people have to deal with as they run their businesses, independently by technological aspects, on
the other side it grants a rigorous mapping to formal logics, to make business knowledge accessible to software.

Another important aspect, is related to the software production methodology and to the effort in realizing mechanisms
for software development based on models. The BML framework is aimed at supporting business analysts to express
in a formal and well defined way all the knowledge necessary to represent a customer company.

Defining the BML framework has implied the definition of the BML syntax (how information is expressed) and the
BML semantics (how obtaining a shared meaning). In order to decouple these two fundamental issues, it has been
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chozen to define 2 genaral architecturs hased on 2 o=ta -mod=lling approach. In this way, theind rmaticn model, that
cowkd changes during the svolution of the project, is reated only to the o=a-model content, withe ut implicaticn on
the g=neral architectures of the framework,

The BML architecturs he besn devwebped applring a moeta-
moddling approach. Such an approach refers to the Mlsta Object
Facility (MIOF Y a standard defined by the Olject Manag=men MCF M3
Group (OhG, 2o0m) that aims at guaraneesing 4 wniver=al r Y
approach © desaibe moodeling constructs. It & based on a
mutti-lapared architecturs, whers sach levd B defined through - oo oo oo ..

the constructs defined in the upper one. This design choices has BML

allzwed to srploit many advamagecus fatures for the s=mantics META MODEL

desfiniticn, since spery item defined i nwhatey e kvl cowld hensfit ; ; M2
from the semantics inher ited from wpper Jevel modek, in ermos __J"::-a'm:.m . ""-._l-:,ctmmﬂ .

both of definition and relticmship. This approach alse grants J ,

_-..-.._--_--_.f'.-..-_-_--_-..-..---_--'h:-.-..-_-_--_-..-..-

coherence among different sub-dormain since, cnce 2 geneml
meta-maedel has been d=fined, it & pomible © define differem
coherent domain modek, used to provids 2 shared meaning to
the businesse= of 2 given industry or community. Morsover this
d=ign choios permits to obtain inberoperability and jnterchanges
capabilities through the MOF mapping echnologiss. As an
esxample, MOF XM (OMG, woeoz) sncoding can be wsed to
transfer medek conforming to the BMWL moesta-model as XML
decuments and to transform the BML mo=ta-roodel ise=l into
an XML decwment, for interchangs betwesn WOF complian
repositories, This alows to translae BML arefacs in formal
Lnguage sypremions that co wd be inerprebed and procesed by
software. The chojce of MIOF B ake relited © the objsctive of
supporting simple and smart softwars depelopmoent processes,
MOF is the mmestne of the Modd Driven Architscurs
(Frankel, 2031 one the most interesting appreaches in softears Ag1

depsdoproent methodokgy. Starting from this basic Zswoption, T BdLgere | anhirue
the BML archit=cture has been designed as shown in Figure 1.

RIS (SR X

GENERIC

MODEL M1

1 Addifional pakage

The I3z bevel @ntins the MOF onst wots, which define the set of S=ments wsed © define met modes (=5, Clh=x,
Attribube, Amociation). The bz bevelcontains the B et -mcde=l that s thessma ntics necemary o creae b mine=s and
domain modek inthe DEE project M respecfically the BrL s -model provides ssvaral pachages thatconstitubes the
BML indormation modd and contins all the primitives necssary to define 4 busine=, Swch primitives areabstract and
ind=p=ndent from specific busine= domain, in order to be imantaed in whatever bmines domain. The inf rmation
at iz bevel B considersd Jong lifecpde informationand requires complex commpetencs in hoth busine== and modelling
fisld; this imyplies that it can bemodifisd o nly by DEE sxperts. This MOF -based osta medesl has been indicaed as BML
1.8, In the M Jevel it has been developed 2 Gever ic Pechege, ontaining cross-domain coneepis and constr ucts (=3,
the @noepts of mice or cusioroer), Mo recver this bepd will contin several busine= Dosrzin Modss 2 repository of
know bedge shared within 4 spedfic bisins=s domain and depelopsd br domoain sxperts or a given community, and the
BMI Mogd s, devaoped by ShiEs to d=oibe themmehes and their servioes. Such modek @n be created imntiating
coneepts froma domain model, from the Generic Fackage and dirscty from the BMWL mo=ta-model,

The definition of the BML se=mantics & bassd on tiwo main key de=ments. From one side, it has been decided
to align it with the main standards for business and =-business modelling. Fist of all, the BML meta-model &
provided with 2 packages structw = compliant © the OMG Archiec re of Business Modeling frammeork [223];
o reover, the specific content of the packages has been developed using as input information coming from other
=-buminess standard s woh as Tk (T HCEEACT, 20030 and <L { Lasik =t al - 1950 1. 00 the other side, from
a theoretical perspective, the meta-moodel has been buikt on the bask of the Tachman Framewor k for Enterprise
Archiecturs (Tachman, 1987). 127
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The resubting /o=t -model & split up inte s=ven packages,
as shown in Figure 2 Cons  OwdneasOrpedizetion;
DhailmsProcmss;  Dhsineslolimebion;  Owa nesaloombion;
BusinessT e b Brsiness O hject, These packages arerelitively
inde=pendent of cneanctherand alkor to obtain the nesdsd

rangs of sxpresivite and fl=x ibility.

Agz
TrEML s S

In more detailk, the Cone package contains the baic dasses
gene iceno ughto bed=finedasa separates=twithin the BIL
mo=ta-medel and sendsd by the other six package= . hany
ofthe elermoent of this package are defined using the =L
oore coun penent Library, The BrainesOnpen zelion mokage

B usinass aime= at describing the wheles crganiation, spediring the
Organizaticn = entitiesimo edintheb = insm, their resowrcsand how they
can interact. The BrsinssProcss package & med o define
the brhaviowral sbements of an crganization. It confing all
the meta - noeps nesded to d= o jbe how the crganization
artually perormes it bsinss, One of the purpose of this
Package is the description of the dependend= =xiEting
behosen partner procss s, modsling the busines actions
and objsck that omts conswme and sxchangs bisines
information. The BusinssProces packages sncompmsses beo main arsas, chessly reled sach other: an agresment ar=a,
concerning parties” sngamements created Ty oo llabo rative activity, and 2 behayiowral ars, rdated © the crganizational
working activities © performa spedfic business. The Busincsiotivetion package aims at describing the Se=mo=nt an
crganization anabrss and settles in order o make chojoms and define its action. The BusinesFren package contains the
meta-moedd for desoibing the svents dble to influsnce the busine= behaviowrs, including rubes abo ot their taoporal
ordering or partial ordering in the busines activity cpde. The Businzsloortion mekage contains the et -moodel fr
describing gecgraphic kocations, business sites, gevzraphic arsas, volumes, and perimeems, politial subdiviicns and
bowndaries, and kogical connections behossn them, Finally, the Brsines i | mokage oontains theb minss data rpes
comstructoss. B allows the modelle to crmtethe grpes needed inorder to model a particula rdomain or b usinesss, witho ut
Ieferences o their o per aticnal features, thatare aspects trpial of programming languaze.

Semantics for Business Vocabulary and Business Rules

During the BML ino=ption and first d==ign phases, whils
ther= was wide cons=nsus about using MOF and 2 mo=ta-
maddling strategy, thers wers many open Eus about the
concrete spntax to be adopted in the framework In this
fust phass, the cntokegr based modelling was the main
] candidate to cover this role. Starting from Tunes zood,
ar L 3 8 gL 1 & the BML team started to hawe interaction with the QMG
Vocabadasy Motam okl

Busine=s Enterpriee Integration Domain Task Borce | BEL
DTF) membas and to sxchanges jd=as and soluticns with
them. Starting fromshared objectives, this interaction J=d
to 4 comagenos toward the concrets syntax propossd

Buslnass

modal ¥ by the BEI DTE In the wider conbext of the Srchitecturs
of the Busin=s Modelling, BEI OTF produced an QMG
Bemwsstfor Proposalin oo OMG, 2003) namesd Brsines
Sevren lics of Busineas R wles | FSER) with the aim of creating
4 concrets syntax =nabling bhmine= propes © moodel

their cwn dormain in a natural lang wage and granting an

eft=ctive WMIOF and XMI mapping. The adepeed s ubmimsion

was the Semrentics of Bwsines Vosbwlery and B nes

Fulesi 3WEBRI (DG, 2o ), that & bassdonb usiness rules
Ag 3 and vocabularjes definition through a Structursd Englih
Te BB achi e notation

Even though, this repressnied 2 very ambitious and risky
128 ohjective, it was decided to sxpho e the pomsibility to adopt
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this innevative standard, cbtaining a new vemsion of the o=ta -model (nam=d as BML 20, Figure ; describes this nme
paspectivein the BWL architecturs As =n szample, the busines concept product, d=fined thro ugh BWL 1.0as 2 MOF
clam= using BML 2.0 is d=cribed as 2 BL Wocabulary sntry (Tables 1

Tabke1
Product
DB finttion businass itam weed for desabing angbl= things or aubatances produced by nabrd process
of rarfachrer
DB finttion the prod uct alows desabing what an organizabon offars bo I coebomer and partnars
(32 nera Concept business am
E:ample roor or food
Conclusion

Some open imwes concerning BML, its adoption and developmoent will be faced in the next future, Eirst of all, the
Pactical application of BML will give the cpportunity to test the architecturs stabilitr, the met-medsl comoplsenss
and the concrete advantages for busine= communitr in adepting the approach. This application & cwrrently has=d
on the BML 12, The immaturitr of the 3EYE standard, and in particular the Lok of specific teo ks, are the main
reasons behind this choices In this perspective, the mestinteresting futwrsd=velpomt & reled to 56Y Rand © the
realization of 2 business modeller. Swch a tool B an SEW R editer that will allow business psople © oete their oen
mods, thro ugh the d=finition of their owen vocabwlary and ruls. At the oo moent, the sditor sits ina prototrpal
fosm the 5 Bew VeR project (TRUFL oo ), that showkd be devsoped from DEE project partners in collaboration with
L S0 LD OO TUTILLLT
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Power Law Distributions in Nature

coper laws d=cribe frequent scaling trends found in nature, in arms as disparate as physics, hickegy, sccickgr,

economy and s=mictics. Amoong many other szamples, Yidondo stal. (1gor) described the body sie spectra

of s=ion (oakeriak in suspen=ion)as 2 Fareto (or Bradford) trpe distribution, which is imelf alse 2 power aw
commonly wedin s noemy for statistical e descr ibing the allo@tionof weatthamongindividualk or theszponential iy
diminizhing returns,

Fower L distributions show Jong rig ht-tailed (s kewed ) distrib utions inlinsar axis plots, but they are often described
br kg-kg phts and, thersfors, they appear as sather linmr distributions with a characteristic skpe cosfbcient.
Howeva, power laws sho wd not to be confused with og-normal distributicns which show a linmr distrjbution in
short rangs koglog plots; power s show consistantly linear trends cver 305 more orders of mag nitude,

FPower Laws can describe the sne=rgr or information transport bebessn hisrarchical lvek of 2 spstem, whether
natuwral (ecosystens) or artificial (man-made). The transport cosfboimt, proportional to the skope of the distrib uticn
function in bog-log plots, can be repr=entative of the stabil ity, fitness and =fbci=nt performanes of asyst=m again=t the
environmental conditions, They can beako used for ameming thesg wilite wo status or suocemion stag = of sy sems
and natural oo wnities (see ako Binalde =t al, zooz).

Scalefres nebeo rhs are a categor po fpower loe distribution netwo rks  Boale freegraphs o nebeo rks havebeen propssd
as generic, petwniversal modeks of neheor ktope bog ies that sxhib it posesr Joe distrib utions in the connesctivity of net-
work nedes (L stal, acos).

Howevar, despits its popularity, there dess not sxita precEs definition of scale-free netwo rks (M2 commen property
of many larg = neteor ks & that theverex connectivities foloowe ascale-free poies -lw distribution™; Barabisi & lbert,
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12, =ither in the context of complex systems or in compuier sdenoes, 3ale-free graphs are, s=entially, oo an
empirical svidencs thana rigorous definition. et Margalef=tated in 1900 that cne cannotexpect “rease nab b= an=neers
from moodelks with constant interaction paramebers". This is, in mature, stable and sBoent spstene, the rdationships
bebwesn the componsnts of 4 systeo are uswally flexible, and show a complex topological structurs that systens
analysts try to grasp, understand and reproduce by means of generative models (sse ek,

The Barabisi- Afbert (BA 1 was 2 simple algor ithm definesd basically in ternes of growth and prefersntial attachmoent
Growth tends to increass & new nodes are added over time, and prefarential attachment describes the ability of 2
node o grab new links, Proportionally, the higher the number of links of 2 nedethe oo re likd yis © recsve new links,
The non-null preferential attachment probability ofa nodecan folkee alinsar function.

The netwos k begins with at brast & connescied neds, and nme nodes are added o the networ b, one at =ach time step.
Eachnodeconnects itself to an sxisting node=witha cortain probability. This probability & proportional © the nwmber
of links that the node already has. 5uch strabegy & analogo us to autocatabptic reaction kinetics, which are pressnt in
moany hicchemial pathways.

Information Management

The natwre of 2 systek complexity and behavio wr is clossly raated to its inbernal structure, In the cas= of computer
n=beorks, as well as cther complex systens, tope gy plars 4 fundamental ro e in their apprent behavio wr. Topekegy
ray be crucial for the systends snvironmoental fitne== and stability : fauht toleranoe, self-healing, s=f oo nfiguration,
selfoptimization, =tc. Al of them areprope ties of matwre sysems .

On the other hand, complex systens are ssantially heerogenecus, and show differentiaed functicnal behaviowr
and hi=rarchical rodss . Complear behavio wr depends (or reliss)on both the systems ©pology and a robust hisrarchy.
Furthermors, topekogy and hisrarchy are closely couplsd and, thersfore showkd not be s=paraely considersd,

Inan open univearss inwhich the nebeork topobogy may changs quickly as nodes join or bmave the community, nee
approaches have to be devdoped in order © sfbciently addres sarch and manag=menttasks. In such a cass, the us=
of global algo rithoos s ne Jongsr possible, Computers will haveto Jearn © manage themsshes in this unbe wndsd and
highly drnamic =nvironment. Thi is something which sach of the crganisne that populate this planet continwoushy
face from birth © death. Thersfors, scosystens and natural oomm unities can be used to help illustrate and imoproves
owr understanding of man - made systens Like comoputer nebeorks,

ot e sys mss howan mviab e robustnes s aga inst o th internalinstabilities and (=xter nal e roumental per turbations
and never collapse whimately, Meheork sensers canstill £l and they do spentually, with increasing s nemicand o cial
costs, ameng other significant drawbac ks, Howsver, to batber comprehend how rob ust scos psiems actwally ars we must
fullr understand the mechanims ata Jovd whers interaction between individwal crganisms eoowr,

The first step to =nable the smoergence of intaliz=t behoviowr, & © Jet the nodes interact fresly with =ach other, in
crder to memorize or recall other nodes and their ineraction sxperisncs . This impliss that they o=t have some
sort of memory. But ssmentialy nodes must b willing to interact with sach other, and to sxchangs inf rmation. The
information that nodss will atberopt o dE==minate & s=entiallr about their cen characteristics and propertiss, but
e=pedally about the s=rvices they have © offer to others. And =ach node remenbers at bmast somoe of the reomived
information input from their naghbering nodes for a lim ited pericd of time, Inbell pentbeha o wr & howsper jista
trproduct or apparentproperty of this trpe of aube Lemme Us Com ownication.,

Building Distributed Networks

The whig uit us presence in nature of 2 spedfic form swch as scale-free & often interpretedas 2 signature of universal
underlying generating mechanisms. One can chmify the complexity of a system according © diffeent oiberia.
This impli= some sort of fundamental knowledge about it. But on the other hand, the lack of knowledges about the
em=rgence and developmoent of complexity and hisrarchi= & still svidentand profound.

There & alse a dear rdationship behessn the sfbcimcy of 2 syste=m (or environmoental fitne=) and i+ int=rnal
structure, But thers js still 2 significant lack of knowledges about how hisrarchy and o moplexity smearges and develop,
Flature s ystens show internal gradisnts of infor mation and complexitr. This fezturs can be wndestocd in termos of
an increasing number of hisr archical bvels. Howevar, in the cass of distrib ued compuer netieorks onecan forcs the 131
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topology to adopt the internal structure of complex scale free systems. This makes the systems more robust against
single point failures, also improving the efficiency of information transport.

On the other hand, when dealing with distributed networks one has to assume that these have no boundaries or well-
defined limits. In other words, a user’s computer will always directly interact with another user’s computer, not with a
central server. And this implies that the other computers will continuously join and leave the network and, therefore,
their information, services, etc., will not always be accessible. The total information available will always be much
greater than that which is accessible through central servers. Information distributed networks will be available in
vasts amounts, although not accessible in their entirety, since they are not exhaustive. Central servers have never been
complete either, although they intentionally perform that way.

The lack of precision in the scale-free definition evidence a still partial knowledge about the underlying processes that
drive to the appearance of well structured systems. However, there is a clear correlation between the overall system’s
efficiency and its scale-free topology. Therefore, in spite of this limited knowledge about the generative processes that
pull systems towards a mature and efficient stage, we attempt to reproduce such structures with the aim of improving
the performance of complex processes or systems.

Preferential attachment is often the main generative mechanism upon which many power law distributions develop,
but it is not the only mechanism that is able to produce scale-free distribution graphs or networks. The main objective
is to scale the proportion of highly connected nodes (“hubs”) and less connected ones.

Hubs play different roles (among the most relevant):

1. Holding the network together, thus preventing fragmentation.

2. Re-organizing the network structure or topology according to environmental feedbacks, promoting the development
of functional hierarchical levels.

The functional presence of hubs is fundamental for the complex behaviour of the system. They are responsible of its
robustness, but they are also its “Achilles’ heel”. The disappearance of a single populated hub may imply fragmentation,
which increases the difficulty of incident recovery mechanisms in distributed computer networks.

The main hypotheses of distributed networks (self-healing, self-organizing, self-optimizing, etc.) rely on the functional
activity of highly connected nodes at different hierarchical levels, hence the importance of the coupling between the
environmental response of the system and the activity of these hubs.

Relevance to the digital ecosystem problem

As mentioned above, the topology of a distributed system is critical in order to guarantee the system performs well
under favorable conditions, and to guarantee that it performs at all under unfavorable conditions, such as random
failures and attacks.

Given the resilience shown by biological networks (of cells, of individuals, ...) and their self-healing capabilities, it is
extremely desirable to incorporate these traits into the design of a digital ecosystem.

In particular, the search problem is one of the first encounters with the radical difference between distributed and
centralized systems. In a centralized system searching for a particular item (data, service endpoint, ...) is a problem
bounded in time. It is also decidable: the central authority either has or it doesn’t have the requested item, and its
reponse will tell which case we're in front of.

In a fully distributed system (that is, lacking a central authority) there can be no guarantees as to whether a given
item exists or it doesn’t exist in the network. The item of interest may lie in a node of the network that is not accessible
anymore.

It is interesting to note that the distributed system is not less resilient than the centralized one. In the centralized case,
the response tells us without a doubt whether the item exists or not, but if the central authority stops being accessible,
the whole system falls down. In the distributed case, the failure of a node renders that node unusable and the items it
provides unaccessible, but the system as a whole is still working. Centralized systems can not say the same.

11/09/07 13:00:20

|
[T (TN



) —T T

I the probability that a certain node in the nebeor kmay crash & b, in the centralized @se the whole spstem wor ks
with probability p. Butin the ditribubed cam e, the probability that all ienms are aocem=ible &:

l p"irms  where n & the numobe of nodes in the neteork

Given that p & wswally b= than 1, the probability of all the #emos being accemible at onoe Esmaller for a distributed
sr=iem than for a cantralizad system. However, the probability that at Jmst one node & accssible in the distributed
=F=iem is:

l 1-(1- p"1m=  whers nis thenuwmober ofnodein the neteor k

This valus & greater than 1-p, the probabilitr that 2 oentralived sysem dossnt &il i pE[oa], which B troe for a
Probability value.

But, in order for the system as 2 whole to be able © kerp running in theface of node failure, the system mustbe able
to find 2 way o reorganize to work around Siled nodes, or otherwss be sxtremely res ilient to thoss ilunes,

Scale free networks mrovide an opportunity to avoid system failwres as 2 resuht of individual node filures, Given their
Poperties, o utlined abowe, they can ako s=archinan sfbcisntway & r nodes thatcan taketheroles of thefailesd nodes,
thersby sxhibiting saf-healing cammbilities that dont degrads the performancecf the sysem.

The power-law tail of the degres ditribution of scale-free nebworks moeans that thers & adecreasing number of nodes
as the degree of those nodes grows, That is, thers are very fow nodes with very high degrees, It is thoss nods that
interconnect most other nodes o fthe netieor b The poses -law distribution also tells o that thess nedes den't connect
exclusively with mch other. Thersfors they are considersd fwhs in the neheork

Given that the sxience of these hubs & known, it B posible to cregte strabegies that improye the pedformance of
search for jens in the distribwied nebeork.

It must be noted that the ssarch probl=m mentionsd above & 2 particular instance of the more general 1-to-many
communications problem.

Ttcan be s=en that the potential of scales free networks with respectto digital scosystems @n noetbe goored,
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asiented architecturs { 50A4) for Small and Medivm sived Enterprises (ShEs). Architecturally, the DEE has

been divided inte an Exscution Environment (ExE) to host senvices, 2 S=rvice Factory to desizn and depdop
servics, and an Evolutionary Emvironment(EvE) to helpoptimiss the system, All three of thess blocks hape sxtemie
requirements for distributed functiconality. Thess needs are o=t by the DEES distributed infrastr uctural s=reices.
This paper introduces the key distributed infrastructural s=rvices of the D EE, highlizhting =ome of the key technical
challenges that they tackls and thefeatures they deliver.

'|-J1.e Digital Busine= Ecosystem (DEE) can be described as being 4 peer-to -per semanticlly-awars ssrvice-

Introduction

The DEE project software has bem architeced [1] inte thres cose spstems: 2 distributed runtime =meirc nment
known as the Exscution Environment - the ExE; an snvironment for designing and implementing s=rvices
known as the Service Facory; and an awenomeous, distributed optimEation syst=rm known as the Evolutionary
Emvironment - the EvE.

Y¥Whil=t the ExE and EvE are both fundamentally distributed in naturs, the S=rvice Facory ako includes important
distrib uted components : thess, for mampe allow constructsd SWE s=rvices © hensfit from shared ontologies and
busine= modek.

TheExE [2] - the pear -to-peer netwerkof DEE 1 unti o — hosis allof the senvios of the D BE. B has thre= main componems:
the=zarvent, which can b= mmideredtc bea DEE s vice oo ntainer; the bocally acomsib beore componsnts, which i opl=ment
fundamental ke Jevel DEE functionality; and finally nebeork addressable s=rvices, which are sther infrastructural or
SE specific. Infras trwchural services deliver o iticl functionalitr such as the dhility 1o Jecate specific GhE services on the
peoer-to-pea network [the F=mantic Registry], the abilitr o siore arbitrary content in a distributed, replicated space [the
D triburd Sosags Srsem], and theabilitr to browse the DEE network using 2 web-like interfacs [the DEE Partal].

The s=rpent, hosted on theSowrceForge moject Swallos, actually provides a o nfiner for service adapiers . This nams
stens from thefact thatthey can providea gateway © sxistings s vices, the ugh nothing in the design or implementation
prevents tham from being full-fisdged, s=lf contained ser vices. The adapters aredeplo ped onto these vent. The s=rvant
creats the endpoints necm=ary for disnts to be ablete coms unethess servics, and publshes thers sxEence.
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The publication of the sxiEtences of sarvior adapbers cnsks of the osation of 2 data item which contains the TEL of
the sndpoint of the service, the modeks the s=rvice conforns o, and additional, user-defined fg=. These data e
are then registered in FADA

The servent also serves as the conswoer of those services, That mens a clist application uses the servent © Jocate
and run service adapters that may be dephyed in a2 remote s=reent. The sxact bocation of the savice adaper &
wnknown o the clisnt, The seneent acting as a disnt of services wes FADA to ssarch for the service the dient wans
to run, gets the sndpoint data and pedorme the neos=ary communications with the remote servent, which then
=pecutes the servics adapier,

The ==rvice adapters are asated with theService Facky, after the s=rvice modding phas= have been pariormad. The
Service Factory also deploys the created serviceadapiers onto 4 user-specifisd serpent.

From an =nd-usa point of view the S=rvice Facory is cmtred on the Eclipss® bas=d DEE Studic [3] devdopment
emironment It includes many =diters and ook © suppert the modeling, implemo=ntation and deployment of
SME services. Fooweper, to allow ontokogies and modelk to be reused, 2 distributed mods repository known as the
Enowledgs Base has be=n implemenied. Rathe than require a dedicated infrastructurs, the Knowledge Bass is ako
heosted by the ExE as a distribued infratr wotural sarvice,

The EvE [4] - the optimEation =ngine ofthe DEE - & d=igned to monite r the conswoption of s=rvices on the DEE
and cver time pre position pointers oo servicss on nods from which they are more likelr to be consumed Thus,
queries will predwos more wmeful resuhs faster It has ako bem designed to support the aubomatic composition of
s=rvices, referencing sz tingatomic(or indsed composed iser vioss imideentirely newworkiows and d=ploring these=
=g wor kflows as e servioess 1o ha psati=fy potential user needs, The EvE has been reali=d by the inplementation
of Habjtats in which pointers to real GWE services can be szamined and manipulat=d. Thess Habitats are ancther
distributed i nfrastructural s=rvice hosted by the ExE.

