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The Development of a Generic Innovation Network Simulation Platform

l. Introduction

Innovation is increasingly recognized as requiring the convergence of many sources of knowledge
and sill, usudly linked in the form of a network. Today, few innovations can be assgned to asingle
specific technologicd field or even a specific firm (eg. Klein, 1992). Accordingly, firms cannot
expect to keep pace with the development of dl relevant technologies without drawing on externa
knowledge sources. In this respect, today innovation networks are widely consdered as an efficient
mean of indudtria organization of complex R&D processes. In mogt of the recent research in
indudtrid economics and new innovation theory the increasing complexity of new knowledge, the
accderating pace of the cregtion of new knowledge and the shortening of industry life cycles are
congdered to be responsible for the rising importance of innovation networks. Thus, mechanisms of
learning and knowledge creation play the decisve role in the emergence of networks. In this light,
networks are to be consdered as a component of the emerging knowledge based society, in which
knowledge is crucia for economic growth and competitiveness. In the knowledge based society not
only the quantity of knowledge used is greater but dso the mechanisms of knowledge creation and
utilization are changing.

Although recent work in evolutionary economics and elsewhere has examined the role of innovation
networks in technica change, but it has mainly been a the level of description, introducing for
example the concept of national (Nelson, 1993) or regional (Cooke/Morgan, 1994) innovation
systems It has proved difficult to describe the complex dynamics of innovation networks using
conventional methods of andyss (eg. Pyka, 1999). In this presentation, we introduce a Smulation
goproach developed by referring to a generd theoreticad modd of innovation networks (Gilbert,
1999) and four empiricaly oriented conceptions of actua innovation networks. We consder
innovation networks as evolving from the dynamic and contingent linkage of heterogeneous units
each possessing different bundles of knowledge and skill.

! Seee.g. Maerba, F. (1992) and Eliasson, G. (1995).



In order to sudy these co-evolutionary systems, the Sdlf-Organizing Innovation Networks (SEIN)
project? has assembled case studies to provide a practical cover set for systems of this type (see eg.
Weber/Paul, 1999, Saviotti/Pyka, 1999). The project has two primary foci: i) the empirica
investigetion of particular examples drawing on traditional techniques of socid sciences and
developing a typology of innovaion networks (Ahrweller, 1999) and ii) building on this, the
development of a amulation platform for computationd experiments in order to investigate the
dynamics of technologica collaborations and the emergence of persstent innovation networks.

To ensure commensurability between the empiricaly-oriented case studies and the theoreticaly-
oriented smulation modd, we are taking a two-pronged gpproach: the smulation platform supports
the implementation of an abstract model of an innovation network (Gilbert, 1999), and, dso
condtitutes the overadl framework for the gpplication of the specific case Sudies. This paper deds
with the design of the platform to support the abstract modd and its first gpplication to the
Biotechnology sector. For this purpose we start by motivating our gpproach from a methodological
perspective by introducing smulation techniques as a tool for theory development. The basc
components of the platform are then discussed and filled in by applying them to the Biotech case
sudy. The paper concludes with some methodologicd consderations placing the anaysis in a
position between a purely deductive theoreticd and a purely inductive empirica gpproach.

. M ethodological motivation

Since the experimentation structure drives the functiondity of the smulation, the inputs and outputs of
the amulation map directly to the premises and hypotheses under consderation. Since many of the
premises this smulation platform will be asked to consder are programmetic (each experiment will
consder actors who behave differently and congtitute a different class structure and hierarchy, etc),
part of the specification of those premises must be done in a programming language, rather than with
a sngle, generic, parametrizable actor. Both that programmeatic specification plus the usud initid
conditions for any given run of the smulator conditute the inputs or premises. The outputs will
typicaly be aggregate measures of the Sate of the smulation asit executes. These meaaures, like the
individual modds of the actors, themselves, will be abstracted to alarge extent.

% The SEIN project is supported by the European Commission’s Framework 4 Programme, contract SOEI-CT-98-
1107. We acknowledge the assistance and advice of the other members of the project.



Since both the specification of the amulation (programmatic and initial conditions) and the measures
are abgracted, we run the risk of inscription errors (creeting our Smulation in such a way that it is
guaranteed to generate the results we seek). For this reason, close atention must be paid to
causdity in the smulation. An explicit separation is required between premises and hypotheses or
between inputs and outputs. The mediator between these, the mechanism or dynamics, has to
provide verifigble causal chains. For example, if, say, the actors in a Smulation are defined to use a
single broadcast channel of communication (meaning that al actors can listen in on any other actor's
communications), the smulation will implicitly force interdependence between the causd chains of
each of the actors. If a measure is then made of the connectivity or amilarity between the internd
gate of the population of actor, the interdependence must be factored into the explanatory use of

that measure.

A disciplined way to ded with the mediation between inputs and outputs of a Smulation is to
explicitly define obsarvables for the modd as measuring points on the vaious causad chans.
Observables are defined as particular and specific dements in the smulation from which data can be
taken. They are strategicaly placed so as to provide input to the calculations necessary to deduce
the expected phenomena from the outputs of the smulation. This "data reduction” (which might more
properly be cdled "data trandformation™) process is the foundation for smulation validation, where
the smulation is compared to data taken from the red world, and scientific visudization, which
transduces the outputs into a form where we can use our visud-gpatid intuition to help us understand
the dynamics of the mechanism we cregted. Data reduction then provides both the anaytica and
intuitive access to the dynamicd system required for our, often ambiguous, criteria for emergent
phenomena.  With this in mind, a smulaion must provide not only those observable points that
support the hypotheses; but it must aso provide a smattering of other observables in order to help us
discover dynamics embedded in the smulation that we ether mistakenly built in or that redize non-
linearity. A methodologicd point to be made here is that distinguishing between the former and the
latter type of embedded dynamic is often difficult; so an effort must be made from the beginning to
digiribute observables throughout the smulation that supports this distinction.

In order to provide aflexible enough framework for a reasonable digtribution of observablesin dl the
amulations our platform will support, we designed a Smulator that tolerates the development of
abdract, socid network smulations as well as the implementation of specific, vaidatesble, case



dudies. Thisdlows our smulator to support as wide arange of functiondity as possible with respect
to the many ways smulation can be used to aid scientific study (Gross 2000).

1. Innovation networks

In an influentid monograph, Gibbons et d. (1994) argued that knowledge production is in the
process of changing from its ‘traditiond’ locus in the ivory towers of academe to being much more
closely connected with gpplication contexts. Knowledge production in "Mode 2" is non-hierarchica
and heterogeneoudy organised. The organisation of knowledge production is flexible, fluent and

trangtory:

Examples of this are numerous environmental and agricultural matters, diet and
health problems, computerised databanks and privacy. Interactions between
science and technology, on the one hand, and social issues on the other have
intensified. The issues are essentially public ones, to be debated in hybrid fora in

which there is no entrance ticket in terms of expertise (Gibbons et a, 1994 148).

The economic aspects of innovation have aso received increasing atention. Based on the path-
breaking work of Nelson and Winter (1982), the Schumpeterian research tradition has been merged
with organisational and behaviourd dements (especidly Cyert and March 1963, Smon 1955) within
an evolutionary framework of variation, sdection and historica time, in order to capture the
dynamics of innovation and their impact on growth, trade and technologica change (cf. Dos et d.
1988). One of the mgor mativations behind this work was a discontent with the lack of explanatory
power of neo-classcd economics in deding with issues of technological change. In evolutionary
economics, the technological eement is captured in notions such as ‘technologicd trgectories, i.e.
distinct paths of technological development which dominate others and become selected. Severd
mechanisms have been identified which lead to the establishment of such trgectories. Prominent
among these are the mentd framework of scientists and engineers, labelled by Dos (1982) as
‘technologica paradigms (cf. Saha 1985, Nelson 1987). Other important mechanisms are the
perssence of edtablished technologica and economic dructures or ‘lock-ins into certain
technological pathways as a result of a reinforcement of minor comparative advantages or network

externdities. In organisationd and behavioura terms, evolutionary economics departs from the notion



of profit-maximising agents and adopts the concept of ‘routines to describe decison-making

jprocesses.