The key distributed infrastructural servics of the DEE are illustraed in Figure 1. The whtimate purposs of these
s=rvices is to 5 upportthe deployoent of the BWE services, the raien détre of the DEE.

Ag.1
[t bl Inrestmuchural S ies o Hoe DEE

D EE
[ ] studic

DEE Htudic SPAE S=rric=s
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Although implemented as Core Components rather than pure DBE services as such, the peer-to-peer networking and
identity layers of the DBE also deliver fundamental, distributed functionality to the DBE and so are also considered in
this paper. These distributed infrastructural services and components are now described in further detail.

Infrastructural Services

The Knowledge Base [5] service, implemented by the Technical University of Crete (TUC), provides the distributed
storage facilities that enable the Object Management Group Model Driven Architecture* (OMG MDA*) inspired
design of the DBE [6], [7]. In it both XMI-formatted metamodels (models that describe models) and models can be
persisted, queried and retrieved.

Due to the distributed and dynamic nature of the SME-based network, the Knowledge Base replicates data following
a primary/secondary asynchronous model in which one node is always the primary node for a particular piece of
content. Should it fail, a secondary node becomes the primary. Content is replicated from primary to secondary nodes
asynchronously.

To improve the efficiency of queries, content is stored on nodes that already include semantically similar data. This
is achieved by comparing the ontologies and semantics referred to inside the models. Initial queries from a node are
propagated to all nearby neighbours, but nodes store information regarding which nodes the results came from and
over time a comprehensive set of routing information is built up to help direct future queries more efficiently.

The actual raw data in the Knowledge Base is persisted in a native XML database, Oracle Berkeley DB XML [8], which
can be installed to run on the MacOS X*, Windows*, Linux* and Solaris* operating systems. To support arbitrary
updating of content, a versioning system has been implemented that can accommodate both the distributed nature of
the Knowledge Base and the replication scheme.

The Knowledge Base service is used by the DBE Service Factory to save and share Ontologies, Business Modelling
Language (BML) models, Semantic Service Language (SSL) models and Service Description Language (SDL) models.
These models are typically used at design time when creating or modifying a service inside the DBE Studio. The
Knowledge Base can, however, be used to store arbitrary XMI-formatted data in the DBE, and the ExE, for example,
uses the Knowledge Base to store User Profile information.

Whilst the Knowledge Base service largely stores models, the Semantic Registry [5] service, also developed by TUC,
is used to store published Service Manifests. A Service Manifest is an XML document that completely describes an
individual DBE service. It can be considered to be an advertisement for a service on the DBE. It typically includes
copies of the BML, SSL, SDL and BML data for the service, as well as additional configuration information.

Due to the similarity with requirements of the Knowledge Base in terms of data format, distribution, redundancy
and performance, the Semantic Registry service shares many implementation components (and features) of the
Knowledge Base service.

In the DBE, the Semantic Registry now supports the Service Manifest 2.0 specification. Service Manifests are published
into the Semantic Registry Service by the DBE Studio, and are mapped to actual service proxies by the Peer-to-Peer layer.

The Semantic Registry is essentially the distributed service-directory for the DBE ExE. The contents of the Semantic
Registry are accessed whenever a user searches for a service in the DBE, for example when using the Query Formulator
/ Semantic Discovery Tool incorporated in the DBE Portal.

The Distributed Storage System [9], implemented by Intel, delivers a generic distributed storage capability to the DBE.
Essentially it allows arbitrary content to be persisted onto the DBE peer-to-peer network, and generates an identifier
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by which the content can later be retrieved from any node on the network. For redundancy, the content is replicated.
To avoid the distributed system overfilling with content, all content must be assigned a time-to-live by the entity
storing the content.

This time-to-live can be reset by the same entity that stored it. After expiry of the time-to-live, the content will be
automatically purged. Content may be secured by encrypting it before persisting.

By default, the DSS uses the DBE DHT core component (introduced later in this paper) to index the location of
individual blocks of content. However, the index connector can be easily swapped out should alternatives be required,
e.g. for local testing purposes. Alternative indexing mechanisms including indexing using the local disk store, a
centralised PostgreSQL* database and a dedicated DSS Indexing DBE service have been implemented.

In terms of storage, the DSS persists content onto the local hard disk of the machines on which the DSS service is
instantiated. However, the storage layer is also designed to be swappable, and alternative storage layers could be developed
in the future to allow content to be saved in a database, or in another internet-based storage system, for example.

For performance reasons, blocks of content of an excessive size are partitioned into smaller blocks before storing.
When retrieving content, the blocks are all copied to the node generating the request, these replicas then being
available for future data requests.

To cope with the disappearance of nodes, background processes are used to monitor the quantity of duplicates of the
blocks, and replicate them should this number get dangerously low.

For applications that require content to be given particular identifiers, e.g. filenames, a namespace can be overlaid
on top of the DSS. For example, for file system functionality a dedicated file system service can (and has) been
implemented which uses the DSS to persist the actual content.

The DBE Portal [10] is a core service, also implemented by Intel, which provides a user-friendly HTML interface to the
DBE. Typically, each SME has one portal hosted on their servent. This Portal consists of a completely arbitrary website
representing the SME’s business. It includes links pointing to the DBE services which that SME has deployed, as well
as the ability to search for arbitrary DBE services. DBE Portals can also link to local DBE administration interfaces
allowing basic servent configuration and functionality to be administered via the web.

To allow Portals to themselves be searched for, the Portal includes self-registration functionality which automatically
publishes the existence of the Portal service within the DBE’s Semantic Registry. Ultimately, this enables a peer-to-
peer network of DBE Portals to be formed. If the IP address of the SME is static, or if they have registered an internet
domain name, their DBE Portal can also be accessed directly over the internet using this address.

The Recommender service [5], also implemented by TUG, is an autonomous system that uses preconfigured user profile
information to identify the best-matching Service Manifests published on the Semantic Registry that may be of interest.

This ranked list of recommendations can be returned when explicitly requested by a querying application, or
alternatively it can dynamically notify client applications when an update to the recommendation list is made. Thus,
for example, a user whose profile explains that they are interested in low-cost flights could be automatically alerted
when a new low-cost flight booking service is published in the Semantic Registry.

The EvE is implemented in the Habitat service, designed by Imperial College London / Heriot-Watt [11] and
implemented by Salzburg Technical University / London School of Economics [12] and Intel [13]. Although designed
to support features such as autonomous service composition, the initial implementation uses neural networks to
identify services that closely match those that have already been invoked. By clustering pointers to similar services,
the DBE will be able to give better results faster in response to user queries.
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As machines are switched on and off, and the services on them become available then disappear, it is important to
prevent the directory of proxies from filling up with proxies to services that no longer exist. FADA achieves this by
using a lease mechanism. The node with the service registers the proxy to this service in FADA for a certain, relatively
short, amount of time. Before this lease expires, the node re-registers the proxy. If for some reason the node does not
re-register the proxy, the lease expires and FADA removes the proxy from the system.

Whilst DBE uses FADA as a registry for service proxies, FADA also provides searching facilities whereby service
proxies can be assigned tags known as “entries” FADA can then be queried to return not just proxies to specific
services, but proxies to all services that have been assigned certain entries too.

The Distributed Hash Table (DHT) is the realisation by Trinity College Dublin (TCD) of one of the peer-to-peer
overlay networks described in their DBE P2P architecture design [16]. Built on top of the open source Bamboo project
[17] which is maintained by University of California Berkeley in association with Intel Research Berkeley, the DHT
essentially provides for arbitrary distributed hash tables to be layered on top of the DBE network. These tables can
store multiple values for each hash entry.

DHTs employ highly efficient lookup algorithms to locate the values for a particular entry, and each query is typically
routed through no more than O(log2 N) peers. The DHT has redundancy built-in, with entries replicated onto a
configurable number of logical neighbours. Just as in FADA, stale data is purged by means of setting a time-to-live.
Although the DHT cannot support alternative search mechanisms like FADA, it does guarantee that if an entry exists,
it will be found.

The DHT provides the ability for content to be removed as well as added. To prevent unwanted deletion from the
table, the node storing the entry can provide a key, which must be provided if the entry is to be edited.

The Identity core component, also implemented by TCD, provides a customised overlay on top of the DHT that
allows identity certificates to be stored, and various related operations to be invoked. By building on the DHT, the
Identity system automatically becomes decentralised and inherits the redundancy and autonomous management
features of the DHT. In particular, certificate revocations are automatic, thanks to the time-to-live functionality of
the underlying DHT.

As well as providing a distributed key store, the Identity core component provides additional functionality including
the ability to verify keys. All incoming DBE calls to the servent can be intercepted and any identities associated with
the call can be automatically verified. Depending on the servent configuration, calls with no identity associated with
them at all can either be halted or allowed to pass through.

The Identity core component is currently based on the web-of-trust model. However, it has been architected in such a
way that alternative algorithms can be implemented and enabled via configuration parameters.

Conclusion

The Execution Environment, Service Factory and Evolutionary Environment of the DBE all rely on distributed
infrastructural services including the Knowledge Base, Semantic Registry, Distributed Storage System, DBE
Portal, Recommender and Habitat. Additionally, distributed core components provide fundamental peer-to-peer
functionality that connect DBE nodes to each other and provide for service proxy lookup and identity management.
These distributed infrastructural services provide key functionality without which the DBE could not function.
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Existing took and platforns snabling busine= collaboration and oo ntracting are often developed and owned

by Lrges companies and big market bodiss and, henes, comtrally oatrollsd and not fully trused br small and
medium sive snterpriss (GhEs ), Thus, thers is 2 preming need fora o sed and affordable distributed echnokegical
emvironmantsuppe rting the creation of Wirtwal Organizationswith omomen b min=sgo ak and facilitating thecreation,
stability and imprevement of businss scosystan performance ona moors reduced time frame, The chapter proposss
a muhtidEdiplinary st famework baed on cwirent sscurity technologis and reputation mechanisms, A noweel
re==archoonceptofevolutionary trust & identifi=d that reflects the constanty swohing sodal institutional relations .

ngjuJ Eqsys s hays =moerged as a nevd paradigm to supportthesndlss sve Jution o f Fetwor ked O rganizations.

Introduction

Mow-a-days crganizations live in 4 highlr competitive businss =mircnmo=nt where the availibility of low cost
broadbandserviceschangs theway oo mpanies operate and behavein thegbobal market. The recursive usesof transitosy
structurs basedon alliances, mrtnerships and oollaboration is reguired 1 ov e ocoes kecal mar ket limftations and to
Purswe ghobal opportunities, Businsses need a converging and trised technological = ire nment thre ugh which
they @n cooperateand create alliances to purswes busin=s o pportunities and g rowth,

Cur rent neg otiation platfor ms, such as Busines-to -Busines =slsctronic marketplaces and Internet trading platfor o
ha=been d=pelopedin order to hedpthe formation of virtual crganization. Current sojutions arecentrally managed,
normally devdoped and cwened by Lrge comopanies or big market inegrators, thersfore they are net full ¥ trusted by
ShiEs andlor too sxpemsive and hence not widelr used by Ewropean ShiEs today.

A n=w generation of distribubed platforms and services are requirsd to support the svolutionarr and dynamic
nebeorked organizations cwercoming the above-mentionsd probleos, Flexible echnologiss are nesded © =nabls
enterprizes to fhdently oo perate in the digital world towards the creation of Digital Eoosy=tems [ DEs).
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The DE conoept has smaged worldwideas an innevative approach to supportthe adoption and dewele pro=nt o ICT.
In=pired from a business scospstem, a digital socspsem isa sef-crganizing digital infrastructurs aimed at creating
a digital envirenment for neteorked organizations. Howeper cwrmt DE technodogies lack of suitable modek for
addreming properti= of trust and id=ntity manag=ment.

In=pired by the technological nature of DEs, this chaper will provide 2 comprshensive framework wndsrpinning
rdiable and trusted scosy sems commounications . The objective of the framewark & to mrovide ShiEs with a trsed
and secwre technological snvire uo=nt underpinning their busin=s growth,

Chapter Contribution

This chapter defines the basic componsts of 4 gemeric negotiation snviroument that supperts trustsd and
decentralized busine= matracting for DEs, Decantral ation & fioed by negotiations, Trusted negetiations are b ik
on op of reputation modek and siEting secwrity technologies. A new notion of spelutionary trust & introdwosd
bas=d on l=arning, reputation and social institutional trust,

Chapter Qutline

The chapter has the following structurs Baction 2 introduces the concept of negotiation for decentralized business
contracting as inspired by an cngoing EU project, callsd OME . Fext, Section 3 defines the role of reputation modsls
for DE ommuwnication and the intuition for spolutionary trust, Gection 4 owere b=ws Cwrrent sscwrity technobogr and
modek underpinning a raizble and trusted negotiation snvironment, Section 5 concludes the pape and o utlines
future research directions.

Negotiation for Decentralized Contracting

A= already defined in [19]“Megotiation & 2 proces invohving dealing and commuwnication among tweo oF Moo s partiss,
who have different concwrring (non conflicting ) o bjectives, which int=nd to rech 4 rasonable compomiss and a
mutually accepbed agresment on 4 given matter and @omomit © 4 cowse of action”
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trough 4 common snvironment and supporting ook for all the partis invohesd in a negotiation procss, Anyway
cwrrent B2B =-mar kets are uswally oentralized, thersforsnotfully trusted by, and notable © dealwith muhti -mrtrand
mut -Esue negotiations .

In csder to oopewith b usinems o oplexity 2 new approach has been defined to oo pe with distribwed
remo wroszervices and decentralived aspects in Digital Ecosystens. The OME' (Open Megotiation
Environment) Frojsct will d=welop an open snvirenment supporting tactical negotiation and

Ag1 dgresment proomses among participants, This snvironment will support the creation of ¥irtwal
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the scosrstem performance ona more reduosd time frame. At the same time jt will have no central
Fovernancscockpitor conse lefor managing
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gt Sy =
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which expands the personal knowledge base of an actor, and makes possible to speed-up the policy learning process,
exploiting experiences gathered not only by the supported user but also by a community of trusted partners [15]. ONE
will support a model of collaboration and trust based on the idea of “collaborative multi-agent systems’, where agents
work and learn with other trusted agents and develop collaborative learning schemes.

With this intent we defined the concept of trusted negotiations in an ecosystem environment by:

» Securely identify partners in negotiations — provide privacy, anonymity and accountability during (part of)
negotiations;

» Assess trustworthiness of partners based on their past behavior and your (agent’s) own experience - provide proper
reputation models supporting cross-domain reputation assessments;

» Facilitate trust relationship establishment across distributed ecosystems (e-communities) reflecting the constantly
evolving business requirements over time.

Reputation Models for Trusted Ecosystems

Close to business contracting is reputation. Reputation assessments have a directinfluence on a negotiation processand are
strongly linked to the results of bilateral and multilateral contracting. Assessing in a measurable way the trustworthiness
of partners in inter-ecosystem communication becomes a key issue for a trusted negotiation environment.

There are two main approaches to reputation referred in the context of agents. With the first approach, agents use trust
models to reason about the reliability or honesty of their counterparts. With the second approach, agents calculate
the amount of trust they can place in their interacting partners where the likelihood for an agent to be selected as an
interaction partner depends on the calculated level of trust. Either of the trust models aims at guiding agents to decide
on how, when and who to interact with.

To face the decentralization nature of the ecosystem environment peer-to-peer reputation mechanisms will be
provided. Users of services own the best knowledge about the behavior of services based on their own experience.
This experience can be translated and expressed as reputation statements [1,14,18].

In some commercial scenarios peer-to-peer mechanisms are not suitable or easily accepted and so the concept of
trusted rating agencies® has to be provided. Here, partners use trusted agencies to reason on trustworthiness of other
partners (service providers). On the other side, service providers subscribe to rating agencies to be included in their
list of recommended services.

The key feature of an ecosystem is its evolution in state and time in order to adapt and respond to new conditions
without being slowed down by human related factors. In this sense, an ecosystem should be empowered with a model
for decentralized cross-domain trust relationship establishment.

To face decentralized trust establishment we have to look at how to facilitate joining to an online community. Current
security models supporting IT digital businesses are concentrated on establishing trust between entities already in the
network. But what occur when a new organization is joining an ecosystem? And what happen when an organization
already active in one ecosystem is taking a role in another (new) ecosystem?

We need to borrow the concept of institutional trust [11] and analyze the collective behaviour of users when they deal
with digital institutions. Institutions, professional or associations, public administration, to name a few, can provide
trust to newcomers and affect their behaviour when communicating with other partners.

An ecosystem-driven system should provide additional learning mechanisms based on institutional trust. Trustfulness
in one or more institutions (partners) can be initially obtained by examining institutional trust existing between those
institutions and the known institutions by the partner. This will create an independent and evolutionary platform
capable to adapt and evolve on the basis of the evolution in institutional trust.

1) www.one-project.eu

2) See for example http://www.dotcom-monitor.com
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Therefore we identify anew research challenge: combining learning mechanisms with reputation and social institutional
trust. As already mentioned in Section 2, some of the learning techniques can be found in [4,15]. The possible synergies
will open new research topics complementing the concept of trust as advocated in computer security literature.

Security Technology for Trusted Ecosystems

This section provides an architecture and overview of security models and standards underpinning a reliable and
trusted negotiation environment.

A trusted negotiation environment will provide authentication, integrity and confidentiality as basic security
primitives. Existing cryptographic algorithms and protocols will be used and employed to achieve it. On top of
them a set of APIs will be provided, generic and user friendly as well as design independent from the underlying
cryptographic algorithms. The APIs will be easy to use and adopt while providing new algorithms to be plugged
in the future.

Digital identities represent individuals’ sensitive information and are used when individuals introduce with each
other. Identity management becomes a bottleneck when negotiations cross different administrative domains.

There are a number of industrial approaches offering identity management solutions such as OASIS SAML?, Liberty
Alliance* and WS-Federation®.

The key idea behind those is enabling a multilateral federation of partners sharing the same domain (circle) of trust.
Each federation supports multiple identity providers and within a federation (circle of trust) a user may traverse all
involve partners’ services with a single authentication.

However, a proper identity management model that scales to the DE nature should go beyond a federation-based

concept and rather provide:

» user-centric identity management: each entity will be the sole holder of its identity information,

» peer-to-peer or a hybrid (partially hierachical/federated) model of trust relationships between identity providers
(authorities),

» brokering trust of identities and authentication information between different DEs.

Identity management goes hand-by-hand with privacy protection [12]. Pseudonyms are used to identify parties
when negotiating with different ecosystem domains. Pseudonyms can be used to achieve different levels of
anonymity. By shifting the creation and management of identities and pseudonyms to the end-entity, the model
will benefit improved privacy protection (decentralized identity storage) and accountability: allowing users to
remain anonymous while giving service providers strong guarantees about the users’ accountability. Close to our
needs is the work in [13].

Computer security trust has emerged as a major security issues over the last years®. The notion of trust management has
vast meaning and definition as depending on the particular context. Referring to the settings of a trusted negotiation
environment, we focus the notion of trust to the notion of distributed access control and decentralized access rights
establishment.

The basic approach to distributed access control, underlying current systems and models, is the capability-based access
control (see [5] for a comprehensive survey): rely on one’s capabilities to take access decisions. The term credential has
become widely used for expressing digital access rights (capabilities) and credential-based access control management
has grown as the proper model for enforcing authorization requirements in a distributed setting [2,9,3,8].

A trusted ecosystem environment will approach decentralized access rights establishment via bilateral negotiations, also
called automated trust negotiation [178]. Some of the related projects in this field are TrustBuilder” and iAccess®.

3) OASIS Security Assertion Markup Language: http://www.oasis-open.org/committees/security
4) http://www.projectliberty.org

5) http://www.ibm.com/developerworks/webservices/library/ws-fed

6) See the iTrust Working Group at http://www.itrust.uoc.gr

7) http://cdr.cs.uiuc.edu/trustbuilder

8) http://www.interactiveaccess.org
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for supporting reliable and tristed negotiations. Inspired by this, the chapter advocate 2 geeric framework that
wnd=rpms a tristed negetiation snviroment. Drafting the future ressarch dirsctions, the first st=p & © provide the
trusted DE ey ironment with these sscwity echnokegies that are fl=xible and affordable by most of ShEs. The aim
E © form a comprehensive o pen echnical plati rm, we call it s=curity middl=ware, that puts in practics the sxisting
standards and protocoks and, at the same tios, providess sasy adoption and sxtension of new technolog es,

Qntepofthesecur ity middbewars the =econd main stepis to provide 2 proper oodel for the concept of =wol utic nary
trust. Again the aim & to incorporats and rewse (where possible) sxisting reputation mechankms and institutional
trust modes into o e comprehems e reputation framework affor dable and sasy by adepted by ShiEs,

The final cbjective of the work & to provideShiES b usinese= witha trusted and afbo rdable tedhine bog ical =mire nment
through which they can create fotical and strategic alliances and purs ue b i iness o pportunitiss and growth,
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Approach for Cooperation

=pekoping the concept of Digital Business Ecosystem (DEEYL, and implement it at Jocal kvel rough regional

engagement, imbegrate manifd areas of interest, namely Business, Comoputing, risnceand Focie Eoonomics(sees

Hestracher, Kure, Marcon and Masuch, 2ood ). Conssg usntly it represent= 2 high challeng= in communication
and collaboration, different ressarch agenda, diff=rent vocab wlariss and hnguages ne=d © be compured, comagesd,
transhtsd The concept of Digitl Pusine= Ecosystem, in fact, become part of different concephual frameworks that,
br the way, need to be onstantly interlinke=d and sfbcisnty connecied.

The present artide will describe 2 path of interdisciplinary collabosation that ook place in the sscond year of the
Pojetandinwhich oo mopuber sci=nce played a pive tal role, Specifially, in thefollowing, we presentan sfbsctive mans
of oo llabe ration by introd uwing 2 simulation frameworkcalled Evol wtic nary Environment5imwlator (EY ESIh ) (Burz
=tal, 2cod) Treo the main input for the collaboration abowe the B ERIM: the spolutionary agorithns developed
in the sdence domain and the territerial secial network that aross from sodal science fisld ressarch. In pringple
the developmoent of swolitionary algerithins and the analy=k of social networks cowld be performed indespend=ntly,
thersby, how sy, sxcluding any potential of mutual bensfits. In this aspect, the B ESIM can be comidersd a kind of
“middbnwars" bebwean the Matural Grisnceand Social Boisnce dommain'.

The EWESIM is the softwars simulation framewark, which ficilitates the communication bebes=n the Matural and
Social Scimnos “applications™ that po=ibly bas= onsimilar meta-conoepts. That dess notmosn that EYESIM sohes all

1l -.‘I.-::mﬂ.inb‘ln- Lim hic um [':m_:].. midd kv o2 acdberauc 1 hod dac il ke s be cconm unic ol icn bedveen (1] :p_pli.::'lim'n.
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issues of communication but it is a starting point of how different areas of science can effectively collaborate and take
advantage of each other. We discuss in the following the issues in the context of Social Science and Natural Science
and, preliminarily, we describe in details the Evolutionary Environment Simulator itself.

The name Evolutionary Environment Simulator comes from the initial intention to set up a simulator of the so-called
Evolutionary Environment in the DBE project (Heistracher et al, 2004). The Evolutionary Environment is a network
of DBE nodes and services which enable the self-organisation of the DBE network and provide a test bed for various
research topics like natural language business modelling (OMG, 2006), evolutionary algorithms (Colin, 2002) and
distributed intelligence (Briscoe and De Wilde, 2006). For more information on the Evolutionary Environment see
also (Masuch, 2006).

Although the name Evolutionary Environment Simulator results from this particular Evolutionary Environment, the
intention of the EVESIM is not only to simulate the behaviour of the Evolutionary Environment, but also to provide
partners from Natural Science, Social Science, Business and Computing a framework to collaborate and test their
findings together. During the ongoing collaboration in the past, the EVESIM emerged to be a generic framework for
simulating self-organisation and SME networks for a broad audience from different research domains.

The approach of choice for communication and collaboration was to meet the needs of the different partners and
to avoid influencing their very particular way of working as long as possible. Therefore, generic interfaces had to be
found and a couple of transformation modules, import and export capabilities had to be added.

Specifically for Natural Science stakeholders, a plug in mechanism was developed to use both the evolutionary
algorithms developed especially according to the EVESIM model and the evolutionary algorithms with binary
representations. Through a transformation module from binary representation to the representation of SMEs and
services according to the EVESIM model, additional optimisation algorithms can be added and evaluated in their
usage in a DBE. More details about the model used in the EVESIM can be found in subsection 1.7.3. Furthermore,
an XML-based import mechanism enables importing real-world business network data during runtime.

Specifically for Social Science stakeholders, the EVESIM provides import capabilities for Comma Separated Files
(CSV). That enables non-technically experienced people to export data from any spreadsheet software for subsequent
import into the EVESIM. Moreover, the configuration of actors along seven predefined ‘social variables’ influences the
behaviour and set-up of the agents in the simulation. These variables are described in the following.

To imitate Digital Business Ecosystems the real-world behaviour has to be simulated which is achieved by using
evolutionary algorithms, well known from the study of life as explained in section 1.1 “Natural Science Paradigms”
Evolutionary algorithmsare used to find an optimum solution for different types of problems. In the case of the EVESIM,
the challenge is to find the best-fitting service for a specific task of a SME. Thus by using evolutionary algorithms the
self-organizing features of natural ecosystems are utilized to simulate and enhance business networks.