While the earlier work of Nelson and Winter emphasises the market as the main sdection
environment of technologies, later contributions from a systems perspective pursue a wider
goproach, and focus on inditutional elements as condraining the decison behaviour regarding
innovations. Such ‘systems of innovation” have been identified, especidly at nationd (cf. Lundval
1992, Nelson 1993), but aso a regiona leves (cf. Morgan 1997). Within this system context,
learning processes among actors are regarded as being crucia, especialy those between the users
and suppliers and between competitors. From an evolutionary perspective, longer-term,
paradigmatic changes in knowledge production are caused by changing petterns of selection in
different socid spheres science and technology development, economic development, socid

changes, inditutiond factors, and mentd frameworks.

The contributions of the sociologicd literature on innovation and industry dynamics, complements the
work of evolutionary economics a the micro-leve. Network andyss has reveded that new
technological innovations are often a ‘socia congtruct’ rather than or in addition to emanating from
scientific and technologica advances. Network relationships, which complement traditional markets
and hierarchies have become more and more important for the production of knowledge.
Systematic efforts using concepts such as ‘actor networks (Calon 1992) or ‘socio-technica
congtituencies (Molina 1993) have provided initid, if rather static anadlyses, but do not dlow one to
study and understand the dynamic behaviour of innovation networks.

Empiricd research on the impact of policy measures, especidly of regulation, has confirmed the
important role played by the political ream in innovation processes. Recent work on policy networks
has demongtrated the importance of close interactions between policy-makers and technology-
makers for shaping the inditutional and political environment of innovation processes (see for
example in Marin and Mayntz 1991, Mayntz and Scharpf 1995). It recognises the need to look at
actor congtdllations that shape the outcome of policy making processes, and at the interdependencies
between ingtitutional change and actor dtrategies.

In sum, the economic, sociologicd and policy literatures have begun to demondrate that recent
developments in knowledge production can usefully be conceptudised in terms of innovation
networks. Nevertheless, they Hill leave severd basic questions unanswered. There is no clear



definition of what an innovaion network is. Rather there are numerous specifications, each
emphasising different aspects depending on the perspective of the proposer. Secondly, it is not clear
whether there is a Sngle phenomenon gpplicable to al spheres of innovation, or disparate processes
with little or no commondity. Do the innovation networks in biotechnology have the same
characterigtics as those in tdecommunications? Is it useful to treat the processes of knowledge
production in the two sectors as smilar? Thirdly, the literature is rather silent about the dynamics of
innovation networks. how they arise, the growth processes they undergo, and the way they die or

merge into other networks.

It is therefore necessary to begin to eaborate a theory of what congtitutes an innovation network,
together with its dynamics. In this paper we make a sart by developing a smulation modd of a
‘generic’ innovation network. Therole of smulation in this context is not to cregte a facamile of any
particular innovation network that could be used for prediction, but to use sSmulation to assgt in the
exploration of the consequences of various assumptions and initid conditions, that is, to use
smulation as a toal for the refinement of theory. The first part of this paper is concerned with the
development of an abstract smulaion modd that could congtitute a dynamic theory of innovation
networks. In the second part of the paper, we apply this model to the particular case of
biotechnology to show how the generic theory can be used to illuminate innovation in specific

sectors.

The methodology we have adopted accords with Axelrod’s (1997) description of the value of

Imulaion:

Smulation is a third way of doing science. Like deduction, it starts with a set of
explicit assumptions. But unlike deduction, it does not prove theorems. Instead a
simulation generates data that can be analyzed inductively. Unlike typical
induction, however, the simulated data comes from a rigorously specified set of
rules rather than direct measurement of the real world. While induction can be
used to find patterns in data, and deduction can be used to find consequences of
assumptions, simulation modeling can be used to aid intuition (Axelrod, 1997: 24-

5)



V. Description of the Model

The following description of the modd is given in avery generd form because the smulation platform
can be gpplied to different contexts, in particular the four different case sudies of the SEIN project,
and can be used to emphas se different perspectives e.g. the economic or sociologica perspective on
the evolution of innovation networks. Later, the mode is gpplied to the Biotech case in order to

ground the abstract modelling concepts.

Actors

The garting point for our conceptudisation of an innovation network is the actors. These are mainly
firms engaged in research and development (R&D). In addition, there are aso politica actors,
venture capitalists, and universities and public research indtitutes that bridge the gap between gpplied
and basic research.

Actors are represented as code that has the standard attributes of intelligent agents (Wooldridge and
Jennings 1995):

autonomy (operating without other agents having direct control of their actions and internd
dtate)

socid ability (able to interact with other agents)
reactivity (able to perceive their environment and respond to it)
proactivity (able to take the initiative, engaging in god-directed behaviour).

The actors in the smulation are able to learn from their own endeavors in research and from other
actors with which they collaborate. The choice of whether to collaborate or to invest in research on
their own, and the scde of R&D investment (and therefore its impact on ther knowledge) is
determined by the actors strategy, which itsdlf is an eement of the actors' knowledge base.

Kenes

For the representation of actors we draw on a genetic description following the concept of kenes
(Gilbert 1997). A keneis a collection of technologica capabilities in different technologicd fidds (1,
2,..n) C, G, ..., C,and is used as an approximation of the knowledge base of an actor. Each



capability, C, to G, has a quaitative or quantitetive value, one from a range of posshilities for that
cgpability. Theideaof akeneisillugrated in figure 1.

C,l|C|C|C|C|CslC|CsillC

window

Sate of the art Technoloaical and scientific frontier
Fig. 1. A kene

A kene can grow in length and complexity thereby alowing the emergence of new knowledge fields.
New technologica capabilities can be added and old ones become obsolete. In this respect the kene
is conddered as a varidble length window, shifting to the right as new capabilities are developed.
Besides technological capabilities, an actor aso acquires experiences (absorptive capacities’,
experiencein networking® and in sdecting a cooperation partner and so on) that can be summarized
under the notion of competencies and that reflect the knowledge history of the actor. Actors also
retain factua data about their past performance, number of former partnerships etc.

To summarize, actors are defined by their kenes, their competencies and their structurd and
behaviora atributes which determine their ability to observe, anticipate and design the product
space. Accordingly, the actors in our model of innovation networks are heterogeneous because they
differ in knowledge, experience, performance capacities, power, access to resources and in their

intentions to design, shape, join and change networks.

Actors take advantage of their technologica capabilities to produce artefacts. This is modeled by
evauating the kene to yidd aligt of attributes describing the characterigtics of the potentid outcome
of the innovation process. Depending on the setting, the artefact might represent a new design, a
new drug, new knowledge for which a patent application could be made, or anew discovery.

The lnnovation Oracle

This potential innovation then serves as an input to an inditution we labd the innovation oracle.
Thisisa‘black box’ which evauates and selects those artefacts that are to count asinnovations. Fig.
2 illugrates the scheme.

¥ Cohen/Levinthal (1989).
* See e.g. PykalSaviotti (2000).
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Fig. 2: From kenes to artefact

The oracle recaives the potential innovation and generates three outputs. a vaue akin to a fitness
mesasure about the success of the innovation; a report which proposes, in generd terms, the type of
additiond knowledge that might be required to improve the innovation; and a reward that flows to
the successful innovators. The oracle thus condtitutes the selection environment for innovations. Its
desgn will vary between case sudy settings, to reflect the determinants of whether innovations
succeed. For example, a journd editor has the role of an innovation oracle in the scientific
community, pronouncing on the novelty and sgnificance of submissons in the pharmaceuticd
market, regulators carry out some of the oracle role. With the help of the oracl€'s report, actors
decide how to improve their knowledge base. There are two strategies available: actors can decide
to go-it-alone, or they can decide to learn from externa knowledge sources by initigting or joining an

innovation network.
Resear ch and Development

Actors are able to invest the rewards that they obtain from successful innovation (e.g. money from
the sale of intdlectud property, or prestige from the publication of successful inventions) into
research and development. R&D can have two consequences. firdt, the values of particular
cgpabiilities can change (remaining within the range of possible vaues). Second, much more rarely
and involving much greater investment, the actor can add a wholly new capability to its knowledge
base by means of R&D.
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Networ ks