Furthermore, it is possible to check the effects of different social and business parameters onto the ecosystem. To
achieve this, the individual SMEs in the ecosystem are simulated by independent software agents®. These agents can
interact and individually adapt to the changing business needs. The possibility to adapt dynamically to a changing
ecosystem in a self-organizing way is the major advantage of utilizing biological approaches in the Digital Business
Ecosystem. Therefore evolutionary algorithms are the fundamental optimisation mechanism of the EVESIM.

As was mentioned in section 1.1.5, it is hard to predict how a real-world ecosystem will evolve. This is true for a
simulated ecosystem as well. But by utilising a simulator it is possible to find out key parameters influencing the
evolution of an ecosystem. One of these key parameters is the critical mass of participants that is needed to get the
ecosystem work as detailed in (Kurz and Heistracher, 2007). As research on evolutionary algorithms, for example, is
often done on random high-scale networks (Colin, 2002) the availability of real-world data from Social Science would
be highly beneficial to make simulations more ‘close to reality

2) In the context of EVESIM, the terms agents, SMEs and actors are used interchangeably.
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The input of social science in this sense is mainly correlated to the concept of social capital; intended in its broad sense
of relational and business territorial networks. That of social capital is, in fact, one of the theoretical approach social
science researchers choose for interpreting the DBE community building process. From this specific point of view
the simulator can be understood as an instrument for visualize, in a dynamic way, ongoing process and as a tool for
validate different hypothesis on the capacity of DBE to boost territorial social capital by improving the level and the
quality of collaboration among SMEs and other local actors.

Researches carried on by social scientists in the DBE consortium have been focused not on technology itself - considered
as an independent factor of business attitude - but on the correlation between technological innovation and existing
social relations. A key question was represented by the possibility for DBE to reinforce already existing business and
social relationships and/or create new links among local players in this way contributing to improving the territorial
social capital, i.e. the level and quality of collaborations among local players. The main methodology used for exploring
this research’s topic has been that of Social Network Analysis (SNA) The EVESIM come into play after the first network
analysis research, as an useful tool for improving results visualisation and multivariable analysis.

Before describing the concrete convergence between social science research and computer science domain trough
EVESIV, it seams interesting to briefly introduce the theoretical framework upon which the Social Network Analysis
has been based. In fact, it generate by on of the main goal of the DBE project, i.e. to sustain European SMEs by offering
them a process and a technological solution for clustering.

When analysing results from a range of different researches, it emerges clearly that the capacity to collaborate and take
advantage of social capital is a decisive factor in the diffusion of innovation within a given local production system
and in its SMEs. SMEs collaboration and cluster is a well know catchphrase in the innovation debate, however, the
latest research carried out by Censis indicates the pressing need to abandon the use of slogans and focus, instead, on
the various levels of collaboration, highlighting which models they give rise to and which benefits they can bring to
companies implementing them. An approach of this type makes it possible to analyse the concept of collaboration
more systematically, highlighting the way in which SMEs are still too often involved in so-called ‘limited-horizon
collaborations’ that are implemented through the use of shared services, through participation in trade fairs and
by accessing shared credit services. We use the term ‘limited-horizon collaboration’ to underline how this type of
initiative - even when formalised and persistent over time - does not face up to the problem of company development
in project terms. This model can guarantees economic benefits in the short term but should not be considered suitable
as a facilitator for product or process innovation. DBE has been seeing as an instrument for open up new collaborative
process, with a wider horizon.

The advantages of collaboration, in fact, increase in proportion to two factors:
» The centrality of the corporate functions engaged: what is being collaborated on?
» The heterogeneous complexity of the network: who is the collaboration between?

In other words, the advantages for companies increase as they move from collaboration on support functions to
collaboration on strategic functions (R&D, marketing, internationalisation, and so forth) and as they open up their
networks to university, research centres, intermediate actors as Chambers of Commerce and Development agencies
an so on. DBE - thanks to its flexible architecture - can easily adapt to different territorial characteristics and include
different local actors accordingly to their missions and SME:s real needs and by so doing could become a collaboration
facilitator. In order to evaluate in which grade this is not only possible in theory but also already observable in practise,
Censis carried out two different surveys on existing networks and present territorial social capital using network
analysis methodology?.

The role of simulator, here, is that of visualizing and making dynamic data that are normally only static. The simulator
has been used in order to visualize the growth of the already existing territorial networks during the process of SMEs
recruitment. It make possible to picture those networks on which DBE can rely on, individuate missing links, and
give in signs to the SMEs recruitment strategy adopted. Evaluating the networks in terms of social capital is essential
for at least two reasons:

3) An initial definition of social capital is required here in order to understand the rapid conversion from social capital to networks.
In accordance with Bourdieu, we may define social capital as “the sum of resources, actual and virtual, that accrue to an individual

or a group by virtue of possessing a durable network [...] of mutual acquaintance and recognition” (Bourdieu, 1980:22).
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1. The networks, being relational infrastructures between actors, are, invariably, a useful way of defining the context
in which those actors operate, and describe - at the same time - the actor’s characteristics.

2. Describing how the network is composed can help the consortium to understand which are the most important
actors that should be included in the DBE in order to make the ecosystem grow and reach the critical mass needed
to be self-sustaining.

An important element when studying territorial networks is that of group characteristics. In this regard, the research
explored various possible types of contacts that can be considered as different types of collaboration. Possible
relationship were as follows: personal contact; participation in associations or institutional bodies; participation in
projects; sharing of resources; information exchange; and no contact, meaning “I am aware of their existence but have
no contact with them™.

By diversifying the types of contact, we were able to conduct important research into:

» Formal contact vs informal contact

» Intensive relationships, i.e. highly focused collaboration projects vs extensive collaboration (sharing of information
and/or resources)

» Presence or absence of subgroups and types of subgroup: associations, working groups, clusters

Thanks to network analysis first and thank to the simulator in a second step, all those information take the form of
relational networks. Interviewees were given the opportunity to provide more than one answer for each relationship,
meaning that SMEs representatives may indicate different types of contacts for the same actor. Overlaps of this nature,
when they occur, are very interesting because they can function as a tool with which to measure network density.

Indeed, as Portes has stated, “an intrinsic characteristic of social capital is that it is relational. Whereas economic
capital is in people’s bank accounts and human capital is inside their heads, social capital inheres in the structure of
their relationships. To possess social capital, a person must be related to others, and it is these others, not himself,
who are the actual source of his or her advantage” (Portes,1998). In short, social capital exists only when it is
shared. But is not simply a matter of the extent to which people are connected to others, but the nature of those
links. Social capital benefits grow together with the grow of network density. While social capital is relational, its
influence is most profound when the interaction occurs between heterogeneous clusters, as we have mentioned
the “who is the collaboration between?” is a key question. From an economic perspective, several recent studies
conducted as part of the World Bank’s Local Level Institutions Study (Grootaert and Narayan, 2000) confirm the
importance of heterogeneity in group membership and economic outcomes. From another prospective, Florida also
confirmed that the dimension of diversity is strongly connected to the innovation level of a given group or region.
In these studies, the capacity of a group to include a high level of diversity comes across as crucial, since a high
“level of tolerance”, as the author puts it, makes is easier for that group to innovate and, consequently, become more
competitive. Making further reference to the metaphor of the ecosystem, it may be said that biodiversity is one of
the most important conditions for sustaining the life of the system. In light of this, we introduced the question of
diversity. We asked participants to grade the level of diversity in their workplaces, in order only, at this stage, to
help us build up a snapshot of SMEs from this particular perspective. The interviewees were asked to consider a
variety of factors such as differences in levels of education, wealth, social status, gender and ethnicity, age group,
party/political affiliation or religious beliefs and length of residency. In addition to the internal level of diversity
described above, the level of network diversity (i.e. the number of actors with which SMEs interact and the ‘nature’
of those actors) is also important.

All the above-mentioned network characteristics have been introduced in the simulator and constitute what we called
Territorial Social Capital.

In recent years, some scholars have proposed an additional conceptual classification. Called “linking” social capital
(Woolcock, 2001), this dimension refers to a given individual’s ties to people in positions of authority, such as
representatives of institutions, public (police, political parties) and private (banks) alike. Whereas the operation of
bridging social capital is, as the metaphor implies, essentially horizontal (that is to say, it connects individuals of
more or less equal social standing), linking social capital is more vertical, connecting individuals to key political (and
other) resources and economic institutions - in other words, across power differentials. Importantly, it is not the mere
presence of these institutions (schools, banks, insurance agencies) that constitutes linking social capital, but rather
the nature and extent of social ties between such different actors. Defined as such, access to linking social capital is
demonstrably central to producing economic wealth.

4) The social network analysis has been based upon face-to-face interview to Regional Catalysts and engaged SMEs.
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related € the conospt of linking social capital discumsed above: reciprocal trist & 2 precondition for Ag1
C\l:h”-i.b:iﬂ.‘l‘.ll:ini.l'l.dﬂ the g lus that makes it possible i© sngag= with the risks and bensfis of kng-Erm Rp—
Pojectssuch as DEE. SN (YRR, A6

Social Networks present and future
dimensions

A= we already mentionsd, Censis carried on a fistswwey in the assodaed regions o ut BC and Driver SMEY
relationalnestworks . Datagathersd in Aragon have been the starting pointior thecollabosation withcomputer scisnces
specialists and the simulator adjustroent to social scimce needs. In this firts wver 7 typologiss of relation were takes
in comideration:

F pe=rsonal contact

share of information

share of reso wces

partaking in projecs

Participation in amociation or institutional hodies

superfidal recognition

(I knowe themm but I have not contactwethem)

F nocontact

T T TTTYT

In the simulator to sach oonnection typokegies corresspond a different grade of strength that impact of the neteork
grow rate. In the next res=arch, when more GhiEs will be int=rpimesd (drivers, as well s iopleoe=ner and sers)wes
whish to be able to intreduce in the simultor mors varidbles, mainly correlated to ShEs sconomic characteristics
(=zize, sector, twrnover, M. of clisnts and providers and so on) but alse reated to their approach te innovation, ICT
and collaboration and well try © simuwlats pomible immcts of thoss varidbles on the neteor k growth rate, sarvics
migration rake and connectivity rate.

By introducing thes=svariable the sim ulate s will acquire 2 e us = for social scisnce, Beside the possibilityto vEualize
in a dynamicwar staticdata, it will be akse an inter esting it woentfor training and commuwnication. By modifring
=ach s characte Etic, infact, itwo wd be pomsibleto viswalize the o wrputs in term of collaboration pats and related
busines bensits, Introducing thoss new variables will imply 2 modification of the simulators and will require mores
res=arch from bothside, that of secial sci=ncs and thatof o mputer sGenoe. 151
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Evolutionary Environment Simulator - EVESIM

In thefolkwing, we discuss the chnical imopsmentation of the EWESIM. The aoco rding so woecodecan be foundat
(Bur =tal, zood), To keepthesimulations as realisticas posmible whil=atiining the goal of speeding wpthe process of
=polution, 2 nwmber oftools were used © simulitethe DEE system. The EYERIM tackles the goal of having a syst=m
whers the network nodes remember past inberactions with different cther nodes and services to continually imp oes
the syste=m in 2 smooth way, Morsver, the EVESIM providess a simulation framawork with rich configuration and
vEwalisation capabilities %5 baing applicable for diffrent digital sccspst=ms during futurs resmrch (se=Fig. 3.

The implemantation of the simulator jmel required the collboration of many diff=rent disciplines. The EY EGIh{
stnds © bensit from the input of partners concerning genetic akgorithms, global oplimisations, syobicsis and
oo mpetition, sockl networ ks as well as softears sngineering . These growps, conssgquenty, can wtilzs the EY ESLh{
sowrces, Br adding oode and features to this project it became 2 ooss-domain collabo ration platform.

The resubs of the simultions, o ugh, & net claim te be 2 one hundred percent realistic, The intention of thecross -
demain collaberation & to make the re whs more realistic and the EYESIM provides 2 test bed for this sndeavour,
Ml recver, by restricting the variables =med in a system, the disciplines can run firstthers simulations on a restriced
area, =3 high scals networks for genetic algorithos ressarch, and then afteneards apply the algorithnos to a2 mors
ralisticand customized networ kstr ucturs.

Altho ugh the EYERIM model & intended to be as close as possible to reality, the mods represents an dbstraction
larar, which enables the simulation of the behaviowr of sroall real -wor . neteorks as wellas the simulition of weell -
defined problems inhigh-scale netecsks  The representation of ShiEs and sspecially ofsarvioe descriptio ns within the
EWERIM are an abstraction of S=mantic Businss Wocabulariss and Busines Rule (SFYR) and ther=foe 2 mapping
of BEY B kogic int 4 et of faturs (flatening |, which resul=in a simplifi=d oo d that does not take into 2000 unt
the full ==t of SEW B capabiliti=s. 5 F¥R is 2 natural bnguages approach for busines modelling (s MOG, 2005 and
QMG 2000), Mepertheles, this model B 2 comprom s betwesn the ral 5 FFR representation and the abstraction
l=vd that facilitates a simulation that & choess to rality, Additionally, the matching of SEYR modss and it theoretical
implications arestill in ressarchstatus, Commequenty, a bevel of abstraction has to be $ound =0 that a g=neric chjsctive
function @n be d=fin=d, apable of being applied to a broadesr set of service d=criptions (poentially any version of
busine= modelling lang wag=1.

A= delineated as & in Fig. 3, sach s=rvice & representsd by 2 number of attributes . Thess atiributes @n be syobolic
(mlow of acart or numeric (dEownt for 2 price). As spobolic attribules can be simplifisd by uwsing natuwal
numbers, the rangs of dtribukes coukl be chos=n as real numbe=rs fr bath, sFmbolic and numeric val ues. A= SEYE
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decribes oodek and as the ssarch will ko he on thebasis of modss, rmal nuoeric dtribues ar= notths main focus.
Thersfore the valus of attributes within the EYESLM are currently sot as a2 subset of natural nuobers. In case of
s=rvice combinations, the attrib utes of the individual s=rices are merged and conssq usnthy construct 2 new servics
d=cription, =g. a word procssor consisting of word pocesing, theaurus and spell<hecka, The mmopasen of
two servioes is 4 mmoparson of all the attributes of one sarvios to all the atributs of another servios and servics
combination, respectively, When a newe service & proeduesd it appears first in the portiolic of its producer 3ME. The
poduce SME & preent=d by the acio s, which prodwces or offers a services. In case of a2 service combination of teo
exkting services, the actor whe combinsd the service becomes the coener of the newe service, This B why we asume
that additicnal =ffort was nesded to combine sxisting s=rvices. From user perspective for szampls, 2 travel agencry &
the caener of the travd =srvice, though it moersly hooks the @ orspending flig his, the dirpert transfers and the hotel,

The secial nebwork analysi within the D EE currently uses 2 ShE table for retaining the relatio ns hips bebesen ahdEs,
Fows as wel as columns hold the names of the ShiEs. The type of relaticnship & repressnted as the valus in the
intermection of axes. As to provide 2 commen impert from a bread rangs of spreadshest so ftware, the inoport files for
the EY EGlh have © bR Y (Comma Seprated Waluwss) using 2 zsmicolon for semration.

For visualiing thecapabilities of the Evolutionary Environmoent, the oo s, servics and thew ho e nebeork topokogy
can be dsplayed through the EVESIM DEpar (s== Fig. 4. For sach typeof acior, a gicturs abel can be chosen from
the file sysiem to indicate the difb=rentactors in the nebeork. The sdges behessn the a0 15 represent the hidirectional
relatio s hips of two actors. Beside the vEwalisation of the neteor b, a b for displaying the grom Networ k-Fitnes
was intredwosd. The algerithm for cakwating this neteor kfitnes as well as o ther parameters @n be sasily oodifi=d
acoording to the users’ needs,

Services on Used ! Insta nciat ed
Demand Serrices

Ag 3

Servie=C FepezThl bon o' SMEsndHabl ik
Meqedp within e EE T died

o

servieeE [4] serviee L [4]
v 58] |[evinl]  ACEON

Semrice on Qffer
[Portfolio]

Local Servia= K nn

Serrice Pool
Saryio= £ IE'

In order o st up the networ kbased on the sccial variabls d=cribed in Saction 222, we introduced apabilitis fr
vasiable actor configuration. Each acior can be configured akong seven social variables and can be represenied bra
user-defined pictur=and a name. For assig ning this co nfig wation to the SHE agents, teo approaches are possible,

First, a network of 4 region & impored thee ugh a T3V file import and the trpes of actors can be defined through
the ==ven sccial variables, After importing the GhEs in terms of name= and sodal onnesctivity to other SEs, sach
SME @n be amociated with 4 rpe and thersfore the specific behaviow isset, =g, nwmber of services on offers and
d=mand

Second, by oo nfig uring trpes of acio s and including anumber of actors presentin thenetwork,a higher-scals nebeork
can be axtrapolated for testing akzorithoe for certain topo ogies and typs of actors, One important indictor here &
the so-called social @pital that indicates theconnesctivity ofa certain acior with other actors in the nebeork, The ugh,
extrapolatinga networ ki hard and netacurateatall the usage of 1o ug hly defined actors make asimultionefa higher-
scabe nehworkat bestokessr to reality than using arandom networ kindependent of the trpes of regional actors,
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The technicl aspects o utlined here snable the EYESIM to smule hoot-strapping behaviow of digital busin=s
ecospstens tased on real-world-data which B an important feature for providing visualsation-based convindng
formmst for new DEE us=rs md-::ga;ﬂzatbm.

Collaboration: A Process of Reciprocal
Understanding

The collabaration bebessn Social Goimnces and Matwral 50=nos has been focused in the first stepon the posibility ©
transfer knowledges on engaged ShE= © the EWESIM. Social resmrch, in fact, focusess on ShiEs rdational neteorks
and - thanks to nebwork analysk - viswalis the correlation among 5ME=s and other Jocal players,

Thesucces=fultransser of data i afirst reswhtof the o laboration desoibed ey e, B pective data was related toregional
catabrsts (B and Drive BWEsondy and did not impact thegeneral structur=of foesimulator (variab e, GhiEs profils,
algorithm, =tc.). Mow that Implementers and Tkers ShiEs have been sngagesd, new data will be available and will be
integrated inthesimulator thanks to thei putsx port fatur = provided by EY ESIM., This first impacton thestr wcturs
of the simulater is now visible. The connection trpelegies studied 5o far have bem already introduced above, Thess
connection trpokegis go fom personal contact and sharing of resownoes (45 marimwo of connection among GhE=s )
to mors sporadicor absentraations. Those neteorks are not nebeo rks of servioes ( peoes of soitware migrating from
cne ambient to ancther) but relational and b usine=s networ ks of GEs engaged in the DEE. Mepertheles, the tec
lapers - neheor kof servioss and real -weord connections - show impe rtant points of contact.

For sample thres ShiEs jimohed in several projects together may wih to sharean agenda and kek in the DEE

platirm for an agenda synchoroniser, Besides this, face-io -faor or busine= collaborations can have an impact on the

l=vd of trust hetwsen teo snter s, A high degres of trust, conssguently, mar invite one SWE © prefer services
provided br an alrsady kncien enterprise imtead of an wnknowen sntity by this way intreducing an
important dement in the migration pattern.

In both sxamples, areal word connection impacts a digital activity and s=rviceszchangs, Beides this,
the @ laboration developed 5o far provided 2 commen ground for wnderstnding and developing a
comumon lang wge. Thi Ea first siep for real interd mciplinary resesarch,
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The next step was to define different actors by introducing certain characteristics for each actor in a DBE network.
We tried to visualise a possible definition of different actors (drivers, implementers, users, other local actors) in terms
of interactions, i.e. trying to understand if a connection exists between the actor’s role in the network and its level
of interaction/collaboration with other local players. Besides this, social analysis provides a sort of typology of SME
profile in terms of business domain, business organisation and possibly of a service to be requested.

In the future it will be important - again thanks to the collaboration of Social Science with Natural Science via the
EVESIM - to understand the possible relationship between SMEs profile and service migration rate. This will require
further analysis but will be of great impact on the simulations itself. At this stage it is interesting to consider different
advantages that different DBE partners can take of the simulator.

From a computing perspective, the simulator is an important tool for visualising positive aspects of Peer-To-Peer
Networks and self-organisation. From a Social Science perspective and a training respective RC’s perspective,
the simulator can become an interesting instrument for explaining to SMEs and regional players the relevance of
collaboration and of DBE. By modulation of SMEs’ profiles and other contextual variables it will be possible to show
which are the positive mechanisms of knowledge sharing, collaboration and clustering. Besides the potential of
making benefits of DBE visible amongst all stakeholders, EVESIM acts as important building block for the conceptual
study of the intrinsic optimisation potential of the DBE. It offers pre-flight features for further steps in conceptual and
technical development and it makes it possible to adjust technical aspects of the infrastructure based on hypothesis
testing and prior emulation. But not secondarily, it becomes an unexpected field of interdisciplinary collaboration.
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Multi-located ecosystems

The aim of this brisf introdwction & to delineats, wnavoidably in a schematic way, the theoretical approach of DEE's
lecal implementation. In order to do so, ifs fist of all necesmary to clarify the #rm “Digitl Busines BEcosysterd.
The erm, in fact, asmuoes at Jeast fowr different manings in the pressnt volume indicating dib=rent whijscts’ and
diversified fisdds of research.

DEE & the name of the first and Lrgest Ewropean project among the duster of projects supportsd by the Ewropean
Commision within the sector “Technokgis for digitl smsrstens™ of the 0th Fram=work Frogrammes(a 3-pear,

£14m Ewropean Integrated Project).

Howeyer it also refers to:

F theresultofthe inegration the'b usine= snvironment (businss soosys o ) with the sofhoare s nmoent (g ital
=msrsiem ) in which b sinems applications @n be devsoped and us=d;

F the interdmciplinary approach to technologr desizn and developoent;

F the peculiar process of terriborial innovation snabled by the availability of a digital =cosystem.

The chapter we introd wor mainky refers to the st meaning, i =, 2 proosss of #rritorial innevation, It & impertant ©

note thatwe prefer red the term “territerial innevation” © that of “ter rite rial dev s opoent, This for beo main reasomes:

F DEE can be implmoened, and has been implemented, in regions with very different sccic-sconomic and
infrastr wrtural character stics. B can beapplisd to hgging behind rritories as wellas © advancsd ones;

F DEE take the steps from a “relitivistic’ prospective to tersitorial changs, i=. the project dess not indicate one
or another bo@l impleosnfation as best preclices transferable to other erritoriss. On the contrary, the Jocal
implementation process has been imagined & a path that nesds to be carsfully adapied to Jocal realiti=. In this
z=nse, the DEE approach to kecality s strong Iy coherent with the D EES techno Jogical snvironment, which is open,
fl=ible and able o adjust o users’ specific nesds,

IEayT 13acs | |



| ——T T

The above-mentionsd aspsck are crucial: the follwing articks d=cribe diffsent experiences of DEE Jocal
implementation, which indicate diffs=nt pomible wsages of DEE coherendy with pre-sxiting local specificities,
inncvation goak and future orienied visions,

The centrality of local dimension

A= Bavin Morgan (zeo ) peinted out, the debate about globalisation and the digital =ra robably smagz=raed the
o call=d “death of gmography’. The spatial dimensicn of sconomic and secial proces haes been somehow neglect=d
in fvowr of 2 viien in which echnologies oo wd develep new modeks of busines and social interaction semehoe
ind=pende=nt from original spatial dimpensio ns (Cfr. Frisdman, TT., eeos). Beth glebalsation and ICT diff s ion, for
swre, create e flows of information and new paths for cuttural and = nemic sxchangs; by the way, & Apmdurai
L1900) demoonstrat=, w hile cbjects and finances move sasily from one spot of the world to ancther, the ame & not
valid for sremning and knowlegas. A good szample @n be the ‘media sphersin which images move freely from a
country to ancther but the sinificance of sach imag=and the valws asociated with it vary considerablein asociation
with thelocalivation ofthe vimwer (obvio usly other factors suchas gender, age, sconomic backgro undand sducation
dewes matter too), In other terms, information and gocds are moved and diffused thre ugh new channesk and reach neme
tey rite ries while the deoodification of that infor mation and the valus of those goods 2= woe narrows meanings and
are integrated in the pre-szEting bocal knowlsdge and cubturs (organ, 1007

Tadt knowledges and social capital i =, wn-codified knowledgs and thevalus sach persc nandorganization has, thanks
to it relation links, are really more difboult to migrae and transkocate from 4 region to ancther, Meper the b=
those amets are vital for Jocal innovation and ako at the l=pe of single snterpriss, sspecially for ShiEs (Monaka and
Takewdhi, 1905 ).

“Translation’ adjustroent, adapiation become decizive baguss “virtal proximity may wel be 2 surrogate for physical
Poximity in the conext of standardied tramactions, but net in the context of tranmactions which ar= high in
complexity, ambizg uitr and tacitne=" (Morgan, zoo ). In fact this & the cass of local innevation in which we need o
tak=inconsider ation a muhtiplicity of actors, their specificity interm of needs and poss ibi lities, thestructural scone mic
condition and the cuhural reated stides of governances. And this & the cze of DEE regional sngag=ment, «f oo urse,

The procs=s of DEE implementation, in this conext, can be undarstood as the challenges to translabe 3 proces of
technological snviroment devele prosnt and usage in different kocal contexts and maxim ke jts potentialities in t=rm
of economic development, social capital inmprovement, Ict diffusion, and 50 on. A= pointed cut by L. Rivera Teén in
her artiche s=ction 2 of this ook ) Ivesting in DEE jmoplementationis 4o ng-t=rm imestmantin knowe lsdg s creation
and dissemination”. Beside this, DEE implem=ntation & ako 4 proosss of nebeork-builing, it ioply the activation of
muttiple collaboration and the involveoent of diversifis stakeholders {university, intermoediate acie =, ShEs, polics
makersand knowledgs hub).