Aninnovation network conssts of at least two actors joined by links such as contracts and informal
agreements. Participate in an innovation network alows actors to get access to the capabilities of
other actors which are otherwise difficult or impossible to be smply obtain due to their substantia
local® and tacit® components. However, choosing the cooperative Strategy also means sharing one's
own knowledge with other actors. They are likely to become competitors when it comes to the
application of the knowledge generated within the network. Therefore, the actors need to evaluate
carefully the likely advantages and disadvantages of participating an innovation network.

Ultimatdly, if the degree of integration, stability and inter-connection is sufficient, networks can come

to resemble autonomous agents themsalves.

To find a partner or an innovation network in which to participate, actors have to initiate a search.
The search will use the actor’ s knowledge of the environment and on the digpositions and redtrictions
of each participating actor. The effort devoted to search will depend on the search cogts the actors
are willing to pay, a characteridic that differs subgstantially among the case studies. After having found
a subset of potentid partners which arein line with the actor’ s demands (e.g. "what capabilitiesam |
looking for?’, "what kind of reputation should the likely cooperation partner have?’ etc.) the actor
ranks the potentia partnersin the subset and tries to negotiate an agreement with the best one.

The actors experiences in integrating external knowledge and their absorptive capacities are of
crucia importance. These traits affect the effectiveness with which the actors can learn from the other
actors in the network. Learning from network partners is achieved by combining kenes using
techniques drawn from genetic programming. Thisis discussed in more detall in section V.

Case Study Specific Frameworks

The digribution of rewards from successful innovetion is specified in the collaboration agreement
(eg. R&D/cooperation contracts dedling with digtribution of income, intellectua property,
knowledge flows etc.) and modds the prevalling behavior in the sectors described in the case
dudies. The cdculation of the value atached to each successful innovation is the job of the
innovation oracle. This varies between case studies, but may be specified as a set of ordinary

® See Stiglitz (1987).
® See Polanyi (1967).



differentid equations (or other andyticd model) describing the generd framework for competition,
diffusion etc. in the sector.

SImmary

Figure 3 summarizes the basic structure of the modd.

Network

Actor with kene

New
\ capabilities

Search for a partner Potential Research and
innovation development

A

Decision Reward
Innovation oracle
Decide whether Distribute reward
to seek a partner Innovation Fitness to network
report

Collaboration agreement

Figure 3: The structure of the mode!

The kenes of the agents are transformed in case study specific ways to generate potentid innovations
which are evauated by an innovation oracle to assess whether they are true innovations ready to be
exploited The actors obtain information from the oracle to support their decison about how to
design their future R& D processes and whether they should join or initiate an innovation network. If
they successfully locate a potentid partner who is willing to cooperate, an innovation network
emerges. This influences the learning processes, by modifying existing capabilities and cregting new
ones. When the innovation is successful, the ‘rents (rewards) are distributed according to the case
sudy specific rewarding mechanism and the rules of the network concerning the didribution of
intelectud property rights, new knowledge etc. The rewards can then be invested in research. An
agent that falls to innovate successfully incurs the cogts of research but receives no income and

eventudly ‘dies, to be replaced by another agent with an initidly random kene.
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V. Implementation

The actors in the smulator are objects containing a property or attribute database as one of their
instance variables. Within this property database the actor's kene is represented by an S-expresson
composed of operators and terminas. The operators are the set operators. union, intersection and
set-difference. The terminators are instances of classes that represent capabilities. When evauated,
the S-expresson yields a set of capability instances that congtitutes the actor’s ‘ potentia innovation’.

The primary function of the executive in the Smulator is to execute a genetic dgorithm (GA) evolving
these kenes. Thisis an eaboration of standard genetic programming (GP), with the oracle providing
the fitness values (Koza, 1992).

During each cycle, the executive performs a GP crossover operation with the actor’s kene and the
kenes of the other actors in the network (if any). This operation conssts of randomly sdlecting a
subtree of the actor’s kene, removing it and subgtituting a random subtree from one of the other

actorsin the network. Thisisthen repeated for each of the actor’ s network partners.

The kene is dso modified as a result of ‘research and development’. The actor's drategy
determines the relative proportions of the two types of R&D to be carried out:

1. a terminator is randomly sdected and an ingance from the same class is randomly
subdtituted.  This represents ‘norma’ R&D, providing the opportunity for incrementd
improvement through changes to the value of a cgpability. Thiskind of R&D has ardatively
smdl cost to the actor’ s wedlth (i.e. cumulated rewards).

2. A terminator is randomly sdected and a randomly chosen ingtance from any class of
cgpability is subgtituted. This represents the opportunity for more radical innovation (there is
a chance that the ingtlance may be from a capability not previousy possessed by the actor or,
indeed, by any actor in the population). Thisform of innovation is relatively expensve.

The innovation oracle recaives the results of evauating an actor’s kene (a set of capability ingtances,
representing the particular combination of skills and techniques required to create this potentia
innovation) and asseses it in a case study specific way. Typicaly, this will involve evauaing the st
againg dl the other potentid innovations the oracle has yet seen using a Hamming distance measure
of amilarity. If the potentid innovation is distinct from previous innovations (and has other desirable
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atributes), it will be awarded a high fitness vaue. The oracle will cdculate a reward for the
innovation, which is typicaly proportiona to the fitness value. It will aso provide a ‘report’ on the
innovation. This provides a hint to the actor about how the innovation could be improved (i.e. obtain
a higher fitness value). This hint conssts of a cagpability class. If the actor is able to provide an
innovation including an ingance of this dass, it is likey (but not certain) to improve its fitness. The

selection of *hint’ is again a case specific matter.

VI.  TheBiotech Case Study

In the following paragraphs we first outline recent developments in the biotechnology-based
indudtries as an example par excellence of innovation networks and then illugtrate the implementation

of thiscasein the modd.

VI.1 Innovation Networksin Biotechnology’

Although biotechnology can be consdered as one of the oldest technologies used by mankind
(yogurt making and beer brewing are illustrative examples), today biotechnology is at the forefront of
the creation of a knowledge based society. With the discovery of recombinant DNA and monoclonal
antibodies, the discipline of molecular biology was trandformed into a seedbed of industria
gpplications. However, those industrid firms that were mogt likely to exploit the new technologica
opportunities offered by biotechnology did not at first have the knowledge base or absorptive
capacities to take advantage of it. Their competencies were focused on the dominant disciplines such
as organic chemigtry or microbiology. Smal firms, often those that had spun-off from univerdties,
were the firgt to recognize the tremendous opportunities offered by biotechnology in sectors such as
pharmaceuticas, agro-chemidry and environmenta technologies. It was in these firms that the first
industrid gpplications were developed. Additiondly, in biotechnology, the frontier between basic and
goplied research is often blurred. Although the time between the discovery of new knowledge and its
find embodiment in new products may be very long, the time between the creation of new
knowledge and the funding of industria research aimed at its gpplication isin generd very short.

" See Saviotti (1998).
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Given this dtuation, it would be expected that the traditiona actors, the so-cdled large diversfied
firms (LDFs), with ther commitment to obsolete technologies, would ether import the new
knowledge or be replaced by science-based newcomers, the so-called dedicated biotechnology
firms (DBFs). However, what has happened is that both types of firm continue to co-exist? After a
phase of sharing labor between both camps in the 80s, the LDFs began financing the R&D
performed by the DBFs. Thiswas the seed for the current networking structure in the Biotech based
indudtries, which remains even in the 90s dthough dmogt dl of the LDFs have developed their own
competencies in biotechnology and have successfully re-oriented their own research departments to
these new technologies. Today, DBFs are no longer consdered as bridging ingtitutions between new
aress of basic research and their industria application, but as extended R&D work-benches that
provide LDFs with a broader orientation and more flexible research design. Innovation networks

have thus become a persstent feature of industrial innovation in the biotechnology sector.