DBE implementation: key actors

In this proces of kocal knowledge creation and diffusion and of colliboration reinforosment, the role of Regicnal
Catabysts { BCs) has been crucial Regional Catabysts is the t=rm by which the DEE project defined Joal actors that, as
in a chemical reaction, got the role of fadlitating and speeding up the procss of DEE implementation. As the articles
that foleae showe, thechoiceofrecognining one Joal crganization, firmly roctedin the regicnal syst=m as responsible
of DEE Jocal implementation has been 2 sucomsful cne and ifs now rady to be sxperimenied skochers,

But what does an RC have to do ! Begional Catabes s work © create a climabe of regprocal trust in o rder to promotes
DEEappcachlocal sxploittion and thecono sbe imageof the echnologicalenvironment. Itis the F0s that =ngagethe
ShiE=, qoosdinating their training programs in order to support their tecunical systens and monitor their activities,
FCs akeo havethres main goals:

F =ngage local GhiEs

F sustain DEE technolegical devebopment and cusiomization © Jocal needs

F attract policy makers’ jmerest

In crder for ShiEs to make the decEion to =ngages with DEE, collbosating with other companies, share strabegic
functions as well as sensjtive information, it & =mential that they fed they @n count on inermediaris with the
capacity to fadlittethe proces of nebeork building and knewledge tramsser. The concept of trust, already introduced
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in other article (see E. Berdou article in this book) comes into play. The project experience confirmed literature results
about innovation adoption: beside the technological quality of an innovation the trust towards who is promoting such
innovation it’s a central variable in the adoption process.

RCs act as Sponsors of the DBE, and as Implementation Units.

With the term ‘sponsor’ we mean the capacity of RCs to create consensus among DBE and develop an atmosphere
of trust around it; they function as gatekeepers for the territorial community and are able to attract other innovation
leaders as additional DBE sponsor (large enterprises, SMEs, research center, intermediate actor such as chamber
of commerce, development agencies, entrepreneurial association, etc..). The activation of social local networks (see
Kurz, Passani and Heistracher in this book) facilitate the decision of a single SME to get involved. The activation
of policy makers resulted also really important, particularly in some territories such as Aragon. The decision of a
local government to support (economically and politically) the DBE is an additional form of sponsorship able to
reinforce the trust towards it because it helps in achieving an important pre-requisite of trust building: the ‘shadow
of the future’ In order to trust someone (or something like an innovation process) it's important to be sure that
the relation we are establishing in a determinate moment, will have enough time to grow, reinforce and reach first
results. The engagement of local police maker, in this sense, can be crucial in reinforcing an European project such
as DBE, because it guarantee that the innovation will still running after the end of the EU project and, more over, an
investment from local actors and they effective use of the technology assure SMEs that they really believe in such
process, that it’s not a guess, that it’s something that will be extensively used at local level.

Indeed, RCs actually guarantee the availability of technical support, directly or in cooperation with other local actors.
such Implementation Units of the DBE environment, work to ensure effective operational management, cover the
infrastructural requirements, prove technical services and consultancy solutions.

In the pilot regions of the DBE project, the two functions - that of Sponsor and of Implementation Unit — has been
played by the same organization (ITA in Aragon, UCE in West Midlands and HTC in Tampere ), but the two functions
can also be divided and the activities articulated among two different local players. In both cases, the engagement of
other intermediate actors is important. A DBE, in this vision, is not an instrument for SMEs only, but it will enable
territories to maximize their possibilities in term of collaboration and innovation. A Digital Business Ecosystem that
strives towards being systematic in its approach needs to start by engaging companies, but it should not stop there
- rather, it is fundamental that intermediaries and policy-makers are aware of how to ensure that all those that can
provide the companies with value-add services engage with the environment. Resources should be dedicated not
just to responding to their stated needs but also to guiding them towards more complex forms of planning. If the
technological environment is populated by research centers, business incubators, consultants and venture capitalists,
it will succeed in delivering solutions that go well beyond the short term needs of the SMEs, leading them towards
collaborative growth projects that are highly knowledge-based. By participating, the local intermediate actor, will
not only facilitate the SMEs engagement, but they will also reach their own goals (spread Ict adoption, facilitate
organizational change, offering advances training, etc..). Those intermediaries, in fact, can use the DBE for offering
SMEs new tools and methods through which to reach their own missions.

DBE implementation: key factors

The articles of this Section will describe the initial experiences of DBE local implementation and how the process
took place in different territories. In order to introduce it, we'll now briefly describe the variables that influenced
those processes and that may influence other future experiences as well. In other words we'll try here to delineate
those intervenient factors that a new regional should take in consideration when working for DBE implementation.
Important variables are the following:

» Pre-existing socio-economic situation

» Expectation/vision about DBE as technological environment and as a local Innovation process

» Typology of selected RC

» Policy makers'level of interest

» Identified business domain/s

» Technological development of DBE components (possible new releases, new services, etc..)

Pre-existing socio-economic situation refers to the centrality of local characteristics as we described in previous
paragraphs. During the DBE project Census (2005 and 2006) it proposed a method for mapping those local
characteristics: the Regional Maturity Grade. Combining qualitative/quantitative data with Social Network Analysis
it took in consideration innovation attitude, Social Capital and SMEs ICT adoption.
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The s=cond variable, sxpechtion/viion about DEE; indicte the anmesrs © the question “why rou decided to
experiment DEE in powr region?™, That means:

F which bensfits do= a region aspectfrom DEE jmopementation?

F inwhich business sectors do yowr thinkitco wd be more ussful?

F inorder to solve which problens?

F what i the Jevel of tristyow had in it?

The fo ke wing variable, "FC type kg ¥, refers to the nature, the mision and the organizational structurs of sach RO,
whether the territc oy chooses o have one crganization activeboth as Sponser and as Implementation Tinit, or mors
the natur=af its relations with Jocal BME =, d=gsion makers, itermedisdes aco s and =0 on

“Identified Bumine= Domain’ is ancther variable that influsnced the prooss of DEE Joml implementation as =ach
regions can chooss a different approach (use DEE technokgical smvircnment ondy in a specific domain or prefer 2
cross-domain v mion). In the DEE project the busines domain sslection phase ocoupisd not only the first pericd of
the mroject, but abso the folkaeing, both Tampers and West Midlnds regioms, in fact, changed their activity area in
response of specific nesds that arese during the project lise cycle and the pomsibility to t=t DEE ina ==ciorand then
enlarges s fislds of gpplication & always 2 possibility.

With theterm techne kgy d=vekpment of DEE componesnt we refer to the constant need for B0s o stay in lin=with
possible DEE smircument new release or new servioss coming wp in other territories or domains,

The schema below repr=ent 4 pomible inb=rpretation of how the just defined variabl= interacteach cther in shaping
the D EE local implementtion prooes,

Ag.1
Pagional maturbygrads [ EE | oo | imperrenta Dioe il rl s
N S (s
r— _‘“.\\l should Influence
i //' \L
1houd nAusnce thould nluses deimrmira ———————j Engagmmentabrabegy
\ Busrmna doman /a Iden b lad —“/ may nFumno
¥
Erpmctabon o ‘Wadon
N maley rr:::.l.:ll::.lzninﬂ T

The first step wowld be that of benchmarking the regiconal situation using the Regicnal Maturity Grade or another
methodokgy able © make 1 o oplets picturs of the socio -=conomic situation. Inncvation is never only the act of
exposing 4 territory to new echnology but it aheays implis other dimens o s ; amoeng others: cultural s=tting, =0 cial
capital, 5 WEs specificities and approach ward ICT, colaboration and inncvation attitudes .

Wi wowld recommend having an sxtenszive network analysk at regional beeelin order to inercept thess actors that,
more then o thers, can hedpthe prooss of D BE adeption. Gate kespers - aciors that can open the networ kto 2 wider
2o upof umers — canbe ShEs as in the case of Yiest Midlnds, projects asin thecas=of Tampereor inermediae aco s
suchas Chamber of Comumerce, 3Es assodation, Develo poent agendes and =o on.

Afper this ressarch phase, 2 de=r plan of what the DEE implementation geal showkd be, & nesded (in this conext,
Participative methods - s uwch as GOPF or AESW - can help integrating O BE with alrsady sxisting regional strategies
and facilitating the colwboration ameng different Jocal skeshe ders),

Identifring 4 specific busine= domain can be significant; it helps to reduce the complexity and the s=t of
competences that the BCs need to handle and possible facilitate s=rvice sharing . In this phass (the s=cond in the
schema) a fin=tuning about BC grpology can be performed in order to recognize additional Sponsors and the
better Ioplementation Tnit 181
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The sngag=mentsira=gy, defined, as concrebe a0k for recruiting, selecting and training the ShiEs, have to be definsd
coherently . The strateg ¥ adopied in the D EE project (described by Dory Inthis book) demonstrates it © be suocemsful
and fem=ible and it is ready to be esied in other regions,

The schema we propessd & of oo wrss, is 2 “minimalist’ one bacauss, as we mentioned at the beginning ofthis articls,
we too ktheseps from ardativist appreachinwhich sach territory, ®sach ocal commuwnity, sach territorial innoy ation
system has to find jts personal declination of the Digital Business Ecospstem,

Conclusions

That of DEE implementation at kocal kvel has been defined as 2 prooss of ragional l=arning and kcal knowledgs
creation. It impli= an inb=ns= proges of ineraction in which knowlsdgs transfer rum both sxplicitly and ioplicty
thro ugh personal oonfcts and through at-a-ditance commouniation.

Thanks to the actions snd=norsd br BOs, the knowledzs g=n=ra®d by the DEE project can be translab=d at Jocal
l=vd and adjusted i© ShiEs needs and possibilities. Conssquently, O BE as a procss can moeans q uite 4 diff=r=nt thing
in different tar it ries, but in =ach of them it has © took 2 places at the gosming point of differ et actors trajecio sies
and become widdy recognined & signifiant for the kcal sconomy and future, The role of BOs - intheir function
of Gponsor and of Implementtion Unit - has been and will be s=setial in other ferritories not only because they
translaed the DEE knowledge in somoething really soundiyat kocl Jewd, butake bacrauss - thank to their pre-szting
sccial capital - they reduced the uncertainties ahoays correlated ©an innovative procss such as D EE, they assurea
certainstability, which is s=ential for innovation and changs.
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Saction Four

POIicyma kers: haking the region
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beitiandxdom@inel.com

Berband dorp@a by pso-managementoom

Introduction

he di=emination of the Digital Busine= Ecosystem concept is frpically bazsd on the folkowing model. The
Tappmch B a combination of ©p down and bothom wpactions.

At first, 2 tmm engages with the regicnal policpmakers or regional sconomic imflusnoers such as a chamber of
comumercs, regional and'or sconcmic devekpment gmecis and wniversitiss. Thi team can be 2 group of peoples
which Jearned about the DEE and formoed 2 group arcund this conospt, or 2 maors formal consortivm creaed to
hep the demaminaticn of the concept. The objective of this fist sgag=ment & to =xplin the bensfis and iopacts
that DEE produce in terms of regional sodesconomic developoent { foowsing on Zmall and Medium Enterprises).
At this point, jt is really vital © have the endome=ment of the policy makers. DEE provides 2 great varistr of beansfis
to the regions. Its immcts, including an increased oo mpetitivenss of GWEs, are not o0y sconemic, DBE allows the
creation of high-valws jobs, and the construction of 4 social neteork that snables knowledge sharing and fosters
inncvation in the region. Qther aspects of the region will ako be positively impacied: 2 better community (as peope
will workwhere they live) and betber s=rvices Cheatth, sdwcation andlocal government). As for anp wide-scale policy,
shaping the inpemantation of the DEE ina region & primarily a political deckion, as resowrces and infrastructurs
may ne=d © be allocated inorder © support it intreduction, & for szampls when deciding to install and roll out
a Broadband programome, to have 2 Government amisted PO purchass program, to alkcae some loal o structural
funds i© help the depeloproent of the nebeork and servicss; and to suppert BMES by snabling them to allecae mrt
of ther resowrces to the DEE.
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Cince the political decision has been gmreed, ancther key milestone is the appeintrosnt of a regicnal catabest (that
oo whd be formed by ane or 2 gro up of organizations ). This model & quite uniques fo5 the DEE and &, lik= in a physical
raction, catlyzing theproces of disemination and of adoption.

-
%Thc Cigital Business Eocayste m
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From the Political decision to catalyzing the process

The regional catabrst (BT & one of the preotal imtitutions that will make the DBE adoption a sucoems. s roles and

r=pomibilities rang=s from the dessmination of the programme, the adaptation of the DEE to the region, the

communiationofthe results and progres and thessarch for SEs sngag=mantto theadoption of the DEE. The project
team has defined and proved thefol kaeing specific prooss thatcan be srecuwied. B includes the folkowing steps:

F Identifiction of the clusters andfor industry to stact with. This & a key step and nesds to be done jointly
with the regicnal policrmakers, 5ome industries and seactors are ssen as critical for the futurs of the region, and
therefors may need to be addre=sd as 2 pricsity.

F Identification of the drivers and influsnces that will drivethe adoption and the dE==mination of theconept in
the WE commwnity.

F  Communication within the cluster about the wogreas and ake making available DEE services and support
services to widen the adoption { ooming the chasm ).

The Begional Catabrst, with the suppo rtofother developoent sgencies, Jecal asociations and wnivers ities will clam iy
the ShiEs according to a 5 uggested taxone oy (o trpology) o fengaz=ment.

SMEs Engagement

This typolegy has been impired by the concepts defined by Moors® “Chasd (1900 ). According to him, the adoption
of new technologies ina mass markst s notan aubomatic process . In other words, the DEE will need to havea oo
community ofactive develeping mrticipants (Innevators 1within the gro up of sarly adopters.

Even ifsome5hEs are really willing o =ngage, ShiEs need 1 be further clam ified under twe dimensions;
By their ability bas=d on techne kegical { and behavioral) competences, ©;

F um=th= DEE,

P activdy take part in d=veloping DEE components, and

1Ea? 13anx | |



Innovators Early Early Late Laggards
Adopters Majority Majority
2,5% 13,5% 34 % 34 % 16 %
"The Chasm"
Tecnology Adoption Process G. Moore 1991

» contribute based on previous experience or existing technological skills and assets;
and by their willingness to engage in:

» knowledge sharing activities,

» building the DBE (sub)-community, and

» further develop the DBE.

This differentiation results in specific-need profiles, motivations and abilities of engagement in the DBE.

This taxonomy, also called the typology of engagement, has been defined by the DBE team and the regional catalysts
as a way to help the adoption.

From isolated SMEs to Communities of Open
Knowledge...

Under the guidance of the Regional catalysts, and with the availability of services, SMEs, Regional Catalysts, and other
key players will start to create a network and will define a common context and purpose. This is the emergence of a
community. Over time, trust, reputation of members and social rules will emerge and they will constitute the social
rules of the community. This will enable its members to exchange, discuss and share topics around the purpose and
objectives of the community. After some time, the community could expand, and new members may join around the
shared principles and objectives. This process might allow the growth of the overall reputation of the community.
The members will then start to create real knowledge that will be shared and open to all of them. This is the first step
towards the emergence of an Open Community of knowledge.

From Open Communities
to Innovation Ecosystems...

Once the knowledge is shared openly, and trust, reputation and Implementers
social rules of open communities are the rules of the clusters of
SME:s within the region (and possibly with similar communities
of SMEs outside the region, in a digital and virtual community),
SME:s will start to share not only knowledge, but also learning
material, processes and also ideas.

Ability to Execute

The communities, and the trust created between the SMEs,

will foster the innovation and the creation of new value added Discoverers

services and products. This will be also done by including
universities, schools, large corporations and civil services within
the communities, leading the creation of Innovation Ecosystems
within the region.

Willingness to Engage
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Al of this contributes 1 increasing the soonomicand social capital of aregion, making ita “gocd placeto live, 2 good
Place © wor kanda geod pace to invest™, The sconomic developmoent of 4 s=tofShiEs at the Jocal bepel B immcting all
the cther dimensicns of the social @pital of the region Mot ondy the region will howe acces © mors funds (through
tawes, Yalue Added Tax and more Jocal conswmptiony, it will ke have accems 1o a beter digital infrastructure, The
inoease in the availability of funds will =nable the region to invest morein othe infrastructurs swch as schools,
health =ervices, and civic and oommwnity centers. AU of this will hdp to increase the well-bang of Stizems in the
region and the omticn of community activities that will help i increase the social capital of theregion,

The DBE project team... the starting block
for an open Knowledge community
for Digital Ecosystems

A= the DEE is a wery complx oncept to sxplin, which B addresed to s=veral audiences and addresses ssvaral
dimensicns at the same timoe, commwnication, Jearning and marksting des=mination material hape been moduced.
All this material has been produced having in mind the creation of o comm unities. Al the material & available
from the website (¥newdigital-=cosystem.org) and will ake form the building block for the knowlsdge created in
the Digital Ecosysten cluster of projecs. This will hdpte build, share and =nhance the sxperimce and the sxpertiss
around the Digital Ecosyst=os and ake around the sodo-sconomic regional devslpmoent, and foster innovation
ecospstens around Jocal GhiEs, Some sxamples of the dEsemination material of the DBE resuls for mch targeed
audiznceinclude:

F Policpsrelers'comrmrumicetion filar: sxplains to policpmakers the advantages and bensfits of the DEE atthe regicnal
and maoo (=conemicand secial ) bepel,

P Busineis SME filwr: shows how the DEE cowkd be wsed to improws the current busines proceses of GhiEs and
Cregts new o pportunities, This film mainly de=mons trabes the advantages of using the DEE at the micre kvel and
ts benefits for ShEs.

F Technicel filwr: shows the technical aspects of the Digital Eoosysiems common plterm, and how s=reices are
cregted, =xmcuted and consumed.

F Feolutions iy Fueironsent filsr: sxpliins thesvolutionary aspects of the DEE and how this will igmect the DEE over
time. This movie abo shows how sci=noe and ressarch are fully smobedded in the moject.

P Other comrrwnicetion masets, such as the 1-pager (se= abows) that sxplains the cverall project, the impacts on
regional developroent and on all players, are ako available, as well as other Aipers di=memination material
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Introduction

his secticn presents the opportuniti= that a project like the DEE, further to the =-bmines concepis, offers to
-|-a. region like Aragon. Tt ako shows brisfly the inplementation of the sngagement and training strat=gy in the

Aragon region,
The DEE & not only inter=ting bem uss of theinnovative technokegical concepts that theahEs in the region wowkd g=t
E is ako interesting from a political parspactive, becaus =it provides more visibility © the ShE= kcated in the region at
an international kvl It alse helps ShiEs to be oo re competitive sinos they suber 2 o plevel sysiem of drnamizm. This
allyw=allEhEs to mestother ShEs Targs Compani=ipartiss thatwithout the DEE they wowld nevergstto knowabout
All ofthis B possible becaws = the D BE b=t ShiEs describe their ssreioss and produc semantically.

The dynamiEm that the DEE provides wo uld also improve the enberpriss nebecrking, which has already proved its
capaciy to ingmss productivity in seme cowntriss in Ewrope. Finally, the D BE fram=work wowld provides commnies
with =g ual oppe rhunities irrespective of their size, within the nebecrkand inthe mar ketplace,

Atthesametime the projectsuppor s the regio nal T5T ShE= s ince it helpswith the deplormentof technolegical solutions
i final user GhiE= in an o p sowrcebackgro und. And finally, ShiEs bensfitfrom the o pportunity of partidmting and
explaiting the resuhs from 4 strategic project at an international kevel support=d by the Euwc pan Tnien

Why was the tourism sector selected

for the initial deployment?

The DEE echnokegy & amiddbnwars thatcan be applisd to an unlimited number of b usines @ and sscios, Howsver,

in the beginning it was necemsary to concemtrate the sffort on one specific ssctor in order to guarantes sfbci=ncy. An
inten=e in-depth o nsuhlancy study was performoed in different ssciors, and s=veral variables wers anabreed for =ach
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of them. It concluded that the tourism sector is a non-structured sector in the region of Aragon, mainly composed of
small enterprises that have important difficulties when they try to compete with the large companies of the sector. The
objective of the initial deployment was to involve the SMEs of the sector and not the large companies. Large enterprises
already own mature systems and making them participate in this pilot would have been much more difficult.

Some other reasons for concluding that the tourism sector was the most suitable sector to deploy an initial pilot
are that:

» The system supports a high number of interactions among the different agents participating in the pilot,

» The tourism sector represents an important share of the regional GDP, mainly in the rural areas,

» There is a balance of interest among the different actors in the sector, without a clear dominance,

» The sector has the need to modernize using new technology, and as a consequence its learning curve is short.

Which are the bootstrap strategy and engagement
process in the region?

After an in-depth analysis, 4 main profiles of agents were identified in the region. It is important to differentiate

between the agents according to these profiles and their objectives and actions. The profiles are:

» Regional Catalyst. It deploys the DBE platform in the region and oversees the objectives of the pilot projects. It
also coordinates the recruitment and training activities.

» SW Developer SMEs. They develop applications in the tourism sector and have already deployed their solutions
with real user SMEs. They are characterized by their high level of experience in the sector. They are the agents
that have to be targeted first by awareness raising actions helping them to understand the DBE concepts and the
potentialities of this technology.

» User SMEs in the tourism sector. In Aragon, they are customers of the SW Developer SMEs, whose SW applications
are being used in real business. Through this involvement, their learning curve is minimized and the project
resources are optimized.

» Influencers. They take the most important decisions in the region. They are the main political agents and the main
advisors in the region. They receive requests for reccommendations once a project is proposed by a SW Developer
SME or a User SME. If the Influencers are already aware of a proposed project and have a positive opinion of it, the
loop is closed and the success of this project is secured.

The main chain of activities for the bootstrapping process is the following:

» A survey is applied to all IST SMEs in the region, and the SMEs are classified according to their profiles.

» The support of the main political agents in the region is looked for.

» A 'one day' workshop to present the DBE project is organized with the support of the regional or local government,
to which the main SW Developer SMEs are expected to attend.

» Personal interviews are scheduled with the interested SMEs. The aim of these interviews is to structure and clarify
the work plan and the activities of these companies in case their final participation in the DBE project is accepted.
The interviews also serve to explain the key DBE concepts.

Thus, the engagement of the SW Developer SMEs’ was conceived in three phases. The main reasons for following this

procedure are that:

» The feedback provided by the first groups could be used by the followers.

» The first groups help to obtain a more robust platform.

» They can give suggestions on how to improve the architecture and which new features could improve the
platform.

» The last group of SMEs helps to check the robustness and usefulness of the platform (i.e. regarding the management
of the platform and making the platform user-friendly).

As mentioned above, User SMEs have been engaged in the project through their SW providers in order to optimize
the project resources.

At the time this paper is finalized (January 2007) the situation in Aragon is as follows:

» The first group of SW Developer SMEs (4 SMEs) has already finished their deployment. The User SMEs that are
going to join the project (11 other SMEs) have already signed an agreement of participation and they are due
to install the solutions in real business in the weeks that follow. Some new features have been added to their
applications thanks to the new technology. They have also benefited from easier and faster integration of different

168 technologies thanks to the DBE.
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» The second group of SW Developer SMEs (8 SMEs) is still working on their deployment strategy. They have
already defined what they are going to implement and each of them has already selected and engaged a minimum
of 2 User SMEs.

» The third group of SW Developer SMEs (12 SMEs) has just started working. They do not include only SW Developer
SMEs from the tourism sector, but also from other sectors. Like the second group, they have already defined their
future implementation and have already selected and engaged a minimum of 2 User SMEs each.

It is expected that at the end of this regional engagement process, more than 30 SW Developer SMEs and more than
100 User SMEs will be involved.

What is expected to happen after the initial
pilot deployment?

The DBE project itself has addressed sustainability and governance issues. This pilot is seeking to prove the DBE
concepts, and validate the underlying technology. Moreover, it is helping to analyze the possibility of engaging in a
large deployment supported by the SMEs themselves.

One initial achievement has already been accomplished, since the Government of Aragon has launched a call
for tender for the creation of new services based on the DBE Technology in 2007. This call was closed on 30th of
December 2006. The funding is for up to 153,000 euro and further activities are being planned. It is expected that the
DBE will be able to provide more visibility to small hotels, and more dynamism to all the agents involved in the sector.
It is also expected, as a secondary effect, to enlarge the market and improve the competences and capabilities of the
regional SW Developer SMEs. In order to achieve the success of the project in this particular sector, it is essential to
reach a critical mass of SMEs that decide to participate, implement, use and develop these services, in parallel with
other SMEs from other sectors. This development has already started at different levels. Some SMEs are starting to
create small joint ventures to adapt/create products using the DBE. In addition, some important large companies are
interested in the project and its technology for a variety of reasons. The DBE allows large companies to identify the
capabilities (products, services and skills) offered by SMEs in an easy and fast way. Large enterprises can also integrate
their own activities and business in a very dynamic way.