V1.2 The Implementation of the Case Study in the M odel®

The most important actors in the Biotech case are large diversfied firms (LDFs) and dedicated
biotechnology firms (DBFs). Public research indtitutes and venture captalists are aso important for
this case study. The two populations of firms differ sharply in their origind competencies and
cgpabilities — their kenes in the terminology of the modd. Wheress at the sart the DBFs possess
well developed competencies in biotechnology, the technologica competencies of LDFs are
completely oriented towards traditional technological approaches such as organic chemidry -
competencies in the new fidd of biotechnology are dmost entirdly missng. However, technologica
competencies are not sufficient for the successful production and marketing of new goods.
Economic competencies play a decisve and complementary role for lega gpprova, marketing,
digtribution etc. For the modd, we assume that in the firs place LDFs have wel developed

economic competencies whereas DBFs start with dmost no economic competencies.

In addition and complementary to the technologicad competencies which conditute the basic
knowledge needed for developing new technologies, the firms build up technologica capatiilities in
the different srands within the biotechnology paradigm (eg. gene-sequencing, combinatorid

8 Grabowski and Vernon (1994)
° A detailed analytical model description of the Biotech simulation model isin Saviotti/Pyka (1999).
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chemigtry, bio-informatics etc.) oriented towards the introduction of an innovation based on these
new technologies. These cgpabilities are created in timely and costly processes by investing
resources into an R& D capital stock, the means for which become available either by earning money
through sales or by receiving money within a research collaboration.

In the innovation process the competencies and capabilities of the firms are aggregated - the
competencies thereby serving as a weight — and are transformed into an innovation probability. The
innovation probabilities grow with postive but decreasing rates reflecting the limited technologica
opportunities of a specific technological trgectory — there is and end to everything, a rdationship
known in the history of technology as Wolff’ s Law.

In the platform mode the innovation probability corresponds to the potential innovation and is
matched every period with a Poisson-digtributed random number which is the first part of the
innovation oracle in the Biotech gpplication. This particular distribution is chosen to reflect that
innovation is conddered to be a rare event. Here, a methodological advantage of smulation models
compared to andyticad models is reveded: there is dmost no difference in an andytica optimization
mode between the modeled subject and the scientis’s perspective.  In contrast, numerica
experiments dlow for random distributions while the underlying datistical laws are hidden to the
modded subject. Drawing on this feature of smulation anadyss dlows one to come cdose to

portraying true uncertainty, a decisive festure of innovation as emphasized in evolutionary economics.

Every time a new commodity passes the fird pat of the innovation oracle, the innovation is
evaluated by a market model which basically has the structure of a heterogeneous muilti-product
oligopaly™®. The qudity of the innovation is compared with the qudities of dready existing
competitive goods and described with a two-dimensiond vector containing the relative consumers
quality assessment as well asthe price of the good. The competitive framework of the heterogeneous
oligopoly findlly decides on innovation rents which can be invested in the further exploitation of
exiging and the exploration of new technologica trgectories. Accordingly, we find here a
combination of the fithess vaue and the reward flow of the innovation which represents the second

part of the innovation oracle within the Biotech gpplication.

1% A similar economic framework is used in Cantner/Pyka (1998).
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To learn and build up their cagpabilities and competencies, firms can decide to access externd
knowledge and externd funds in innovation networks supporting their innovative endeavors. An
overdl network probability which endogenoudy depends on the industry structure, the age of the
industry life cycle etc. thereby determines the potential cooperation space by giving the maximum
number of possible new cooperations or the number of existing cooperations which are to be
terminated. As information on Biotech companies is widdy spread and dmost fregly available on the
internet —published to atract venture capita) search costs do not play arole in this case study. So
after firms have made their cooperation decision according to their specific requirements, they search
for the best cooperation partner with reciprocad plans within the population of Biotech firms. By
entering into bilaterd reationships innovation networks emerge. These are respongble for
considerable knowledge flows between the participating firms.