If this milestone is achieved, it is expected that the use of the platform will be promoted in other sectors where the
DBE tools may be a successful key to help unlock the local cooperation and growth potential.
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Introduction

The purpose of this paper is to sxplain how the Yest Midlnds regional catalyst cperated within the digital busin=s
ecospstem project { D FE) babween oo 3 and aocr, O wr position inthe O BE has bee=n that of 2 feam of 0 people in TICE
Birmingham Busine== chool, England. W haye heen sesking i© reach and reo wit some &0 compmnies, who sither
create or use software services, to form a combined o oms -regional pocl of 250 companies whoss collective services
will prpulate the sarly digital busine= sm=srsiem. They rangs from the highly inuevative softwars developer © the
busines willing te try o ut 2 n=w appeach suggest=d by thecatabrst or the innovator busine=s,

At the startof the DEE project in eoo s, owr staff had some sxperisnce of working in a catalyst roles in Ewropean IT
Programmes, =2 we ke in advance that the recruitment and subssquent support of such a lirgs number of ShEs
wowd be d=manding. But by Sepbember of 2003, we realissd that we nesded © recruit 2 new team to oest the
requirements of this project. This procss of growth and sxpansion of o w knewledge and competence has continusd
thro ughoutthe project. This project involved i bear ningaboutthe O BE v Eion (Maching, zooz; Cemnsk, 2005; 3alminem
=t al, 2cog l, and owr own regions IT strategies and e ciations ( Costello stal 2eog; Advantag =Wkt Midlands, 2o og-
a; Bharpe, 2o ; Whest Midlnds Begicnal Obsa vatory, weos -9; Darking and Whitley, zoog ).

Phase 1: The development of the early
adopter group (2003-4)

At the startoftheproject, we faced the challengs of creating a criticl mas= of GEs which wowld then use the Digital
Emsrstem for managing all ther busines proosms fostering innoration and growth. The process of creating this
critical mam had to begradual as thers was nothing to show to them szoept 2 5=t of concepts and ideas. The team
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fumulatedan sngagementstraegy to helpsmall g roups of sy ade pier ShiEs to buy in o the concepis and to jointhy
deveop with us the bensfits that an scosystem cowd offer. This then cowld become the bask for the rsowitment
of many more ShEs with their s2reices, This increase in population wowld creabe the smergent propertiess of an
=cosystem suchas Jearning, adapiation and niche positions.

Qur mrly adopier of “driver’ SMEs weare given small financial s upport towards their totl costs (50% osts upto 4
rmuaximwm o f 12, ee0 swros ). 5o me candidate ShiEs thowght this amo wet was oo small to justify their participation.

L= tangible attractors bebes=n catalysts and their spental BWE oot acos that weofbered included:

1. To beat the forefrontof re=arch i :-:-:I’rwuedmh]:m:nt withIBML Gun biicogystem= Baromlonal, Intel, 3o lut,
and cther university partners,

. T gain a subsidy for sxisting reearch jnterests

. T innovateand havesome help with developmoent costs,

. T haresomeassitnce in the devel posnt of the staft tam

. T =t oo re busine= by connecting with other DEE commnis=s

. Tt take 2 new strategic direction,

T lh L W M

The primary focus during this phass was to svaluate the ICT sector in the Weest Midlnds through mutipls contact
Points, share the O BE vision, sxplain the technebog ¥ initiatives and the b usiness o pportunities theprojectoo uld o fber,
This ed to theexplosationof the busin=s mods of sach individual ShE which had shown interestinthe project and
to mapping ther skill s=t= and sofbears application offrings © the objectives of DEE in the region,

Multipe oneio -one mestings, %o wr wor ksho s and thres seminars © transfe knowledge in the region suppert=d
the training delivery during Fhas= 1. This has been done by d=veleping and using appropriate lrarning cont=nt and
ako reusing content availible in the public domain. Thes= ar= in th= frm of YWeb Artides, Fowrnal Artides, Fews
Fublications, White Papers and Fublic Pressntations.

Given that the DEE was 2 new projectand was gmting disruptivetechno kg y dements, we recognived the need to pay
early adeper SIEs for the work that they wo wid be required to do oo mopared with Lter adopters. This wo wkd cover
the risks thatthe ShiEs were taking on o ur behalf in ermos of prejudicing their commercial viabilite or of the projact
not beoming 4 mainstream echnolo gy indtiaties,

A training plan was formuled to take the fo lowing actions;

F Fush thesarly adoption of the DEE concepis in the region,

F Belect 5-10 Driver SWEs and mable their active =ngagementin the O EE project

F Explin the projectopportunity © regicnal policy makers and IT commuwnity stakeholders .

F Create attractive D EE services to invite 10 o 20 Discovers ShEs to = these sernvices through the Driver ahEs.
F Helpte devdop the regional IT knowledge and businss bass.

F Gustain the regional IT based scone mic developoent.

The deivery of Phase 1| training was mainty thro ugh one-to e interactions with 51Es on 2 monthly bask, group
wor kmho s and seminars . The focus was on the following Jearning blocks:

F DEE vision

F Engage=ment modss

Stratemic bendits of particmtion

DEE technical architecture

Servioes develo poent

Qpen sowrce busines mod=k

Yeb servics and

Bervice orisnted architechures.

s A A A A

The work in this phass g=ne=raed inersst in the project among policy makers in the regiconal d=peloprosnt ag=ncy
and amongst IT secior asseciations and their membears, Tater companiess and public ssctor organizations which
cowld == 2 bensfit from the project sngagsd with us to enviage down-stram d=vek po=nts connescied with their
oL projects.

A= groups met, e allianoes wers formed brtwesn the mrticipants, in some cass producing new business services
which in part d=monstrated some of thepotential capadties of the D EE visicn. W ko sxperienced some limitations
in the ®chnokegr which caussd delay and frustration for somoe of the softears developars who had been keen to
demonstrate secwre and safe services to their busines customers.
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Phase 2-5 Implementing and evaluating
DBE services (2005-7)

The common approach used across the three pilot regions having failed to yield the required results in terms of number

or variety of developers joining the project, the regional catalysts decided to change their engagement processes in

Phase 2 so as to be effective. The key changes were:

» Tampere becoming SME Driver centric — Developing services dependent on communities around the Open PSA
service developed by Bergius for brokering and collaborating work between software developers

» Aragon becoming sector specific - Developing services for the tourism sector and enabling online transactions for
the sector and

» West Midlands becoming intermediary focused — Developing services through three strategies around a regional
ISP provider focusing on SMEs.

The differences in the approaches indicated to us that engagement in new technology interventions work better when
they are aligned to the local regional and marketplace opportunities —as we recognized at the start of DBE- but that
it takes time for the catalyst to learn precisely what form this should take. It may be here that collaboration between
policy makers could in future help project leaders to become effective more rapidly.

Actions planned for Phase 2 of the learning delivery included:

» Development of DBE specific learning material based on internal documentation and extraction from public
domain documents

» Creating regional case studies and customizing materials for each opportunity space such as tourism and
manufacturing to explore business potentials

» Developing business presentations focusing on the business drivers for adoption

» Using multiple dissemination modes such as web logs, web contents, targeted publications and promotion events.

The focus groups for training were: SME Drivers, SME Implementers and the Regional Catalyst Associates. As the
nature of the players varied in terms of areas of interest, skill sets, role in the region, and nature of establishment we
had to design different trainings programmes using different delivery methods.

In brief the training programme delivered during Phase 2 included:

» DBE Technical and Business aspects
ExE, DBEStudio, BML, Business Models, Service Development (UCE developed services), etc.

» Technological Principles/Ideas/Philosophies
Service Oriented Architectures (SOAs), “Software as a Service”, Peer to Peer Networks, Semantic Descriptions,
Ontologies, Open Source/Standards, Model Driven Architectures (MDA), etc.

» Ten Workshops, two “Code Camps” & Programming Sessions

» Four Open day sessions for interested Implementer SMEs

» Reuse of project dissemination material.

The training programme for each focus group during Phase 2 comprised the following competency areas and
activities.

EXECUTION ENVIRONMENT THE FEATURES OF FADA AND SERVENT

AND ITS IMPLEMENTATION REQUIREMENTS

The SME Drivers were required to implement the DBE architecture by following an approach similar to that used
in the implementation of the DBE architecture at UCE. This helps them to host their services and to test the aspects
of finding distributed services. UCE now hosts a dedicated DBE node that allows the hosting of services developed
at UCE and also as an initial node that can be used by the SME Drivers to implement their services. This node
has been actively used for all purposes of training in the region. In order to get the Driver SMEs started with their
tasks, we planned to use the web log (http://opensoa.blogspot.com) documents where there were two example
applications which required the installation of ServENT and FADA on the SME’s computers. These two example
services demonstrated what a real world service might be like and, more significantly, how to create and implement it
in the DBE. The web address of the node implemented by UCE is: http://193.60.142.10:2002/

The delivery methods adopted primarily involved one-to-one and code camps.
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ECLIPSE, DBE STUDIO - BML 1.0, SDL & WRAPPER DEVELOPMENT

The training included a step-by-step approach to creating DBE services. The example services created by the DBE
project partners and the UCE were mainly used to demonstrate how the DBE services can be created. The key
examples used were: Bluetooth, Date Service and Camera Service. The UCE team also developed a guide to migrating
Web Services to DBE. This was very helpful as most of the SMEs were able to relate to the concepts and appreciate the
simplicity in migration from other standards. Further there has been an on-going discussion related to the client UL
Different approaches have been discussed and proposed including Flash, Java Swing, etc.

The DBE project had evaluated the different options and found Open Laszlo to be a good option to develop the
client UI. UCE has focused on this UI development and has developed an example and a tutorial to demonstrate the
superior capabilities of Open Laszlo and its integration requirements into DBE.

The DBE Studio was evaluated in great detail, along with the Driver SMEs, using SWOT analysis also shown in the
picture below. The following points summarize this analysis:

» Gap between DBE Studio and EXE

(code generation and deployment — CIM ->PIM -> PSM->Code)

Defining BML models is UML based and it is not intuitive

There is no clear advantage in modelling services with BML

Require more information related to SBVR - More change creates more work

Versioning and stability have been concerns

vvvyyvyy

The DBE Architecture is very interesting: Eclipse IDE, easy possibility of migration of services from other
technologies.

v

Syntactic and Semantic description of services

NEW BUSINESS MODELS, BUSINESS PROCESSES FOR MANUFACTURING AND TOURISM OPPORTUNITY SPACES
AND COMMERCIAL BENEFITS FOR AN MDA APPROACH

It is imperative to understand that there is no single dominant effect or cost advantage that will provide a long-term
sustainable competitive advantage to a business. The choices of operating business model are based on certain elements
that are dynamic in nature (Alt and Zimmermann, 2001). Business model transformation requires reconfiguration of
value chains, business processes, organization structure and value offerings (Lee, 2001).

Three broad business models are adopted by software developer firms. These are: Open Source Software Model;
Commercial Software Model and Hybrid Software Model. Each of these models has many sub-types which are based
on the different influencing factors. Most of the software developers have traditionally adopted the commercial
software model. In recent times, due to the influence of open source initiatives both from governments and large
firms, the trend is shifting towards adoption of the hybrid software model. In the hybrid software model, software
that has a higher intellectual involvement is offered under a commercial agreement while that with lesser intellectual
involvement is offered under an open source agreement. The aim of the training in this area was to evaluate the
influence of DBE on these three broad business models, their sub-types and the development of new business models
as some of the existing business models are already undergoing a change.

The DBE project provides a good opportunity for understanding the nature and the business dynamics of a business
ecosystem based on Internet-based technologies. This is likely to provide a platform for extending this understanding
to other business ecosystems that are based on other considerations than technology, for example political, economic,
social and industrial requirements.

Since the regional focus for software service development was on Manufacturing and Tourism sectors, the UCE
team was involved in exploring the generic business process within these sectors. The UCE team was additionally
responsible for the development of M1 business models and helped in playing a vital role in the training of BML
1.0 to the Driver SMEs. Also alternative MDA based approaches were explored using UML based toolsets such as
CodeGenie'. This business modelling opportunity provided insights into the service composition needs in order to
serve the requirements of different business models.

1) http://www.domainsolutions.co.uk
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UCE ALIGNED ITS CALL FOR ENGAGEMENT OF IMPLEMENTER SMES WITH

THE TWO OTHER REGIONAL CATALYSTS

The first step was to facilitate the awareness of the DBE project and to create interest for engagement through open
days. Two such open days were held within the region by publishing the details about DBE on the web sites of
regional associates. The open days were organized in two sessions, which included presentations about DBE, business
potentials, service development & integration, regional requirements, demonstration of sample services, a brief hands
on and Q&A for clarifications. In all, eight new SMEs were introduced during the open days. Most of these new SMEs
showed interest in the long term objectives of the DBE project, while showing concern about the research nature of
the project, its commercial viability and also the support for funding.

As part of the Phase 3-5 training delivery, UCE had proposed to continue the training plan as proposed in Phase 2 but to
spend more training time and effort with the SME Implementers. At the same time we were spending time and efforts
towards developing and demonstrating some attractor services including killer application services. The possibility
of making a composite service delivery through the local ISP provider was expected to remain the key focus. UCE
proposed to focus on SME workshops, demonstration events and the exploration of inter-regional collaborations.

Further development of the DBE architecture being delayed, UCE had to decide to manage the engagement process
through the development of a ‘Search and Discovery’ (S&D) service. This was an alternative to the composite service
development planned with the regional ISP. The S&D service was developed using the capabilities of Business Modelling
Language 1.0 (BML 1.0). BML 1.0 would support the codification of skill sets, capabilities and knowledge within SMEs
facilitating a search that is more meaningful and fit for purpose. The search feature would be the basis for linking web
designers and users of web design service — connecting supply and demand. To support this process, UCE planned to
use a public relationship (PR) approach and create specific material for distribution through multiple channels.

A similar approach was planned to support the development of business opportunities for the Jewellery Quarters
located in Birmingham. The initiative was managed by one of the driver SMEs engaged in the DBE project. The set of
services that were explored for integration included S&D and supply chain management to manage work-flow beyond
the boundaries of each of the SMEs

INTER-REGIONAL COLLABORATIONS WERE EXPLORED IN THE LATER PHASES OF THE DBE PROJECT
Particular interest was shown by regions in India. A code camp was convened to create awareness and interest for
participation in the future opportunities in the area of Digital Ecosystems.

UCE has continually explored the opportunities for collaboration with other International, EU, National and Regional

projects. UCE explored possibilities for future engagements. The four strands considered include:

» Centre for Business Software — To support regional software developers to compete and collaborate in the highly
competent and complex software development areas

» Anubis WM - Increasing ICT uptake through micro-financing support

» InfoWeb - Codification of regional knowledge and skill sets using formal and structured languages.

There was a delay in the availability of the DBE technical architecture and this to a large extent created a hiatus in
the development efforts of the Driver and Implementer SMEs. However, our actions focusing on specific services,
target groups, inter-project collaborations, regional catalyst associations, regional development agencies and business
intermediaries have been influential in creating a strong position for the DBE project in the region, and have also
fostered creating successful international links.

Conclusion

We have gradually identified the relevant people and agencies in our region and found how they are prepared to
collaborate with us. Gaining their trust and understanding whilst we have been researching and developing ourselves
has been a patient process especially when we became aware of the different paths other regions such as Aragon and
Tampere were on and trying to keep in step with them. As part of this, we recruited new staff to the team to give
us more technical skills, so that we could take on more work and deal with the needs of the SMEs for advice and
examples of what the DBE could enable.
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Our past experience with knowledge management had given us some feel for requirements, but the DBE was more
complex. We came increasingly to the need to fit DBE with regional strategy and policy in order to relate well to
development agencies and others in the region.

The speed of regional adoption of the DBE was influenced by this absorptive capacity issue —the ability to understand
a new and complex idea quickly, relate it to existing projects and policies, and marshall desirable resources in the
region behind it- gradually took on greater significance and is a current interest.

We now see the value of involving high-level private and public sector people together to achieve the necessary
movement. Looking around our region we see a plethora of agencies concerned with ICT, but the gaps and barriers
between them leave one feeling that greater coordination in the research, development and innovation process is
desirable (Shelton et al.2006a and 2006b).
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computer scisntists and sconcmists can Jmd to sffective knowledge crsation and growth, Bslsvant infrmation

at the right tiroe co wd provids farmers with the appro priate ook © make oore sconemicalbr sownd deckions.
This proeces of decision making cowd mhance their competitivenss and, as a 5= wh, improws wal being. This & the
main ohective of the project “ The d igite! ecospsenr Brsgrickdtwnal livelifood | DF AL,

C-:n:h]:wat.iveeﬁ:ut cf experts from pparent ¥ wnrelitsd domains: faroers and agricuttwral scientists wo rking with

Developing such an scosystem rog wires the depeloprosnt of peer to peer neteor ks, damification scheaoes, control=d
vocabularies theauri authority files, andglossari= as well as the creation of s=mantic standards for szchangs of high
quality m=tadata. The semantic framewor k wo wd compriss shared dat sxchangs stndards and instruments that
wo wh allow s=rvioss szchangs (interoperabilitr) hetesen oo lection of information and knowledge,

Thersis ansed to consult, inform, o rient,and invohse stakehol ders (MG0s, farmers and administrators) in de=veloping,
sharing and refining the content of the open knowledge smee. The & particularly imporant sinee the aim & ©
facilitate int=racticnbetessn prers onall rebvant Eswes and to share resownces and sxperisnces. This paper sxplores
the o wcial sl=ments which Jead © the creation of relsvant content for sff=ctive deploFo=ntand e of sodo technical
n=twor ks in the contextof Indian agricuture, Id=ntifring and applr ing aber native roadmaps for self-= = findilitrand
growth of socie - chnical networks for enhancing knowlsdge sharing wo wd lad © 0w whtimate goal of achisving
regional devdopro=nt

Introduction

Information and comm unications echnokegies (I0Ts) are present (sither in lrge or smoall scale) and developing in
spery ared of sconomic, sodal, and political activity, Due to the neteor king pomibilitis they snable, ICTs reduce
transactions costs and change the struchurs of markets and institutions, resulting in an immediae increasein the
poential valws of human capital, F urther, they smbody ansno oo us amowntof knewledge and can serveto smpowsr
peope at kocal and naticnal bepeks.
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In India, the adoption and developrosnt of ICTS in the agricuttural secior fkes place through tho usands of spedfic
initiatives Jod by o mmunities and develo poent, doner, and business organizations, The inplaoetation of sfbective
ICT deploymoentcan beachallengs for a diffuse network's flocalinnovationsysens, since itrequires kocal know ledzs
Literacy, skilk depelopment, technical capability and =fbort. There &, howsper 2 governoent sablshed top-doen
n=beork of agricuttural sxtension cownters @lled Bk hi Wigran Kendras' (KYEs 1 whichoo wd be used 1© link Indias
geozraphically and culturalfr dispersed s wal commuwnity.

Agricuttural and food secwrity policyrmakers clearly s=e the need for knowledge connsctivity from the acade=mid
res=archinstitubes © thev illagesand then, from theseto the word, The"best practicss @n =nhanceIndia's gricutural
=fbci=ncy, create the “nex £ practioss and promete new opportwnities %o rwal lvelihood Thers isa naticnal ag=nda
for creating knowledge centres in svery villige, Mepertheles, the "soft side’ of this challenge nesds mors atbention.
There & no concerted sffort o create 2 national digital agricwtural knowlsdgs repository that i alive and nurtured
daily through feeding, wesding, and pruning (or snriched by ineractive mage). A hrges mrt of wseful wnstructured
information or tacit knowlsdge remains at kol bevel, Morscver, agriculture js among the most oo oplex commercial
SF= s, since itrequirss inpus from myriads of so woes including soil, water, suvironment, goods, amet and Lbour
markets, A detailed study conduced by the Asia-Facific Besearch Centreof the Sanford Univemsity trisd to ame=s the
socio ~sconamic impactefo major I°T indtiatives in India to condude thatthe mageof ICT was sparss in comparisen
with jt= potential. The resubts of 2 questicnnaire surver appisd © the potential wsers of ICT and ICT providers
{usuwally called “infomediari=™) o sxpl re the gap beteeen actual and potemtial 0T wsage shews that the maje ity
of the users monsider the lack of availability of us=ful content and prograns the significant impeding factors for
the == of 10T, whikt f#meer “informediaries” had a similar opinion. The gmtion, dEssmingion and snhanomant of
appropiae, timely and relevant content for the farmer { ue ) s the foous of the 'Dgike Boospstenr Br Aar icwlbine o
rire! Livelifiood [ DEAL)" projectiewne dealindia crg).

The digital soosy=tem (DE 1 & an appreach thee ugh which one can snsure rel=vant and timely @ nent availability to
the rwral community thro ugh dynamic and amerpho s interaction among 2 muhtiplicte of small sntities to s grport
knowledge sharing, co-oation of knowledges and depeloping new business modek, orecper, the diffusion and ==
of ICT @n be s=lf sustaining and sef=nabling de=pit= wchnologial andliteracy barrisrs,

This paps docwoents cwr szperisnce from being invohed in develping and impementing a DE for knowledgs
diffusicn in rural India, The sustainabilify of the initiative & amcciated with challengess du= to anguage and lit=racy
barriers, reowce sarcitr, dominance of top-dewn selutions and limited sxistence of suwcemful participative
busine= modek. A DE for agriculture gives frmers from b= devdoped and remoe arms opportunitis to
participat in the global sconemy, Thie resubls in drnamic knewledgs sharing and glkbal cooperation amoong
farmoers and the workd community, fostering as a consesgquence local smnomic growth, Co-creation and self-
manag=ment of digital comtents to swppert agricutture and rural livelihood devdopmoent activitis woe wd reult
in acomss © the gppropriate information at the right timoe, reswting in inclusive growth as well as competitive
agricuture, B alsc fadlitate= cooperation betwssn farmers and agricubtwral scientists which & critial for
further echnolkgicl pogrss in agricutture, whether with respect to innovation or echnokgr adopion,

A Pathway to [nformation Design for Knowledge
Diftusion in Rural India

1 ick dbmamination of technicl inde rmoatio n irom theag ricuttural res=arch system to thefarmers, and its adapation
to the different seil and dimatic oonditions will rewht in increased agricuhural prodwctivity. This, the ‘one=-way
route’ of India® comrentional agricuttural sxtension srstem needs rapid transformation to 2 “real time and adaptive’
knowlsdge schangs network The nebeork can provide the necssary traction from other industrial and b usine=
knowisdge management tachnol ogies and pro oss=es swoh as wser to user szchangs, sxpert © scpertexchang =and Khi
criened standards for information storage retrisval and agmregation with analrtics.

Limjtations of the “fce to faoe” Transfer of Technology (TOT ) medel remains a challengs for the public and private
erbesion srsiens since thers are at lmst go0000 moedivm and largs villags= that need o be reached spread overa
subontinent. With the availability of telepho ne and Internet, itis now poms jbleto reducethis gap © alargs =ent, but

1] Hiacalicmied thal 1bcac e cwver 1ow millicn fum familica :.F.l::ﬂ cwed meac 1han 5gcuuu] daodiich and aiz bk 1r.i].h5:|.
[Fai, toesl
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only if an appropriate mix of technologies can deliver ‘dynamic content’ in response to ‘user pull’ Unless the content
is ‘problem-solving oriented’ in order to help farmers take risks in venturing out to crop diversification and the
adoption of new processes, the TOT cannot produce a real impact in alleviating rural poverty through competitiveness
improvement. A digital ecosystem can help break down the barriers in both, horizontal and vertical knowledge, since
it entails a series of interconnected and intra-dependant digital platforms, that are created at key institutional levels
(international, national and local/community), and augmented by technical (ICT) and social networking processes.

An agricultural ecosystem is a unique and reasonably stable dynamic arrangement of farm enterprises, managed by a
household in response to the physical, biological and socioeconomic environments. There could be several interacting
subsystems within this large ecosystem (as at the regional level), and equally relevant non agricultural systems (as the
market system, the rural credit system, etc). Agricultural subsystems include the crop ecosystem, animal ecosystem,
soil, weed and insect ecosystem, all of them interacting and depending on each other. We can also find as part of the
agricultural ecosystem, farm related factors and inputs such as weather conditions, type of soil, stage of incidence or
intensity of weeds; and socio-economic factors, such as availability and nature of credit, costs of agricultural inputs,
price of end-products, farmers’ personal objectives and resources, etc. An ideal knowledge ecosystem for agriculture
would be able to capture all these intricacies and build a large knowledge sharing database to ensure that the implicit
knowledge or experience of one farmer is shared with many others without requiring the ‘face to face’ connection over
geographically or temporally separated regions.

Figure 3 shows the information flow for rural development activities. From the beginning, there was a need to develop
a common ontology, a semantic interoperability that facilitates knowledge storage, retrieval and exchange within the
network among the different stakeholders so that a knowledge ecosystem could be developed. In order to create this
network, a successful implementation of a knowledge system was required. This included the development of digital
content from the tacit knowledge of Krishi Vigyan Kendras (and other frontline entities) through multiple media
(i.e. landline phone, mobile phone, audio-video recording and digitization of paper documents). Open content and
open source optimization was also needed to make the technology tools affordable and available to everyone while
evolving. In order to deal with the language and education divide, “citizen interfaces” to facilitate the access of the
users to the extensive knowledge base were required. Because these interfaces are meant to be easily accessed by
‘rural citizens, they could be iconic, graphical, or symbolic user interfaces that relate to the ontology. Examples of
technology applications are: the touch screen, text to speech, screen reader, visualization and animation, interactive
voice-response system computer-telephony integration and application of wireless data services like MMS. Digital
content interfaces and tools for a easy user (frontend and backend) interaction with the knowledge base using
telephone, mobile data and FM radio were also developed.

Partnerships were created with existing ‘tele-centers’ in rural institutes, village schools and Krishi Vigyan Kendras.
There is an inherent advantage in using an existing physical infrastructure because it only has to be extended to the
project requirements. Also, some of the ICT training can be cost-effectively integrated into the mainstream curriculum
of these institutions. A conceptual architecture of the desired knowledge-net was built after several brain-storming
sessions with the stakeholders of the DEAL project, as seen in Figure 2.

It is clear that, in order to acquire the characteristics of a self-managed ecosystem, ‘interoperability’ is needed.
Particularly in this knowledge-net whose digital contents are created in different forms by its stakeholders.
Interoperability provides potential for guaranteed automation and systemic self-management. Initial experiments
within the digital repositories of the project stakeholders showed that syntactic interoperability can be achieved for
transfer, exchange, mediation and integration of content. This could be achieved by adopting compatible forms of
encoding, accessing protocols and designing guidelines. Identification and naming schemas are important at this
stage for pulling together common information.

During the implementation of the DEAL project, we encountered the existence of several barriers to information
access. These barriers are physical, economic, intellectual or technological, and they usually impede the participation
178 of rural users in the activities that contribute to the digital knowledge repository (see Kralisch and Mandl, 2006).
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The architects and spstem designers did not impose the barriss dirsctly, but ther ackof action and wnd=rstanding
of the oitical user conditions contributed to the formation of thess barrisms, Othe fcotors, such as d=mographic,
gmzraphic, cubural, social, pspcholegical and econcmic facors alo contribute to the critical conditions of users,
Issws= rdated © Information system usability swch & mseof use, ussfulnes (Do i, 10801, deckion sffectivaes, wmer
reponss, and user satifaction (Dodl et al, 1088) hawe been studisd in great detail. Meper theles, ineractions with
foows groups at different agricuttural market pacs arownd Tucknow-Fanpur showsd the necesity of developing 4
maore detailed study focusing in diffr ent s=t o fpriorities,

A gener alframewe ko rwsbdesign that includes human -compuier ineraction theories Piroll L 2001, webs teusability

prindples (Huang, oozl information intens ity paradigms (Palmer and Grifith, 1908) and =-customization moed=s

isalrmdy inplace and it & am=umed thatits boently addreme= the g uestion of the definition of broad guidelines for

designing any sucomssful website. Following this minciple, it was &swoed that inorder to haove 2 sucossful website

wniversally accepied (and thersfors ako in Indial, it shewld have accurate, up-to-date and pertinent content. Ao,

itshouwd be user-fri=ndly cimomied © mrticuar wmer groups, and tailorsd o speific grographical nesds, In the

caseof rwral India, it was found that the challemg= i© agricutural and rural livelihood website wability arise mainky

becaseofthe spacficty of local needs and the great diversity of thelocal conditions. Themajor challenges id=ntifi=d

wer

F Foor lieracy sate. Low use of writen information in daily life and high reliance on oral commwnication for
know bedme transser,

F Bemote village kocations. Geographical dktnces compo wnding problens of depend=nce on interm=diarissand a
nex s of exploitation through information asymmetry.

P Abseuce of information in vernacular Jang wges (hoth 2 @us= and an of=ct).

F Unavailability of sconomic, bow-cost selutions, Any technology solution aimed at beausfiting rural India must be
aftordable and ke cost. The percsived sconomic bensfits of such an =nd=mwer must be higher than the ot of
switching over to a diferent technol ogical sojution.

B ut thers weres more lemons, The project soon reveaded that without 2 s=f managed svolving, soospstem wor king as
a knowledge repository the sditrial over had remainsd high and sxpensive. Users must be able © co-omte content
and this comentoo wd be ako“agged in orde © be realled and reused inmulipls onexts.

The initial research at DEAL showed that the sxistences of 4 number of desired fmtures in any ICT system sspecially
demigned for rural India beads to higher user satimfction. Swch fegturss aim to satify one or many of the following
immedizte user objactives:

P Ea=e of accem and ks cost of transaction

F Up-o-dateconent

F Larout design, consistent themes lrading to =¥ navigation
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I Higher interactivity
F Accemibility through mubtipls oedia (prticwlarky voics) and higher use of non-te tual info rmation
F Languags options

Wilritten information & a challege, sspecially at the monent creation shge, beauss most of the farmers are guasi-
Literate. Wudic-oonient s often the only war wnder whichwe canoperate. Audic-comentis msy and natural to create
and & a conssq wence it is sasily accepbed by the creatr, the list=ner and the commounity. Meverthe ==, indexing and
saarching “audic ~content poses problens and requwires manual inervention.

Figure 3 shows 2 sample mees of the user inerfice addreming some of thess jimwes. The user IDs and pazswords are
introduced w jth the hapofions. Thealphabet consists of icons of fruits and vegetables and the wsers can spell’ their
user names and passwords using this atphabet (=, the user can choose=a tomat, bee anions and a potto as the “Teer
Mame' andancther such combination as the masword),

A compuwier bassd platform appears difbouwht o maintain becauseof various resons, Thers & the costof the computer,
but thers are ako problems related to the eratic power and dectricity provision. One nesds © think of backup power
=0 wroes Like batberis, wnintsr rupied power supplies and generating s« making the feasibility of the whele solution
wnb=nable. & mobile device likea phone ora PDA, appears to be themos tappropriates dslvery platform.

The DEAL project thus revaled that ICT ok and techne kogies oo whd make knowledges and'in the fisld sxperisnces
(in theform ofdigital content) widelr availabl= Ethnographic obser vation guided design principles, which improved
the accem and accsptancs by rural citiz=ns. Mepertheles, the mainenancs drnamic updat=and snhancement of the
digital contentnesded regular sditorial inber vention and the preces of finding and ass=mbling infor mation remaine=d
Lirg=ly 2 manual task Interoperability is needed in arder to achisve automation and systemic s=ff manag=ment in
the knowledge net, becauss digital conbents are created in various forms by different stakeholders. Whils initil
experiments showsd that swch spntactic interoperability can be achisved and snforced with the use of 2 corporsats
extranst, continue i socic -echnical diffic uti=s and the sxistenceof muttipes hardwars!softwarein the nebeork pose
poblens in the domain ofrural livelihood.
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Athe ugh the bensfits resulting from the DEAL project have not been formally docwmenied, some obs srvations can
b= made First, the scosysterd approachsped upthe procss of identifimtion, developmoentand wpta ke of innovation.
Semnd, s wal sutreprenswrs bansfited from theproject beguss the OE had ped them to imprope the r acomss to mar kets
and'or supply chains and provided them with a broadsr bass for decEion-making.

Ml recver, it has heen reported by seperal researchers that in many kecal communities ICT has increas=d botiom-up
particpation in the gover nance procss and helps to sxpand the reach and accesibility of gover uoent services and
public infrastructure {Dossani, Mikra and Thaven, zoos). W have not ested this in the DEAT project, primarily
becasethe mandateofthep cject was more focumed on creatinga selfsusta ining ICT plati rm rather thanconducting
a social sxperiment.

Conclusions

A digitalb s iness sosy siem, as 2 plati rm © foster b us iness nebeorks bassd o nadynamicand amo rphe usineraction
among amubtiplicity of fims, is asdfsustaining meschankm o fICT adoption and d=wdopmoent Itsuppe s ko wlsdze
sharing and skill d=velopment. Thi paper anabrzed the “learning from using’ s=mantic web techno logis o construct
agricutural portaks that addres the need for customization and Jocalization at the rural bevel, The digital scosyst=m
for agricutture and rural livaihocd (DEAT project & an ambitious web based initiative that coordinates back-=nd
infrastructure, media chnology and knowledge in arder © make agricultural content aocessible through muhtipls
channss in rural India, Itatbemopts to overcome hnguage and livracy barriers br the develo poent of iconic, syobolic
and visual cverlays on know bedges maps . Existing Krihi Yigran Kendras serve as nods and catabrsts for knowledge-
dr ren self-genesrative seciceconcmic devele poent that nurturs innovation in rural liveliheod mode=k. By activating
andlor strengthening knowledges, skilk, technologr and mar ketlinks, the DE & an instrument to pressrveand nurturs
the wisdom of the farmers while imoproving ther agricuwhural comopetitivensss .
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Introduction

strategy are increasingly taking this nesd ine consideration in the rmoedi um - to Joang- #rm panning. o nomically
sustainable bocalcommunities arev ey important forthe developoentof regions and for safeg warding theidentity,
cwhure and =@ nomic devdopoent'y ability of thess regions

Em’bli:g sustainable k@l commuwnities is 2 high micsity for many regions of Ewrope, Policy and secic -sconemic

Competitivenss within 4 gkbal Digitl Exnooy is ssential to sustain Irelnds current sconomic well-being,
and all businemes will need to be knowledge -driven and drnamic within a digital contart Gmoall-to -Medium sied
Enter prises ( GhiEs) ars vital to the Iishecone oy and, & B thecaseacros Ewrope, are particularly at riskoffalling to
the wrong side of the Digital Divide,

The Project

This Irish initiative wil ldr o directly on theo wputof the DEE project. Intel Irelend'as 2 partnerwithin the O BE project,
in oo pearation with the Mational Tnaihrteof Regions! end 3 petiel Analpsizi MIREA ), proposs the sstablishroentofsuch
an COpen and Connecied Platicrm © snable the growthof wrgebed [specific] businss ssctors! clusiers in Irsland. The
intention & to draw dirscty on the sxperisnce of the other international pilets that are already upand running. This
initiative cowld be the first buibing-block towards a networ k of regions that would snable the cross Sertilization of
knowledge around Digitl and Innevation Ecosystens and contributetowards snabling the sxchangs of infor mation
and b usine=s -to-b usines tramsactions behese SEs from thee regions,
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Technically the digital platforms will be created with the following value propositions. To:
Create initial web presence for SMEs.

Broaden market reach for SMEs.

Make service providers easily available to SMEs and their Customers.

Facilitate value chain creation and expansion among SMEs.

Generate innovative, inter-operable ICT applications by and for SMEs.

vVvvVvyVvyy

Facilitate regional and cross-regional/cluster growth via extended product and service offerings and broadened
market reach.

v

Assist business and client decision-making and day-to-day productivity by developing an integrated information
platform using GIS technology to provide more, and higher quality, data to SMEs and their customers.

Potential Impact

This Open and Connected Platform will lower the cost of entry and lessen technical barriers for SMEs, enabling them
to realise the potential of on-line and connected business interoperability of SME applications, which in turn will pave
the way for SME involvement in the knowledge economy and thereby increase their competitiveness. The enhanced
cooperation between SME:s in a given sector, virtual cluster or even in a particular region, will also have the effect of
increasing the trust, cooperation and knowledge sharing required to enable that knowledge economy to thrive.

This initiative is also one of the building blocks for the creation of sustainable communities. By adapting itself to the
regions, the DBE' will form the main knowledge and exchange platform that will not only enable a better creation,
exchange and sharing of knowledge but also facilitate simultaneous real-world business transactions. The platform can
interconnect with other relevant players of the ecosystem/s, such as schools, universities and local government. The
large scale regional ecosystem can become digitally enabled, active, and interconnected, and evolve with and support
the region, thus facilitating the emergence, growth and sustainability of the social capital of local communities. As the
local community enlarges and gains strength it becomes more viable and attractive to other regions/value chains etc.
And so the chain evolves and expands.

Potential Sectors in Ireland

Several enterprises expressed their interest in having a Business Ecosystem deployed in their area. Thus, leveraging the
expertise gained via the DBE project, together with NIRSA, Intel Ireland has already explored a number of potential
initial sectors. Particularly suitable sectors include Biotechnology and Digital Media in the greater Meath/Kildare
region. This region located in the greater commuter belt of Dublin (and which can also include Dublin city), is
particularly suited to, and interested in, the application of DE technology as these sectors in this particular region
provide suitable SMEs for DE application and also an availability of suitably skilled labour. This region is synonymous
with a large, highly skilled workforce which endures an arduous daily commuting to the capital for work opportunities,
whilst there is a concentration of SMEs in the area, which if more digitally enabled and interconnected could provide
welcome local employment.

Current/On-going Status
of this Irish Open
and Connected Digital Ecosystem Initiative

At the time of writing, this initiative has been welcomed by Irish Development Authorities and research into specific
funding mechanisms is now in place. Local development authorities have embraced the DE approach/concept as
not only suitable and applicable to, but also viable for the Meath/Kildare region, both in terms of short-term local,
economic feasibility and long-term strategy.

Intel and NIRSA? have put in place an official proposal for the implementation of an Open and Connected Digital
Ecosystem for the above region and are identifying specific SMEs for initial implementation.

1) Reference DBE: www.digital-ecosystem.org and www.digital-ecosystems.org

184 2) Reference contributing partners to this proposal: www.nuim.ie/nirsa and www.intel.com
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We are looking forward to, not only enhancing this Irish region’s cultural, social and economic viability via Digital
Ecosystems but also enabling its cooperation with the already existing DBE pilot regions and thereby contributing to
the ongoing proliferation of Digital Ecosystems across the Europe and beyond.

It is our aim to ensure a suitable and successful application and implementation of the DBE architecture and
concept to the benefit of this region, its value chains and development strategies. And in turn, substantiate the
necessity and viability of applied Digital Ecosystems to SMEs across Europe, in this case, in Ireland, a hot bed of
ICT innovation in Europe.

Ireland’s Heritage Capital

For your free infermation pack o 1850 300 FE9 WA '.'.'.n'IEE‘lH"I OUrISm. &

Future possibilities

The potential of using and re-using the technological assets (i.e. the DBE platform and its components) as well as
the results of the extensive research achieved by the DBE project team in the various domains triggers the possibility
of creating a data Commons platform for Ireland. This platform could facilitate the interoperability between the
different County Councils in the Country, enabling them to exchange information, as well as services. In addition to
enabling enhanced interoperability of the County Councils and the possibility to create new services for Citizens, this
platform could also offer access to the data and information available from these local government agencies. Citizens,
companies, government departments and universities will then be able to access all this information.

dbe_book_DEFLindd 185
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Abstract

mongst the smergent fornmes of collabo rative use of digital Echnologies it is posible to identify an innovative
A practise and =x perimentation, the Brazilian =x perisnce of the Ponosde O hine', 4 pricsity action within the

Frogramme “Cubura ¥l of the Minstry of Culture of Brazil that contributes 1o the creation of 4 grasroot
digital scosyst=m promoting Culture, Education and Citizenship. The mosthedo ogies of transfer of knowlsdg= and
the proceses of collaboration and cooperation sxperiment=d in the d=plorment of the Pontos de Cwltune can help
to enhance the training and knowledgs contents, which in the digital busines scosystem (DEE) still appear to be
rather rudimental.

In additicn the teo initiatives wowd complanent sach other, representing an intsr=ting cases of cultwal cross-
fertil mation. The usage of digital scospstem techno bogies within the ¥ Pontos™, and its adaptation o Jecal nesds, wowkd
turn the “Ponhos™ imto incubators of new sconcmic activities, contributing to the smnomic sustainability of the
“Pontos™. Each “ Pontos™ and =ach commuwnity oo wd bemme 2 DBE and will contribute © the constant swolution of
the network of digitl sosrstems and their scension,

This paper presents the sxperisnce of the deployment of the “Fontos @ Cwlbwne™ in Brazil and jts transposition
to Ewrope.

1] hﬂ.]:!:'u'ww.i:qu.ra..gw.'bHpmg:uni:._e_a.msfcuhuu_vhwp'ag:una_cu]tu:ujm'p-nnt-o:_-i:_qutu.ra.n'jn-i:l:Jmu]
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Introduction

Brazil constituies a very interesting cas= study #or the approach being adeped o “anter into the infor mation socisty™.
Qver 2 few poars, Brazil has d=veloped its cen way of bridging the =x Eting gaps wsing the dimemination of digital
technologissas aqualifring fctor of overall development. B uikling digital inclusicnpolicies, the Brazilian Gover nment
basedits choice on ke fuctors concerning the specific socio ~cuhlural characteristics of the cowntry,

Brazilian socisty is characterized by an anthropological complexity with the coszistence of diffrent “sub-culttures"
that have been able to mix and create 2 spedfic cultural identity that finds i= higher %rms of sxpre=ion in the
Brazilian music and dance, These forms of sxpresion represent an slementof strong inernal cohesion andof strong
cwhural identity i transmit to the o u=ide & s=cond key slement in Brazilian sccisty & the strong commuwnitarian
basi of socisty: groups of prople sstablish relations of solidarity © promote many initiatives and to crganize their
social lise { Bawman, 200 3). The BraziliantGover nmoents po licy of digital inclusion, and in particular thedigital cubtures
policy of the Minkter of Cutturs, contred aro und thees =0 cio -anthrom logical fctors, has shown o beeffective,

The choiceof echnologicaltoo ks hased o fr e softearsand the collaborative and o operative approach tedig ital cuturs
contrib uied to the suwcems of this policy. Through the creation of ams (“Equips™) composed of poung ressrchers
and free scftware devdopers, they abo dewskped the methodology to share the knowledge and dEseminas the
technological comprt=noss © the highest number of people, which now master the echnokgi= and the production
of contents, As 4 conseguence of this stratezy, thers & oday in Brazil a largs and growing numba of motivated
comumunities of users and producers of contents and technology. Thess commwni tiss constitwtesthe drnamic sl=ment
of acomple digital cultural scospstem andare able © Eoducs contents, provide services and to sxtend their activities
beyond thenational horder thre ugh trans naticnal cooparation. Thesxperimos of cooperation betwean Brazil and the
Eegion of Tazic in Raly, reported inthis articks, is one sxperimentthatgoess in this direction,

The analysk of the Brazilian sxperi=nos of Fonies d= Culura has morscweer concurred to svidencs multiple =)o ens
of convergencesxisting behesen Pontos d= Cuttura and the Digital Busin=s Eccsystem sxperiznes devdopsdinsome

Euwrcpean Begions.

The sxchang= and inegration of some aspect and practices developed by thee tieo projecs & likely to strengthen
both of them, as well as their final cutoomes .

The context: Brazil and digital inclusion

In Brazil, the policy of digital indmion linked to the ume of free and open o woe softwars brought about many
initiatives for sustainable d=velopmoent in the country to fight poverty and digital sxclusion. Ina oo wntry like Brazil,
with an jlli®racy rake of 1.0 and 5o 7% of the population sarning == than minimwm salary®, what doss one m=an
by digital sxclusion?

Cine basiccomponentof digital ind wmion regards acomss to 2 computer and the basic knowledge of how to =e it and
acom=s to the Internet Today in Bravil ondy 1o 9% of the population have a comopuber at home, in a context in which
b= than 40% have 4 telephones line, ondy 20% of prople are connescied to the ghbal compuier nebeork and ondy 6
hav=broadband access® The situation in the sducation syst=m & no betber: ondy 37% of the students have aocems o
the internet in the schoo k!, Here we @n derly see 2 digital divids betesm geographical areas at different stages of
devdopmoent, now thatinformation is the dominant productiveforos in a “nebeorked society™ and has bem e abasic
social resowrce. In this perspective, itis strategic for developing cowntris to spread the wse of ICT o smoposwer secisty
and to keep the knowledges to use and d=pekop this techne bogy. The problem & r Brazil b to aveid that the infor maticn
technology be used to speed up the gap bebesen social segments and limjt the redistribution of weatth produced in
socisty. (Giheina, and Camine, zoo3)

Fighting agaimt sodal sxclusion means to regain public space and to pome e the social reqppropriation of nee
technology, to stop the growing social gap betwesen the ind uded and sxcludesd of the infrmation society. This gap &
krading to a soc=ty wher=the communities are not able © produce and to e echnolegy for secial needs,

z) FonteIBGE, Prsquisa Macional por Auoostra de Domiclios 2o
31 Pesquiza Thope, Internet PORC cE Mov, 200
A1 Mlinitério da Edumcio = Cuhura, Brasil
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The figures provided by Unicef are clear: in South America at the beginning of the 21st century, 60% of the children
are poor, without access to food and medicine, and their mortality rate is 4 times higher than in developed countries.
The information revolution, as a negative effect of neo-liberal globalization, did not have positive effects on reducing
poverty on the continent.

The only way to react to this situation for Brazil has been to fight for digital inclusion and to give to the communities
and to the most excluded groups the possibility, not only to access, but also to produce knowledge in the digital
era. In Brazil there has been a large consensus on the need for developing public policies of digital inclusion,
recognizing that digital exclusion stops human development, both local and national. Digital inclusion policies are
intended to give autonomy to the most excluded groups and to encourage the process of creating their identity in
the cyberspace. This process helps to keep diversity and multiculturalism starting from the community creation of
cultural contents through the internet using information and communication technology to gain a new citizenship
(Castells, 2004). Digital alphabetization will depend on the action of the Government and not only on market
forces, so that freedom of expression and the right to communicate are not considered a privilege but a social right
for all of society. The right to communicate is considered a question of citizenship rights: access to internet and the
possibility to freely communicate and to master digital technology are what we can call “new social rights” in the
information age.

Since 2000, the Brazilian Government has put in place an integrated policy on digital inclusion, access to broadband
and free software. The reason the Brazilian Government chose to include free software in its digital policy was to
fight software monopoly and the logic of proprietary software (to avoid investing taxpayers’ money for licenses to a
few non Brazilian multinationals), but also the use of open software for building local capacity to produce and create
(Pekka, 2001). The main action in this direction has been the development of the “Telecentros Project”, a network of
thousands of public spaces with internet connection, free operating system and free digital alphabetization for all the
population. The Telecentros have been implemented by the Coordenadoria do Governo Electronico and became the
most important experience of digital inclusion in Brazil. (Silvera, S. A et al. , 2003)

Phase 2: From Telecentros to Pontos de Cultura.
Gilberto Gil and the third generation of digital
access policy

When Gilberto Gil became Minister of Culture in 2002, Brazil took up very innovative policy actions in the field of
digital policy that concerns the use of free software, the promotion of an alternative to copyright such as the use of
the Creative Commons licences for multimedia contents: a set of policies ranging from digital culture to alternatives
to patents on drugs. With the “Cultura Viva” programme implemented by Gilberto Gil in 2003, Brazil started a new
generation of digital inclusion policy, in which the approach to technology and digital divide has a very radical
cultural connotation.

We can distinguish three generation of digital access policy:

» the first relates to access to computers,

» the second relates to computers connected to the Internet (Telecentros);

» the third relates to genuine multimedia stations that use all the possibilities of digital convergence (Pontos de
Cultura).

Pontos de Cultura is a socio-digital inclusion programme which goes beyond the general use of the term.

Points of Culture (Pontos de Cultura) will establish free-software studios, built with free software, in a thousand towns
and villages throughout Brazil, enabling people to create culture using tools supporting free cultural transmission.
This initiative is focused on the full understanding of the new processes which characterize the essence of digital
culture, in which broadband access to Internet is the main element, but where real digital content creation using
free and open software becomes more and more important. This vision aims to spread digital culture through the
encouragement of collaborative networking, and also enables the appropriation of digital tools for an autonomous
and multimedia production. It helps create new languages through free media production tools, knowledge sharing,
experimentation and networking. One of the expected outcomes is to constitute an archive of Brazilian music, which
will be stored in digital form and governed by a license inspired from the free software GPL. The programme is shaped
towards the need of non-governmental organisations (NGOs) and communities, and involves the direct funding of
several projects to empower communities and their actions.
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To facilitate the implementation of the Pontos de Cultura programme, Minister of Culture Gilberto Gil set up the
“Cultura Digital Equipe”, an experimental research group made of researchers, software developers and multimedia
activists conducting studies in the field of digital culture, networking and sustainable economy. Pontos de Cultura are
defined as public spaces to experiment new cultural practices and community empowerment, seeking to encourage
direct participation and to affirm the cultural identity of each Brazilian Region. Autonomy is the basis for these public
digital spaces. Looking at technology from a cultural perspective, each community can guarantee the political and
financial sustainability of every action taking place. Socially, it means giving the possibility to produce immaterial
cultural common goods, and economically it means the possibility to generate income.

Once selected by the Ministry of Culture under the ‘Cultura Viva’ programme, each Pontos de cultura will receive a
digital ‘multimedia kit} a new digital tool that goes far beyond the simple access to Internet. Through the partnership
with the GESAC Programme of the Ministry of Communications, each Pontos will have broadband available for
sharing the digital cultural work produced. The multimedia kit includes a multimedia studio which will enable
professional-standard works in five modes (audio, video, software development, text and image). Each “Pontos de
Cultura” will also receive a budget of around 1000 € per month for two years to help it gain autonomy and self-
sustainability in the long term, stimulating other initiatives and creating a network of new cultural economy.

Many of the selected projects never used FOSS (free and open software) before and some never used computers at
all. The contact between the Equipe Cultura Digital and these grassroot organizations is therefore very important to
provide training, share knowledge and experiment the use of digital technology according to local and social needs.
For this reason, the main objective of the work is the networking itself, which aims to strengthen cooperation and
knowledge sharing (a principle of FOSS) between the Pontos in different areas, from technical problems with the
multimedia Kits, to community problems and management issues. The Digital Culture team understands that, in the
search for autonomy and sustainability principles, even more important than the interaction of the Pontos with the
Ministry of Culture is the direct interaction between the Pontos themselves, generating convergence and flows of
information exchange which are fundamental for the long-term sustainability of the Pontos de Cultura.

The Coordinator of the digital policy of the Ministry of Culture of Brazil, Claudio Prado, stated: “At a time when
cultural conflicts, intolerance, terrorism and clashes of civilizations are being stirred up, the development of open
source software establishes public spaces for communication and technological collaboration between individuals from
very different cultures and backgrounds, in a global process. This is another virtual ecology”. (Novaes, Caminati,
Prado, 2005)

The strength of this policy relies on three main components:
» The Cultura Digitale Equipe

» The Anthropological and Cultural perspective

» The Methodology.