The knowledge flows within the innovation networks consst of the technological cgpabilities of the
partners and are responsible for the combination and reinforcement of their kenes. However, as
the absor ptive capacities of the firms are not perfect, i.e. their capacity to integrate externa know-
how into their own knowledge stocks do not adlow perfect imitation of tacit and loca know-how,
these knowledge flows are filtered, thereby dso avoiding a technologica assimilation of the involved
firms. Nevertheless, the innovation probabilities of firms engaged in networking are pogtively
affected in a twofold way by the external knowledge sources they can access. on the one hand, by
joining a network with firms following a smilar technologica trgectory the pace of innovetion is
accderated, on the other hand, by joining a network of technological heterogeneous firms, the
potentid quditative impact of the innovative outcome is likewise higher because of crossfertilization
effects™ between different technologies.

Depending on the different development stages of firms within the biotechnology-based industries
different designs of collaborations are possble and these determine the reward mechanism. In
order to reduce complexity we have chosen two basic collaborative designs that include dmogt al
the contractud forms found in redity. The fird desgn, ‘contractua R&D’, represents the
rel ationships between established LDFs and sart-up DBFs, as they were frequently found during the
80s. a LDF finances the R&D performed in a DBF because of alack of its own competency in the
biotechnology reddm. By means of a contract, the large firm acquires not only dl the intellectua

! See e.g. Kodama (1986) or Mokyr (1990).
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property rights of the potentid innovation, but aso incrementaly builds up own competencies. Start-
up DBFs usually depend on these collaborative forms as they do not have their own funds necessary
to undertake long lagting and expensive innovative endeavors. Although they have to give away the
intellectud property rights of their innovation, they establish a pogtive reputation and dso retan a
certan amount of the money they recave from the LDF, which dlows them to pursue their own
independent technological developments. The second design, ‘joint R&D’, is found among more
equa firms two firms decide to combine ther efforts in exploring and exploiting the technologica
opportunity space. The firgt firm successfully passng the innovation oracle is rewarded with the
intellectud property rights. The other firm does not immediately gain from this innovation, but may
profit later from other innovations generated from the additional capabilities provided through the
collaboration.

VIl. Conclusons

The increasing importance of innovation networks in technica change has been emphasised
elsewhere, especidly in the evolutionary economics literature.  However, the processes by which
networks are formed, and their role in innovation, is not yet well understood, partly because of the
complexity of the dynamic processes involved and partly because the actors are heterogeneous and
therefore hard to model using traditiond techniques. We have shown in this paper how it is possible
to approach these issues through the construction of an agent-based smulation modd that alows one
to specify, as hypotheses to be tested, the inter-relationships between new knowledge, knowledge

transfer, sdlection from the market, and reward structures.

Our prime focus has been on the development of a conceptua basis and a theoretica perspective on
the dynamics of innovation network formation. Although we have illustrated the model using a case
study of Biotechnology, there remains a great dedl yet to be done to test the modd adequately.
Such testing will involve two rather different gpproaches:

1 The behaviour of the abstract modd itsalf needs to be explored, through a sengtivity analyss
that will reved the influence of the modd structure. For example, we sill need to determine
under what circumstances the model generates collaborations between actors and therefore
yidds networks. Under some parameter settings it is possible for dl actors to beieve that
collaborations would be undesirable, and that they would be more effective devoting their
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resources to their own R&D. Alternatively, under other conditionsit is possble for dl actors
to find the attractions of collaborations to be so strong that the result is a network that
includes every actor in the moddl. Neither of these scenarios is unredlistic: there are sectors
where networks are uncommon or do not exist and one of the other case studies being
investigated by the SEIN project concerns a network that includes dl the reevant actors
within the UK. The mode provides the opportunity for exploring the circumstances in which

these and other scenarios are generated.

2. The SEIN project is collecting data about innovation networks in four sectors: Biotech,
Mobile communications, Knowledge Intensve business Services and Combined Heat and
Power. These represent four very different sectors and the characteristics of the networksin
the sectors are correspondingly diverse. The mode will be tested againgt data from these
ca= dudies. Thiswill involve building a different innovetion oracle for eech.

Findly, it will be possble to draw policy conclusions about the consequences of fisca and regulatory
changes on the propendty for forming networks to encourage innovation in different sectors. The
model can be sued to examine ‘What if' questions to see, in a qualitative way, whether proposed
policy changes are likely to have their desired effects.
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