The main action of the Cultura Viva programme was the creation of the Equipe Cultura Digitale. First started as
a voluntary team of 15 people (the trainers of the trainees), it is now made up of more than 65 people hired by
the Ministry of Culture through the IPTI (Institute of Research on Information Technology). The researchers have
different backgrounds, mainly coming from the open source community, community radio and independent media.
From 2004 till 2006 the Equipe organized throughout Brazil a series of workshops and sort of bootcamps called
“officinas de conoscimento livres” to share knowledge and transfer the technology implementing the multimedia kit
following a defined methodology. The Equipe created a trusted and collaborative environment between interested
groups and the Pontos de Cultura communities (www.estudiolivre.org, www.converse.org, www.xemele.org).

Since the start of the programme’s implementation, the Equipe constitutes the core element to structure, develop and
steer the project.

The cultural and anthropological element is always a key issue in the speeches of the Minister of Culture of Brazil,
Gilberto Gil, who underlines the need for a cultural approach to technology and to digital inclusion policies. The
first and most important digital inclusion initiative following Minister Gil's perspective in Brazil are the Telecentros,
configured as access points of second generation, in which the priority is on digital alphabetization.
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Within the concept of Telecentros, the focus on contents production as expression of local cultural identity is still
absent. The aim of a digital inclusion policy of third generation is to transform the technology into an enabling
tool to document, share and preserve cultural diversity and identity. In this vision, the cyberspace becomes a new
public sphere in which it is possible to create rich cultural ecosystems based on complexity and differentiation rather
than homogeneity. The focus is not on the technology itself, but on the philosophical, cultural and socio-economic
approach to technology. It is the integrated approach that creates value: it is only by adding to the reappropriation
and knowledge of technology the willingness to affirm cultural identity, that it is possible to create the power and the
conditions for the autonomous development of communities and individuals (Dertouzos, 2001).

The Cultura Digitale Equipe is developing a complex and interesting methodology to transfer knowledge and
technology to the Pontos de Cultura. The central part is the organization of the “officinas de conoscimento livres”
and the development of the virtual environment and the social software. The methodology defines a theoretical
framework to new technologies and to internet development based on the ideas of autonomy, reappropriation of
technology and identity, knowledge sharing and meta-recycling’. The main aim of the workshops held in the “officinas
de conoscimento livres” is to provide the community with the knowledge to continue the work in an autonomous
way, by being able to use the technological tools for their own purposes. The virtual environments are based on social
networking tools for community building, to work in a collaborative way and to document the activities of the Pontos
de Cultura and of the Equipe.

Italy and Brazil: a transnational
cooperation on Digital Culture
and access to knowledge

On 3rd July 2006, Minister of Culture of Brazil Gilberto Gil was invited by the Italian Presidency of the Chamber of
Deputies and by the Region of Lazio to an international conference on “Youth and Labour Policy in the Information
Age”, with the participation of various Italian Ministers, Local Authorities, the University of Rome La Sapienza and
international experts in this field.

A session of the conference was dedicated to an analysis of the DBE experience. This conference was the starting
point for cooperation between Brazil and Italy regarding Digital Inclusion Policy. The cooperation between the
Region of Lazio and the Ministry of Culture of Brazil is following an interesting approach, because it turns around
the usual logic of the programmes fighting against the digital divide, where the developing countries have to adopt
the technology and the models as an aid from more developed countries. Often such projects create dependency and
provide solutions that are not sustainable and inappropriate to the socio-economic context of the country that receive
the financial or technological help.

In this case, the Region of Lazio, in cooperation with the University of Rome “La Sapienza’, will research, study
and implement the policy of the Brazilian Minister of Culture, trying to adopt the approach and methodology of
the Cultura Viva project. The policy aims to empower local communities and to create a network of transnational
cooperation that research and implement free software solutions, infrastructures and platforms for the production
and sharing of knowledge, free digital culture and sustainable economy.

The project of the Region of Lazio will create public spaces,’Art Factories”, in which to implement the Pontos de
Cultura, following the Brazilian methodology but adapting the project to the local context and to local communities.
At the same time, the Brazilian and Italian “Equipe” will research and cooperate to build a common digital
infrastructure that will be a collaborative working tool between the different pontos de cultura in Brazil and the
pontos in the region of Lazio.

Moreover, the cooperation between Brazil and the Region of Lazio will hopefully lead in the long term to a common

experimentation to implement Pontos de Cultura in Italy integrated with the Digital Ecosystems.

5) “metareciclagem”: that means to deconstruct and rebuild technology through new contexts and new languages
(e.g. arts).
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The main strategic elements for future cooperation will be:

» A common approach on transnational cooperation on Digital Inclusion Policy with the aim to create a privileged
channel between Europe and Latin America to fight the digital divide and to promote opportunities for common
economic initiatives

» A common focus on local and sustainable development to preserve cultural and regional identity

» The creation of a digital common in the cyberspace based on the free software approach and the integration of
Pontos de Cultura and Digital Ecosystem methodologies and instruments.

Pontos de Cultura and Digital Ecosystems: a
common approach towards an ecosystem of
innovation

The Pontos de Cultura project and the Digital Ecosystems have common socio-economic objectives, vision and values.
The aim of these two projects is to learn, create and produce in a bottom-up approach starting from the community,
in cooperation and according to local needs, in such a way that each specific identity and local culture becomes a real
corner stone to build a strong regional economy. The collective creation and distribution of immaterial goods (culture,
knowledge, software, services) become a productive element to also compete on the global market, but starting from
innovative practices developed in relation to vocation, know-how and the identity of each territory.

Strong and innovative elements of Pontos de Cultura:

» community empowerment and capacity building;

» the use of free software and social software platforms addressing the needs of communities;
» collective creation of immaterial goods, sharing of data base systems and viral networks;

» cultural and anthropological perspective on technology.

Strong and innovative elements of DBE:

» self-evolutionary architecture to plan and implement objects, services, life and work environments with attention
to flexibility, effectiveness and security;

» empowerment of SMEs through the creation of an integrated territorial structure able to supply them with cross-
sectional resources that they need in their activity and that they do not have directly

» building a territorial environment of reference for SMEs providing a competitive advantage which attracts
investments while at the same time guaranteeing the quality of life for its inhabitants

» differences of context turned into added value in competitive terms.

The Pontos de Cultura Project and the Digital Ecosystems are hence based on similar principles and approaches:

» the creation of know-how which is localized in the region;

» the creation of global networks of cooperation;

» the creation of synergies and possibilities to cooperate and share knowledge;

» respect for local cultures and differences, which become a source of identity and an advantage for cooperation and
competition.

Conclusion

The technological infrastructure of the DBE can become an ideal virtual environment of cooperation for communities
and Pontos de Cultura, integrating know-how on Networks and business models that could lead to a long term
economic sustainability for the productive activities in the Pontos de Cultura. The methodology and transfer of
technology and know-how adopted by the Equipe Cultura Digitale, and the strong emphasis on engaging local
communities and on valorization of cultural identity, could on the other hand represent a social basis on which and
appropriate approach to develop the Digital Ecosystem. To turn into sustainable economic activities, the cultural
activities and creative competences developed in the Pontos de Cultura should be integrated in a value chain in the
territory. The creative and artistic abilities must be conjugated with the capacity for building Networks of cooperation
and solutions for an alternative economy on a local basis. The Digital Ecosystems, based on free software, allowing the
sharing of knowledge, the dissemination, integration and self-organization of services and networks of cooperation
between producers, provides the ideal immaterial open source knowledge-based infrastructure to empower the
Pontos de Cultura. From a tool for capacity building, the Pontos could become a tool to create employment for the
new generations and to innovate in the local economy.
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e Technologies «
Digital Ecosystems
cluster of FP6 projects

Miarion Le Louarn

Euopean Comm esion, 00 Infonmation Society and Media”
htp oo W BeLiop sy intf B i t-ent-netfinde. ktm|
marion e-kua i n@e: suiop

his FPa cluster of IST ressarch projects is specificall ¥ focused on echnokgis for kecal growth and GWEs needs.

It implements a strong inegration betwem Buropean B D policy (under the ERAEuropran Eessarch frea

agenda) and naticnalkecal growth policies. It & of 2 highly multidedplinary nature, with strong inkeraction
behosmn business and techno kegical aspects, and related socic -sconomic iswes.,

Aims of the Technologies for Digital
Ecosystems cluster

The Tachnokgies for Digital Eoosysterss (DE) cluster aims © fostar Jooal sconcmic growth theo ugh new forms of
drnamic busines interactions and global o -operation ameng organkations and busine=s commuwnities =nabled by
the most recent, user-crimted and sfbcisnt combinations of information and communication techno ko gies.

The main ressarch frgst basic =nabling technologies supporting the local implementation and deployment of 4
ne=twor k of interconnectsd digital sosysems. The work conducted within the DE duster contrib wies © id=ntifring
and developing the technologies as well as the scientificand sconomic modek Jeading to distrib wied and co-operative
bottom -updepdopoentand deployment of 2 pervasive networkof digitl scospstens populaed by o divemsity of ICT-
based services, componsnt, knowlsdge, practioss and bumines modek adapied to Jocal conditions,

The “digital sosrstem™ is an svolutionary sdf-organizing system aimed at creating a scftwares snvironmoent fr
n=twor ked o rganiations that suppoeris the cluster d=pelopoent of open and adaptive techune bogies and spolutionary
busine= modds, The key snabling techno kgies developed e ithin digital scos ystem res=arch are geared at providing
an =ospstem-csientsd infrastructurs® that supports the spomtanscus compesition, ditribution, svolution and
adapiation of ICT-bassd s=rvices, b s iness services, knowlsdgs and modeks,

1] The wvicra ::p.u:n:ﬂ e 1heac of 1be 2 ulbeu and hawve ned becn :ﬂn-_p'lnﬂ o :pp.ln-'mﬂ b:r ihe Ewcpaan Commaaicn,
] el ﬂn::.ﬂi_p'lin-m in Seclicn 3 BE,H:]Emp{:m T:dnnh!,;
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This platiorm showkd allow:

F The SMWE software industry © devdop co-operatively — and to launch on the neheork — services and softwars
compenents that arecomposed together o frm complex solutic s of increased added valus suited mor=precesiy
to mars needs

F Uk ShiEs & find the affordable ICT servics which suppe.rt their specific and swol ving business nebecrking needs,
=nabling them to oo -operate within and among b usiness scsy=ens.

Hence the clusier & addr=sing the heo following straegic &= ws, with high potential contributions towards the
TiEbon objectives:

F Re-boosting the software ICT servicsindustry in Burcpe, by proposing anew, oo re shoent, paradigm for softwars
production - through new forms of o -operation, developing rewsabls components Burope-wides and =nabling
rowhi -repen e -mod=k;

F Freventing the dedine of 5mall and Medium Enterprises curranthy wnable to adept ICT in order to increass their
productivitr*and to o perabeamong sach cther towar ds hig her visibility, creativitr and added valws by oo mbining
sarvioes and joining reso wos, snlirging their global pres=nce.

Spedfic cwicomes sxpecied from DE deploymentinciudes:

F Enlarging theICT market, as it adapis to the specific needs of SMEs/micro -enterprizses, increasing their
productivity

F Boosting softwars comopetiion, with increassd inbero perability, reusability and fiex ibility (=, dwrability lofscftwares
OO MU

F Inoeasing quality ofsericeand quality of lide (for bothproducers and consumers)

Boosting training and know bedgediffusion, creativity, inncvation and GWE - based smoplepmoent

F And as thess improvements diff s progresively aooss ShEs! micro -snerp s inall ssctors and reach dowen o
final users!conswoers, they will help bridge the digital gap throws ho ut socisty.

L

Development of the DE cluster up to FPé:

The conceptofdigitl scosystan has recantly smergedin Ewropeas the nxtstepiowards ICTadopticnanda Furopean
modd for the ICT-bassd =nabling infrastructure needsd to support the Jocal b s iness eco systens.

In B=pterober zooz, the =-Business unitofthe Information Society Direcosate-General published o n the Go -Digial
website and widely dEs=minaed the discumion paper “Thwerds & wetwork ofdigitel busines eospsenns foster ing e
hoc ! depelob sien 7. The debate which folkwed within the scientific community confirmed that the digital scosrstem
Ea complex and ambitic us mwtidsciplinary fiskdof ressarch, which is defining its id=ntity, structureand sxph itation
potential, and whose cucomes povide the technokgical suppert for innovation in the kocal businss with an
impres e potential in generating pesitive sconomic impact.

Betwesn and 200z and 200z, workshops and on-line debates have sxplosed:

F The int=rest of the Europan ressarch community in improving and snriching the ressarch area reated to digital
Cos FEbes,

F The views of incubaicrs and main playes from kel and regicnal communitiss on whethe and how local digital
ecosystens oo ulds urport the transition o fShE s towards the digital age=.

A= mrtof the 2003 04 implemoenation of the FPa IST work programme, the development of the Digital Ecospst=m
concept agg regated a lrgem wtidkciplinar community and Jed o the presentation of several relevant proposals for
Integrated Frojects (IPs) comidered abowe thresho b, plis other brge projects and spedfic rgebsd res=arch projects
(STEEFs ) in relatedarms,

In 2004, owing to the growing inersst in digitl scosystems, DG Infermaticn Seciety and Media creaed 2 nee
sactor, “Tch nolopies br Digitel Foospshows™, within the “ICT for Business" unit - which was since renamed “ICT for
Enterpr s Meteorking™

A Clusier on Technelogiss for Digital Ecospstems was defined, with thres projecs intially, including one large
Integrated Projecti D EE).

Hbx bocn adiooded i cd the diffcieminlin preduc vy incacnas bodveen 15 and EUF S E cawcs 1he i FEN-- TPX
= F r iF=
ihe H.:u.r!, :ﬂn-_p'l.inm axk X Tindhei imMamlerinal buinas Paceca1a
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This cluster has since grown with the addition of nee sets of projects, and in 2009, with the last projects launched
within the EPa, reached it cwrrent configuration described in the table bekos. The complementary roles of the
various peojects in the DE cluster ars furthe highlight=d on the next pages and in the DE mroject swummaries
included in the next s=ction.

TheEC-fundsd resmrchindigifl sccsysens & Lgelr complemened by ERA national and regicnalinitiatives togsther
withlocal policies, which activate a virtue s cpcle bassd o n ressarchinnovation, depoFment, adoptionand growth,

In addition to the three initial ET)-funded pikot armas {Aragen in Spain, Tampers in Finkind and the Wst bdlinds
in the UK & anwmber of further ragions have already joinsdor are in theprooss of jeining the DEE projectinitiaties,
like Extrermadura, Tazic, Trentine and the regions of Ineland . Interest o uside Europe is ako flownishing, with somoe
cooperation commitments with mriners from Africa (swch as Fwanda ', Asia (swch as Kanpur, in India)and Zouth-
Ameria (in combination with the Brazilian F untos d=Cultural.
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Owverall achievements of the DE cluster

up to the end of 2006:

T date, P resu b= of the DE s=ctor includes:

F Individual projects resarch resuhs (induding open-sowrcs softwars regarding not just the DE infrastrwcturs
developed in the DEE Integrated Project, but ake vertical applications geared to the needs of ShiEs in various
sectors — in support of the towrism, construction, tartide and dis-making industries but ako new services reaed

198 =5 to Inter net Sarvioe Provision, gk tics' flest manageme=nt, d=ign =tc.).
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» Joint results (e.g. due to result from specific collaborations between projects, such as between the CONTRACT
and ONE Specific Targeted Research Projects regarding horizontal services to facilitate electronic contracting and
negotiations) or their re-use (e.g. following adoption of the DBE architecture by the SEAMLESS STREP) and a
strategic research roadmap stemming from close collaborations within and among DE projects (see http://www.
digital-ecosystems.org/de/refs/ref_proj.html).

» The foundation of a new interdisciplinary science helping to bootstrap, observe and guide the development of
Digital Ecosystems supporting innovation and development within/across territories, organisational systems and
cultures (through the OPAALS Network of Excellence).

» Collaboration & uptake from regions across the EU & the world, with active support from the DBE and OPAALS
projects as well as from Specific Support Actions either specific to the DE cluster (such as PEARDROP aiming at
DE deployment, EFFORT aiming to develop DE governance) or with more general objectives (such as LEGAL-
IST and LEKTOR on legal issues, EPRI-START to help Enterprise Networking uptake in countries which recently
joined or are candidate for joining the EU).

Perspectives of further Digital Ecosystems research
and uptake under FP7, CIP and Regional funds:

» In the Applications Research part of IST, the FP7 programme specifies the following tasks: "new forms of dynamic
networked co-operative business processes, digital eco-systems in particular for small- and medium-sized
organisations; optimised, distributed work organisation and collaborative work environments such as knowledge
sharing and interactive services (e.g. for tourism)".

» While Digital Ecosystems research activities are not called for in the initial FP7 work-programme among the
priorities covering the period 2007-08, most of the DE cluster projects launched under FP6 will continue within
this period.

» The Competitiveness and Innovation Programme (CIP) being set up in parallel to FP7 includes ICT demonstrations
via large scale pilots and networking actions, which should be applicable to Digital Ecosystems (some feasibility
studies are due to be called for initially).

» DG Regional Policy is also intending to cooperate with DG Information Society and Media in order to identify how
deployment of Broadband and Digital Business Ecosystems across Europe may be boosted within the "Regions for
Economical Change” framework.

In summary, due to the important economic and regional development stakes addressed by the DE cluster, the
soundness of its objectives and progressive implementation path, and the remarkable quality of the results attained
so far within this sector of FP6, an uptake process has been triggered which goes much beyond the three EU
regions originally involved in the DBE integrated project (with over a dozen regions now either actively engaged
in or contemplating DE uptake), and has the potential to spread much more quickly and efficiently across the EU if
knowledge transfer actions of the DE results are launched within the CIP Programme and as part of Regional Policy
actions.

These results have been achieved thanks to the intensive work and high academic and scientific standards of the
members of the DE research community, and their strong personal engagement and enthusiasm towards the shared
objectives of this new research discipline - whose foundations they are helping to lay, and which the February 2007
IEEE Conference devoted to “Digital Ecosystems for SMEs” in Cairn, Australia, will help to further disseminate on
the international stage.
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1. Network of Excellence structuring the Digital
Ecosystem Knowledge/Research

Ope nphilcecphies forazoca thee autopoie fic digial e ayzeme

Projact Acmmm: OFR ALS Prafacl rakanan ca oTAS

Lomactperson

Crganizaion nama: LoD SEHO0L OF ECOROME SHD POUTICESL SOERCE
‘oniad pason nama DL FEOLD

[e=apticn

Digital Eccs steros ire smarging as 4 nove approach for the catabysis of sustainable regional devele poent driven by
ShiEs, The twe owerarching aims of the OBAATS MoE are to build an interdizgpinary ressrch ommunitr in the
=me=rging area of Digital Eoosystenes, and to develop an intsgrated theorstical s undation for Digital Ecosystens
re==arch spanning thres widely different disciplinary domains: social scisnce, compuier scisnce and natural sci=nces.

The main chim that QPAALS makes & that in arder © achisve sustainable digitl businss scosystens of ShiEs
and softwars components we need to wndestnd in depth the coluborative procssss and ICTs that underpin the
continuews creation, for malisation, and sharing of knowledgs inthe form of b usines modek, softwareinfrastructurs
o1 =-Bus iness tran=actions, and n=w formal and =emi-formal hnguages, O ur strategy & hased onthe d=vdopmoentof

an Cpen Know ledg = Smee.

Becaussthi procss mustbes istinabke and scalab b= it must be recursive and =l -reind rcing. Itfollows that O FAATS
E the first step in a recursive, reflexive, and sef-reinforcing community building proces that will culminate at the
=nd of the project with an Open Know ledges community of research and innovation inclusive of all the stakehoders
of digital scosystems but mainly of acad=mic institwtic s and ShiEs,

Wi will int=zrate the ressarch outputs in awtomatic ode generation, awiopoistic PeP nebheor ks, and distributed
acoo witability, identity and trust into the sxisting jnfrastructure from the DEE project. Thess technical and scisntific
res=arch activities will be balanced by ressarch in the role of formal and semi-formal Lnguages in spiEt=mic
communities and inn=w OpenGowcs modek smerging in public and commercial projects. Finally, wewill developa
wnifring svolutionary frameworkfor lnguage in o rder o base the sveludtionarr and adaptation character stics of the
digital = =rstens on the main medium of social constructivism: Lnguage.

Startdate: aoos-od-an Enddate: 200531
Yeb=ite: werwio paakong
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2. Integrated Project developing the first core
of the Digital Ecosystem infrastructure

Projad Aaonym DEE Projact rna faran @: S0 T

Contactperson
Cmganiz o nama ™
Comad parson nama: FICOLEL BHORES

The crerall objective of the DEE & aimed at proving Ewope with a recognized advantage in innovative softwars
appication d=pskproent by jts SWE industry, Lunching a dir uptive technology pradigm for thecreationofa digital
busine= smsysiems for SEs andsoftware providers thus imoproving their valws nebeork,

An open-souwros distributed smeircuoent will suppert the spentnecus seolution, adaptation and o oposition of
softwarecompe nents - whichalsc srobed b usiness rules - and services allowing SME= thatare solution and = busine=s
service providers, © cooparate in poduction of components and applications adapbed © Jocal b usiness needs,

This will alkew EU) small softwars providers to leverages the pomibility of new distribution channds providing
servios at Jocal scosystems and sxtending ther markest reach through the DEE. Easy acoms and Lrge availability of
appications, adapied to Jocal ShEs, will foster ICT adoprion and local sco nomical growth of innovation nodes . This
can anly be achisved with 2 vEion leading © a paradigm shift : the complexity of dstribubed soitware poduction
and then=w fornes of nebeorked busines require a muti-lsdplinarr appreach bassd on bickgy, physics andsocial
scienoes mechanisme and modek.

DEE transposss from living crganisms mechanizms like: spolution, adapation, auoncmy, viability, introspection,
knowledge s har ing, selsction, and will lmd to smergence of novel architectures and technoe bogies, businss prooss=s
and knowledge. The D BE will chang=the way ShEs and EU soft ware providers use and distribute their products and
servics, B will allow ShiEs 1 link enterprize-wide sxternal reso wroes and valws nebeorks, and to allocats them bassd
N their bus ine=s prior ities,

The DEE is bas=donthe key finding thatw ithswch spolutionary and s f-organizing system Ewropeco whd harness the
complexity of softwars production and its SME sofbwarsindustry cowld regain o opetitivenss,

S@artdate; 200311 Enddate: aoom-o1-31
Wehsite: weensdigta Fecosy temong
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3. Specific Targeted Research Projects developing
horizontal services to provide enhancements to
existing infrastructures, with a focus towards the
DE infrastructure

Oz n M2 gofmtion Emironme mt

Proja] Aamym: orE Projac] rakanan o CTATA

Cropniza lon nama: CREATE-H ET [(CE HTER FIOR RESE ARTH AH D TE LECOR B LM K2 S0 EXFER B TRNCH FOR HE TWORED CORMUHTIES)
Coniacd pason nama TELESCK LA

The main chjsctive of theOME project i to e ich Digital Busin=sE oosys s with an open, decentral ksd nego tiation
em ironuoent and =nabling tools that will allow crgansations o create contract gresment for suppring complex,
integrated servioss as 2 virtual organisation oalition.

The projectis sspedally gared towards S Es providing them with atrimied, s=cwee and free of charge techno Jogical
= iro uoent thro ugh which they can create the tactical and strateg ic allia noes to s e b usinsss opportuniti= and
growth, Tt be commpetitive in Digital Eoosystens ShEs will need to develop alliances and oo llabor abe to provide joint
s=rvice offer ings and ako address Jarges Enders,

Cur rent neg otiation platfor ms, such as Busines-to -Busines =slsctronic marketplaces and Internet trading platfor o
are entrally managed, notfully trused by SMEs andlor too sxpensive and hence not widelr used by Ewropean ShiEs
teday, Withe ut the s upport of proper tools, 31Es et sasily find trusteoe rthy partners to mrovide services or be
found themmehes . hocess to reputation information is not readily ovailable and negotiations are time cons wouing,
T 50 hve theses probl=ms, 4 negotiation snvironment must be affordable, open, not contrally contreled, s upport the
sharing of know ledgevia flexible security and trust policdes and be able to lsrn and =pohee with the changing markst

OME provides swh a solution via an open-sowoes approach =mwing transparency and s=windbility. By using
the OME =nvironment all busin=s plapers (ShEs, Corposations and others) will bensfit from reduction of time
to market and trammaction cost . The OME environment will abko provide wider scosysiern bensfits in t=rms of an
increass in thenuwmber of mrticipans; better negotiation periormance and collaborationw hile creating new b s ines
PP tnities

Startdate: aooS-oo-on Enddate: zooo-oz-2
YEbsTe: weewione pojecteu
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Contracthased=y=tarme « nginzaringme thods forwertiable aoes -omp neaioa | netrokedbsinezsappliation

Projac Aoy COMTRECT Projact radaran @: CIALIS

Confactperson
Omanizfon nama LHYEFITRT POLITECHIC & CE CRTALLANS
‘ormad parson nama: WLL MOTT, STEYEM

A=z echnologies for new generations of digital busine=s systerms have forged ahmd, new and sxciting applications
have become frasible. Howeper along with this potential it has akss become dear that very siznificant challenges
ramain in the need for rigorous anabes s of poms ible secution behavic wr and the need for bus iness i nberactions to be
underpinnesd br =ound, hinding legal agre=m=nts. The main aim of the COMTRACT project & thersfors to povides
inncvative new solutions, which s pecifically address the need for sound sofbears and businss g wrantees in digital
busine= applications. In particular, COMTRACT will build on =xisting theoriss of software contracts © create e
formal modek and practical took for wse ofdynamic contractual ag reements in slectronic b usines snvironments,

The reswhs will ma ke it pomsitle to:

F =pegfy electronic business interactions in erms of contracts,

F drnamically =t@blish and manage contracts at runtimos,

F applr formal verification techniq ws to collsctions of contracts in a digital b s iness =nvironment, and,

F applr meonitoring techniques to contract imopleaoentation © hdpincreass confidencs in business infrastructures,

The contract based appreach promises to be asignifiant breakthro ugh in theformal specification and verifition of
b usine=s ot ware systenes sincejtraizses thelepd of abstraction atwhich verifigtion methods canwork from detailsd
execution @de to cbligations, commitments and rights. Project r=whs will includs publichr available thecretical
modek and 2 remable contracting lang wge specification, ope sowrce software components compatible with kading
busine= =smircnment and ©ols implementing innevative verifimtion techniquss that make it pomsible to check
contract properties both at design time and run time,

The nsortivm indudes 1+ majer industrial mrtner, 3 Univemsities, 2 ressarch institue and 3 amociated ShEs

participating in ditinct b i inems caze studies,

Sartdate; aoos-co-on Enddate: zooo-oz-5
Website: wewt 5t-co mtractong
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4. Specific Targeted Research Projects developing
enterprise networking applications (which could

be installed on, or linked to the DBE infrastructure)
targeting SMEs

5ma || Emterprivs Aoce=zing the 2 lctmonc marketof the 2 nbhrged Eurgpe by a smart 2amy e infraztnec s

Projact Acamm: R MEZS Projact raianancx O
Crganizaion nama: ILHNFERSI TR DBEGLI STUDI DI MODERS E FEGSE0E MUS
‘oniad pason nama BOHFETTI, FLSAO

The SEAMIESS mojectstudies, d=wek psand sxperimentsanemb rro of the Bingle Ewropran Electronic tfarket{ZEE )

nehworkaehere 2 number of Rz Etris arestared up in differentoo untris and sectors, DEtinctive features i

F AddresingCradt & Trade (08T 1 companies thr ough the respective mediators (chambers of commarcs, sntrepra=wrial
amsociations, kcal devekproentag=nd =, ASEs .

F Focwming on two sectors, Tartide (TEX) and Building & Constr wotion | BRC) that are relevant to CHT companiss
and preent over Lpping arsas (= 2. fabrics for tapestry).

F Gtarting upexperimentl BEs inboth ET-15 and new member states (AR and sstabl khing jnteractio ns betesa,
them bas=d on a proper collabor ation framewark,

In adopting =Busine=s solutions, the targst compni= pressnt figurs kowesr than those of Lrger snerpress and
increasing at 4 skowsr pace, The situation in MiAAS, where the prrcentage of CF T & even rger than in ET-15, B
gene=rally wo rse withsignificant dff=rences bebesen o untries. TheSEER viion & twards 2 web -bassd markstplics
where companies can dramically collabosats witho ut cutural and technobegial comstraints, The SEER alkoes an
chjsctive comoparkon of profiles and offers of mmopany of anr sive and Jocation, and this cowd open the =B mine=
space i© the many small commnis= (providing high q uality preducts and servics at bower cost) that now 1k to be
beit asidefro m the slectronic mar ket.

The main project activities are devoted © define 2 o llaboration framewor k and proper business modek, realses
=polving sectosal onte kg i, d=vekop a techne kg ical infrastructure and 2 number of applications and s=rvices cn op
of it Gix =Rz Etries are sxperimanted, in Foland and Slevenia { BBC sector), in Spain, Skeakia and Bomania (TEX
sactor), and in Hungary (generic), The SEAMIESS project int=nds to provides an indspendent contribution to the
Digital Eccsy=em injtiathveand stricy collaborate with the relative clustsr of projecs.

Start date: aoos-01-01 Enddate: z00-os-30
YEbsTe: wviseam Es-ewong
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& new vEienfor the pricpationof EumpeaniM Ein the fubure = - Beinezs 2oz @

Projac Aoy E-+ISI0H Projact radaran @: o2Boey

Confactperson
Omanizfon nama FLRDS OO LEEEIM
‘ormad parson nama: MRG0, JOEER IMGE

The futur=b usine=s scmaric will be gl bal, o penand o laborative, drnamic and adaptive, frictio ndess and consisient.
The main barrisr SEs have © face in order to sxplit, adapt and migrate to this =-Busines soenaric & the bok of
SME-oriened methedobogies o tailorsd solutions.

The main objsctive of =-M¥TI0M & the dsvdopmoent and validation of an innovative =-busin=s patirm =nabling
SMiEs © medel and adapt particular b usiness scenarios; to int=grateall ther spterpris=applications and to ince rporas
l=gal =concmicl, social and cultural s=rvices, with the final goal of facilitating their participgtion in the Future
Euwropmn =-F usinem Somarico,

The main o wico mes of the project are:

1. A specific AME-criented = -Businem Model formally desoibed by a st ontolog s,

2. Asemantically snriched web s=rvice-orisnted =-B usiness architecture providing medularitr and inbegrability,

3. A s=tof business contextual s=nvic= snabling ShEs to inmrperare begal social, sconomic, and st aspects in
their busines oo del.

d. A number of sepantic integration components facilitating the imtegration of the most ccmmon snberpriss
applications: Enter pr 5= Reso wroe Flanning, Customer Beltion Manag=ment, logistics, =t

5. Aramge of B=mantic Tools providing the nec=sary decizion support for gove ning the behaviowr and progres of
=-Busine=, through infersne processes,

f. An Open Sowce =-Business Plathom inegrating the previous slements in an =fbcisnt SWE -scale Information
Srstem, o pen and configurable =nc ugh © be ado pred by 5 MEs.

This S=mantic = Busine= Pltorm will be validated in the framewcrk of four different scenarios invebing ShiEs of
the Construction and Builing indu=try.

The consortivm & compesed of 3 BTD erganiations, | University, 4 ICT & consuhancy oopanies, 4 GhEs and ;
Cli=mters of organisations from 5 Ewropean oo untries (Spmin, Franes, Lithuania, Skveia, and Poland) with the cl=ar
aim ofinorporating and validating a= m uch sxperimce as pomible.

Sartdate; aooS-0ron Enddate: aood-12-31
Website: wne me EIoMORg
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Proja] Aamym: =RTIHE Projac] rakanan o T ]

Lomactperson

Crganizaion nama: MDDOLE ESSTTECHMIC AL LRRERSITY SOFTWSFE FESE AFRCH S 1D DEWELOF MERT CERMTER
‘oniad pason nama FFOF. DR REUMSHDOGEC

[e=apticn

SATIME aims to develop 4 secwne semantic-baed interc par ability framewecrkfor sxplojting Wb seryjcs platforms in
FzF networks for owsm, 0 wantified objsctives achisved.:

F Expoiting s=mantics for Web senvices in the travel domain SATIME providess a componsnt © wrap sziting
information resowrces to make them appear as semanticl by well described Wil s=rvices. ftprovides an=asy to use
towod for ShiEs o masily create Wb servioes from their sxisting sner o s applications. The wrapped resowrces ares
able © sxchangs infrmation with other Wileh serpeicss in a Peer-to-Brer nebwor b

F Semanticlly snriching Wb Sevioe Begistriss: Currently, the main service dscovery mechansm & the servics
regitries like T DDI and =b{ML. SATIME project =nriches the TDDI and XML registries with mechanims to
store and aocems Wb servics samantics to facilitabe the discowerr and awe mated compesition of complex Wb
sarvioes for trawvel,

F Sapantic DEcovery of 3arvics Begistris :In SATIME architecturs the Wb sery jce reg Etries areconnect=d thro ugh
a Peer-to-Peer netior kto fcilitate ther discopery performing ssmoantic ro wting of the queriss.

F SZ=mantic Interoperabilite of Diverss To wEm applications: & lthe ugh thers are offorts to standardize the memages
exchanged in the travel domain such as Open Travel Alliancs not spery travel company can be OTA compliant
In SATIME, the interoperability of all sorts of Wb services is addre=ed at the s=mantic Jevel through onckogy
mapping.

F Semantic Wb Services Composition Teol: The patform provides 4 s=t of ools supporting the s=mi dynamic
comprsition of semantically enriched Yeb servics,

F Support for SES Wb services co wd notbe rag istered to any servics regitry but simply made available througha
Yieb 5 jte, mpecially by GhiEs . SATIME provides 2 mechaniem © ficilitale auto maed dscovery of servicss thro ugh
PP technokogy.

F Froviding an sasy i© use tool for Small and Medium Enterprises © sasily create Yieb Servics from ther sz Eting
enerp e applications including a component © wrap sxiting infrmation resowrces to make them appear as
samantially well desaibed Vieh Sarvices,

F Exteding the reach possibilitis of o ursm enterpriss by making their own ssmantically snriched web services
available to others sither through sevice registries like DD and sb2ML or directly through the peer-to-peer
Testwror B

F Extending thelifecf sxisting sofbears by scposing propristary functions as Web sanvics.

F Saving time and money by cutting of sofbears depeloprosnt timos by wrapping already sxisting travs infor mation
systero appli@tions as Wb senejoes,

F Allowing complex senvice compes ition sxploiting the semantics of trawe] services,

Startdate: a004-01on Enddate: 2008 o530
YEbste: weewesidc.metwed utrdweb paged projec teAatines ndea. hitml

| | dba_book DEFlinkd &7

207

IEay 13ac-a | |



208

| | dba_book DEFlind 2R

Oz 0 2oume = mberpres re=ource ph nning a ndordar manageme nt2y siem for Eastern Eumpea ntocla nd die makingworkshopz

Projac Aoy TOOL-ERST Projact radaran @: oT7E0R

Confactperson
Omanizfon nama FOREHIGEMETTT FLER RAMO AL IERLG
‘ormad parson nama: | MTS L, AL

Tool and di= making workshops provide critical suppert for industry by prowviding and d=igning cusomived
mechanical compe nents. It & sstimated that within the EU thess sterprises, sspcially the Extern Ewropan, are
mosty erganized as SMEs. They do not hape the financial and human resowross o5 the implemengtion of complex
ERF applications from the powsrful softwars supplisrs, Furthermose the functionalities of these standardied
appications 4o not fulfil the specific reg wirements of the ool and dis making industry,

The project Teo - Eatwill provide 2 cost-sfbcisnt ERE application for tool and di= making workshops on the basis of
existing open o wor ERP applications . Within the projectthe o pen sowrcs appliction will be adapted and modifisd
for the specific requirsment of this branch. The new adapted and modifisd ERE application s upports the sfboimnt
coordination of jintra-=terprise order procssing and strengthers competition and competitivenss of Eastern
Ewropmn ShEs, Primarily, o rders management, work panning, resowrcs allrcation and CREM need © be optimissd
and linksd together in a drnamic wor k envire uoent Morscper ERP applications are necemsary for the slectronic
collaboration in dynamic business nebeosks . Ts enable industrial cluster to =-collaboration the consisting proeces and
data standards will be conmidered o r the Tool -East project.

One= main challmges of this project & to use open sowrce technology for the developrosnt of an intsgrated busin=s
appication fortool and di= making enberprizeswith high perio rmance regarding availab ility, saf=ty and maintinability
at the very onzst.5tregthening theopen sowroeindtiative in g=neral and particularly in this fiddofb mines opens an
= smo us potential for ShiEs, Sincedemands fr business softwars from other branchs with specific SME structures
ars pedominantly comparable, resuhs from this project can be tramierred smily, so that a largs impact can be
assumed.

Sartdate; aooS-0ron Enddate: aoom-12-m1
Website: wyew oo lerstong
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Crganizaion nama: PERCEWSL TECHHOLOSEES S5
‘oniad pason nama MA-HE-COFRIZER, ERIC
[e=apticn

The WISF project will =nable o duster of GhEs to operats, as 2 single businss sntity, in mouwhtipls dynamic b usines
modss, for theproduction of ik red Inter net Service Provider (TSP solutic ns adapted to lecal b us iness needs, YISP
willspecifr ISF s=rvices by combining b wibing bleckschesenina lstofa #w hundreds that @n mchbeparamstersad
This will allew s=lling tailored services with a fine control and to differentiates from incwmbant cperators.

Qe bogies of building blocks specified in 2lang wage li ke 0 WL will =nable soft warebased s ervicedesignand o rder ing.
It will result in a precise description of the servics (knowledgs tase) to be iopensanted and provisionsd that will
b= advertized in WE DL using U DDI Inoplemantation and proviiening of building blecks by different mriners will
raquire busine= and technical progssses in the dusier. They will be modelled as workilows using chorsography and
orchestration formal languages in order to be spscuted and monitersdon distributed workflow sngines,

Technical workflows will act on nebeork components through an abstract o bject representation base=d on sxisting
standards like MIIE, LML, =tc. Global data will be stored in LOAF follewing the Direcbory Enabled Metworks (GET)
P inciples to he accemed by clusters mriners.

YIGE will combines mutipes innovative technekogiss mainly based on XML in the fiskd of ontologies, workfloe
technologies, neteor b modeling, DEM and Wb services, YISE will build an inegraed and automated softwars
pltform made of 2 modelling =nvironmoent linkesd © a distributed, secured and manageable workflow se=cuticn
= iro uoentintefaced with ERPs, WIS intends © use and prodwes Open Sowrce sofbwarsas muwch as possible,

YIGE will ako contribute to standardization by sxtending sxiting standards to encomopas ISP servics and their
implementation. B will adapt and complement b usiness wor kflows, and specify technical workilows as contribution
to standards,

Sartdate: 2005110 Enddate: 20020530
YEbsTte: v Ep-proEctong
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5. Specific Support Actions supporting specifically
the DE cluster

Promofingecosestamza ndregicmal deve loprme nt - inaupport of regiom | opara tional pregrarmming

Projad Adonym FEKFOFOF Projaci rafaran @: oS

Confactperson
Omanizfon nama SEO0ASNOM FERCHSLE ELFROFEERE 3R LS SOCETE DE LIFFORMATION
‘ormad parson nama: HIGHES, GSRETH

Theprincpml fecus of FEARDROP k& to make oo reacossibleand mors practicab ke forregicnalpo licy makers and key
lecal aciors the instruments for sxploitation and adoption of ressarch and deplymoent resubs in ICT for Enberprise
Metworking and, in particular, in Digital Bcosysiems.

FEARDFOF aine © draw ogether the mostsalisntrs wis of the innovation and digital busines scosysem cluster of
EPa, including som = first regicnal depl prosnte=xperisnces and resub=, oonverting thess1e here necesaryine "lymans
terms, as well as into 2 nuober of BT Lnguages (minimwm 51, with 2 view © making them more acosmible and of
more mactiable use i© regional policy makers, sspecially thoses concerned with regional operational programming
and with =Business d=vdopment

FEARDFOF sxpects © ingmse significanty the number of regions that are interested © adopt it, and actively
particpate in, or considering deplyment of inncvation and digital bisines scospstem ressarch and modsds.
FEARDFOF will seek to bether wnderstand critical suocess facters in #rms of the behavio wr of regional d=velpmant
agents, and will proposs spstens (teok, methe dologies and modek) for a=e=ing the sisks and barsies, & wdl as
the bensfits and sffectivens= ofsuch approaches and related policy inbervetions with 2 view © suppe rting regional
policy makers and programmers in frmulating mor e sffective policies.

FEARDFOF acknowlsdges and will take due account of the diversity of Ewropan regions and the inter-regional
variations of contertand oonditions that scit. PEARDROF does not proposs © identify, d=pekp or momote a singls
DEE approach or deploymentmodel but rather to oollaboratively define ahernative approaches or modek that cowld

be adopied according o specific regicnal ciroums tances,

Sartdate; aoos-co-on Enddate: aood-od-31
Website: v pardiopeu
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Projact Acmmm: EFFORT Projact raianancx CEg0ER
Lomactperson

Crganizaion nama: LUNERLS IFWCY S O0ME S CORE AR L.

‘oniad pason nama CEFDOH, GILEEFFE

The abjective of EFFORT is to gain undemtanding of the behaviow, govanances, sshinability and constitwsncy
drivers of dynamic crom -bosder and cross-regional disters of 3MEs © impove ther abilitr © acomss the global
market, faciliating col Wborative prodwction o fproducts and services, as well s responding © mrocwrement oo tracts
of publicor privae organizations.

EFFORT will investigatealse the lezal frameeo rk and policy activities needed to address the setup of the inncvation
scospstem governances structurs Market accems will be impmoved through a double prooess of “sxendsd and
“drramic” chetering. The “sxendsd clustering impliss smgregating capabilities of clustered ShiEs at different Jmeel
cperco ming the geographicl b undaries and operational limitations of traditional dusters. The “drnamic™ clustering
implies adaptability in o nfiguring “virtwal™ clusters to respond o speciic markestopportunities.

The fundamental challeng= & how to fcilitate dynamic sxernal clustering, and to build capacity acro=s di=ters and
ne=beorks of 5hEs. This challeng= invehees building “internal’ capabilities =nhancing the organizational, knowledg=
and technological capacity of ShiEs, and building ‘sxternal capacitr in the snviro noents in which ShiEs and their
clusiers operate. The key EBswss have © do with regulationpelicy, Jegal framework, governance mechanizmes and
technological conditions that can function as the snabling framewor k for completing the Internal Mar ket and to
complement the vizion of the innovation sosysem objective.

EFFORT will bring a mutidiciplinary perspective on the current status and futures possibilities of cross-border and
cross-regional “dynamic and sendsd SME dustering” bassd on the notion of buikding SME crom clster camciy
by secting oo mplementry partners cut of GWE networks that svend epond theboundaris of atraditional cluster,
Thus, o wr working hypothe i is thatdpnamic dustering will facilifte markst acces for ShiEs,

St date; aoos-co-on Enddate; zood-od-31
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6. Further Specific Support Actions included in the
DE cluster

iTrmubte the phRT ki tion of P4 E= from WS Tn 15T actiities

Projac Aoy EFFi STRRT Projact radaran @: 15801

Confactperson
Omanizfon nama TELEFORT SRCHEEM ARHALT GhEH
‘ormad parson nama: L EHGHOF, MEFDD

BFEI start aime atstimulating, increasing, but at the mame time qualifring the participation of 3hiEs from Mew
Irl=mober States of the EU inthe IST Frogramme.

In particular, itaims at:

F =tblihinga 0 walifisd Partner Pool of ot lmst goo IST ariented ShiEs from M, qualified by Lols and concrsts
Froject ideas;

F developing a Certifisd Partner Pool of eoo qualified IST ori=ned SWE partners from MG described by Comopany
Fact Sheets depeloped by 2 Guide for MG mrticipants;

P emswee an overall number of 100 Eroject porticipations from IS T oriened ShiEs from MG in the difb=rent I5T
Calk during thelfetime of the pradect.

The prooes of stimulating and deveoping 5ME participation will feod 2 s=cond, parallsl process which involves
peolitical decsion makers of the frgst countries and Folitical Deckion makers on the kvl of Ewepean ICT Policy
in order © discuss socio ~scone mic impack of ICT and © prepars and s upport the discussion of the 7th Eameswork
Frogramme. BRI staxt aines af the broade=tpomsiblecowerags by invohing partners from all Mew Member Stats of
the Ewropean Unicn.

On the other hand BPRI staxt works with a clearly spedfisd and realistic focus on the fisld of SWE participation in

the IST programumoes. It add resses three i mportant targst gro ups:

F The group of highly inncvative resmrch oriented ShEs from the Mew bember States with ne or ke sxperis=nces
in participating in the IST programme,

F The IST commuwnity whe will bensfit from ee and innovative resowrces as an snhancement of sxisting or new iy
arking consortia;

F The secistal =nvironment receiving immots from mrtcipation of ME 5MEs in IST ressarch projecs baing
repr=ented by political deckion makers of the SE s regional and national =nvirouments.

The consortiwn refers to comprable sxperiences in sarlisr pogrammes, s coordinats howe arrisd out a similar

project during the acosmion proosss of theiSearman Mew Lasnder,

Sartdate; aoos-03-01 Enddate: aoos-od-31
Website: weenwepretatong!
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[e=apticn

LEGALTET ains to povids suppert to the IST programume sxecution and to facilitas the rapid adoption of the
relrvant research resuls, by addressing bemal Exues and barriers which are hampering the impenentation of IST
related chnologis and busines medek and by identifring an spelution straegy for the BT regulaic oy frameweork
in the IST{=Eco nomy domain,

The Legal-I5T initiative is capturing, anal=ing and framing the Jegal aspeck of inncvative technologies and

merthodas bog b= =merg ing from within the Information Feciety, inorder o

F harmonize and conselidate |2gal msearch results undertaken in IST and s upporttheir e

F support the IST ressarch activities from a legal viewpoint, by studring the l=gal implications of current IST
research injtiathves (in termos of both new aoerging echnologiss and relevant “netecrked” bisines moodekiand
providing implementtion strategy sugz=tions . This & achisved by conducting reseamch studies on selected IST
lzgal immues, and providing Jegalsupport to on-going I5T poojecs;

F increass the oearsnes of begal b= wes affecting ICT adeptiond ioplementtion

F contib ute to the d=finition of smerging policies to strengthen the BUT =g ultorpfmmewok, validat=d thro ugh
consens s building with Govemments, Policy-Makers and P ublic Institutions repres=nfatives (for SMBs which
cannct svaluate legal implications of their res=arch)

F pmvide I3T-related legal support to industry [SMB) and the I5T r=earchoommwnity.

The LEG AL IST project ded vered:

F A State-of-the-Art survep on the IST ressarch undertaken under FF5 and FPa. A public report highlighting
research findings, recommendations and roadmape & available and can be =med by the Ewropean Commision,
policy makers and res=archers to conso lidate resuhs and facil itate their use;

F Mine different studi= on s=lecied bmgal B wes relevant © 15T arsas of imestigation, which are onsktent with the
needs identifisd in the 5 fte-cf-the-Art swrvey. The reports on the studies g ive cases and recommendations on ST
het topics from 4 begal point of view and can be coms whed by ressarchers, practitionsrs and lawyers in order to
suppart their own activity in the fisld;

F Legal supportservices © faciliwte the implementation e f Collaboe mtive Loy ation Clusters, Virtwal Frofssional
Communities and B usiness Boomps tens, including:

Training on Jegal iss wes relevant oo IST related topics and rel=vant busines modeks;
Buppert to I5T ressarchinitiatives, baesdon the Legal -T5T approach and msthedologyr;
Provieion of legal'b usine= consulting;

F A roadnep for the implementation of the collectsd suggestions by the Burcpsan and national regulatory
Frameworks, validated thro ughaconsensus building campaizn, aiming o oontrib ubeto defining smerging Folicies
for an IST related regubatory framework (with & target audiencs: the Ewropran Commision, policy makers,
cons woe=rs, trade and industrial s o Gations).

St date; ao0u-ou-o0n Enddate; zoor-03-3
YiEbsTte: v begak Iztong
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Lzcp Ik noew badge tra mifer acoe lrata for S E cheters anddigita Ibmineza ecompmterm
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‘ormad parson nama: LRSS, WOL A RDS

LEETOR is 4 o4 months 554 intended to raise awarenss of poiential Jegal obstacks in the context of =Busin=s
and to provide solutions by creating a plati rm for autonomous legal knowlsdge szchanges among the targst groups,
i= SMEs. TEKTOR & geared at ShiEs, SME dusters and digital b usines scosystens for ShEs and all mubiplisrs
inwvohed.

LEETOR will not investizate on is oen inte Jegal matters but will identify, compile and ame== these sziting (from
other Ewropran, naticonal and regional projects and injtiathves), making the r= wt availblecn the TEKTOR platform,
Furthermors, it will identify k=gl =Business Exues from the wser side,

Final goal k& to create amechanim, the TEKTOR FoF (peer-to-peer) patform for legal know ledg=sxchangs that will
be tased on 055 and functioning PP modek suwch & Wikipedia or flickroom, B will be imable for all imohed in
=Busine= o showcass J=gal achisverments and solutio s ina ghobalb usines snvironmentand to foster the sxchangs of
l=zal knowledge bt sen those directly affecied: Sh{Es. The increas=d knewledge will dimo e doubts or insscwriti=s
and aoelerate the take-upof ICT invario us business procemss, this, sthances the comopstitivenss of EwropeanShEs
in the global digital b usine= =nvironmoent (as postulated in the) oo programmoe, amoengst others),

T achisve these ojsctives, the TERTOR Conse rtiwm partners will take advantages of their respective sxperisnceand
nestwor ks that link ShiEs in Ewrope (ET1-251 and cukide, through theiner natio nal partners in India, TG4 and Chile
{ #or Latin Aroerica). The 9=s+p methedological approach is reflacted in the work plan, split into @ W Es : Hentification
of l=gal and reg watoy imwes affscting =Business; draft an =Catalogus; chnical implanentation of P e patform;
test phass of the Jegal knowledgs sxchangs platform; D Esemination strategy and implementation activitiss ing ET
countries and 3o usideEurepe; and project management.

Sartdate; aoos-os-on Enddate: aood-os-31
Website: wvew ub iquecngAektor
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How to obtain EU publications

Our priced publications are available from EU Bookshop (http://bookshop.europa.eu), where you
can place an order with the sales agent of your choice.

The Publications Office has a worldwide network of sales agents. You can obtain their contact
details by sending a fax to (352) 29 29-42758.
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